AUTOSAR

Document Title

Specification of Timing

Extensions
Document Owner AUTOSAR
Document Responsibility AUTOSAR
Document Identification No 411
Document Status Final

Part of AUTOSAR Standard

Classic Platform

Part of Standard Release

4.3.1

Document Change History

Date Release | Changed by Description
AUTOSAR
2017-12-08 | 4.3.1 Release e Editorial changes in chapter 6 and 7.
Management
e Added support for conditional timing
e Added support for timing constraints
AUTOSAR for Ethernet communications
2016-11-30 | 4.3.0 Release e Added timing function to support
Management mode dependency
e Minor corrections / clarifications /
editorial changes; For details please
refer to the ChangeDocumentation
AUTOSAR e Minor corrections and editorial
2015-07-31 | 4.2.2 Release changes
Management | e Added appendices C and D
e Added the capability in Execution
Order Constraint to reference RTE
AUTOSAR and BSW Events
2014-10-31 | 4.2.1 Release o Added description about how to
Management specify time sets
e Minor corrections / clarifications /
editorial changes; For details please
refer to the BWCStatement




AUTOSAR

2014-03-31

AUTOSAR
Release
Management

Revised the entire contents of
chapter "Application Notes”
Applied editorial changes to section
"Repetitive Execution Order
Constraint”

2013-10-31

41.2

AUTOSAR
Release
Management

Clarified the semantics of jitter and
removed ambuiguities in the
description of the Periodic Event
Triggering Constraint.

Added AUTOSAR constraints in
order to ensure specification of
cpnsistent Execution Order
Constraints.

Added capability to specify logical
successor relationships between
runnable entities and groups of
runnable entities.

Changed the prefix of timing
functions from "ARTE” to "TIMEX” in
order to be consistend with the
AUTOSAR standard definitions.
Clarified the use of event types in the
various timing views defined in the
specification.




AUTOSAR

AUTOSAR
Release
Management

2013-03-15 | 4.1.1

Applied editorial changes in order to
improve readability and
comprehensibility of the contents of
the document

Added VFB event type
TDEventTrigger and extended
TDEventSwcInternalBehav—
iorTypeEnum to indicate variable
access of runnable entities
Extended the capability of Synchro-
nizationTimingConstraint to
reference timing description events
Revised and extended the
capabilities of
ExecutionOrderConstraint to
specify hierarchical and repetitive
execution order constraints

Added the capability to specify
blueprints of VfbTimings

Added capabilities to reference
timing description events in existing
timing models and to support reuse
of timing models, as well as
AUTOSAR methodology

AUTOSAR
Release
Management

2011-12-22 | 4.0.3

Added new timing constraint types
AgeConstraint and
ExecutionTimeConstraint
Added occurrence expression
language for
TimingDescriptionEvents
Improved
TDEventModeDeclaration,
BurstPatternEventTriggering
and SwcTiming

AUTOSAR
Release
Management

2011-04-15 | 4.0.2

Dropped InstanceRefs and
replaced with Component InCompo—
sitionInstanceRef

Restricted the semantics of
ExecutionOrderConstraint and
OffsetTimingConstraint
Parameterize the observable event
'FlexRayClusterCycleStart’ by
defining the cycle repetition




AUTOSAR

2009-12-18

4.0.1

AUTOSAR
Release
Management

Initial Release




AUTOSAR



AUTOSAR

Disclaimer

This work (specification and/or software implementation) and the material contained in
it, as released by AUTOSAR, is for the purpose of information only. AUTOSAR and the
companies that have contributed to it shall not be liable for any use of the work.

The material contained in this work is protected by copyright and other types of intel-
lectual property rights. The commercial exploitation of the material contained in this
work requires a license to such intellectual property rights.

This work may be utilized or reproduced without any modification, in any form or by
any means, for informational purposes only. For any other purpose, no part of the work
may be utilized or reproduced, in any form or by any means, without permission in
writing from the publisher.

The work has been developed for automotive applications only. It has neither been
developed, nor tested for non-automotive applications.

The word AUTOSAR and the AUTOSAR logo are registered trademarks.



AUTOSAR

Table of Contents

1 Introduction

1.1 OVerview . . . . . . . e e e e
Abbreviations . . . . .. ...
Glossaryofterms . . . . . . . . . ...
Template implications . . . . . . . . .. ...
SCOPE . . . e
Documentconventions . . . . . . . ... L L o
1. Requirements Traceability . . . . . ... ... .. ... ... ......

—_ ok ol -
oulh W

2 Timing Extensions Overview

3 Timing Views

3.1 Timing in Different Phases of the AUTOSAR Methodology . . . . . ..
3.2 VIbTiming . . . . . . . .
3.3 SwcTiming. . . . .. . .
3.4 SystemTiming . . . . . . . . ..
3.5 BswModuleTiming . .. .. ... ... . ... ... ... .. ...
3.6 EcuTiming . . . . . . .

4 Timing Extensions Fundamentals

4.1  Formal Specification of Timing Behavior . . . .. ... ... ... ...
4.2 Timing Extensions and Blueprints . . . . . . ... ... ... ... ...
4.3 Traceability of Constraints . . . . . ... ... ... ...........
44 SpecifyingTimeSets . . . . . . ... ... ..

441 Example . ... ... .. .
4.5 Conditional Timing . . . . . . . . . .

5 Timing Description Events

5.1 Timing Events Relatedtothe VFB. . . . . .. . ... ... ... ....
5.2  Timing Events Related to SwclinternalBehavior . . . . ... ... ...
5.3 Timing Events Related to Bus Communication . . . . . ... . ... ..
5.4 Timing Events Relatedtothe BSW . . . . .. ... ... ... .....
55 Complex TimingEvent . . . ... ... ... ... ... ... . .....
5.6  Occurrence Expression Language for Timing Events . . . . . ... ..
5.6.1 Specifying an Occurrence Expression . . . . ... ... ...
5.6.2 Occurrence Expression Language Syntax . . . . .. ... ..
5.6.3 Interpreting an Occurrence Expression . . . ... ... ...
5.6.3.1 Interpreting a Content Filter . . . . . ... ... ...

5.6.3.2 Interpreting a Complex Event . . . . ... ... ...

6 Timing Description Event Chains

6.1 Approach . . . . . . . .
6.1.1 Decomposition . . . . . . ...
6.1.2 Composition . . . . . ...

11

11
11
12
14
14
15
15

17



AUTOSAR

8

6.2

Patterns

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5

Fork . . . . . o e
Join . ..
Alternative . . . . . . .. ..
Cycle . . . . e

Timing Constraints

71

7.2
7.3
7.4

7.5
7.6

7.7

EventTriggeringConstraint . . . . . .. ... ... .. ... .......

711

7.1.2
7.1.3
7.1.4
7.1.5

PeriodicEventTriggering . . . . . . .. . ... ... ... ...

7.1.1.1 Examples . . . . ... . oo

SporadicEventTriggering . . . . . . ... ... L.
ConcretePatternEventTriggering . . . . . . . . ... .. ...
BurstPatternEventTriggering . . . . . . ... ... ... ...
ArbitraryEventTriggering . . . . . . . . . ... .o

LatencyTimingConstraint . . . . . ... ... .. ... .. ........
AgeConstraint . . . . . . . .
SynchronizationTimingConstraint . . . . . ... ... ... .......

7.4.1
7.4.2

SynchronizationTimingConstraint on Event Chains . . . . . .
SynchronizationTimingConstrainton Events . . . . . . . ..

OffsetTimingConstraint . . . . . . . . . ... ... ... ... ......
ExecutionOrderConstraint . . . . . ... ... ... ... ... ...,

7.6.1
7.6.2
7.6.3

Ordinary Execution Order Constraint. . . . . ... ... ...
Hierarchical Execution Order Constraint . . . . . . ... ...
Repetitive Execution Order Constraint . . . . . ... ... ..

ExecutionTimeConstraint . . . . . . . . . . . . . . .. ... . ... ..

Application Notes

8.1

8.2

8.3

Componentintegration . . . . . .. ... . Lo

8.1.1
8.1.2

VEBview . . . . . . ..
ECUview . . . . . . . . s

Enginecontrol . . . . . ...

8.2.1
8.2.2
8.2.3

8.2.4

8.2.5

Overview . . . . . . .
Timing Requirements . . . . . . ... ... ... ... ...
Formal description of timing constraints in VFB View . . . . .

8.2.3.1 Requirement1 . . .. ... ... ... ........
8.2.3.2 Requirement2 . . ... ... ... ... ... ...
8.2.3.3 Requirement3 . . .. ... ... ... ........

Formal description of timing constraints in ECU View

8.2.41 Requirement4 . . . .. ... ... ... .. ... .

Formal description of timing constraints in SW-C View . . . .

8.2.5.1 Requirement5 . . .. ... ... ... ........
Describing and Constraining Sensor and Actuator Timing . . . . . ..

8.3.1
8.3.2
8.3.3
8.3.4

External Event of a Sensor accessedviaS/R . . .. ... ..
External Event of an Actuator accessedviaS/R . . ... ..
External Event of a Sensor accessedviaC/S . . .. ... ..
External Event of an Actuator accessedviaC/S . . ... ..



AUTOSAR

8.3.5 Considering hardware I/O latency of EventChains at VFB-level 168

8.3.5.1 Inputlatency . .. ... ... ... ... ... .
8.3.5.2 Outputlatency . . . ... ... .. ... .. ....
8.3.6 Constraining Input or Output Latency . . . . .. ... ...

A History of Constraints and Specification ltems

AA

A2

A3

A4

A5

A6

A7

A8

A9

Constraint History of this Document related to AUTOSAR R4.0.1

A1 Changed Constraintsin R4.0.1 . . . . .. .. ... .....
A1.2 Added Constraintsin R4.0.1 . . . . .. .. ... .. ....
A.1.3 Deleted Constraintsin R4.01 . . . . . . . . ... ... ...

Constraint History of this Document related to AUTOSAR R4.0.2

A21 Changed ConstraintsinR4.0.2 . . . . ... ... ......
A2.2 Added Constraintsin R4.0.2 . . . . . ... .. ... ....
A.2.3 Deleted Constraintsin R4.0.2. . . . . . .. ... ... ...

Constraint History of this Document related to AUTOSAR R4.0.3

A.3.1 Changed ConstraintsinR4.0.3 . . . . . ... ... .....
A.3.2 Added Constraintsin R4.0.3 . . . . . . . . .. ... ....
A.3.3 Deleted ConstraintsinR4.0.3 . .. ... ... .......

Constraint History of this Document related to AUTOSAR R4.1.1

A.41 Changed ConstraintsinR4.1.1 . . . . .. ... .. ... ..
A.4.2 Added ConstraintsinR4.1.1 . . . . . ... .. ... ....
A.4.3 Deleted Constraintsin R4.1.1 . . . . . . .. .. ... ....

Constraint History of this Document related to AUTOSAR R4.1.2

A5.1 Changed ConstraintsinR4.1.2 . . . . ... ... ......
A.5.2 Added ConstraintsinR4.1.2 . . . . ... ... ... ....
A.5.3 Deleted ConstraintsinR4.1.2. . . . . .. ... .. .....

Constraint History of this Document related to AUTOSAR R4.1.3

A.6.1 Changed ConstraintsinR4.1.3 . . . . ... ... ......
A.6.2 Added ConstraintsinR4.1.3 . . . . . . .. ... .. ....
A.6.3 Deleted ConstraintsinR4.1.3. . . . . ... . ... .. ...

Constraint History of this Document related to AUTOSAR R4.2.1

A.7.1 Changed ConstraintsinR4.2.1 . . .. .. ... ... ....
A.7.2 Added ConstraintsinR4.2.1 . . . .. .. ... ... ....
A.7.3 Deleted Constraintsin R4.2.1 . . . . . . . . .. . ... ...

Constraint History of this Document related to AUTOSAR R4.2.2

A.8.1 Changed ConstraintsinR4.22 . . . . .. ... ... ....
A.8.2 Added ConstraintsinR4.2.2 . . ... .. ... ... ....
A.8.3 Deleted Constraintsin R4.2.2. . . . . . . . . . . ... ...

Constraint History of this Document related to AUTOSAR R4.3.0

A.9.1 Changed ConstraintsinR4.3.0 . . . . ... ... ......
A.9.2 Added ConstraintsinR4.3.0 . . ... .. ... ... ....
A.9.3 Deleted ConstraintsinR4.3.0. . . . ... ... .......

A.10 Constraint History of this Document related to AUTOSAR R4.3.1

A.10.1 Changed Constraintsin R4.3.1 . . . . .. .. ... .....
A.10.2 Added Constraintsin R4.3.1 . . . .. ... .. ... ....
A.10.3 Deleted Constraintsin R4.3.1 . . . . . . . . .. ... ....

169



AUTOSAR

A1
A12
A.13
A14
A.15
A.16
A7
A.18
A.19
A.20
A.21
A.22

Added Specification ItemsinR4.0.3 . .. ... ... ..........
Added Specification ltemsinR4.1.1 . . . ... ... ... ... ....
Added Specification ItemsinR4.1.2 . .. ... ... ... .......
Added Specification ItemsinR4.1.3 . .. ... ... ... .......
Added Specification ItemsinR4.2.1 . . ... ... ... ........
Changed Specification ltemsinR4.2.1 . . ... ... ... .......
Added Specification ltemsinR4.22 . .. .. ... ... ........
Changed Specification temsinR4.22 . . ... ... ... .......
Added Specification ItemsinR4.3.0 ... ... .. ...........
Changed Specification temsinR4.3.0 . . . ... ... ... ......
Added Specification ItemsinR4.3.1 . . . ... ... ... .......
Changed Specification ltemsinR4.3.1 . . . ... ... ... ......

B Mentioned Class Tables

C Splitable Elements in the Scope of this Document

D Variation Points in the Scope of this Document



AUTOSAR

Bibliography
[1] Methodology
AUTOSAR_TR_Methodology

[2] Requirements on Timing Extensions
AUTOSAR_RS_TimingExtensions

[3] Virtual Functional Bus
AUTOSAR_EXP_VFB

[4] Standardization Template
AUTOSAR_TPS_StandardizationTemplate

[5] Generic Structure Template
AUTOSAR_TPS_GenericStructureTemplate

[6] Basic Software Module Description Template
AUTOSAR_TPS_BSWModuleDescriptionTemplate

1 Introduction

1.1 Overview

This AUTOSAR document contains the specification of the AUTOSAR Timing Exten-
sions. Actually, it has been created as a supplement to the formal definition of the
Timing Extensions by means of the AUTOSAR meta-model. In other words, this docu-
ment in addition to the formal definition provides introductory description and rationale
for the part of the AUTOSAR meta-model relevant for the creation of timing models.

1.2 Abbreviations

Abbreviation Meaning

BSW Basic Software

CAN Controller Area Network

CC Communication Controller

COM Communication module

ECU Electrical Control Unit

ID Identifier

IPDU Interaction Layer Protocol Data Unit
I/O Input/Output

ISIGNAL Interaction Layer Signal

LPDU Data Link Layer Protocol Data Unit
PDU Protocol Data Unit

RTE Runtime Environment

SW-C Software Component
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TD Timing Description
UML Unified Modeling Language
VFB Virtual Functional Bus

1.3 Glossary of terms

Term Definition

Jitter For a periodically occurring timing event, the jitter is defined as
the maximum variation of its period with respect to a predefined
standard period.

Latency The latency of a timing event chain describes the time duration

between the occurrence of the stimulus and the occurrence of
the corresponding response.

Maximum interarrival time

Describes the maximum time interval between two consecutive
event occurrences. In the more general case, this attribute is an
array of the maximum latency between two, three, four, ... event
occurrences.

Minimum interarrival time

Describes the minimum time interval between two consecutive
event occurrences. In the more general case, this attribute is an
array of the minimum latency between two, three, four, ... event
occurrences.

Period Describes the expected time interval between two consecutive
event occurrences, neglecting variation (jitter).
Response End point of an event chain.

Synchronization

Synchronization focuses on the occurrence of different timing
events. Synchronization of timing events means that they must
occur simultaneously within a certain tolerance interval.

Stimulus

Start point of an event chain.

Timing analysis

Timing analysis is a method of determining the timing behavior
of the system. This includes consideration of timing relevant sys-
tem behavior like task preemptions, interrupt handling, resource
blocking, etc.

Timing constraint

A timing constraint may have two different interpretation alterna-
tives. On the one hand, it may define a restriction for the timing
behavior of the system (e.g. minimum (maximum) latency bound
for a certain event sequence). In this case, a timing constraint is
a requirement which the system must fulfill. On the other hand,
a timing constraint may define a guarantee for the timing behav-
ior of the system. In this case, the system developer guarantees
that the system has a certain behavior with respect to timing (e.g.
a timing event is guaranteed to occur periodically with a certain
maximum variation).

Timing description

The timing description of a system, subsystem, software compo-
nent or BSW consists of events and event chains. The former
one describes events that can be observed and the latter one
describe their causal relationship.

Timing event

A timing event is the abstract representation of a specific system
behavior — that can be observed at runtime — in the AUTOSAR
specification. Timing events are used to define the scope for
timing constraints. Depending on the specific scope, the view on
the system, and the level of abstraction different types of events
are defined.
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Timing event chain

A timing event chain describes the causal order for a set of func-
tionally dependent timing events. Each event chain has a well
defined stimulus and response, which describe its start and end
point. Furthermore, it can be hierarchically decomposed into an
arbitrary number of sub-chains, so called "event chain segments”.

Timing event occurrence

A timing event is said to “occur”, when a specific system behav-
ior — represented by the timing event — can be observed. For
example the timing event "RunnableEntityStarted” occurs, when
the associated RunnableEnt ity has entered the state "started”
after its activation.

Timing guarantee

see glossary entry for "Timing constraint”.

Timing information

Superordinate concept for timing properties and timing con-
straints.

Timing path

A timing path defines a sequence of communication or compu-
tation activities of the system, whose timing behavior shall be
examined. Timing paths can be expressed by event chains.

Timing property

A timing property defines the state or value of a timing relevant
aspect within the system (e.g. the execution time bounds for a
RunnableEntity or the priority of a task). Thus, a property
does not represent a constraint for the system, but a somehow
gathered (e.g. measured, estimated or determined) or defined
attribute of the system.

Timing requirement

A timing requirement defines a restriction on timing that must be
fulfilled to ensure proper operation of the system. Timing require-
ments can be expressed by using timing constraints.

Timing validation

Timing validation compares the result of timing analysis (see
glossary entry for timing analysis) with the expected behavior
defined by timing constraints (see glossary entry for timing con-
straints).
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1.4 Template implications

All AUTOSAR templates use a common meta-model which is defined by using the
Unified Modeling Language (UML). For the integration of timing information into the
AUTOSAR meta-model we have to decide between two viable alternatives: on the one
hand the extension of existing templates, and on the other hand the definition of a
separate timing template.

Several discussions lead to the decision to explicitly NOT defining a separate timing
template. The most valuable advantage of such an approach is addressed by the idea
behind the current template composition. They are highly adapted to the AUTOSAR
methodology (see [1] for more details about the AUTOSAR methodology) and the sev-
eral templates handle specific process steps in the methodology. Since it is not our
scope to provide a proposal for a timing augmented development process, it is as well
not in our scope to define an isolated, new process step (e.g. a timing process step).
For this reason, our project result has an impact to some of the existing templates.
Therefore, the augmentation of the existing templates instead of the creation of a new
timing template reduces dependencies in the meta-model among templates.

1.5 Scope

The primary purpose of the timing extensions is to support constructing embedded
real-time systems that satisfy given timing requirements and to perform timing analy-
sis/validations of those systems once they have build up.

The AUTOSAR Timing Extensions provide a timing model as specification basis for a
contract based development process, in which the development is carried out by differ-
ent organizations in different locations and time frames. The constraints entered in the
early phase of the project (when corresponding solutions are not developed yet) shall
be seen as extra-functional requirements agreed between the development partners.
In such way the timing specification supports a top-down design methodology. How-
ever, due to the fact that a pure top-down design is not feasible in most of the cases
(e.g. because of legacy code), the timing specification allows the bottom-up design
methodology as well.

The resulting overall specification (AUTOSAR Model and Timing Extensions) shall en-
able the analysis of a system’s timing behavior and the validation of the analysis results
against timing constraints. Thus, timing properties required for the analysis must be
contained in the timing augmented system model (such as the priority of a task, the
activation behavior of an interrupt, the sender timing of a PDU and frame etc.). Such
timing properties can be found all across AUTOSAR. For example the System Tem-
plate provides means to configure and specify the timing behavior of the communica-
tion stack. Furthermore the execution time of executable entities can be specified. In
addition, the overall specification must provide means to describe timing constraints. A
timing constraint defines a restriction for the timing behavior of the system (e.g. bound-
ing the maximum latency from sensor sampling to actuator access). Timing constraints
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are added to the system model using the AUTOSAR Timing Extensions. Constraints,
together with the result of timing analysis, are considered during the validation of a
system’s timing behavior, when a nominal/actual value comparison is performed.

Note: The timing specification shall enable the analysis and validation of an AUTOSAR
system’s timing behavior. However, the specification of analysis and validation results
(e.g. the maximum resource load of an ECU, etc.) is not addressed in this document.

1.6 Document conventions

Technical terms (Meta Class Names) are typeset in monospaced font, e.g.
FrameTriggering.

1.7 Requirements Traceability

The following table references the requirements specified in AUTOSAR RS Timing
Extensions [2] and denotes how each of them are satisfied by the meta-model.

Requirement Description Satisfied by

[RS_TIMEX_00001] | Timing properties [TPS_TIMEX_00001]
[TPS_TIMEX_00002]
[TPS_TIMEX_00003]
[TPS_TIMEX_00004]
[TPS_TIMEX_00005]
[TPS_TIMEX_00006]
[TPS_TIMEX_00007]
[TPS_TIMEX_00008]
[TPS_TIMEX_00010]
[TPS_TIMEX_00011]
[TPS_TIMEX_00012]
[TPS_TIMEX_00013]
[TPS_TIMEX_00014]
[TPS_TIMEX_00015]
[TPS_TIMEX_00016]
[TPS_TIMEX_00017]
[TPS_TIMEX_00018]
[TPS_TIMEX_00019]
[TPS_TIMEX_00020]
[TPS_TIMEX_00021]
[TPS_TIMEX_00022]
[TPS_TIMEX_00023]
[TPS_TIMEX_00024]
[TPS_TIMEX_00025]
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[TPS_TIMEX_00026]
[TPS_TIMEX_00027]
[TPS_TIMEX_00028]
[TPS_TIMEX_00029]
[TPS_TIMEX_00030]
[TPS_TIMEX_00031]
[TPS_TIMEX_00032]
[TPS_TIMEX_00033]
[TPS_TIMEX_00034]
[TPS_TIMEX_00035]
[TPS_TIMEX_00036]
[TPS_TIMEX_00038]
[TPS_TIMEX_00039]
[TPS_TIMEX_00041]
[TPS_TIMEX_00042]
[TPS_TIMEX_00043]
[TPS_TIMEX_00044]
[TPS_TIMEX_00045]
[TPS_TIMEX_00046]
[TPS_TIMEX_00047]
[TPS_TIMEX_00048]
[TPS_TIMEX_00052]

[RS_TIMEX_00002]

Timing constraints

[TPS_TIMEX_00003]
[TPS_TIMEX_00004]
[TPS_TIMEX_00006]
[TPS_TIMEX_00007]
[TPS_TIMEX_00010]
[TPS_TIMEX_00011]
[TPS_TIMEX_00012]
[TPS_TIMEX_00013]
[TPS_TIMEX_00014]
[TPS_TIMEX_00015]
[TPS_TIMEX_00038]
[TPS_TIMEX_00041]
[TPS_TIMEX_00046]
[TPS_TIMEX_00047]
[TPS_TIMEX_00048]

[RS_TIMEX_00003]

Optionality of timing
constraints

[TPS_TIMEX_00009]

[RS_TIMEX_00004]

Event chains

[TPS_TIMEX_00002]

[RS_TIMEX_00005]

Structure of event chains

[TPS_TIMEX_00002]

[RS_TIMEX_00006]

Triggering behavior of event
chains

[TPS_TIMEX_00003]
[TPS_TIMEX_00010]
[TPS_TIMEX_00011]
[TPS_TIMEX_00012]
[TPS_TIMEX_00013]
[TPS_TIMEX_00014]

[RS_TIMEX_00007]

Synchronization of event
chains

[TPS_TIMEX_00006]




AUTOSAR

[RS_TIMEX_00008]

Multiple asynchronous time
bases

[TPS_TIMEX_00003]
[TPS_TIMEX_00006]
[TPS_TIMEX_00010]
[TPS_TIMEX_00011]
[TPS_TIMEX_00012]
[TPS_TIMEX_00013]
[TPS_TIMEX_00014]
[TPS_TIMEX_00015]

[RS_TIMEX_00009]

Loop-back signal flow in
sender-receiver
communication

[TPS_TIMEX_00002]
[TPS_TIMEX_00005]

[RS_TIMEX_00010]

Validity of timing properties
and constraints

[TPS_TIMEX_00037]

[RS_TIMEX_00011]

Mode dependency

[TPS_TIMEX_00049]
[TPS_TIMEX_00050]
[TPS_TIMEX_00051]

[RS_TIMEX_00012]

Sensor/actuator delay

[TPS_TIMEX_00004]

[RS_TIMEX_00013]

Specification of timing
resources for
software-component
description

[TPS_TIMEX_00008]

[RS_TIMEX_00014]

Sequence of execution of
runnable entities

[TPS_TIMEX_00007]
[TPS_TIMEX_00038]
[TPS_TIMEX_00041]
[TPS_TIMEX_00046]
[TPS_TIMEX_00047]
[TPS_TIMEX_00048]

[RS_TIMEX_00015]

Timing-requirements of
SW-Components

[TPS_TIMEX_00004]
[TPS_TIMEX_00010]

[RS_TIMEX_00016]

Some elements of the Timing
Extensions shall be
blueprintable

[TPS_TIMEX_00040]

[RS_TIMEX_00017]

Synchronization constraint on
events

[TPS_TIMEX_00006]

[RS_TIMEX_00018]

Predefined events for port
interfaces at VFB level

[TPS_TIMEX_00039]

[RS_TIMEX_00019]

AUTOSAR Methodology
support

[TPS_TIMEX_00020]
[TPS_TIMEX_00042]
[TPS_TIMEX_00043]
[TPS_TIMEX_00044]
[TPS_TIMEX_00045]

[RS_TIMEX_00020]

Support for events indicating
variable accesses

[TPS_TIMEX_00020]
[TPS_TIMEX_00044]

Table 1.1: RequirementsTracing

2 Timing Extensions Overview

The AUTOSAR Timing Extensions provide some basic means to describe and specify
timing information: Timing descriptions, expressed by events and event chains, and
timing constraints that are imposed on these events and event chains. Both means,
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timing descriptions and timing constraints, are organized in timing views for specific
purposes. By and large, the purpose of the Timing Extensions are two folded: The
first purpose is to provide timing requirements that guide the construction of systems
which eventually shall satisfy those timing requirements. And the second purpose is to
provide sufficient timing information to analyze and validate the temporal behavior of a
system.

Events. Events refer to locations in systems at which the occurrences of events are
observed. The AUTOSAR Specification of Timing Extensions defines a set of prede-
fined event types for such observable locations. Those event types are used in different
timing views and each of these timing views correspond to one of the AUTOSAR views:
VFB Timing and Virtual Function Bus VFB View; SW-C Timing and Software Compo-
nent View; System Timing and System View; BSW Module Timing and Basic Software
Module View; as well as ECU Timing and ECU View.

In particular, one uses these events to specify the reading and writing of data from
and to specific ports of software components, calling of services and receiving their
responses (VFB, SW-C, System and ECU Timing); sending and receiving data via
networks and through communication stacks (System and ECU Timing); activating,
starting and terminating executable entities (SW-C Timing and Basic SW Module Tim-
ing); and last but not least calling basic software services and receiving their responses
(ECU Timing and Basic SW Module Timing).

Event Chains. Event chains specify a causal relationship between events and their
temporal occurrences. The notion of event chain enables one to specify the relationship
between two events, for example when an event A occurs then the event B occurs, or
in other words, the event B occurs if and only if the event A occurred before. In the
context of an event chain the event A plays the role of the stimulus and the event B
plays the role of the response. Event chains can be composed of existing event chains
and decomposed into further event chains — in both cases the event chains play the
role of event chain segments.

Timing Constraints imposed on Events. The notion of Event is used to describe
that in a system specific events occur and also at which locations in this system the
occurrences are observed. In addition, an Event Triggering Constraint imposes a con-
straint on the occurrences of an event, which means that the event triggering constraint
specifies the way an event occurs in the temporal space. The AUTOSAR Specification
of Timing Extensions provides means to specify periodic and sporadic event occur-
rences, as well as event occurrences that follow a specific pattern (burst, concrete,
and arbitrary pattern).

Timing Constraints imposed on Event Chains. Like event triggering constraints
impose timing constraints on events and their occurrences; the latency and synchro-
nization timing constraints impose constraints on event chains. In the former case, a
constraint is used to specify a reaction and age, for example if a stimulus event occurs
then the corresponding response event shall occur not later than a given amount of
time. And in the latter case, the constraint is used to specify that stimuli or response
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events must occur within a given time interval (tolerance) to be said to occur simulta-
neous and synchronous respectively.

Additional Timing Constraints. In addition to the timing constraints that are imposed
on events and event chains, the AUTOSAR Timing Extensions provide timing con-
straints which are imposed on Executable Entities, namely the Execution Order Con-
straint and Execution Time Constraint.

The concepts sketches so far are represented by the metamodel shown in Figure 2.1.
And every part is described in the subsequent chapters and sections.

PackageableElement
ARElement

‘f

«atpVariation» Tags:

MultilanguageReferrable
Identifiable

+ category :CategoryString [0..1]
+ uuid :String [0..1]

N

vh.latestBindingTime = postBuild
TimingExtension . _— TimingDescription
+timingDescription
< -
«atpVariation,atpSplitable» 0..*
"
o
a
v
o +timingRequirement
N — - TimingConstraint
«atpVariation,atpSplitable» 0.*
| MultilanguageReferrable
\ - I Traceable
\ +timingGuarantee —T>
«atpVariation,atpSplitable» 0.*%
AtpBlueprint At At - -
. SwcTimin SystemTimin BswModuleTimin EcuTimin
AtpBlueprintable 9 ¥ 9 9 9
VfbTiming
+component\[/1 +behavior\[/0..1 +system \|/1 +behavior\|/1 +ecuConfiguration\|/1

SwComponentType

AtpBlueprint
AtpBlueprintable

InternalBehavior
SwecinternalBehavior

AtpStructureElement
System

InternalBehavior
BswinternalBehavior

EcucValueCollection

AtpType

Figure 2.1: Overview of the Timing Extensions including Timing Descriptions, Timing
Constraints, and Timing Views.
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Class TimingExtension (abstract)
Package M2::AUTOSARTemplates::CommonStructure::Timing
Note The abstract parent class of the different template specific timing extensions.

Depending on the specific timing extension (VfbTiming, SwcTiming, SystemTiming,
BswModuleTiming, EcuTiming) the timing descriptions and timing constraints, that
can be used to specify the timing behavior, are restricted.

Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable

Attribute Type Mul. | Kind | Note

timingCon | TimingCondition * aggr | The timing condition specifies a specific condition.

dition
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild

timingDesc | TimingDescripti aggr | The timing descriptions that belong to a specific
ription on timing specification.

In order to support different timing description
variants within a timing specification, the
aggregation is marked with the stereotype
"atpVariation".

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild

timingGuar | TimingConstrain aggr | The timing constraints that belong to a specific
antee t timing specification in the role of a timing
guarantee.

In order to support different timing constraint
variants within a timing specification, the
aggregation is marked with the stereotype
"atpVariation".

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=postBuild

timingReq | TimingConstrain aggr | The timing constraints that belong to a specific
uirement t timing specification in the role of a timing
requirement.

In order to support different timing constraint
variants within a timing specification, the
aggregation is marked with the stereotype
"atpVariation".

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild
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Attribute Type Mul. | Kind | Note
timingReso | TimingExtensio 0..1 aggr | The timing resource contains all instance
urce nResource references referred from within a timing condition

formula of a timing view.

Stereotypes: atpSplitable
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

Table 2.1: TimingExtension

Class TimingDescription (abstract)
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription
Note The abstract parent class of the model elements that are used to define the scope of

a timing constraint.

Tags: xml.sequenceOffset=10
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note

Table 2.2: TimingDescription

Class TimingConstraint (abstract)

Package M2::AUTOSARTemplates::CommonStructure:: Timing:: TimingConstraint

Note The abstract parent class of different timing constraints supported by the Timing
extension.

A concrete timing constraint is used to bound the timing behavior of the model
elements in its scope.

Tags: xml.sequenceOffset=20

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, Traceable

Attribute Type Mul. | Kind | Note

timingCon | TimingCondition | 0..1 ref | Atiming condition the timing constraint depends

dition on. In other words it specifies the condition the
timing constraint holds.

Table 2.3: TimingConstraint

3 Timing Views

The AUTOSAR Timing Extensions define five distinct timing views. Each of these views
is associated with one of the AUTOSAR views, namely Virtual Function Bus-, Software
Component-, System-, Basic Software Module- and ECU view. Figure 2.1 provides
an overview of the AUTOSAR Timing Extensions and its basic elements including the
timing views.
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This chapter outlines the timing views that are used in the different phases of the
AUTOSAR methodology in order to create appropriate timing models.

3.1 Timing in Different Phases of the AUTOSAR Methodology

The AUTOSAR methodology (see [1] for a general introduction) provides several well-
defined process steps, and furthermore artifacts that are provided or needed by these
steps. Figure 3.1 provides a simplified view of the AUTOSAR methodology, focusing
on the process phases which are of interest for the use of the timing extensions. These
represented steps and artifacts are grouped by boundaries in five views:

VibTiming This view deals with timing information related to the interaction of SwCom-
ponentTypes at VFB level.

SwcTiming This view deals with timing information related to the SwcInternalBe-
havior of AtomicSwComponentTypes.

SystemTiming This view deals with timing information related to a System, utilizing
information about topology, software deployment, and signal mapping.

BswModuleTiming This view deals with timing information related to the BswInter—
nalBehavior of a single BswModuleDescription.

EcuTiming This view deals with timing information related to the EcucvalueCol-
lection, particularly with the EcucModuleConfigurationvValues.

For each of these views a special focus of timing specification can be applied, depend-
ing on the availability of necessary information, the role a certain artifact is playing and
the development phase, which is associated with the view.

The following sections give a detailed overview of every timing view and their relevance
for timing specification. For each view it is explained what kind of timing description and
timing constraints can be applied and to which AUTOSAR specification documents
these can be attached to.
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Figure 3.1: Overview of the AUTOSAR methodology and timing specification

3.2 VibTiming

AUTOSAR defines the Virtual Functional Bus [3] as a composition of SwComponent -
Prototypes at a logical level, regardless of their physical distribution. On this logical
level a special view can be applied for timing specification. This section describes what
kind of timing specification can be applied at VFB level for a system or sub-system. Typ-
ically, end-to-end timing constraints, including (physical) sensors and actuators, shall
be captured in this view, allowing an early formalization of those constraints.

Neglecting the physical distribution means that the VfbTiming view does not deal
with the question, in which system context the prototype of a CompositionSwCom-
ponentType shall be implemented. An additional restriction of the VfbTiming view
raises due to the black box treatment of software components. The SwcInternal-
Behavior oOf AtomicSwComponentTypesS is not considered. For these mentioned
restrictions (irrelevance of the physical distribution, black box view), TimingDescrip-
tions at VFB level should only refer to SwComponentTypes, PortPrototypes and
their connections, but not the ITnternalBehavior.
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Required
Port

--n0 Provided Required Provided
! Port Port Port

- ot o]

Required
Port

— Data flow of interest

|E| Provided/Required Sender-Receiver Port

Figure 3.2: Example: Data flow in the scope of the VfbTiming view

The VfbTiming view is applicable for different system granularities. The smallest
granularity is the investigation of a single swComponent Type without any contextual
embedding. Here, a timing description can only refer to relations between a compo-
nent's RPortPrototypes and the same component’s PPortPrototypes.

SW-C
Required Provided
Port Port

Maximum Latency = 2ms

IEl Provided/Required Sender-Receiver Port
Figure 3.3: Example: Latency requirement

As an example, consider the timing constraint illustrated in Figure 3.3: "From the point
in time, where the value in is received by the Software Component named SW-C,
until the point in time, where the newly calculated value out is sent, there shall be a
maximum latency of 2 ms”. This would be attached to the timing description that refers
to an AtomicSwComponentType SW-C (see Figure 3.1).

In case of a CompositionSwComponentType that itself contains other SwCom-
ponent Prototypes, the timing interrelation between different components, e.g.
from one component’s PPortPrototype to another component’s RPortPrototype,
could be of interest.
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[TPS_TIMEX_00032] Purpose of VEbTiming [ The element VfbTiming aggregates
all timing information, timing descriptions and timing constraints, that is related to the
VFB View. |(RS_TIMEX_00001)

Class VibTiming
Package M2::AUTOSARTemplates::CommonStructure:: Timing
Note A model element used to define timing descriptions and constraints at VFB level.

TimingDescriptions aggregated by VfbTiming are restricted to event chains referring
to events which are derived from the class TDEventVib.

Tags: atp.recommendedPackage=TimingExtensions

Base ARElement, ARObject, AtpBlueprint, AtpBlueprintable, CollectableElement,
Identifiable, MultilanguageReferrable, PackageableElement, Referrable, Timing
Extension
Attribute Type Mul. | Kind | Note
component | SwComponentT 1 ref | This defines the scope of a VibTiming. All
ype corresponding timing descriptions and constraints
must be defined within this scope.

Table 3.1: VibTiming

3.3 SwcTiming

In contrast to the VfbTiming view, a specification engineer might especially be inter-
ested in the SwcInternalBehavior of AtomicSwComponent Types that are repre-
sented as black boxes at VFB level. The SswcInternalBehavior specifies a compo-
nent’s behavioral decomposition into runnable entities, which are executed at runtime.
Thus, in SwcTiming view, a timing description is attached to the SwcInternalBe-
havior of a SwComponent Type (see Figure 3.1). It can refer to the activation, start,
and termination (see section 5.2) of the execution of a RunnableEntity.

SW-C
Required
Port
-» RE1 Provided
Port
Required —fI}]
Port ,
2 RE2 -
,,,,,,,,,,,,,,,,,,,, *
Runnable ---» Read/Write — Inter-runnable
RE # . o
Entity Access Communication

Figure 3.4: Example: Data flow in the scope of the SW-C Timing view
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[TPS_TIMEX_00033] Purpose of SwcTiming [ The element swcTiming aggregates
all timing information, timing descriptions and timing constraints, that is related to the
Software Component View. |(RS_TIMEX_00001)

Class SwcTiming
Package M2::AUTOSARTemplates::CommonStructure:: Timing
Note The SwcTiming is used to describe the timing of an atomic software component.

TimingDescriptions aggregated by SwcTiming are restricted to event chains referring
to events which are derived from the classes TDEventVfb and
TDEventSweclinternalBehavior.

Tags: atp.recommendedPackage=TimingExtensions

Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, TimingExtension

Attribute Type Mul. | Kind | Note

behavior SweclnternalBeh 0..1 ref | This defines the scope of a SwcTiming. All
avior corresponding timing descriptions and constraints

must be defined within this scope.

Note! The reason for the cardinality of 0..1 is to
ensure backward compatibility.

Table 3.2: SwcTiming

3.4 SystemTiming

At system level a special prototype of a CompositionSwComponentType—the
Root SwCompositionPrototype—is instantiated. This prototype, the chosen hard-
ware topology and other artifacts are used as input to the task dealing with the deploy-
ment of software components onto ECUs in order to configure the system. The main
configuration result is the mapping of software components to ECUs and in further
steps the resulting communication matrix is created. This information is aggregated in
the system description (see Figure 3.1).

The systemTiming view is used to provide timing informations at system level. As
an extension, it can be attached to a system. As the System description aggregates
all the information about swComponentTypes and their corresponding SwcInter-—
nalBehavior, it is possible to use the same concepts that are available in the views
VfbTiming and SwcTiming also in this timing view. The difference is the specific
system context that defines the validity of timing informations at system level. Without
knowledge of the mapping of software components to a target hardware respectively
ECU, only a generic platform independent description can be provided.
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Figure 3.5: Example: Data flow in the scope of System Timing view

In addition, a timing description in system view refers to the concrete communication of
software components that only was represented as abstract connectors in VvfbTiming
view. Due to the software mapping, now communication is either local communication
over the RTE (both software components on same ECU) or remote communication
over the RTE, through the communication stack of the BSW and a communication bus.
A system-specific timing description thus can refer to signals (RTE), I-PDUs (COM)
and frames (communication driver and bus).

[TPS_TIMEX_00034] Purpose of SystemTiming | The element SystemTiming ag-
gregates all timing information, timing descriptions and timing constraints, that is re-
lated to the System View. |(RS_TIMEX_00001)

Class SystemTiming

Package M2::AUTOSARTemplates::CommonStructure::Timing

Note A model element used to refine timing descriptions and constraints (from a
VfbTiming) at System level, utilizing information about topology, software deployment,
and signal mapping described in the System Template.
TimingDescriptions aggregated by SystemTiming are restricted to events which are
derived from the class TDEventVfb, TDEventSwcinternalBehavior and TDEventCom.
Tags: atp.recommendedPackage=TimingExtensions

Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, TimingExtension

Attribute | Type | Mul. | Kind | Note
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Attribute Type Mul. | Kind | Note

system System 1 ref | This defines the scope of a SystemTiming. All
corresponding timing descriptions and constraints
must be defined within this scope.

Table 3.3: SystemTiming

3.5 BswModuleTiming

According to Figure 3.1, a BswModuleDescription is generated for each BSW mod-
ule as part of the ECU configuration phase. For every module its internals, the BswIn-
ternalBehavior, must be defined, i.e. structuring any BswModuleEntity. Similar
to the timing view on the SwcInternalBehavior of an AtomicSwComponentType
as described in section 3.3, the BSW module timing view focuses on the activation,
start and end of the execution of any BswModuleEntity. The timing description for
each module can be attached to the BswModuleDescription.

BSW Module

!

[ =

BSW Module ---» Data Read/Write — Inter-runnable
Entity Access Communication

] Data — Data flow of interest
Figure 3.6: Example: Data flowin scope of BSW Module Timing view
[TPS_TIMEX_00035] Purpose of BswModuleTiming | The element BswModule-

Timing aggregates all timing information, timing descriptions and timing constraints,
that is related to the Basic Software Module View. |(RS_TIMEX_00001)
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Class

BswModuleTiming

Package

M2::AUTOSARTemplates::CommonStructure::Timing

Note

A model element used to define timing descriptions and constraints for the
BswinternalBehavior of one BSW Module. Thereby, for each BswinternalBehavior a
separate timing can be specified.

A constraint defined at this level holds true for all Implementations of that
BswinternalBehavior.

TimingDescriptions aggregated by BswModuleTiming are restricted to event chains
referring to events which are derived from the class TDEventBswinternalBehavior.

Tags: atp.recommendedPackage=TimingExtensions

Base

ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, TimingExtension

Attribute

Type Mul. | Kind | Note

behavior

BswinternalBeh 1 ref | This defines the scope of a BswModuleTiming. All
avior corresponding timing descriptions and constraints
must be defined within this scope.

Table 3.4: BswModuleTiming

3.6 EcuTiming

A result of the ECU configuration phase is the complete EcucvalueCollection rep-
resenting the ECU’s configuration description (see Figure 3.1). During ECU configura-
tion, this artifact is filled amongst others with ...

¢ ... the ECU Extract of System Configuration, where the needed part of the overall
system description for the respective ECU is extracted.

e ... references to information about all BSW modules present on the ECU. Such
BSW modules are described by BswModuleDescriptions, providing for in-
stance information about the interfaces that the modules offer or require.

... check this list and validate against current state of AUTOSAR methodology.
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Figure 3.7: An example of data flow, whose timing behavior is in scope of ECU view

In this view, timing can reference all the ECU-relevant information: The deployed soft-
ware component instances, the ECU related interactions including bus communication,
Basic Software, etc. In other words, the EcuTiming has the same expressivity as the
System Timing view but only focusing on one specific ECU in the system’s topology.
In addition, the entire BSW can be considered during timing modeling, because the
complete composition and internal structure of the BSW modules are known. The in-
ternals of BSW modules and the inter-relations between BS modules are of interest in
this timing view. The information is attached to the EcucvalueCollection.

[TPS_TIMEX_00036] Purpose of EcuTiming [ The element EcuTiming aggregates
all timing information, timing descriptions and timing constraints, that is related to the
ECU View. |(RS_TIMEX_00001)

Class EcuTiming
Package M2::AUTOSARTemplates::CommonStructure:: Timing
Note A model element used to define timing descriptions and constraints within the scope
of one ECU configuration.
TimingDescriptions aggregated by EcuTiming are allowed to use all events derived
from the class TimingDescriptionEvent.
Tags: atp.recommendedPackage=TimingExtensions
Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, TimingExtension
Attribute Type Mul. | Kind | Note
ecuConfig | EcucValueColle 1 ref | This defines the scope of an EcuTiming. All
uration ction corresponding timing descriptions and constraints
must be defined within this scope.
Table 3.5: EcuTiming
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4 Timing Extensions Fundamentals

This section explains the fundamentals that the timing extensions, described in the
following sections, are based upon.

4.1 Formal Specification of Timing Behavior

Compared to the specification of a system’s functional behavior, the specification of its
timing behavior requires additional information to be captured. Not only the eventual
occurrence of events but also their exact timing or the concurrency of various events
become important. Therefore, in the specification of timing extensions for AUTOSAR,
the event is the basic entity. This event is used to refer to an observable behavior within
a system (e.g. the activation of a RunnableEntity, the transmission of a frame etc.)
at a certain point in time.

Having to deal with different abstraction levels and views (see chapter 3), and in order
to avoid semantic confusion with existing concepts, a new abstract type TimingDe-
scriptionEvent (see section 5) is introduced as a formal basis for the timing exten-
sions. Depending on the model entity and the associated observable behavior, specific
timing events are defined and linked to the different views.

For the analysis of a system’s timing behavior usually not only single events but also the
correlation of different events is of fundamental importance. To relate timing events to
each other, a further concept called TimingDescriptionEventChain (see section
6) is introduced. Hereby, it is important to note that for the events referred to within
an event chain a functional dependency is implicitly assumed. This means that an
event of a chain somehow causes subsequent chain events. An example for an end-
to-end event chain with bus communication is depicted in Figure 3.5 in chapter 3. This
event chain describes the path from software component instance "SWC1” to software
component instance "SWC3”.

Based on events and event chains, it is possible to express various specific timing con-
straints derived from the abstract type TimingConstraint. These timing constraints
specify the expected timing behavior. As timing constraints shall be valid independently
from implementation details, they are also expressed on a abstract level by referencing
the above introduced formal basis of TimingDescriptionEvents and TimingDe—
scriptionEventChains.

Thus, by means of events, event chains and timing constraints defined on top of these,
a separate central timing specification can be provided, decoupling the expected tim-
ing behavior from the actually implemented behavior. This approach supports timing
contracts for AUTOSAR systems in a top-down as well as bottom-up approach.

[TPS_TIMEX_00009] Optional use of timing extensions [ The elements
TimingExtension, TimingDescription, and TimingConstraint of the timing
extensions are derived from the element ARE1ement. This enables one to deliver tim-



AUTOSAR

ing extensions in a separate document. In addition, there are no external references
from any template that point to timing extensions elements. |(RS_TIMEX_00003)

4.2 Timing Extensions and Blueprints

[TPS_TIMEX_00040] Blueprinting VEbTiming | VfbTiming can be blueprinted. |
(RS_TIMEX 00016)

The primary purpose of blueprinting VvfbTiming is to annotate Application Interfaces
and attach timing constraints, like age- and periodic event triggering constraints, to
events of type TDEventVfb which reference port prototype blueprints. The concept of
Blueprints and its details are described in [4].

PackageableElement
ARPackage::ARElement

1

Timing::TimngExtension o Id.en.tlflable
+timingDescription TimingDescription
«atpVariation,atpSplitable» 0.*
+timingRequirement
P gred identifiable
«atpVariation,atpSplitable» 0..* Traceable
- TimingConstraint::
+timingGuarantee Timi :
® imingConstraint
«atpVariation,atpSplitable» 0.*

1

AtpBlueprint
AtpBlueprintable

Timing::VfbTiming

+component\|/1

AtpBlueprint
AtpBlueprintable
AtpType
Components::
SwConponentType

Figure 4.1: VFB Timing Blueprint
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TimingDescription
TimingDescriptionEvent

i

TDEventVfb

i

TDEventVfbPort

ARElement
) AtpBlueprint
+ isExternal :Boolean +portPrototypeBlueprint AtpStructureElement

PortPrototypeBlueprint

0.1

AtpBlueprintable
+port AtpPrototype

PortPrototype
0.1

Figure 4.2: TDEventV£fb Blueprint

[constr_4508] TDEventVEb shall reference PortPrototypeBlueprint only in
Blueprints | An event type TDEventVfb only shall reference PortPrototype-
Blueprint in blueprints. |()

[constr_4509] Only VEbTiming shall be a Blueprint | Only the VfbTiming is
blueprintable. |()

4.3 Traceability of Constraints

[TPS_TIMEX_00037] TimingConstraint is a Traceable | The element Timing-
Constraint and all of its specializations, commonly called timing constraints, are
traceable. |(RS_TIMEX_00010)

The support for traceability [4] enables one to specify for example a relationship be-
tween an RTE event activating a runnable entity and a given timing constraint. A system
integrator has chosen the RTE event TimingEvent with a period of 20ms, because
of a given timing requirement respectively constraint PeriodicEventTriggering
requiring the periodic activation of a runnable entity every 20ms. In this case, a trace
from the RTE event’s document section to the corresponding timing constraint can be
set. In addition this capability ensures validity between constraints and properties.
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4.4 Specifying Time Sets

Sometimes one likes to specify that there are several alternatives with regard to timing
requirements. For example, quite often it is reasonable to specify that a runnable entity
shall be periodically activated either at 1ms, 2ms, 5ms, 8ms, or 10ms. In other words,
it is perfectly fine to decide that the runnable entity is activated every 8ms. Indeed, it is
allowed to activate the runnable entity either at 1ms, 2ms, 5ms, 8ms, or 10ms. Hence,
there should be a means to specify such time sets which contain all allowed timings,
like in case of activating a runnable entity at {1, 2, 5, 8, 10} ms.

For the purpose of specifying time sets the timing extensions utilize the "Variant Han-
dling” capabilities specified and described in [5]. In the following sub-section an exam-
ple is given describing how to specify time sets with the mentioned capabilities.

441 Example

As shown in Figure 4.3 a software component called "PlainVanillaSwc” consists of one
runnable entity named "RunnableEntityOne”. This runnable entity calculates the value
of the variable "DataElementTwo” based on the value of the variable "DataElemen-
tOne”. The latter variable is received via the required port called "rPortOne” and the
former one is written to the provided port named "pPortOne”. In the example three
alternatives for activating the runnable entity are specified and shown in the table on
the right hand side in Figure 4.3.

Plain Vanilla Swc Alternative Periodic Latency Timing
Event Constraint
Triggering Minimum ... Maximum
rPortOne pPortOne Constraint
Runnable

] Entty One =[] 1 1ms 0.490... 0.510 ms
2 5ms 1.1...1.3ms
3 10 ms 20..25ms
Execution

State

| | :::| | :]:l RunnableEntityOne

Running +

Waiting +

Ready +
Suspended +——+-+»

I I
| RunnableEntityOneStarted RunnableEntitiyOneTerminated
RunnableEntityOneActivated

time

Software Runnable Read/Write
[ e -

Componen Entity > Access ¢ Event

Figure 4.3: Example of a set of timings specified for a Runnable Entity.
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In listing 4.1 the part of the AUTOSAR XML is given representing the software com-
ponent description. It describes the software component including ports, interfaces,
data elements, and its internal behavior respectively the runnable entity and the data
accesses carried out by the runnable entity; as shown in Figure 4.3.

Listing 4.1: Software component description of the software component ”PlainVanil-
laSwc”

<AR-PACKAGE>
<SHORT-NAME>TimeSetExample</SHORT-NAME>
<ELEMENTS>
<APPLICATION-SW-COMPONENT-TYPE>
<SHORT-NAME>PlainVanillaSwc</SHORT-NAME>
<SHORT-NAME-PATTERN />
<PORTS>
<R-PORT-PROTOTYPE>
<SHORT-NAME>rPortOne</SHORT-NAME>
<REQUIRED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
TimeSetExample/srInterfaceOne</REQUIRED-INTERFACE-TREF>
</R-PORT-PROTOTYPE>
<P-PORT-PROTOTYPE>
<SHORT-NAME>pPortOne</SHORT-NAME>
<PROVIDED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
TimeSetExample/srInterfaceTwo</PROVIDED-INTERFACE-TREF>
</P-PORT-PROTOTYPE>
</PORTS>
<INTERNAL-BEHAVIORS>
<SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>InternalBehaviorPlainVanillaSwc</SHORT-NAME>
<RUNNABLES>
<RUNNABLE-ENTITY>
<SHORT-NAME>RunnableEntityOne</SHORT-NAME>
<DATA-READ-ACCESSS>
<VARIABLE-ACCESS>
<SHORT-NAME>draDataElementOne</SHORT-NAME>
</VARIABLE-ACCESS>
</DATA-READ-ACCESSS>
<DATA-WRITE-ACCESSS>
<VARIABLE-ACCESS>
<SHORT-NAME>dwaDataElement Two</SHORT-NAME>
</VARIABLE-ACCESS>
</DATA-WRITE-ACCESSS>
</RUNNABLE-ENTITY>
</RUNNABLES>
</SWC-INTERNAL-BEHAVIOR>
</INTERNAL-BEHAVIORS>
</APPLICATION-SW-COMPONENT-TYPE>
<SENDER-RECEIVER-INTERFACE>
<SHORT-NAME>srInterfaceOne</SHORT-NAME>
<DATA-ELEMENTS>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>dataElementOne</SHORT-NAME>
</VARIABLE-DATA-PROTOTYPE>
</DATA-ELEMENTS>
</SENDER-RECEIVER-INTERFACE>
<SENDER-RECEIVER-INTERFACE>
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<SHORT-NAME>srInterfaceTwo</SHORT-NAME>
<DATA-ELEMENTS>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>dataElement Two</SHORT-NAME>
</VARIABLE-DATA-PROTOTYPE>
</DATA-ELEMENTS>
</SENDER-RECEIVER-INTERFACE>
</ELEMENTS>
</AR-PACKAGE>

The second part of the AUTOSAR XML, shown in listing 4.2, represents the software
component timing called "swctPlainVanillaSwc”. It specifies the timing descriptions and
timing requirements. The timing descriptions describe the events that are related to the
runnable entity of the software component "PlainVanillaSwc”, in particular the activation
event "RunnableEntityOneActivated”, start event "RunnableEntityOneStarted” and ter-
mination event "RunnableEntityOneTerminated” of the runnable entity "RunnableEntity-
One”. In addition, a timing description event chain "CalculateValueOfDataElementTwo”
is specified that describes the causal relationship between the events "RunnableEnti-
tyOneActivated” and "RunnableEntityOneTerminated”.

The timing requirements specify three variants of the periodic event triggering con-
straint named “PeriodicActivationRunnableEntityOne” describing the periodic activa-
tion of the runnable entity "RunnableEntityOne”. The following alternatives are spec-
ified: 1ms, 5ms and 10ms. In addition, three alternatives for latency timing con-
straints, named "ResponseTimeForCalculatingDataElementTwo”, are specified that
are imposed on the response time of the runnable entity. Technically, the scope of
this timing constraint is the event chain "CalculateValueOfDataElementTwo” mentioned
before.

Listing 4.2: Software component timing of the software component ”"PlainVanillaSwc”

<AR-PACKAGE>
<SHORT-NAME>TimingExtensions</SHORT-NAME>
<ELEMENTS>
<SWC-TIMING>
<SHORT-NAME>swctPlainVanillaSwc</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>RunnableEntityOneActivated</SHORT-NAME>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/TimeSetExample/
PlainVanillaSwc/InternalBehaviorPlainVanillaSwc/
RunnableEntityOne</RUNNABLE-REF>
<TD-EVENT-SWC—-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-
ACTIVATED</TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>RunnableEntityOneTerminated</SHORT-NAME>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/TimeSetExample/
PlainVanillaSwc/InternalBehaviorPlainVanillaSwc/
RunnableEntityOne</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-
TERMINATED</TD-EVENT-SWC—INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
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<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>CalculateValueOfDataElement Two</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/
TimingExtensions/swctPlainVanillaSwc/
RunnableEntityOneActivated</STIMULUS-REF>
<RESPONSE-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/
TimingExtensions/swctPlainVanillaSwc/
RunnableEntityOneTerminated</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/
TimingExtensions/swctPlainVanillaSwc/
CalculateValueOfDataElement Two</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-REQUIREMENTS>
<PERIODIC-EVENT-TRIGGERING>
<SHORT-NAME>PeriodicActivationRunnableEntityOne</SHORT-NAME>
<VARIATION-POINT>
<SHORT-LABEL>VpPetTimingl</SHORT-LABEL>
<SW—-SYSCOND BINDING-TIME="SYSTEM-DESIGN-TIME"> (<SYSC—-REF
DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SYSC-REF>==1) </SW-SYSCOND>
</VARIATION-POINT>
<EVENT-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/
TimingExtensions/swctPlainVanillaSwc/
RunnableEntityOneActivated</EVENT-REF>
<PERIOD>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>1</CSE-CODE-FACTOR>
</PERIOD>
</PERIODIC-EVENT-TRIGGERING>
<PERIODIC-EVENT-TRIGGERING>
<SHORT-NAME>PeriodicActivationRunnableEntityOne</SHORT-NAME>
<VARIATION-POINT>
<SHORT-LABEL>VpPetTiming2</SHORT-LABEL>
<SW—-SYSCOND BINDING-TIME="SYSTEM-DESIGN-TIME"> (<SYSC—-REF
DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SYSC-REF>==2) </SW-SYSCOND>
</VARIATION-POINT>
<EVENT-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/
TimingExtensions/swctPlainVanillaSwc/
RunnableEntityOneActivated</EVENT-REF>
<PERIOD>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>5</CSE-CODE-FACTOR>
</PERIOD>
</PERIODIC-EVENT-TRIGGERING>
<PERIODIC-EVENT-TRIGGERING>
<SHORT-NAME>PeriodicActivationRunnableEntityOne</SHORT-NAME>
<VARIATION-POINT>
<SHORT-LABEL>VpPetTiming3</SHORT-LABEL>
<SW—-SYSCOND BINDING-TIME="SYSTEM-DESIGN-TIME"> (<SYSC—-REF
DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SYSC-REF>==3) </SW-SYSCOND>
</VARIATION-POINT>
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<EVENT-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/
TimingExtensions/swctPlainVanillaSwc/
RunnableEntityOneActivated</EVENT-REF>
<PERIOD>
<CSE-CODE>3</CSE—-CODE>
<CSE-CODE-FACTOR>10</CSE-CODE-FACTOR>
</PERIOD>
</PERIODIC-EVENT-TRIGGERING>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>ResponseTimeForCalculatingDataElement Two</SHORT-
NAME>
<VARIATION-POINT>
<SHORT-LABEL>VpLtcTimingl</SHORT-LABEL>
<SW-SYSCOND BINDING-TIME="SYSTEM-DESIGN-TIME"> (<SYSC-REF
DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SYSC-REF>==1) </SW-SYSCOND>
</VARIATION-POINT>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/
TimingExtensions/swctPlainVanillaSwc/
CalculateValueOfDataElement Two</SCOPE-REF>
<MINIMUM>
<CSE-CODE>2</CSE-CODE>
<CSE-CODE-FACTOR>490</CSE-CODE-FACTOR>
</MINIMUM>
<MAXIMUM>
<CSE-CODE>2</CSE-CODE>
<CSE-CODE-FACTOR>510</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>ResponseTimeForCalculatingDataElement Two</SHORT-
NAME >
<VARIATION-POINT>
<SHORT-LABEL>VpLtcTiming2</SHORT-LABEL>
<SW-SYSCOND BINDING-TIME="SYSTEM-DESIGN-TIME"> (<SYSC-REF
DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SYSC-REF>==2) </SW-SYSCOND>
</VARIATION-POINT>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/
TimingExtensions/swctPlainVanillaSwc/
CalculateValueOfDataElement Two</SCOPE-REF>
<MINIMUM>
<CSE-CODE>2</CSE-CODE>
<CSE-CODE-FACTOR>1100</CSE-CODE-FACTOR>
</MINIMUM>
<MAXIMUM>
<CSE-CODE>2</CSE-CODE>
<CSE-CODE-FACTOR>1300</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>ResponseTimeForCalculatingDataElement Two</SHORT-
NAME >
<VARIATION-POINT>
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<SHORT-LABEL>VpLtcTiming3</SHORT-LABEL>
<SW-SYSCOND BINDING-TIME="SYSTEM-DESIGN-TIME"> (<SYSC-REF
DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SYSC-REF>==3) </SW-SYSCOND>
</VARIATION-POINT>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/
TimingExtensions/swctPlainVanillaSwc/
CalculateValueOfDataElement Two</SCOPE-REF>
<MINIMUM>
<CSE-CODE>2</CSE-CODE>
<CSE-CODE-FACTOR>2000</CSE-CODE-FACTOR>
</MINIMUM>
<MAXIMUM>
<CSE-CODE>2</CSE—-CODE>
<CSE-CODE-FACTOR>2500</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>
<BEHAVIOR-REF DEST="SWC-INTERNAL-BEHAVIOR">/TimeSetExample/
PlainVanillaSwc/InternalBehaviorPlainVanillaSwc</BEHAVIOR-REF>
</SWC-TIMING>
</ELEMENTS>
</AR-PACKAGE>

The third and last part of the AUTOSAR XML, shown in listing 4.3, specifies the sys-
tem constant called "ScTimingRunnableEntityOne” that eventually is used to select the
specific variant of the required timing—the activation frequency and response time of
the runnable entity. The selected variant is specified by the system constant’s value in
the SwSystemconstantValueSet. Inthe given example the first variant "Timing1” is
selected.

Listing 4.3: Description of the timing variations of the given example

<AR-PACKAGE>
<SHORT-NAME>SystemConstant s</SHORT-NAME>
<ELEMENTS>
<SW-SYSTEMCONST>
<SHORT-NAME>ScTimingRunnableEntityOne</SHORT-NAME>
</SW-SYSTEMCONST>
</ELEMENTS>
</AR-PACKAGE>
<AR-PACKAGE>
<SHORT-NAME>Variants</SHORT—-NAME>
<ELEMENTS>
<SW-SYSTEMCONSTANT-VALUE-SET>
<SHORT-NAME>TIMEX_ EXP_Time_Set_VariantValues</SHORT-NAME>
<SW-SYSTEMCONSTANT-VALUES>
<SW-SYSTEMCONST-VALUE>
<!-— The values of the system constant ScTimingRunnableEntityOne may
range from 1 to 3. -—>
<SW-SYSTEMCONST-REF DEST="SW-SYSTEMCONST">/SystemConstants/
ScTimingRunnableEntityOne</SW-SYSTEMCONST-REF>
<VALUE>1</VALUE>
</SW-SYSTEMCONST-VALUE>
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</SW-SYSTEMCONSTANT-VALUES>
</SW-SYSTEMCONSTANT-VALUE-SET>
<POST-BUILD-VARIANT-CRITERION-VALUE-SET>
<SHORT-NAME>TIMEX_ EXP_Time_Set VariantPostBuildValues</SHORT-NAME
>
</POST-BUILD-VARIANT-CRITERION-VALUE-SET>
<PREDEFINED-VARIANT>
<SHORT-NAME>TIMEX_ EXP_Time_Set_Variant</SHORT-NAME>
<POST-BUILD-VARIANT-CRITERION-VALUE-SET-REFS>
<POST-BUILD-VARIANT-CRITERION-VALUE-SET-REF DEST="POST-BUILD-
VARIANT-CRITERION-VALUE-SET">/Variants/
TIMEX_EXP_Time_Set_ VariantPostBuildValues</POST-BUILD-
VARIANT-CRITERION-VALUE-SET-REF>
</POST-BUILD-VARIANT-CRITERION-VALUE-SET-REFS>
<SW-SYSTEMCONSTANT-VALUE-SET-REFS>
<SW-SYSTEMCONSTANT-VALUE-SET-REF DEST="SW-SYSTEMCONSTANT-VALUE-
SET">/Variants/TIMEX_EXP_Time_Set_ VariantValues</SW-
SYSTEMCONSTANT-VALUE-SET—-REF>
</SW-SYSTEMCONSTANT-VALUE-SET-REFS>
</PREDEFINED-VARIANT>
</ELEMENTS>
</AR-PACKAGE>

4.5 Conditional Timing

In almost all cases, systems, and the application software executed in those systems,
operate under various conditions, like normal condition, error condition, start-up condi-
tion, etc. During the operation of such systems the conditions may change at any time.
As a consequence timing constraints imposed on the system may vary depending on
these conditions, too. The AUTOSAR Timing Extensions provide means to support the
description of timing constraints depending on such conditions by Conditional Timing
as described in this section.

In the following some examples are given that demonstrate the necessity for conditional
timing constraints.

Almost all software management systems controlling an internal combustion engine
must maintain a constant temperature of the coolant to ensure the optimal operation
under specific conditions. For example, critical thermal conditions may occur that may
lead to severe damage of the engine’s mechanical components. In order to prevent the
engine’s mechanical components from being damaged the software application shall
respond faster than in the nominal case. Therefore, different timing constraints are
imposed on a given event chain depending on a known condition.
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Figure 4.4: Rough sketch of an AUTOSAR software component (SW-C) controlling the
coolant temperature (TCO) of an internal combustion engine. This SW-C must consider
various modes of operation as shown in the lower left corner of the components, namely
the mode ports called "’Ignition Key Position”, Engine Operating States”, and “Engine
Start and Stop”.

As shown in Figure 4.4 the software component controlling the coolant temperature
requires information on the current operating conditions of the internal combustion en-
gine. Depending on these conditions different timing constraints are imposed on an
event chain requiring different reaction time constraints. In one situation, the reac-
tion time must be much faster than in other situation. For example, the mode port
called "Engine Operating States” indicates a specific condition respectively mode the
internal combustion engine operates in. In this specific mode it may happen that the
internal combustion engine faces a critical thermal condition. In order to prevent the
engine from being damaged the Electronically Controlled Thermostat (ETC) must be
actuated much faster (client port called "ECT Actuator”) than in other cases. This is
accomplished by specifying a tighter reaction time for this condition; and under any
other condition the reaction time may be more relaxed. Besides this particular exam-
ple, there are a lot more cases where the timing constraints imposed on given event
chains change depending on the internal combustion engines mode.

In dependable systems an application is typically designed in a fault tolerant manner.
It either operates under normal condition — normal mode — or under failure condition
— failure mode. As sketched in the upper part of Figure 4.5 in such an application
a number of runnable entities process the values of three sensors. In a first step the
sensor values are corrected by a runnable entity and are passed to another runnable
entity of the application that utilizes a control algorithm to calculate an output. This out-
put value is used to control an actuator or is processed by other runnable entities in the
system. In the same application another runnable entity checks the plausibility of the
values received from the sensors. The purpose of this runnable entity is to determine
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any unexpected and implausible deviation from the expected values of each sensor.
If such an deviation is detected by the runnable entity checking the plausibility of the
sensor values then a runnable entity correcting the sensor values is notified about this
condition, namely indicating a failure of one of the sensors. The runnable entity correct-
ing the sensor values is capable of deriving the value of the erroneous sensor based
on the values of the other sensors which monitor other physical properties. Thus, the
application is operating under different conditions — normal and failure mode — and
with regard to the software implementation this results in different worst case execution
times of the runnable entity correcting the sensor values.

Control Application — Data Flow/Accesses

Plausibility

Check
Corrected

Sensor Y Control
Correction Y Algorithm » Output

Sensor 1
Sensor 2
Sensor 3

Failure Indication

Normal Condition Failure Condition
Period = 9ms

Deadline = 7ms )
Task Control | INERINN
Task Application ER
Deadline = 4ms >
Period = 9ms

n Runnable Entity, # = Worst Case Execution Time [ms]

Figure 4.5: Generic fault tolerant control application

Assumed the application executing the three runnable entities is mapped to an ECU
executing already runnable entities of another application. The runnable entities of
these two applications are executed in the context of two tasks called "Task Control”
and "Task Application”. The former task executes the runnable entities of the given fault
tolerant application and the latter task executes the application already being mapped
to the ECU and consisting of a number of runnable entities. Both tasks respectively ap-
plications are activated periodically every 9ms. The task "Task Control” has a deadline
of 7ms and the task "Task Application” has a deadline of 4ms. As mentioned above the
first application operates under two different conditions: Under normal condition the
execution time of the runnable entities does not exceed 5ms, and under failure condi-
tion the execution time of the runnable entities increases to 7ms due to the additional
time required for executing the algorithm to derive the value of the erroneous sensor.

A rough sketch of the task schedule containing both tasks is given in the lower part
of Figure 4.5. On the left hand side the fault tolerant application is operating under
normal conditions and on the right hand side this application is operating under failure
condition. In this case — failure condition — the execution time (3ms) of the task "Task
Application” leads to a violation of the schedule, which means that the two applications
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cannot be integrated onto the same ECU unless both applications are mapped onto a
more powerful ECU — resulting in a decrease of execution times. Another possibility
would be that the application executed by the task "Task Application” provides capa-
bilities to operate under degraded conditions resulting in a shorter execution time, for
example 2ms.

However, in the cases described above timing constraints imposed on timing proper-
ties of software components and/or runnable entities depend on specific conditions a
system must operate properly. The AUTOSAR Timing Extensions are capable of spec-
ifying timing constraints for specific conditions as shown in Figure 4.6. Such a timing
constraint is valid if and only if the given timing condition holds.

Identifiable o i Identifiable
Traceable +timingCondition TimingCondition

TimingConstraint::
TimingConstraint 0.1

Figure 4.6: Conditional Timing Constraint

Since a TimingConstraint plays either the role of a timing requirement or timing
guarantee the dependency on a condition can be specified on both types of timing
information, namely timing constraint and timing property.

[TPS_TIMEX_00049] Purpose of TimingCondition | The purpose of the Tim-
ingCondition is to describe a condition a timing constraint is depending on. |
(RS_TIMEX_00011)

[TPS_TIMEX_00050] Purpose of TimingConditionFormula | The purpose of the
TimingConditionFormula is to specify an expression describing a dependency on
a specific condition. |(RS_TIMEX_00011)

[TPS_TIMEX_00051] Purpose of TimingExtensionResource | The purpose of
the TimingExtensionResource is to subsume a number of re-usable elements,
like instance references to various timing relevant elements, that are referenced from
within @ TimingConditionFormula. These elements of a TimingExtensionRe-
source are related to the context of the aggregating — parent — TimingExtension.
|(RS_TIMEX_00011)
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Figure 4.7: Conditional Timing

Class TimingCondition

Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingConditional

Note A TimingCondition describes a dependency on a specific condition. The element
owns an expression which describes the timing condition dependency.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable

Attribute | Type | Mul. | Kind | Note
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Attribute Type Mul. | Kind | Note
timingCon | TimingCondition | 0..1 | aggr | This is the expression describing the dependency
ditionForm | Formula on a specific condition.
ula
Table 4.1: TimingCondition
Class < atpMixedString>> TimingConditionFormula
Package M2::AUTOSARTemplates::CommonStructure::Timing:: TimingConditional
Note A TimingConditionFormula describes a specific dependency. The expression shall be
a boolean expression addressing modes, variables, arguments, and/or events.
Base ARODbject, FormulaExpression
Attribute Type Mul. | Kind | Note
timingArgu | AutosarOperatio | 0..1 ref | This refers to an argument of an operation call.
ment nArgumentinsta
nce
timingCon | TimingCondition | 0..1 ref | This refers to a timing condition that is part of an
dition expression describing the dependency on a
specific condition.
timingEven | TimingDescripti 0..1 ref | This refers to a timing event.
t onEvent
timingMod | TimingModelnst | 0..1 ref | This refers to a mode declaration.
e ance
timingVaria | AutosarVariable | 0..1 ref | This refers to a variable.
ble Instance
Table 4.2: TimingConditionFormula
Class TimingExtensionResource
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingConditional
Note A TimingExtensionResource provides the capability to contain instance references
referred from within a timing condition formula.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
timingArgu | AutosarOperatio * aggr | This refers to an instance reference of an
ment nArgumentinsta argument of an operation call.
nce
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild
timingMod | TimingModelnst * aggr | This refers to an instance reference of a mode
e ance declaration.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild
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Attribute Type Mul. | Kind | Note
timingVaria | AutosarVariable * aggr | This refers to an instance reference of a variable.
ble Instance

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=postBuild

Table 4.3: TimingExtensionResource

ModelnSwcBswIinstanceRef
ModelnBswinstanceRef

+contextBswimplementation

Inplementation

+contextModeDeclarationGroupPrototype

Bswimplementation::Bswimplementation
0.1

+ arReleaseVersion :RevisionLabelString
+ vendorApilnfix :ldentifier [0..1]

+behavi0r\l/l
InternalBehavior

BswBehavior::BswinternalBehavior

+internalBehavior 0..*

«atpSplitable»

ARElement
AtpBlueprint
AtpBlueprintable
AtpStructureElement

BswOverview::BswModuleDescription

+ moduleld :Positivelnteger [0..1]

«atpVariation,atpSplitable» «atpVariation,atpSplitable»

+targetModeDeclaration

AtpStructureElement
Identifiable

+modeDeclaration

ModeDeclaration::ModeDeclaration 1.

+initialMode
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AtpPrototype
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1
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1
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+type atpType}
ARElement
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AtpType
ModeDeclaration::ModeDeclarationGroup

1

Figure 4.8: Instance Reference Mode for Basic Software Module

Since the notion of "Type and Prototype” is not supported by the Basic Sofware Module
Description Template, the element ModeInBswInstanceRef is not a specialization of
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AtpInstanceRef. Therefore, the directed association playing the role of "base” is not

present.

AtpinstanceRef
ModelnSwcBswinstanceRef

ModelnSwcinstanceRef

ARElement

AtpBlueprint

AtpBlueprintable

AtpType
Components::SwComponentType

«atpVariation,atpSplitable»
+port|0..*

+/base
«atpDerived» 1
{redefines
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+contextPort
1
{subsets

atpContextElement}

+contextComponent
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AtpPrototype
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0..*
{subsets
atpContextElement}
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1
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Figure 4.9: Instance Reference Mode for Software Component

Class TimingModelnstance

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConditional

Note This class specifies the mode declaration to be checked in a specific instance of a
mode declaration group. This is used in a timing condition formula as an operand of
the unary timing function TIMEX_modeActive to check whether the mode declaration
is active at the point in time this expression is evaluated.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

modelnsta | ModelnSwcBsw | 0..1 aggr | This refers to a specific mode declaration in the

nce InstanceRef given context.

Table 4.4: TimingModelnstance
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Class ModelnBswinstanceRef
Package M2::AUTOSARTemplates::CommonStructure::Timing:: TimingConditional
Note Instance reference to be capable of referencing a specific ModeDeclaration of a
ModeDeclarationGroupPrototype utilized in a BSW module.
Base ARObject, ModelnSwcBswlnstanceRef
Attribute Type Mul. | Kind | Note
contextBs Bswimplementa | 0..1 ref | Specifies the BSW implementation that manifests
wimpleme | tion the context.
ntation
Tags: xml.sequenceOffset=10
contextMo | ModeDeclaratio 1 ref | Specifies the mode declaration group prototype
deDeclarat | nGroupPrototyp that manifests the context.
ionGroupP | e
rototype Tags: xml.sequenceOffset=20
targetMod | ModeDeclaratio 1 ref | Specifies the specific mode declaration in the
eDeclarati | n given context.
on
Tags: xml.sequenceOffset=30
Table 4.5: ModelnBswinstanceRef
Class ModelnSwcinstanceRef
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConditional
Note Instance reference to be capable of referencing a ModeDeclaration at a specific
Mode Switch Port of a SW-C.
Base ARODbiject,AtpInstanceRef,ModeInSwcBswinstanceRef
Attribute Type Mul. | Kind | Note
base SwComponentT 1 ref | Specifies the SW component representing the
ype base of the context.
Stereotypes: atpDerived
Tags: xml.sequenceOffset=10
contextCo | SwComponentP * ref | Specifies the SW component prototype
mponent rototype representing the context.
Tags: xml.sequenceOffset=20
contextMo | ModeDeclaratio 1 ref | Specifies the mode declaration group prototype
deDeclarat | nGroupPrototyp that manifests the context.
ionGroupP | e
rototype Tags: xml.sequenceOffset=40
contextPor | PortPrototype 1 ref | Specifies the port prototype representing the
t context.
Tags: xml.sequenceOffset=30
targetMod | ModeDeclaratio 1 ref | Specifies the specific mode declaration in the
eDeclarati | n given context.
on
Tags: xml.sequenceOffset=50

Table 4.6: ModelnSwclnstanceRef
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5 Timing Description Events

[TPS_TIMEX_00001] Purpose of TimingDescriptionEvent [ The element Tim-
ingDescriptionEvent and its specializations are used to describe the occurrences
of an event which are observed at a specific location in a system during runtime re-
spectively the operation of the system. | (RS_TIMEX_00001)

For example, this can be the start of a RunnableEntity or storing a frame in the
hardware buffer of a communication controller.

An overview of the different event types is given in Figure 5.1. These are described in
more detail in the following.

Identifiable
TimingDescription

‘f

TimingDescriptionEvent TDEventOccurrenceExpression

+occurrenceExpression

TDEventVfb TDEventSwc TDEventCom TDEventComplex TDEventBswinternalBehavior TDEventBsw

0.1

Figure 5.1: Overview of the different types of timing events

Class TimingDescriptionEvent (abstract)
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingDescription
Note A timing event is the abstract representation of a specific system behavior -- that can

be observed at runtime -- in the AUTOSAR specification. Timing events are used to
define the scope for timing constraints. Depending on the specific scope, the view on
the system, and the level of abstraction different types of events are defined.

In order to avoid confusion with existing event descriptions in the AUTOSAR
templates the timing specific event types use the prefix TD.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription
Attribute Type Mul. | Kind | Note

occurrence | TDEventOccurr 0..1 aggr | The occurrence expression for this event.
Expression | enceExpression

Table 5.1: TimingDescriptionEvent

Also note that information regarding the occurrence of a TimingDescriptionEvent
is described separately in section 7.1.
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5.1 Timing Events Related to the VFB

[TPS_TIMEX_00016] Purpose of TDEventV£fb | The element TDEventVfb and its
specializations are used to describe the occurrences of an event which are observed
at a specific location in the VFB view. | (RS_TIMEX_00001)

Events related to the VFB can be used during the specification of:
e VfbTiming 3.2
e SwcTiming 3.3
e SystemTiming 3.4

e EcuTiming 3.6

TimingDescription
TimingDescriptionEvent

1

TDEventVfb +component TS EMEERE
+referenced TDEventVfb r = ComponentinCompositioninstanceRef
0.1
| Zr
TDEventVfbReference TDEventVfbPort
+ isExternal :Boolean
TDEventVariableDataPrototype TDEventOperation TDEventModeDeclaration TDEventTrigger

Figure 5.2: VFB events

Class TDEventVfb (abstract)

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents::TDEventVfb

Note This is the abstract parent class to describe timing events at Virtual Function Bus
(VFB) level.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription,
TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

component | SwComponentP | 0..1 iref | The context for the scope of this timing event.
rototype

Table 5.2: TDEventVfb

[TPS_TIMEX_00042] Purpose of TDEventVfbPort [ The element TDEventVf-
bPort and its specializations are used to describe the occurrences of an event
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which are observed at a specific location in the VFB view. |(RS_TIMEX_00001,
RS _TIMEX 00019)

Class TDEventVfbPort (abstract)

Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingDescription::Timing
DescriptionEvents::TDEventVfb

Note This is the abstract parent class to describe specific timing event types at Virtual
Function Bus (VFB) level.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TDEventVfb, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

isExternal Boolean 1 attr | This attribute is used to refer to external events

that are related to hardware /O, like physical
sensors and actuators, at Virtual Function Bus

(VFB) level.
port PortPrototype 0..1 ref | The port scope of the timing event.
portPrototy | PortPrototypeBI 0..1 ref | The PortPrototypeBlueprint is the scope of the
peBlueprin | ueprint timing event.
t

Table 5.3: TDEventVfbPort

In order to support the description of timing events for hardware 1/O already at VFB-
level (e.g. in order to refer to the point in time where data is generated by a physical
sensor) without having the need to specify the concrete sensor hardware, it is neces-
sary to specify the attribute i sExternal.

If for a timing event of type TDEventVfbPort the attribute is set to "TRUE”, then the
timing event refers to the point in time where the data is generated/processed by the
corresponding hardware 1/O.

If the attribute is set to "FALSE”, then the timing event refers to the point in time where
the data enters or leaves the respective port of the component at VFB-level.

[TPS_TIMEX_00043] Purpose of TDEventVfbReference [ The element TDE-
ventVfbReference is used to reference timing description events already specified
in other timing views. In other words, it enables one to re-use existing timing models. |
(RS_TIMEX_00001, RS _TIMEX_00019)

Class TDEventVibReference

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents::TDEventVfb

Note This is used to reference timing description events related to the Virtual Function Bus
(VFB) view which are specified in other timing views.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TDEventVfb, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

referenced | TDEventVfb 1 ref | The referenced timing description event.

TDEventVf

b
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Attribute | Type | Mul. | Kind | Note

Table 5.4: TDEventVfbReference

[TPS_TIMEX_00017] TDEventVariableDataPrototype specifies events ob-
servable at sender/receiver ports | The element TDEventVariableDataPro-
totype is used to specify events, namely the receipt and sending of veriable
data prototypes, observable at required and provided sender/receiver ports. |
(RS_TIMEX_00001)

TimingDescriptionEvent
TDEventVfb

i

TDEventVfbPort

+ isExternal :Boolean

T

TDEventVariableDataPrototype «enumeration»
TDEventVariableDataPrototype TypeEnum

+ tdEventVariableDataPrototypeType :TDEventVariableDataPrototypeTypeEnum
variableDataPrototypeSent

variableDataPrototypeReceived

+dataElement 1

AutosarDataPrototype
VariableDataPrototype

Figure 5.3: Variable Data Prototpye

Class TDEventVariableDataPrototype

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents::TDEventVfb::VariableDataPrototype

Note This is used to describe timing events related to sender-receiver communication at
VFB level.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventVfb, TDEvent
VfbPort, TimingDescription, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

dataEleme | VariableDataPr 1 ref | The referenced VariableDataPrototype

nt ototype

tdEventVar | TDEventVariabl 1 attr | The specific type of this timing event.

iableDataP | eDataPrototype
rototypeTy | TypeEnum

pe

Table 5.5: TDEventVariableDataPrototype

Enumeration | TDEventVariableDataPrototypeTypeEnum
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Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingDescription::Timing
DescriptionEvents:: TDEventVfb::VariableDataPrototype

Note This is used to describe the specific event type of a TDEventVariableDataPrototype

Literal Description

variableData | A point in time where the referenced variable data prototype has been successfully

Prototype transmitted and is available in the related communication buffer (of the RTE) for the

Received receiving SWC.

Tags: atp.EnumerationValue=0

variableData | A point in time where the referenced variable data prototype has been successfully
Prototype sent out by the sending SWC, so that it is available in the related communication
Sent buffer (of the RTE) for transmission.

Tags: atp.EnumerationValue=1

Table 5.6: TDEventVariableDataPrototypeTypeEnum

[TPS_TIMEX_00018] TDEventOperation specifies events obeservable at clien-
t/server ports. [ The element TDEventOperation is used to specify events, namely
the invokation of operations and their completion, observable at required and provided
client/server ports. |(RS_TIMEX_00001)

TimingDescriptionEvent
TDEventVfb

i

TDEventVfbPort

+ isExternal :Boolean

1

TDEventOperation

«enumeration»
TDEventOperationTypeEnum

+ tdEventOperationType :TDEventOperationTypeEnum
operationCalled

operationCallReceived
operationCallResponseSent
operationCallResponseReceived

+operation 1

AtpStructureElement
Identifiable

ClientServerOperation

Figure 5.4: Operation
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Class TDEventOperation

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents::TDEventVfb::Operation

Note This is used to describe timing events related to client-server communication at VFB
level.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventVfb, TDEvent
VibPort, TimingDescription, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

operation ClientServerOp 1 ref | The referenced operation.
eration

tdEventOp | TDEventOperati 1 attr | The specific type of this timing event.

erationTyp | onTypeEnum

e

Table 5.7: TDEventOperation
Enumeration | TDEventOperationTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventVfb::Operation

Note This is used to describe the specific event type of a TDEventOperation.

Literal Description

operationCall | A pointin time where the call of the referenced operation is received by the server

Received SWC.

Tags: atp.EnumerationValue=1

operationCall

A point in time where the client SWC has received the response of the referenced

Response operation call.
Received
Tags: atp.EnumerationValue=2
operationCall | A point in time where the server SWC has terminated with the execution of the
Response referenced operation, and has sent out a response.
Sent
Tags: atp.EnumerationValue=3
operation A point in time where the referenced operation is called by the client SWC.
Called

Tags: atp.EnumerationValue=0

Table 5.8: TDEventOperationTypeEnum

[TPS_TIMEX_00019] TDEventModeDeclaration specifies events obeservable
at mode ports. | The element TDEventModeDeclaration is used to specify events,
namely initiation and propagation of mode changes, observable at required and pro-
vided mode ports. |(RS_TIMEX_00001)
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TimingDescriptionEvent
TDEventVfb

1

TDEventVfbPort

+ isExternal :Boolean

1

TDEventModeDeclaration «enumeration»

+ tdEventModeDeclarationType :TDEventModeDeclarationTypeEnum

TDEventModeDeclarationTypeEnum

Attributes

+ modeDeclarationSwitchlnitiated
+ modeDeclarationSwitchCompleted

+modeDeclaration 1

AtpPrototype
ModeDeclarationGroupPrototype

Figure 5.5: Mode Declaration

Class TDEventModeDeclaration
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventVfb::ModeDeclaration
Note This is used to describe timing events related to mode switch communication at VFB
level.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventVfb, TDEvent
VfbPort, TimingDescription, TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
entryMode | ModeDeclaratio | 0..1 ref | Optional parameter which refines the scope of the
Declaratio n TDEventModeDeclaration. If the parameter is set,
n the event occurs only if the mode declaration
group prototype instance shall enter into the
referenced ModeDeclaration.
exitModeD | ModeDeclaratio | 0..1 ref | Optional parameter which refines the scope of the
eclaration n TDEventModeDeclaration. If the parameter is set,
the event occurs only if the mode declaration
group prototype instance shall exit from the
referenced ModeDeclaration.
modeDecl | ModeDeclaratio 1 ref | The referenced mode declaration group prototype.
aration nGroupPrototyp
e
tdEventMo | TDEventModeD 1 attr | The specific type of this timing event.
deDeclarat | eclarationTypeE
ionType num

Table 5.9: TDEventModeDeclaration
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Enumeration | TDEventModeDeclarationTypeEnum

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventVfb::ModeDeclaration

Note This is used to describe the specific event type of a TDEventModeDeclaration

Literal Description

modeDecla- A point in time where the switch to the associated ModeDeclarationGroupPrototype

rationSwitch has been completed.

Completed

Tags: atp.EnumerationValue=0

modeDecla- A point in time where the switch to the associated ModeDeclarationGroupPrototype
rationSwitch has been initiated.

Initiated

Tags: atp.EnumerationValue=1

Table 5.10: TDEventModeDeclarationTypeEnum

[TPS_TIMEX_00039] TDEventTrigger specifies events observable at trigger
ports | The element TDEventTrigger is used to specify events, namely the acti-
vation and release of triggers, observable at required and provided trigger ports. |
(RS_TIMEX 00001, RS TIMEX 00018)

TimingDescriptionEvent
TDEventVfb

i

TDEventVfbPort

+ isExternal :Boolean

i

TDEventTrigger

«enumeration»
TDEventTriggerTypeEnum

+ tdEventTriggerType :TDEventTriggerTypeEnum
triggerReleased

triggerActivated

+trigger 1

AtpStructureElement
Identifiable

Trigger

Figure 5.6: Trigger
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Class TDEventTrigger
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing

DescriptionEvents::TDEventVfb::Trigger
Note This is used to describe timing events related to triggers at VFB level.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventVfb, TDEvent

VfbPort, TimingDescription, TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
tdEventTri | TDEventTrigger 1 attr | The specific type of this timing event.
ggerType TypeEnum
trigger Trigger 1 ref | The trigger which is provided (released) or

required (activate) in the given context.
Table 5.11: TDEventTrigger
Enumeration | TDEventTriggerTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventVfb::Trigger
Note This is used to describe the specific event type of a TDEventTrigger.
Literal Description
triggerActi- A point in time where the referenced trigger has been successfully released and is
vated activating runnable entities of the receiving SW-C.
Tags: atp.EnumerationValue=0

triggerRe- A point in time where the referenced trigger has been successfully released by the
leased emitting SW-C.

Tags: atp.EnumerationValue=1

Table 5.12: TDEventTriggerTypeEnum

5.2 Timing Events Related to SwcinternalBehavior

[TPS_TIMEX_00044] Purpose of TDEventSwec | The element TDEventSwc is used
to specify events, namely the activation, start, termination of runnable entities, as
well as variable accesses, which are observable in the Software Component view. |
(RS_TIMEX_00001, RS_TIMEX 00019, RS_TIMEX_00020)

Class TDEventSwc (abstract)

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents::TDEventSwcinternalBehavior

Note This is the abstract parent class to describe timing events at Software Component
(SW-C) level.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription,
TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

component | SwComponentP | 0..1 iref | The context for the scope of this timing event.
rototype

Table 5.13: TDEventSwc
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[TPS_TIMEX_00020] TDEventSwcInternalBehavior specifies observable
events of runnable entities | The element TDEventSwcInternalBehavior is
used to specify events, namely the activation, start, termination of runnable entities,
as well as variable accesses, which are observable in the Software Component view.
|(RS_TIMEX_00001, RS_TIMEX_00019, RS_TIMEX_00020)

Events related to SwcInternalBehavior can be used during the specification of:
e SwcTiming 3.3
e SystemTiming 3.4

e EcuTiming 3.6

TimingDescription
TimingDescription::
TimingDescriptionEvent

ZF AtpinstanceRef
TDEventSwc +component InstanceRefs::
ComponentinCompositionInstanceRef

+referenced T DEventSwc

1 0.1

Zr «enumeration»

TDEventSwcintemnalBehaviorTypeEnum

runnableEntityActivated
runnableEntityStarted
runnableEntityTerminated
runnableEntityVariableAccess

TDEventSwclnternalBehaviorReference TDEventSwclinternalBehavior

+ tdEventSwcinternalBehaviorType :TDEventSwcinternalBehaviorTypeEnum

+runnable\|/1 +variableAccess\|/0..1

Alp;lrucu:rilEITErT?r:t AbstractAccessPoint
SR s AtpStructureElement
SweclnternalBehavior: Identifiable

RunnableEntity +dataReadAccess DataElements::

VariableAccess

«atpVariation,atpSplitable» g *

+dataWriteAccess

«atpVariation,atpSplitable» o, *

+dataReceivePointByArgument

«atpVariation,atpSplitable» g _*

+dataReceivePointByValue

«atpVariation,atpSplitable» g _*

+readLocalVariable

«atpVariation» 0..*

+writtenLocalVariable

¢ ¢ ¢

«atpVariation» 0..*
+dataSendPoint

«atpVariation,atpSplitable» g, *

Figure 5.7: Event of type "SwclnternalBehavior”
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Class TDEventSwcinternalBehavior
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventSwcinternalBehavior
Note This is used to describe timing events related to the SwcinternalBehavior of an
AtomicSwComponentType.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventSwc, Timing
Description, TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
runnable RunnableEntity 1 ref | The scope of this timing event.
tdEventSw | TDEventSwcint 1 attr | The specific type of this timing event.
cinternalB | ernalBehaviorTy
ehaviorTyp | peEnum
e
variableAc | VariableAccess 0..1 ref | The scope of this timing event.
cess
Table 5.14: TDEventSwclnternalBehavior
Enumeration | TDEventSwcinternalBehaviorTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventSwclnternalBehavior
Note This is used to describe the specific event type of a TDEventSwcinternalBehavior.
Literal Description
runnableEn- A point in time where the associated RunnableEntity has been activated, which
tityActivated means that it has entered the state "to be started".
Tags: atp.EnumerationValue=0
runnable A point in time where the associated RunnableEntity has entered the state
EntityStarted | "started" after its activation.
Tags: atp.EnumerationValue=1
runnable A point in time where the associated RunnableEntity has terminated and entered
EntityTermi- the state "suspended".
nated
Tags: atp.EnumerationValue=2
runnable A point in time where the associated variable is accessed.
EntityVariable
Access Tags: atp.EnumerationValue=3

[constr_4510] Specifying references to RunnableEntity and VariableAccess
[ A RunnableEntity and VariableAccess shall be referenced at the same time
the value of tdEventSwcInternalBehaviorType is "runnableEntity-

if and only if

Table 5.15: TDEventSwcinternalBehaviorTypeEnum

VariableAccess". These two references are not mutual exclusive. |()

[constr_4511] Validity of referencing RunnableEntity | A RunnableEntity
shall be referenced if and only if the value of tdEventSwcInternalBehaviorType
is "runnableEntityActivated”, "runnableEntityStarted", "runnableEntityTerminated", or

"runnableEntityVariableAccess". |()
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[constr_4512] Validity of referencing VariableAccess | A VariableAccess
shall be referenced if and only if the value of tdEventSwcInternalBehaviorType
is "runnableEntityVariableAccess". |()

[TPS_TIMEX_00045] Purpose of TDEventSwcInternalBehaviorReference |
The element TDEventSwcInternalBehaviorReference is used to reference tim-
ing description events already specified in other timing views. In other words, it enables
one to re-use existing timing models. | (RS_TIMEX_00001, RS_TIMEX_00019)

Class TDEventSwcinternalBehaviorReference

Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingDescription::Timing
DescriptionEvents:: TDEventSwcinternalBehavior

Note This is used to reference timing description events related to the Software
Component (SW-C) view which are specified in other timing views.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TDEventSwc, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

referenced | TDEventSwc 1 ref | The referenced timing description event.

TDEventS

wc

Table 5.16: TDEventSwcinternalBehaviorReference

5.3 Timing Events Related to Bus Communication

[TPS_TIMEX_00021] Purpose of TDEventCom | The element TDEventCom and its
specializations are used to describe the occurrences of an event which are observed
at a specific location in the System view, in particular any event related to communica-
tions. |(RS_TIMEX_00001)

Events related to communication can be used during the specification of:
e SystemTiming 3.3

e EcuTiming 3.6
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TimingDescription
TimingDescription::
TimingDescriptionEvent

TDEventCom

FibexElement

+eculnstance [ CoreTopology::Eculnstance

0.1

TDEventlSignal

+ tdEventType :TDEventlSignalTypeEnum

TDEventCycleStart

+ cycleRepetition :Integer

L

TDEventlPdu

TDEventFrClusterCycleStart TDEventTTCanCycleStart

+ tdEventType :TDEventlPduTypeEnum

«enumeration»
TDEventISignal TypeEnum

iSignalSentToCOM
iSignalAvailableForRTE

+iSignal\|/1

iy

+physicalChannel

FibexElement
CoreCommunication::
ISignal

+physicalChannel

TDEventFrame

+ tdEventType :TDEventFrameTypeEnum

«enumeration» «enumeration»
TDEventIPduTypeEnum TDEventFrameTypeEnum

iPduSentTolf
iPduReceivedByCOM frameTransmittedOnBus

frameQueuedForTransmission

frameReceivedByIf

+iPdu\|(/1

Pdu

CoreCommunication::
IPdu

+frame\|/1 +frCluster\|/1 +ttCanCluster\|/1
FibexElement CommunicationCluster| | AbstractCanCluster
CoreCommunication:: FlexrayTopology:: TtcanTopology::
Frame FlexrayCluster TtcanCluster

+physicalChannel\|/1

CoreTopology::PhysicalChannel

Identifiable

Figure 5.8: Events regarding communication

Class TDEventCom (abstract)

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents::TDEventCom

Note This is the abstract parent class to describe timing events related to communication
including the physical layer.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription,
TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

eculnstanc | Eculnstance 0..1 ref | The ECU context for a particular timing event. The

e link is optional, because the Eculnstance can not

be defined for events of type TDEventCycleStart.

Table 5.17: TDEventCom

[TPS_TIMEX_00022] TDEventISignal specifies events related to the exchange
of I-Signals | The element TDEventISignal is used to specify events, namely
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the exchange of I-Signals, observable between the RTE and the AUTOSAR Com. |
(RS _TIMEX 00001)

Class TDEventISignal
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom
Note This is used to describe timing events related to the exchange of I-Signals between
COM and RTE.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, Timing
Description, TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
iSignal ISignal 1 ref | The scope of this timing event.
physicalCh | PhysicalChanne 1 ref | The PhysicalChannel on which the ISignal is
annel I transmitted.
tdEventTy | TDEventISignal 1 attr | The specific type of this timing event.
pe TypeEnum
Table 5.18: TDEventISignal
Enumeration | TDEventISignalTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom
Note This is used to describe the specific event type of a TDEventISignal.
Literal Description
iSignalAvail- A point in time, where the COM module makes the contained signal / signal group
ableForRT available for the RTE and the corresponding Rx Indication callout is generated (if
E configured).
Tags: atp.EnumerationValue=0
iSignalSentTo | A point in time, where a transmission request call is issued by the RTE on a named
COM COM signal / signal group and the new value is stored to the carrier COM |-PDU
buffer.
Tags: atp.EnumerationValue=1

Table 5.19: TDEventiSighalTypeEnum

[TPS_TIMEX_00023] TDEvent IPdu specifies events related to the exchange of
I-PDUs | The element TDEvent IPdu is used to specify events, namely the exchange
of I-PDUs, observable between the bus specific BSW modules (CANbus, FlexRay, LIN)
and the AUTOSAR Com. |(RS_TIMEX_00001)
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Class TDEventiPdu
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventCom
Note This is used to describe timing events related to the exchange of I-PDUs between the
bus specific (FlexRay / CAN / LIN) Interface BSW module and COM.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, Timing
Description, TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
iPdu IPdu 1 ref | The scope of this timing event.
physicalCh | PhysicalChanne 1 ref | The PhysicalChannel on which the IPdu is
annel I transmitted.
tdEventTy | TDEventlPduTy 1 attr | The specific type of this timing event.
pe peEnum
Table 5.20: TDEventiPdu
Enumeration | TDEventIPduTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom
Note This is used to describe the specific event type of a TDEventIPdu.
Literal Description
iPduReceived | A point in time where the received frame is processed by the corresponding
ByCOM (FlexRay / CAN / LIN) Interface BSW module, routed through the PDUR and the
contained PDUs are pushed to the COM module.
Tags: atp.EnumerationValue=0
iPduSentTolf | A pointin time where the carrier COM I-PDU is routed through the PDUR and is
pushed to the bus specific (FlexRay / CAN / LIN) Interface BSW module.
Tags: atp.EnumerationValue=1

Table 5.21: TDEventiPduTypeEnum

[TPS_TIMEX_00024] TDEventFrame specifies events related to the exchange of
network frames | The element TDEventFrame is used to specify events, namely the

exchange of

Frames, observable between the communication controller and the bus

specific BSW modules (CANbus, FlexRay, LIN) and observable at the physical layer. |
(RS_TIMEX_00001)

Class TDEventFrame

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom

Note This is used to describe timing events related to the exchange of frames between the
communication controller and the bus specific (FlexRay / CAN / LIN) Interface BSW
module.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

frame Frame 1 ref | The scope of this timing event.
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Attribute Type Mul. | Kind | Note
physicalCh | PhysicalChanne 1 ref | The PhysicalChannel on which the Frame is
annel I transmitted.
tdEventTy | TDEventFrame 1 attr | The specific type of this timing event.
pe TypeEnum
Table 5.22: TDEventFrame
Enumeration | TDEventFrameTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom
Note This is used to describe the specific event type of a TDEventFrame.
Literal Description
frameQueued | A point in time where the frame containing the named signal / I-PDU is queued for

ForTransmis-
sion

transmission within the related Communication Driver.

Tags: atp.EnumerationValue=0

frameRe- A point in time where the frame is pushed from the subscriber's communication
ceivedBy controller to the corresponding (FlexRay / CAN / LIN) Interface BSW module.
If

Tags: atp.EnumerationValue=1
frameTrans- A point in time where the transmission of the frame completes successfully, and the
mittedOn subscriber’s communication controller receives the frame from the bus.
Bus

Tags: atp.EnumerationValue=2

Table 5.23: TDEventFrameTypeEnum
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«enumeration»
TDEventFrameEthemetTypeEnum

frameEthernetQueuedForTransmission
frameEthemetSentOnBus
frameEthemetReceivedOnBus
frameEthemetReceivedByIf

TDEventCom, Identifiable

TDEventFrameEthemet +tdPduTriggeringFilter CoreCommunication::PduTriggering

+ tdEventType :TDEventFrameEthemetTypeEnum

0.*

+pduTriggering 0.1

EthernetCommunication::SocketConnectionlpduldentifier

headerld :Positivelnteger [0..1]

pduCollectionPduTimeout :TimeValue [0..1]
pduCollectionSemantics :PduCollectionSemanticsEnum [0..1]
pduCollectionTrigger :PduCollectionTriggerEnum [0..1]

0.,1+pdu +pdu | 0..*

Referable

+ o+ o+ o+

+ nnectionBund|
socketConnectionBundle EthemetCommunication::

SocketConnectionBundle

1

+bund|edC0nnect|onT1..* 0

EthemetCommunication::SocketConnection

Describable

clientlpAddrFromConnectionRequest :Boolean [0..1]
clientPortFromConnectionRequest :Boolean [0..1]
pduCollectionMaxBufferSize :Positivelnteger [0..1]
pduCollectionTimeout :TimeValue [0..1]

runtimelpAddressConfiguration :RuntimeAddressConfigurationEnum [0..1]
runtimePortConfiguration :RuntimeAddressConfigurationEnum [0..1]
shortLabel :ldentifier [0..1]

+ o+ o+ o+ o+ o+

TDHeaderldRange

+tdHeaderldFilter + maxHeaderld :Integer

0.+| + minHeaderld :Integer

Figure 5.9: Events regarding Ethernet communication

[TPS_TIMEX_00052] TDEventFrameEthernet specifies events related to the ex-
change of Ethernet frames | The element TDEventFrameEthernet is used to
specify events, namely the exchange of Ethernet frames, observable between the Eth-
ernet communication controller and the Ethernet specific BSW modules, as well as
observable at the physical layer. |(RS_TIMEX_00001)

Class TDEventFrameEthernet

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents::TDEventCom

Note This is used to describe timing description events related to the exchange of Ethernet
frames between an Ethernet communication controller and the BSW Ethernet
interface and driver module.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

socketCon | SocketConnecti 1 ref | Specifies the SocketConnectionBundle by the

nectionBun | onBundle means of which the PDUs are transmitted or

dle received within an Ethernet Frame.




AUTOSAR

Attribute Type Mul. | Kind | Note

tdEventTy | TDEventFrame 1 attr | This is used to describe the specific event type of

pe EthernetTypeEn a TDEventFrameEthernet.

um

tdHeaderld | TDHeaderldRan * aggr | Specifies the header identifier or a range of

Filter ge header identifiers that if contained in the Ethernet
frame let the TDEventFrameEthernet occur.

tdPduTrigg | PduTriggering * ref | Specifies the PDU that if contained in the Ethernet

eringFilter frame let the TDEventFrameEthernet occur.

Table 5.24: TDEventFrameEthernet
Enumeration | TDEventFrameEthernetTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom

Note This is used to describe the specific event type of a TDEventFrameEthernet.

Literal Description

frameEther- A point in time where the Ethernet frame containing the specified PDUs is queued

netQueued for transmission within the corresponding Ethernet Communication Driver.

ForTransmis-

sion

Tags: atp.EnumerationValue=0

frameEther-
netReceived
Bylf

A point in time where the frame is pushed from the corresponding Ethernet
communication controller to the BSW Ethernet communication interface.

Tags: atp.EnumerationValue=1

frameEther- A point in time where the receipt of the Ethernet frame/packet completes
netReceived successfully on the recipient’s Ethernet communication controller. In other words,
OnBus the Ethernet frame/packet has entered the recipient’s Ethernet communication
controller which means the last bit of the Ethernet frame/packet has been received.
Tags: atp.EnumerationValue=2
frameEther- A point in time where the transmission of the Ethernet frame/packet completes
netSentOn successfully on the physical Ethernet communication network. In other words, the
Bus Ethernet frame/packet has left the sender’s Ethernet communication controller,
which means that the last bit of the Ethernet frame/packet has been sent.
Tags: atp.EnumerationValue=3
Table 5.25: TDEventFrameEthernetTypeEnum
Class TDHeaderldRange
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventCom
Note Specifies a range of PDU header identifiers. This range is specified by a minimum
and maximum header identifier; and the maximum header identifier shall be greater
than or equal the minimum header identifier.
Base ARObject
Attribute Type Mul. | Kind | Note
maxHeade | Integer 1 attr | Specifies the maximum PDU header identifier, in
rld other words the upper bound of a range of PDU

header identifiers.
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Attribute Type Mul. | Kind | Note
minHeader | Integer 1 attr | Specifies the minimum PDU header identifier, in
Id other words the lower bound of a range of PDU
header identifiers.
Table 5.26: TDHeaderldRange
Class TDEventCycleStart (abstract)
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventCom
Note This is the abstract parent class to describe timing events related to a point in time
where a communication cycle starts.
Via the attribute "cycleRepetition”, a filtered view to the cycle start can be defined.
Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, Timing
Description, TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
cycleRepet | Integer 1 attr | The start of every <cycleRepetition> cycle is
ition targeted by this event.

Table 5.27: TDEventCycleStart

[TPS_TIMEX_00025] TDEventFrClusterCycleStart specifies the event related
to the start of a FlexRay communication cycle [ The element TDEventFrClus—
terCycleStart is used to specify events, namely the start of a communication cycle,
observable at the physical layer of the FlexRay bus. | (RS_TIMEX_00001)

Class TDEventFrClusterCycleStart

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventCom

Note This is used to describe the timing event related to a point in time where a
communication cycle starts on a FlexRay cluster.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, TDEvent
CycleStart, TimingDescription, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

frCluster FlexrayCluster 1 ref | The scope of this timing event.

Table 5.28: TDEventFrClusterCycleStart

[TPS_TIMEX_00026] TDEventTTCanCycleStart specifies the event related to
the start of a TTCAN communication cycle | The element TDEventTTCanCy-
cleStart is used to specify events, namely the start of a communication cycle, ob-
servable at the physical layer of the TTCAN bus. |(RS_TIMEX_00001)
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Class TDEventTTCanCycleStart

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventCom

Note This is used to describe the timing event related to a point in time where a
communication cycle starts on a TTCAN cluster.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventCom, TDEvent
CycleStart, TimingDescription, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

ttCanClust | TtcanCluster 1 ref | The scope of this timing event.

er

Table 5.29: TDEventTTCanCycleStart

5.4 Timing Events Related to the BSW

[TPS_TIMEX_00028] TDEventBswInternalBehavior specifies observable
events of BSW module entities | The element TDEventBswInternalBehav-
ior is used to specify events, namely the activation, start and termination of
BSW module entities, which are observable in the Basic Software Module view. |
(RS_TIMEX_00001)

Events related to the BSW can be used during the specification of:
e BswModuleTiming 3.5

e EcuTiming 3.6

TimingDescription «enumeration»
TimingDescription::TimngDescriptionEvent TDEventBswinternalBehaviorTypeEnum

bswModuleEntityActivated
bswModuleEntityStarted
bswModuleEntityTerminated

TDEventBswinternalBehavior

+ tdEventBswinteralBehaviorType :TDEventBswinternalBehaviorTypeEnum

+bswModuleEntity\|/1

ExecutableEntity

BswBehavior::
BswModuleEntity

Figure 5.10: Events related to the internal structure of a BSW module
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Class TDEventBswInternalBehavior

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents::TDEventBswinternalBehavior

Note This is used to describe timing events related to the BswinternalBehavior of a BSW
module.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription,
TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

bswModul | BswModuleEntit 1 ref | The scope of this timing event.

eEntity y

tdEventBs | TDEventBswint 1 attr | The specific type of this timing event.
winternalB | ernalBehaviorTy
ehaviorTyp | peEnum

e

Table 5.30: TDEventBswinternalBehavior

Please note: For every TDEventBswInternalBehavior its scope is defined by the
bswModuleEntity reference. It points to the BSW module entity for which the event
can be observed. This scope definition assumes that every BSW module exists only
once on each ECU. Otherwise the scope would not be precise enough because every
module instance would bring the same BSW module entities.

Enumeration | TDEventBswinternalBehaviorTypeEnum

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventBswinternalBehavior

Note This is used to describe the specific event type of a TDEventBswinternalBehavior.

Literal Description

bswMod- A point in time where the associated BswModuleEntity has been activated, which

uleEntity means that it has entered the state "to be started".

Activated

Tags: atp.EnumerationValue=0

bswModule A point in time where the associated BswModuleEntity has entered the state
EntityStarted | "started" after its activation.

Tags: atp.EnumerationValue=1

bswMod- A point in time where the associated BswModuleEntity has terminated and entered
uleEntity the state "suspended”
Terminated

Tags: atp.EnumerationValue=2

Table 5.31: TDEventBswinternalBehaviorTypeEnum

[TPS_TIMEX_00029] Purpose of TDEventBsw | The element TDEventBsw is used
to specify events which are observable in the Basic Software Module view, which
means that the occurrences of such events are observable between the Basic Soft-
ware Modules. |(RS_TIMEX_00001)
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!
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+modeDeclaration
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SWC:

:SWC Enum [0..1]

Figure 5.11: Events dealing with inter BSW module relations and mode communications

on BSW level

[TPS_TIMEX_00030] TDEventBswModule specifies observable events when ba-
sic software entries are called | The element TDEventBswModule is used to specify
events, namely the calling of and return from called basic software module entries, ob-
servable when such entries are called within the Basic Software. |(RS_TIMEX_00001)

Class TDEventBswModule

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventBsw

Note This is used to describe timing events related to the interaction between BSW
modules.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TDEventBsw, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

bswModul | BswModuleEntr 1 ref | The scope of this timing event.

eEntry y

tdEventBs | TDEventBswMo 1 attr | The specific type of this timing event.

wModuleT | duleTypeEnum

ype

Table 5.32: TDEventBswModule
Enumeration | TDEventBswModuleTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents::TDEventBsw
Note This is used to describe the specific event type of a TDEventBswModule.
Literal Description
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bswMEntry A point in time where the call of the associated BswModuleEntry has returned.
CallReturned
Tags: atp.EnumerationValue=1

bswMEntry A point in time where the associated BswModuleEntry has been called.
Called

Tags: atp.EnumerationValue=0

Table 5.33: TDEventBswModuleTypeEnum

[TPS_TIMEX_00031] TDEventBswModeDeclaration specifies observable
events in case of BSW mode communication [ The element TDEventBswMod-
eDeclaration is used to specify events that are observable when mode changes
are initiated and propagated in the Basic Software. |(RS_TIMEX_00001)

Class TDEventBswModeDeclaration

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventBsw

Note This is used to describe timing events related to the mode communication on BSW
level.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TDEventBsw, Timing
Description, TimingDescriptionEvent

Attribute Type Mul. | Kind | Note

entryMode | ModeDeclaratio 0..1 ref | Optional parameter which refines the scope of the

Declaratio | n TDEventBswModeDeclaration. If the parameter is

n set, the event occurs only if the mode declaration

group prototype instance shall enter into the
referenced ModeDeclaration.

exitModeD | ModeDeclaratio 0..1 ref | Optional parameter which refines the scope of the
eclaration n TDEventBswModeDeclaration. If the parameter is
set, the event occurs only if the mode declaration
group prototype instance shall exit from the
referenced ModeDeclaration.

modeDecl | ModeDeclaratio 1 ref | The scope of this timing event.
aration nGroupPrototyp
e

tdEventBs | TDEventBswMo 1 attr | The specific type of this timing event.
wModeDec | deDeclarationTy
larationTyp | peEnum

e

Table 5.34: TDEventBswModeDeclaration

Enumeration | TDEventBswModeDeclarationTypeEnum

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents:: TDEventBsw
Note This is used to describe the specific event type of a TDEventBswModeDeclaration.

Literal Description
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modeDec- A point in time where the associated ModeDeclarationGroupPrototype has been
laration requested.
Requested

Tags: atp.EnumerationValue=0
modeDecla- A point in time where the switch to the associated ModeDeclarationGroupPrototype
rationSwitch has been completed.
Completed

Tags: atp.EnumerationValue=1
modeDecla- A point in time where the switch to the associated ModeDeclarationGroupPrototype
rationSwitch has been initiated by the BswM.
Initiated

Tags: atp.EnumerationValue=2

Table 5.35: TDEventBswModeDeclarationTypeEnum

5.5 Complex Timing Event

[TPS_TIMEX_00027] Purpose of TDEventComplex [ The element TDEvent-

Complex is used to specify relationships between occurrences of events. |
(RS_TIMEX_00001)

Complex timing events can be used during the specification of:

e VfbTiming 3.2

e SwcTiming 3.3

e SystemTiming 3.4

BswModuleTiming 3.5

e EcuTiming 3.6

TimingDescription
TimingDescription:: +occurrenceExpression
TimingDescriptionEvent

TDEventOccurrenceExpression::TDEventOccurrenceExpression

0.1

A+event 0.1

{subsets

atpReference} ‘ | 1
+formula

FormulaExpression

«atpMixedString»
TDEventOccurrenceExpression::
TDEventOccurrenceExpressionFormula

TDEventComplex

Figure 5.12: Complex timing event



AUTOSAR

Class TDEventComplex

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventComplex

Note This is used to describe complex timing events.

The context of a complex timing event either is described informally, e.g. using the
documentation block, or is described formally by the associated
TDEventOccurrenceExpression.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription,
TimingDescriptionEvent
Attribute Type Mul. | Kind | Note

Table 5.36: TDEventComplex

A complex timing event is a special observable event. In comparison to the "atomic”
events described above a complex event does not contain information about the con-
text it references, like VvariableDataPrototype in TDEventVariableDataPro-
totype. Instead, a complex event uses the occurrence expression to specify the
context with regards to occurrences of TimingDescriptionEvents as describe in
the following section.

5.6 Occurrence Expression Language for Timing Events

The TimingDescriptionEvents mentioned in the previous sections allow to specify
observable events with a well-defined context. However, sometimes the context infor-
mation of the events is not sufficient, because additional conditions, like a value filter or
additional stimuli, influence the occurrence. Thus, the occurrence expression provides
means to overcome the limitations of atomic events.

The occurrence expression provides the ability to refine the context specification of a
timing event for the following cases:

Content Filter filters occurrences of an atomic event based on the value of exchanged
data or operation arguments.

Complex Event combines any number of atomic and complex event to specify a new
timing event.
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5.6.1 Specifying an Occurrence Expression

TimingDescription . Identifiable i
TiminaD 9 i P +occurrenceExpression TDEventOccurrenceExpression +variable s RefeU +variable
imingDescription:: <& @ nstanceRefsUsage::

TimingDescriptionEvent 0.1 0..* AutosarVariablelnstance 0.1
; {subsets

atpReference}
+event 0.1 ’ ’
{subsets

atpReference}

Identifiable

InstanceRefsUsage:: +argument
0.% AutosarOperationArgumentinstance

+argument

0.1
{subsets
atpReference}

Identifiable
TimingConditional::TimingModelnstance

+mode

+mode 0.1

+formula

FormulaExpression

1 «atpMixedString»

TDEventOccurrenceExpressionFormula

Figure 5.13: The occurrence expression

As shown in Figure 5.13, each TimingDescriptionEvent aggregates a TDE-
ventOccurrenceExpression as optional parameter. A TDEventOccurrenceEx—
pression is a container for all information required to formulate the expression. The
expression itself is defined via TDEventOccurrenceExpressionFormula which is
derived from FormulaExpression (see Generic Structure Template [5]). The TDE-
ventOccurrenceExpressionFormula uses the capabilities of the FormulaEx—
pression and adds the following functions to the expression language:

e The function TIMEX_value, which requires as operand either a reference to an
AutosarVariableInstance or areference to an AutosarOperationArgu-
ment Instance whose value shall be evaluated. The return type of this function
is Numerical (see constraint [constr_4551]).

e The function TIMEX occurs, which requires as operand a reference to the Tim-
ingDescriptionEvent whose occurrence shall be evaluated. The return type
of this function is Boolean. It returns TRUE if the referenced timing event occurs
at the point in time the expression is evaluated.

e The function TIMEX_hasOccurred, which requires as operand a reference to the
TimingDescriptionEvent whose occurrence shall be evaluated. The return
type of this function is Boolean. It returns TRUE if the referenced timing event
has occurred at least once before or at the same point in time the expression is
evaluated.

e The function TIMEX_timeSincelLastOccurrence, which requires as operand a ref-
erence to the TimingDescriptionEvent whose occurrence shall be evalu-
ated. The return type of this function is Float and the unit is seconds. It returns
the time difference between the point in time of the last occurrence of the refer-
enced event and the point in time the expression is evaluated.
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e The function TIMEX angleSincelLastOccurrence, which requires as operand a
reference to the TimingDescriptionEvent whose occurrence shall be evalu-
ated. The return type of this function is F1oat and the unit is degree. It returns
the angle of the crank shaft between the point in time of the last occurrence of
the referenced event and the point in time the expression is evaluated.

e The function TIMEX modeActive queries the TimingModeInstance specified
as argument. The return type of this function is Boolean. It returns TRUE if
the specified mode declaration is active at the point in time the expression is
evaluated, otherwise it returns FALSE.

All operands required by the functions are references to model elements. Thus, TDE-
ventOccurrenceExpressionFormula requires references to the respective ele-
ments of type TimingDescriptionEvent, AutosarVariableInstance and Au-
tosarOperationArgumentInstance. Due to the atpMixedString nature of the
TDEventOccurrenceExpressionFormula several references can be used within
the occurrence expression.

[constr_4500] Restricted usage of functions [ The functions
TIMEX occurs, TIMEX hasOccurred, TIMEX timeSinceLastOccurrence,
TIMEX_angleSincelLastOccurrence, and TIMEX_modeActive can only be used
for occurrence expressions, which are applied to events of type TDEventComplex. |

()

[constr_4501] Application rule for the occurrence expression in TDEventCom-
plex [ The occurrence expression shall be specified such that it describes an event
rather than a state. As a consequence the occurrence expression must ensure that a
complex timing event could only occur at the occurrence time of one of the referenced
TimingDescriptionEvents. |()

[constr_4502] Use references only as function operands | The references to model
elements (e.g. the timing event reference targeting TimingDescriptionEvent) do
have specific semantics. The usage of these references within the expression is only
allowed as operand of the functions mentioned above. |()

[constr_4551] Use only Numericals in TDEventOccurrenceExpression | The
target data prototype of the instance references of variable and argument shall be
Numerical. |()

The example given below shows how to combine the functions mentioned above. The
occurrence expression for a complex event called EC shall be described. Figure 5.14
sketches the AUTOSAR software component model of this example.
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SW-C
Required #1 Provided
Port Port
—] >
«isOﬂ'){pe»
I

Sender/Receiver Interface

IF1
DE1 : uint8
DE2: uint8
DE3 : uint8

Figure 5.14: The software architecture used by the Occurrence Expression Example

The complex event EC occurs when the following conditions are fulfilled:

Condition1 Either atomic timing event E71 or E2 must occur. In this example, E71 and
E2 are atomic timing events which occur when the variableDataPrototype
DE1 and DE2 are received on PortPrototype called Required Port of the soft-
ware component called SW-C 1.

Condition2 variableDataPrototype called DE3 must be greater than 3.

Condition3 The variableDataPrototypes called DET and DE2 must be received
within a time interval of maximum 0.5 milliseconds.

The complex event EC would be described by the following occurrence expression:

//Condition 1

( TIMEX_occurs( /example/expression/ELl )
| | TIMEX_occurs( /example/expression/E2 ) )

//Condition 2

&& TIMEX_value( /example/expression/EC/DE3 ) > 3

//Condition 3

&& abs( TIMEX_timeSincelastOccurrence( /example/expression/El ) -
TIMEX_timeSincelLastOccurrence( /example/expression/E2 ) ) <= 0.0005

Due to the first condition the complex event EC can only occur when one of the atomic
events E1or E2 occurs at the point in time of evaluation. Thus, this expression satisfies
the semantics constraint defined in [constr_4501].

The corresponding AUTOSAR XML file fragment for the complex event EC has the
following appearance:

Listing 5.1: AUTOSAR XML representation of the occurrence expression for the complex
event EC
<AR-PACKAGE>

<SHORT-NAME>example</SHORT-NAME>
<ELEMENTS>
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<VFB-TIMING>
<SHORT-NAME>expression</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>FE 1 </SHORT-NAME>

</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>FE 2 </SHORT-NAME>

</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-COMPLEX>
<SHORT-NAME>EC</SHORT-NAME>
<OCCURRENCE-EXPRESSION>
<VARIABLES>
<AUTOSAR-VARIABLE-INSTANCE>
<SHORT-NAME>D 3</SHORT-NAME >
<VARIABLE-INSTANCE-IREF>. . .</VARIABLE-INSTANCE-IREF>
</AUTOSAR-VARIABLE-INSTANCE>
</VARIABLES>
<FORMULA>
((TIMEX_occurs (&1t; EVENT-REF DEST=&quot; TD-EVENT-VARIABLE-DATA-
PROTOTYPE&quot; >/example/expression/El&lt; /EVENT-REF>)
| | TIMEX_occurs (&lt; EVENT-REF DEST=&quot; TD-EVENT-VARIABLE-DATA-
PROTOTYPE&quot; >/example/expression/E2&1t; /EVENT-REF>) )
&amp; &amp;
TIMEX_ value (&1t; VARIABLE-REF DEST=&quot; AUTOSAR-VARIABLE-INSTANCE
&quot;>/example/expression/EC/DE3 &lt; /VARIABLE-REF>) > 3
&amp; &amp;
abs (TIMEX_timeSincelastOccurrence (&1t; EVENT-REF DEST=&quot; TD-
EVENT-VARIABLE-DATA-PROTOTYPE&quot; >
/example/expression/El&lt; /EVENT-REF>)
- TIMEX_timeSincelLastOccurrence (&1t; EVENT-REF DEST=&quot; TD-EVENT
—VARIABLE-DATA-PROTOTYPE&quot; >
/example/expression/El&lt; EVENT-REF>))
&lt;= 0.0005)
</FORMULA>
</OCCURRENCE-EXPRESSION>
</TD-EVENT-COMPLEX>
</TIMING-DESCRIPTIONS>
<COMPONENT-REF DEST="COMPOSITION-SW-COMPONENT-TYPE">/example/
expression/SWC1</COMPONENT-REF>
</VFB-TIMING>
</ELEMENTS>
</AR-PACKAGE>
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Class TDEventOccurrenceExpression
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventOccurrenceExpression
Note This is used to specify a filter on the occurrences of TimingDescriptionEvents by
means of a TDEventOccurrenceExpressionFormula. Filter criteria can be variable
and argument values, i.e. the timing event only occurs for specific values, as well as
the temporal characteristics of the occurrences of arbitrary timing events.
Base ARObject
Attribute Type Mul. | Kind | Note
argument AutosarOperatio * aggr | An occurrence expression can reference an
nArgumentinsta arbitrary number of OperationArgumentPrototypes
nce in its expression. This association aggregates
instance references to
OperationArgumentPrototypes which can be
referenced in the expression.
formula TDEventOccurr 1 aggr | This is the expression formula which is used to
enceExpression describe the occurrence expression.
Formula
mode TimingModelnst * aggr | An occurrence expression can reference an
ance arbitrary number of TimingModelnstances in its
expression. This association aggregates instance
references to ModeDeclaration which can be
referenced in the expression.
variable AutosarVariable * aggr | An occurrence expression can reference an
Instance arbitrary number of VariableDataPrototpyes in its
expression. This association aggregates instance
references to VariableDataPrototypes which can
be referenced in the expression.
Table 5.37: TDEventOccurrenceExpression
Class <atpMixedString>> TDEventOccurrenceExpressionFormula
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription::Timing
DescriptionEvents::TDEventOccurrenceExpression
Note This is an extension of the FormulaExpression for the AUTOSAR Timing Extensions.
A TDEventOccurrenceExpressionFormula provides the means to express the
temporal characteristics of timing event occurrences in correlation with specific
variable and argument values.
The formal definition of the extended functions (ExtUnaryFunctions) is described in
detail in the AUTOSAR Timing Extensions.
Base ARObject, FormulaExpression
Attribute Type Mul. | Kind | Note
argument AutosarOperatio | 0..1 ref | This is one particular argument value used in the
nArgumentinsta expression formula.
nce
event TimingDescripti 0..1 ref | This is one particular timing description event
onEvent used in the expression formula.
mode TimingModelnst | 0..1 ref | This is one particular mode used in the expression
ance formula.
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Attribute Type Mul. | Kind | Note
variable AutosarVariable | 0..1 ref | This is one particular variable value used in the
Instance expression formula.
Table 5.38: TDEventOccurrenceExpressionFormula
Class AutosarVariablelnstance
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents:: TDEventOccurrenceExpression::InstanceRefsUsage
Note This class represents a reference to a variable instance within AUTOSAR. This way it
is possible to reference a variable instance in the occurrence expression formula. The
variable instance can target to one of the following variables:
e avariable provided via a PortPrototype as whole
¢ an element inside of a composite variable provided via a PortPrototype
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
variablelns | DataPrototype 1 iref | This is the reference to the instanceRef definition.
tance
Table 5.39: AutosarVariablelnstance
Class AutosarOperationArgumentinstance
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingDescription::Timing
DescriptionEvents:: TDEventOccurrenceExpression::InstanceRefsUsage
Note This class represents a reference to an argument instance. This way it is possible to
reference an argument instance in the occurrence expression formula. The argument
instance can target to one of the following arguments:
e a whole argument used in an operation of a PortPrototype with
ClientServerinterface
e an element inside of a composite argument used in an operation of a
PortPrototype with ClientServerinterface
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
operationA | DataPrototype 1 iref | This is the reference to the instanceRef definition.
rgumentins
tance

Table 5.40: AutosarOperationArgumentinstance
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Identifiable
AutosarVariablelnstance

ARElement
AtpBlueprint
AtpBlueprintable

+variablelnstance |1 . AtpType
«atpDerived» +base e
AtplnstanceRef chonrr‘])mnent'l'.)-/pe
InstanceRefs::VariableInComponentinstanceRef 1
{redefines +type 1
atpBase} {redefines
atpType}
«isOfType»
+contextComponent AtpPrototype
1 h i 0.* Composition::
{redefines {ordered, SwComponentPrototype
+targetDataProtoype atpTarget} subsets
atpContextElement}
AtpPrototype
DataPrototypes::DataPrototype
+contextPortPrototype AtpBlueprintable
0.* 1 AtpPrototype
{ordered, {subsets Components::
subsets atpContextElement} POEAREETE
atpContextElement}
+contextPataPmtotype

DataPrototypes:: DataPrototypes::
AutosarDataPrototype ApplicationCompositeElementDataPrototype

0.1
{subsets
+rootVariableDataPrototype\| /atpContextElement}

DataPrototypes::VariableDataPrototype

Figure 5.15: The required context information to reference a variable instance within
AUTOSAR.
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Identifiable
AutosarOperationArgumentinstance

ARElement
AtpBlueprint

. AtpBlueprintable
+operationArgumentinstance |1

AtpType
AtpinstanceRef +hage Components::
InstanceRefs::OperationArgumentinComponentinstanceRef 0.1 SwComponentType
{redefines +type 1
atpBase} {redefines
atpType}
«isOfType»
+contextComponent
contextCompone AtpPrototype
0.x Composition::
{ordered, SwComponentPrototype
subsets
atpContextElement}|
1
{redefines
+targetDataPrototype \|/ atpTarget} +contextPortPrototype
AtpPrototype 1 AtpBlueprintable
DataPrototypes::DataPrototype {subsets AtpPrototype
atpContextElement}| Components::
PortPrototype
f 0“*
{ordered,
subsets
+contextDataProtofype atpContextElement} X AtpStructureElement
+contextOperation \dentifiable
DataPrototypes:: DataPrototypes:: 1 Portinterface::
AutosarDataPrototype ApplicationCompositeElementDataPrototype {subsets ClientServerOperation
atpContextElement}
0.1
{subsets
+rootArgumentDataPrototype atpContextElement} «atpVariation»

Portinterface::ArgumentDataPrototype

A i +argument
+ direction :ArgumentDirectionEnum

+ serverArgumentimplPolicy :ServerArgumentimplPolicyEnum [0..1] | * {ordered}

Figure 5.16: The required context information to reference an operation argument in-
stance within AUTOSAR.

5.6.2 Occurrence Expression Language Syntax

The occurrence expression language is based on the syntax of the formula language
defined in the Generic Structure Template [5]. It extends the language by additional
functions and additional references to model elements. In the following, the implica-
tions of the extensions to the syntax are presented based on the grammar definition.

Note: The grammar defined for the formula language is not part of the listing below. It
presents only the timing specific extensions of the formula language and the enhanced
functions and references.

Listing 5.2: AUTOSAR Occurrence Expression Language
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ExtUnaryFuncName : 'TIMEX value’ |
"TIMEX_occurs’ |
"TIMEX_ hasOccurred’ |
"TIMEX_timeSincelastOccurrence’ |
"TIMEX_angleSincelLastOccurrence’ |
"TIMEX_modeActive’

4

5.6.3 Interpreting an Occurrence Expression

Based on the specification mechanism described in the previous sections it is possi-
ble to use the occurrence expression formula to refine the timing specification to the
intended precision. This section describes how such an occurrence expression has to
be interpreted. The duty of the interpreter is to determine the occurrences of the Tim-
ingDescriptionEvent for which the occurrence expression is defined. This is done
in two ways, depending on whether the occurrence expression is used as a content
filter or as a complex event.

5.6.3.1 Interpreting a Content Filter

In this case, the occurrence expression is defined for an atomic event. Only the unary
timing function TIMEX value(<reference to argument or variable>) is allowed to be
used for the content filter. On each occurrence of the atomic event the interpreter
checks whether the content filter defined by the expression is fulfilled. This is done by
evaluating the function TIMEX _value based on its operand type:

AutosarVariablelnstance the value of the referenced variable is evaluated at the point
in time the atomic event occurs.

AutosarOperationArgumentinstance the value of the referenced argument is evalu-
ated at the point in time the atomic event occurs.

[constr_4552] Restricted usage of AutosarvVariableInstance for Content Fil-
ter [ If a content filter is defined for an atomic event then references to Autosar-
VariableInstances are only allowed if the atomic event is of type TDEventVari-
ableDataPrototype. Only if such an atomic event occurs, the value of the variables
can be evaluated. Thus, also the scope of the atomic event must be the same as the
AutosarVariableInstance, meaning that they must point to the same variable-
DataPrototype. |()

[constr_4503] Restricted usage of AutosarOperationArgumentInstance for
Content Filter | If a content filter is defined for an atomic event then references to
AutosarOperationArgument Instances are only allowed if the atomic event is of
type TDEventOperation. Only if such an atomic event occurs, the value of the oper-
ation arguments can be evaluated. Thus, also the scope of the atomic event must be
the same as the AutosarOperationArgumentInstance, meaning that they must
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point to the same ClientServerOperation. Finally, references to an Autosar-
OperationArgument Instance with argument direction "out” are only allowed, if the
atomic event of type TDEventOperation refers either to the point in time when the
operation call response has been sent (TD-EVENT-OPERATION-TYPE=OPERATION-
CALL-RESPONSE-SENT) or to the point in time when the operation call response
has been received (TD-EVENT-OPERATION-TYPE=OPERATION-CALL-RESPONSE-
RECEIVED). |()

5.6.3.2 Interpreting a Complex Event

In this case, the occurrence expression is defined for a complex event. All features of
the occurrence expression language can be used for this expression type. At a specific
point in time t, the interpreter evaluates the expression to determine if the complex
event has occurred.

Considering the occurrence expression defined for the example given in Section 5.6.1,
the interpreter “implements” a function EC(t) which returns TRUE, if the complex event
EC occurs at time t:

EC(t) =

( TIMEX_occurs( t, /example/expression/El )
| | TIMEX_occurs( t, /example/expression/E2 ) )

&& TIMEX_value( t, /example/expression/EC/DE3 ) > 3

&& abs( TIMEX_timeSincelastOccurrence( t, /example/expression/El ) -
TIMEX_timeSincelLastOccurrence( t, /example/expression/E2 ) ) <= 0.0005

Since the expression satisfies [constr_4501], it must only be evaluated at occurrence
times of E1 or E2, because only then the complex event EC can occur and the expres-
sion can return TRUE.

As shown in the sketched trace in Figure 5.17 the timing description events called E71
and E2 occur at different times. On the left hand side of this figure the two events
occur within a time interval of 0.0005 seconds. The point in time the given occurrence
expression is evaluated is the point in time the event E2 occurs. The result of the
occurrence expression at this point in time, t.,.uaie respectively tgs, is TRUE. On the
right hand side of this figure the two events do not occur within a time interval of 0.0005
seconds. The point in time the given occurrence expression is evaluated is the point in
time the event E7 occurs. The result of the occurrence expression at this point in time,
tevaluate TESPECtively ¢, is FALSE.
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Figure 5.17: Trace showing various occurrences of the timing description events E7 and
E2, as well as the value of the variable DES3.

Based on the several functions provided by the occurrence expression language, the
interpreter requires the following information from the system:

¢ the value of a referenced AutosarOperationArgumentInstance attime t.
e the value of a referenced AutosarvVariableInstance attime t.

e the occurrences of a referenced TimingDescriptionEvent at time t and be-
fore.

There are different ways to gather the required information:

e Model analysis and simulation: In a deterministic system environment, occur-
rences of TimingDescriptionEvents can be determined offline, for example
the point in time a frame will be transmitted in the static segment of a FlexRay
network.

e Target trace: The required information can be gathered from a running system by
recording the points in time a TimingDescriptionEvent has occurred. For
example, an ECU trace for TDEventSwcInternalBehavior may contain a
marker for each point in time a RunnableEntity is activated, started or ter-
minated.

If the interpreter has the required information as input, the different functions provided
by the occurrence expression language can be interpreted as follows:

e TIMEX value(t, <reference to an AutosarVariableInstance>) returns the
variable value at time t.

e TIMEX value(t, <reference to an AutosarOperationArgumentInstance>)
returns the operation argument value at time t.
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e TIMEX_ occurs(t, <reference to a TimingDescriptionEvent>) returns TRUE
(or 1) if the referenced event has occurred at time t, else it returns FALSE (or 0).

e TIMEX_ hasOccurred(t, <reference to a TimingDescriptionEvent>) returns
TRUE (or 1) if the referenced event has occurred at least once before or at time
L.

e TIMEX_ timeSinceLastOccurrence(t, <reference to a TimingDescription-
Event>) returns the time difference between t and the point in time of the last
occurrence of the referenced event. The unit of time is seconds.

e TIMEX_ angleSinceLastOccurrence(t, <reference to a TimingDescription-
Event>) returns the angle difference between t and the point in time of the last
occurrence of the referenced event. The unit of angle is degree.

e TIMEX_modeActive(t, <reference to a TimingModeInstance>) returns TRUE
(or 1) if the referenced mode is active at time ¢, else it returns FALSE (or 0).

6 Timing Description Event Chains

[TPS_TIMEX_00002] Purpose of TimingDescriptionEventChain [ The element
TimingDescriptionEventChain is used to specify a causal relationship between
timing description events and their occurrences during the runtime of a system. |
(RS_TIMEX_00001, RS_TIMEX_00004, RS _TIMEX 00005, RS_TIMEX_00009)

A timing event chain describes a causal order for a set of functionally dependent timing
events. Each event chain defines at least the relationship between two differing events,
its stimulus and response [constr_4515]. This means that if the stimulus event occurs
then the response event occurs after or in other words the response event follows if
and only if the stimulus event occurred before.

Identifiable
TimingDescription

I

+stimulus

TimingDescriptionEventChain TimingDescriptionEvent
1

+response

1
+segment 1..*

Figure 6.1: TimingDescriptionEventChain
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Class TimingDescriptionEventChain
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription
Note An event chain describes the causal order for a set of functionally dependent timing
events. Each event chain has a well defined stimulus and response, which describe
its start and end point. Furthermore, it can be hierarchically decomposed into an
arbitrary number of sub-chains, so called event chain segments.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription
Attribute Type Mul. | Kind | Note
response TimingDescripti 1 ref | The response event representing the point in time
onEvent where the event chain is terminated.
Tags: xml.sequenceOffset=20
segment TimingDescripti 1.* ref | A composed event chain consists of an arbitrary
onEventChain number of sub-chains.
Tags: xml.sequenceOffset=30
stimulus TimingDescripti 1 ref | The stimulus event representing the point in time
onEvent where the event chain is activated.
Tags: xml.sequenceOffset=10

Table 6.1: TimingDescriptionEventChain

Thus, by means of an event chain, the correlation between a stimulation of a system
and its corresponding response can be explicitly described, and used as a formal-
ized definition of the scope for timing constraints. This is important, because timing
constraints refer to a specific part of the overall system’s timing and need clear validity
semantics. Figure 6.2 shows an event chain "End-to-End Timing” describing the causal
dependency between "Sensor” and "Actuator”. The sequence of event chain segments
shows the details of "End-to-End Timing” according to the AUTOSAR timing views.
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Figure 6.2: Example of an end-to-end event chain between sensor sampling and actuator
access

[constr_4515] Specifying stimulus and response in TimingDescription-
EventChain | The references between TimingDescriptionEventChain and
TimingDescriptionEvent playing the role stimulus and response shall not ref-
erence the same TimingDescriptionEvent. [()

[constr_4516] Specifying event chain segments | If a TimingDescription-—
EventChain consists of further event chain segments then at least one sequence of
event chain segments shall exists from the event chain’s st imulus to the response.

10

[constr_4517] Referencing no further event chain segments | If a TimingDe-
scriptionEventChain is not subdivided in further event chain segments, then the
reference playing the role of segment shall reference this TimingDescription—
EventChain. In other words, an event chain without any event chain segment shall
reference itself. |()

[constr_4518] Specifying stimulus event and response event of first and last
event chain segment | The st imulus event of the first event chain segment and the
response event of the last event chain segment shall reference the st imulus and
response Of the parent event chain the event chain segments directly belong to. |()
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6.1 Approach

The following subsections describe how to structure event chains for systems. De-
pending on the pre-conditions two different approaches can be distinguished: top-down
(decomposition) and bottom-up (composition).

The decomposition respectively composition of event chains can be performed accord-
ing to the software component hierarchy, but does not necessarily have to follow this
hierarchy. The primary purpose is to increase respectively decrease granularity of the
timing descriptions.

Note that event chains are used in all AUTOSAR timing views and any composition and
decomposition of event chains can be done across various AUTOSAR timing views.

6.1.1 Decomposition

In a first step the time critical path in the system is identified. This means that a causal
relationship between a stimulus event and response event is described by an event
chain. For this event chain a timing constraint is specified describing the time budget.
The second step is to decompose this event chain into event chain segments which
implies that the given time budget gets split — decomposed —, too.

Since event chain segments are event chains as well, these event chain segments can
be subject to further decomposition.

Figure 6.3 shows a time critical path between the event "requesting the brake pedal
position” (Stimulus) and the event "making available the determined vehicle speed”
(Response). This event chain (EC) is subject to a timing constraint, namely a Laten—
cyTimingConstraint, and is budgeted accordingly. For example, the time budget
for the event chain EC is constrained by a maximum latency of 2 ms.

In subsequent steps of the development and with deeper knowledge about the sys-
tem’s dynamics, this event chain and its time budget can be split across the system’s
components. This results in the event chain segments EC1, EC2 and EC3 and their
appropriate time budgets. The sum of these time budgets must not exceed the given
time budget of 2 ms.

6.1.2 Composition

In the first step the system is build up based on available software components includ-
ing timing descriptions. In the second step available event chains are connected with
each other. This results in a sequence of event chains where the response event of
one event chain plays the role of the stimulus event of the subsequent event chain. In
the third step, a high-level event chain is specified based on a sequence of available
event chains which play the role of event chain segments. For this high-level event
chain a time budget must be specified. Finally, the aggregated time budget needs to
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be assessed if acceptable which means that the aggregated time budget must be equal
or less than the time budget of the high-level event chain.

Figure 6.3 shows the connected event chains EC1, EC2 and EC3. For each event
chain a time budget, using a LatencyTimingConstraint, is specified: The time
budget of event chain EC1 is 0.5 ms, of event chain EC2 is 0.6 ms and of event chain
EC3 is 0.7 ms. The high-level event chain EC is a composition of the event chains
EC1, EC2 and EC3. The stimulus event of the high-level event chain is the event "re-
questing the brake pedal position” (Stimulus) and the response event of the high-level
event chain is the event "making available the determined vehicle speed” (Response).
Eventually, a time budget is assigned to the high-level event chain using a Latency-
TimingConstraint, for example 2 ms. This value is consistent with the aggregated
time budget of the event chain segments (0.5 ms + 0.6 ms + 0.7 ms = 1.8 ms).

L
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Motion Brake Controller Engine

Vehicle Speed

Acceleration
Deceleration

Wheel Speeds Brake Forces
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&
g
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Event
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---> Segment Relationship between Event Chains

|:| Observable Location of Event

Figure 6.3: Example of a composed and decomposed event chain

6.2 Patterns

A sequence or hierarchy of event chains can form complex structures. However, if one
of the aforementioned approaches is correctly followed then there is only a handful
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of patterns applicable. These patterns are introduced in the following with a simple
example.

6.2.1 Sequence

The most frequently used pattern is the sequence of events. Such a sequence de-
scribes a succession of causally related events without an alternative path.

O
O

Vehicle Speed Cruise
Determination Control

Motion Brake Controller Engine

Vehicle Speed
Pedal Position

Acceleration
Deceleration
Deceleration

Wheel Speeds

Brake Forces

|n—| Vehicle Speed
[«

Response

Legend:
Event I:I Observable Location of Event

Event Chain

- Virtual Function Bus

Figure 6.4: Example of the ”Sequence” pattern

An example for this pattern is depicted in Figure 6.4. The event chains EC1 through
EC3 define a causal relationship of events observed at a port of the software compo-
nent called Brake Pedal and a port of the software component called Vehicle Speed
Determination.

6.2.2 Fork

The "Fork” pattern describes the constellation where several event chains have one
common stimulus event and different response events.

The pattern is illustrated in Figure 6.5, which shows a path that forks because the
SW-C Brake Controller calculates the brake force value for each wheel (EC5 through
ECS8).
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Figure 6.5: Example of the ”"Fork” and ”Join” pattern

6.2.3 Join

The "Join” pattern describes the constellation where several event chains have one
common response event and different stimulus events.

The pattern is illustrated in Figure 6.5 which shows a path that joins because the SW-
C Venhicle Speed Determination aggregates the wheel speed values from individual
wheels (EC13 through EC16).

6.2.4 Alternative

The ”Alternative” pattern describes the constellation where more than one path be-
tween a stimulus and response event exists. This implies that at least one "Fork” is
followed by at least one ”"Join”.

The pattern is illustrated in Figure 6.6 which shows that an event observed at a re-
quired port of the SW-C Motion Arbiter leads to an occurrence of an event either at the
required port called Deceleration of the SW-C Brake Controller, or at the required port
called Acceleration of the SW-C Engine. These alternative causal relationships are de-
scribed by the event chains EC2 and EC4 in this figure. In either case, the deceleration
or acceleration of the vehicle leads to the occurrence of an event at the provided port
called Vehicle Speed of the SW-C Vehicle Speed Determination reporting the vehicle’s
speed. These alternative causal relationships are described by the event chains EC3
and EC5 which both reference the same response event. To fulfill the overall event
chain, only one of the alternative paths must have been occurred.
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Figure 6.6: Example of the ”Alternative” pattern

6.2.5 Cycle

The "Cycle” pattern describes the constellation where a path from the response event

of an event chain leads to the stimulus of this event chain.

The pattern is illustrated in Figure 6.7 which shows three event chains EC8, EC12 and
EC17 forming a cycle. The stimulus event of event chain EC8 is the response event of
event chain EC17; and the response event of event chain EC12 is the stimulus event
of event chain EC17. Event chain EC8 and EC12 reference the same event in different
roles, namely response event from event chain EC8 perspective and stimulus event

from the event chain EC12 perspective.

Note that an event chain referencing the same event for its stimulus and its response
is forbidden according to the constraint [constr_4515]. As a consequence a cycle con-

sists of at least two event chains.
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Figure 6.7: Example of the ”Cycle” pattern

7 Timing Constraints

Timing constraints can be applied either on Timing Description Events, on Timing De-
scription Event Chains, or on an ordered list of Executable Entities. Applied to Timing
Description Events a Timing Constraint classifies a single event or a group of events
with a temporal restriction, for example a period, a latency or a time interval considered
as synchronous. Also the direction has to be considered, which means in the seman-
tics of the constraint it matters whether an event source (forward semantics) or an event
sink (backward semantics) is considered. Applied to Timing Description Event Chains
a condition or property for this event chain is set. As the event chain has a semantic of
a directed acyclic graph, the direction is obvious, but it matters whether a single event
chain or a group of event chains are constraint. Applied to an ordered list of Executable
Entities, a Timing Constraint is a property, which means either the execution order or
an execution time.

Mentioned in context of a requirement specification, Timing Constraints can be used
as functional requirements and therefore can be tested. For usage in context of a
performance specification, Timing Constraints can be used as system properties or
timing guarantees. The following table gives an overview over scope and usage of the
different types of Timing Constraints described in the following chapters:

Constraint Imposed on Use Case
Event Triggering TimingDescriptionEvent Specification of an activation
Model
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Latency Timing TimingDescriptionEventChain | End-to-End path latency (in
reaction or max age seman-
tics)

Age TimingDescriptionEvent Restriction

Synchronization Tim- | TimingDescriptionEventChain | Restrictions for forks and

ing joins of event chains

Synchronization Tim- | TimingDescriptionEvent Restriction

ing

Offset Timing TimingDescriptionEvent Restriction

Execution Order ExecutableEntity Restriction

Execution Time ExecutableEntity Restriction

Table 7.1: Constraints

7.1 EventTriggeringConstraint

[TPS_TIMEX_00003] EventTriggeringConstraint specifies occurrence be-
havior respectively model | The element EventTriggeringConstraint is
used to specify the particular occurrences of a given timing description event. |
(RS_TIMEX_00001, RS_TIMEX_00002, RS_TIMEX_00006, RS_TIMEX_00008)

AUTOSAR offers five basic types of event triggering as depicted in Figure 7.1.

Identifiable
Traceable

TimingConstraint::
TimingConstraint

i

EventTriggeringConstraint

TimingDescription
+event(  TimingDescription::
1 TimingDescriptionEvent

PeriodicEventTriggering SporadicEventTriggering BurstPatternEventTriggering ConcretePatternEventTriggering ArbitraryEventTriggering

Figure 7.1: The different types of event triggerings
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Class EventTriggeringConstraint (abstract)

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Event
TriggeringConstraint

Note Describes the occurrence behavior of the referenced timing event.

The occurrence behavior can only be determined when a mapping from the timing
events to the implementation can be obtained. However, such an occurrence
behavior can also be described by the modeler as an assumption or as a requirement
about the occurrence of the event.

Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable

Attribute Type Mul. | Kind | Note

event TimingDescripti 1 ref | The referenced timing event
onEvent

Table 7.2: EventTriggeringConstraint

7.1.1 PeriodicEventTriggering

[TPS_TIMEX_00010] PeriodicEventTriggering specifies periodic occur-
rences of events | The element PeriodicEventTriggering is used to
specify the characteristics of a timing description event which occurs periodic.
|(RS_TIMEX_00001, RS_TIMEX_ 00002, RS _TIMEX_00006, RS_TIMEX_00008,
RS TIMEX 00015)

EventTriggeringConstraint
EventTriggeringConstraint::PeriodicEventTriggering

+periodT1 +jitterTl +minimum|nterArrivalTimeT1

MultidimensionalTime::Multidimensional Time

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.2: PeriodicEventTriggering

Class PeriodicEventTriggering

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Event
TriggeringConstraint

Note The PeriodicEventTriggering describes the behavior of an event with a strict periodic

occurrence pattern, given by the period attribute.

Additionally, it is possible to soften the strictness of the periodic occurrence behavior
by specifying a jitter, so that there can be a deviation from the period up to the size of
the jitter.

Base ARObject, EventTriggeringConstraint, Identifiable, MultilanguageReferrable,
Referrable, TimingConstraint, Traceable

Attribute | Type | Mul. | Kind | Note
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Attribute Type Mul. | Kind | Note
jitter Multidimensiona 1 aggr | The maximum jitter of the periodic event
Time occurrence.

Tags: xml.sequenceOffset=20

minimumIn | Multidimensiona 1 aggr | The minimum time distance between two
terArrivalTi | ITime consecutive occurrences of the associated event.
me
Tags: xml.sequenceOffset=10
period Multidimensiona 1 aggr | The period of the event occurrence.
[Time

Tags: xml.sequenceOffset=30

Table 7.3: PeriodicEventTriggering

The Periodic Event Triggering is characterized by the following parameters:
e Period
o Jitter
e Minimum Inter-Arrival Time

The listed parameters are required ones and are described in the following.

Period This parameter period specifies the periodic distance between subsequent
occurrences of the event.

Jitter This parameter jitter specifies the maximum deviation from the period.

Minimum Inter-Arrival Time This parameter minimumInterArrivalTime Speci-
fies the minimum distance between subsequent occurrences of the event. Note,
that if the value of the parameter minimumInterArrivalTime is less than the
value of the parameter period minus the value of the parameter jitter, then
the parameter minimumInterArrivalTime has no effect on the properties of
the periodic event triggering constraints.

[constr_4543] Maximum value of the parameter minimumInterArrivalTime |
The value of the parameter minimumInterArrivalTime shall be less than or equal
the value of the parameter period. |()

Let ¢, be the point-in-time of the n-th occurrence of the event. A Periodic Event
Triggering Constraint is satisfied if, and only if at least one reference point-in-time
treference €Xists such that for every occurrence of the event at ¢, the following holds
true: treference + (N — L)period < t, < treference + (0 — 1)period + jitter and for all of
those event occurrences the minimum distance shall be less than or equal to mini-
mumInterArrivalTime.

Eltreference | Vn treference + (7’L - 1)peri0d S tn S treference + (TL - 1)p€Ti0d + jltt@?“
AND Vn: t, —t, < minimumliInter ArrivalTime

Figure 7.3 illustrates the parameters of the PeriodicEventTriggering. The upper
part of this figure shows the case that the value of jitter is less than the value of the
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parameter period; whereas the lower part of this figure shows the case that the value
of jitter is greater than or equal the value of the parameter period.
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L Jitter | - Jitter | - Jitter |
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LR B 1 1 t 1 | : : ! : { 3 : : : | ; : : 3 ' >

Period Do i | Period | Period

Jitter | P | | Jitter

A
Y

Jitter

Minimum Inter Arrival Time

* Event Occurrence

Figure 7.3: Parameters characterizing the Periodic Event Triggering

7.1.1.1 Examples

A Periodic Event Triggering Constraint is specified with the following parameters: pe-
riod is six milliseconds (6ms) and jitter is two milliseconds (2ms). In other words,
one imposes a timing constraint on an event to occur every six milliseconds and spec-
ifies that a deviation of two milliseconds is tolerable. In addition, it is assumed that the
minimumInterArrivalTime is one millisecond (1ms) and therefore has no impact
on the timing of the event’s occurrences. This timing constraint is shown in Figure 7.4.
The repeating gray-colored rectangles in this figure indicate the time intervals during
which the event may occur; in other words it marks the subsequent time intervals the
event is expected to occur.

\

. . time
| Period |
]

Jitter

Figure 7.4: Example of a Periodic Event Triggering Constraint
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The following figures show various event occurrences recorded during the observa-
tion of a system subject to analysis. The time interval for the observation is given by
tend—observation — tstart—observation- 1N the given example the system is observed for a period
of 33.6 milliseconds.

The subsequent event occurrences shown in Figure 7.5 satisfy the given periodic event
triggering constraint, because all occurrences of the event observed during the obser-
vation time interval happen in their corresponding time interval given by period and
Jjitter.

-
-
-
o
-
()
BN
-
(9]
-
D

:y

Y

time

Jitter

|
: treterence

tstarr observation tend observation

:__ _ _: Time Interval Observation * Event Occurrence n ——— 2 Time Units

Figure 7.5: Event occurrences satisfying the given Period Event Triggering Constraint
shown in the example at the beginning of this subsection.

The subsequent event occurrences shown in Figure 7.6 satisfy the given periodic event
triggering constraint, because all occurrences of the event observed during the obser-
vation time interval happen in their corresponding time interval given by period and
jitter. In contrast to the example shown in Figure 7.5 the reference point-in-time is
another one.

i?

____
-

-

N

-
W

1 £
-
(%3]

-
[s))

Y

time

>
11 Jitter

£ reference

foa rt observation fend observation

Lo _: Time Interval Observation + Event Occurrence n ——— 2 Time Units

Figure 7.6: Event occurrences satisfying the given Period Event Triggering Constraint
shown in the example at the beginning of this subsection, but with another reference
point-in-time ¢, rcrence-



AUTOSAR

The subsequent event occurrences shown in Figure 7.7 violate the given periodic event
triggering constraint, because the fifth occurrence of the event does not happen in its
corresponding time interval given by period and jitter. In other words, there does
not exist a reference point-in-time that ensures that all occurrences of the event ob-
served during the observation time interval happen in their corresponding time interval
given by periodand jitter. And this results in a violation of the parameters period
and jitter.

DR R

/

time

Jitter

| trererence

t, start observation t end observation

i______: Time Interval Observation + Event Occurrence n ——— 2 Time Units

Figure 7.7: Event occurrences violating the given Period Event Triggering Constraint
shown in the example at the beginning of this subsection.

The subsequent event occurrences shown in Figure 7.8 violate the given periodic event
triggering constraint, because the fourth occurrence of the event does not happen in its
corresponding time interval given by period and jitter. In other words, the fourth
occurrence of the event happens in the time interval the fifth occurrence of the event
happens and therefore violates the specified jitter.

R

\

time

iJitter

! freterence

foafT observation t&ﬂd observation

Lo _: Time Interval Observation + Event Occurrence n —— 2Time Units

Figure 7.8: Event occurrences satisfying the given Period Event Triggering Constraint
shown in the example at the beginning of this subsection.
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7.1.2 SporadicEventTriggering

[TPS_TIMEX_ 00011] sporadicEventTriggering specifies sporadic occur-
rences of events | The element SporadicEventTriggering is used to spec-
ify the characteristics of a timing description event which occurs sporadic. |
(RS_TIMEX_00001, RS_TIMEX_00002, RS_TIMEX_00006, RS_TIMEX_00008)

EventTriggeringConstraint
EventTriggeringConstraint::SporadicEventTriggering

+jitter | 0..1 +minimuminterArivalTime | 1 +maximuminterArrivalTime | 1 +period | 0..1

Multidimensional Time::Multidimensional Time

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.9: SporadicEventTriggering

Class SporadicEventTriggering
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Event
TriggeringConstraint
Note The SporadicEventTriggering describes the behavior of an event which occurs
occasionally or singly.
Base ARObject, EventTriggeringConstraint, Identifiable, MultilanguageReferrable,
Referrable, TimingConstraint, Traceable
Attribute Type Mul. | Kind | Note
jitter Multidimensiona | 0..1 | aggr | The maximum jitter of the sporadic event
[Time occurrence.
Jitter=max |nthPeriod - standardPeriod|
Tags: xml.sequenceOffset=30
maximuml| | Multidimensiona 1 aggr | The maximum time distance between two
nterArrival | ITime consecutive occurrences of the associated event.
Time
Tags: xml.sequenceOffset=20
minimumlIn | Multidimensiona 1 aggr | The minimum time distance between two
terArrivalTi | ITime consecutive occurrences of the associated event.
me
Tags: xml.sequenceOffset=10
period Multidimensiona | 0..1 aggr | The period of the event occurrence.
[Time
Tags: xml.sequenceOffset=40

Table 7.4: SporadicEventTriggering

This is a generalization of the periodic event triggering described in subsection 7.1.1.
The difference is that the event can, but not necessarily must occur. For this rea-



AUTOSAR

son, there is one additional parameter required for the specification of the Spo-
radicEventTriggering, namely the maximumInterArrivalTime, which spec-
ifies the largest possible time distance between two event occurrences.

The Sporadic Event Triggering is characterized by the following parameters:

Minimum Inter-Arrival Time

Maximum Inter-Arrival Time
Period

Jitter

The first two parameters are required ones and the last two parameters are optional.
These parameters are described in the following and Figure 7.10 illustrates the param-
eters of the SporadicEventTriggering.

Minimum Inter-Arrival Time This parameter minimumInterArrivalTime Speci-
fies the minimum distance between subsequent occurrences of the event.

Maximum Inter-Arrival Time This parameter maximumInterArrivalTime Speci-
fies the maximum distance between subsequent occurrences of the event.

Period This optional parameter period specifies the periodic distance between sub-
sequent occurrences of the event.

Jitter This optional parameter jitter specifies the maximum deviation from the pe-

riod.
in lﬂﬂ Lnﬂ ln+2

IREES —t ! . | ! . . : i —t ! . i 5 : : : } -
| | | | | | | | fime
i MinlAT ¢ : i MinlAT 4
L | Max AT % P | Max AT % 3
[ T = - T = !
v itter | Jitter | §
L Period __L Period __‘
= |- »|

+ Event Occurrence Min IAT  Minimum Inter-Arrival Time

Max IAT Maximum Inter-Arrival Time

Figure 7.10: Parameters characterizing the Sporadic Event Triggering

7.1.3 ConcretePatternEventTriggering

[TPS_TIMEX_00012] ConcretePatternEventTriggering specifies concrete
pattern of occurrences of events | The element ConcretePatternEventTrig-
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gering is used to specify the characteristics of a timing description event which occurs
as a concrete pattern. |(RS_TIMEX_00001, RS_TIMEX_00002, RS_TIMEX_00006,

RS_TIMEX_00008)

This describes events which occur following a known pattern.

EventTriggeringConstraint
ConcretePatternEventTriggering

+offset | 1..* +patternLength | 1 +patternPeriod | 0..1 +patternditter| 0..1

MultidimensionalTime

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.11: ConcretePatternEventTriggering

Class ConcretePatternEventTriggering
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Event
TriggeringConstraint
Note The ConcretePatternEventTriggering describes the behavior of an event, which
occurs following a precisely known pattern.
Base ARObject, EventTriggeringConstraint, Identifiable, MultilanguageReferrable,
Referrable, TimingConstraint, Traceable
Attribute Type Mul. | Kind | Note
offset Multidimensiona | 1..* | aggr | The offset for each occurrence of the event in the
[Time specified time interval.
Tags: xml.name=TIME-VALUE; xml.role
Element=true; xml.sequenceOffset=10; xml.type
Element=false
patternditte | Multidimensiona | 0..1 aggr | The optional parameter "Pattern Jitter" specifies
r [Time the deviation of the time interval’s starting point
from the beginning of the given period. This
parameter is only applicable in conjunction with
the parameter "Pattern Period".
patternLen | Multidimensiona 1 aggr | The length of the observed time interval.
gth [Time
Tags: xml.sequenceOffset=20
patternPeri | Multidimensiona | 0..1 | aggr | The optional parameter "Pattern Period" specifies
od [Time the time distance between the beginnings of
subsequent repetitions of the given concrete
pattern.

Table 7.5: ConcretePatternEventTriggering

The Concrete Pattern Event Triggering is characterized by the following parameters:

e Pattern Length
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e Offset
e Pattern Period
e Pattern Jitter

The first two parameters are required ones, whereas the two last parameters are op-
tional. The parameters are described in the following and are illustrated in Figure 7.12
and Figure 7.13.

Pattern Length This parameter patternLength specifies the time interval the pat-
tern occurs in.

Offset This parameter offset specifies a list of point-in-times in the time interval
given by the parameter patternLength at which the event occurs.

Pattern Period This optional parameter patternPeriod specifies the time distance
between the beginnings of subsequent repetitions of the given burst pattern.

Pattern Jitter This optional parameter patternJitter specifies the maximum devi-
ation of the time interval’s starting point from the beginning of the given period.
This parameter is only applicable in conjunction with the parameter patternbpe-
riod.

The constraints listed below apply to the ConcretePatternEventTriggering and
shall be considered when using this event triggering constraint.

[constr_4519] Specifying patternLength | The patternLength shall be speci-
fied such that the following holds: 0 < max(offset) < patternLength. |()

[constr_4544] Specifying patternLength, patternJitter and patternPe-
riod [ The pattern length, pattern jitter and pattern period shall be specified such
that the following holds: patternLength + patternJitter < patternPeriod. |

()
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Figure 7.12: Parameters characterizing the Concrete Pattern Event Triggering
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Figure 7.13: Parameters characterizing the Concrete Pattern Event Triggering when pe-
riodically being repeated
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7.1.4 BurstPatternEventTriggering

[TPS_TIMEX_00013] BurstPatternEventTriggering specifies burst of occur-
rences of events | The element BurstPatternEventTriggering is used to
specify the characteristics of a timing description event which occurs as a burst. |
(RS_TIMEX_00001, RS_TIMEX_ 00002, RS_TIMEX_00006, RS_TIMEX_00008)

The purpose of the BurstPatternEventTriggering is to describe a burst of occur-
rences of one and the same event. The Burst Pattern Event Triggering is characterized
by the following parameters:

e Pattern Length

Minimum Inter Arrival Time
Maximum Number of Occurrences
Minimum Number of Occurrences

Pattern Period

e Pattern Jitter

The first three parameters are required ones, whereas the last three parameters are

optional.
EventTriggeringConstraint
EventTriggeringConstraint::BurstPatternEventTriggering
+ maxNumberOfOccurrences :Positivelnteger
+ minNumberOfOccurrences :Positivelnteger [0..1]
+patternLength | 1 +minimuminterAriivalTime | 1 +patternPeriod |0..1 +patternditter|0..1
MultidimensionalTime::Multidimensional Time
+ cseCode :CseCodeType
+ cseCodeFactor :Integer
Figure 7.14: BurstPatternEventTriggering
Class BurstPatternEventTriggering
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingConstraint::Event
TriggeringConstraint
Note A BurstPatternEventTriggering describes the maximum number of occurrences of the
same event in a given time interval. This is typically used to model a worst case
activation scenario.
Base ARObject, EventTriggeringConstraint, Identifiable, MultilanguageReferrable,
Referrable, TimingConstraint, Traceable
Attribute Type Mul. | Kind | Note
maxNumb | Positivelnteger 1 attr | The maximum number of event occurrences within
erOfOccurr the given time interval.
ences
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Attribute Type Mul. | Kind | Note
minNumbe | Positivelnteger 0..1 attr | The minimum number of event occurrences within
rOfOccurre the given time interval.
nces
Tags: xml.sequenceOffset=10
minimumIn | Multidimensiona 1 aggr | The parameter "Minimum Inter-Arrival Time"
terArrivalTi | ITime specifies the minimum distance between
me subsequent occurrences of the event within the

given time interval.

patternditte | Multidimensiona | 0..1 | aggr | The optional parameter "Pattern Jitter" specifies
r [Time the deviation of the time interval’s starting point
from the beginning of the given period. This
parameter is only applicable in conjunction with
the parameter "Pattern Period".

patternLen | Multidimensiona 1 aggr | The parameter "Pattern Length" specifies the

gth [Time duration of the time interval within which the event
repeatedly occurs. The event occurs at arbitrary
points in time within the given time interval.
patternPeri | Multidimensiona | 0..1 | aggr | The optional parameter "Pattern Period" specifies
od [Time the time distance between the beginnings of
subsequent repetitions of the given burst pattern.

Table 7.6: BurstPatternEventTriggering

The parameters are described in the following and are illustrated in Figure 7.15 and
Figure 7.16.

Pattern Length This parameter patternLength specifies the duration of the time
interval within which the event repeatedly occurs. The event occurs at arbitrary
points in time within the given time interval.

Minimum Inter-Arrival Time This parameter minimumInterArrivalTime Speci-
fies the minimum distance between subsequent occurrences of the event within
the given time interval.

Maximum Number of Occurrences This parameter maxNumberOfOccurrences
specifies the maximum number of times the event can occur within the time in-
terval. In other words, the event may never occur or any number of times be-
tween one (1) and the specified maximum number of occurrences. If the param-
eter minNumberOfOccurrences is specified then the event occurs at least the
number of times specified by minNumberOfOccurrences and at maximum by
maxNumberOfOccurrences.

Minimum Number of Occurrences This optional parameter minNumberOfOccur—
rences specifies the minimum number of times the event occurs within the given
time interval. In other words, this parameter specifies the least number of times
the event occurs in the given time interval. The value zero (0) for this parameter
is permitted.

Pattern Period This optional parameter patternPeriod specifies the time distance
between the beginnings of subsequent repetitions of the given burst pattern.



AUTOSAR

Pattern Jitter This optional parameter patternJitter specifies the maximum devi-
ation of the time interval’s starting point from the beginning of the given period.
This parameter is only applicable in conjunction with the parameter patternpPe-
riod.

The constraints listed below apply to the BurstPatternEventTriggering and shall
be considered when using this event triggering constraint.

[constr_4505] Specifying minimum and maximum number of occurrences | The
minimum and maximum number of occurrences shall be specified such that the fol-
lowing holds: 0 < minNumberOfOccurrences < maxNumberOfOccurrences. |

()

[constr_4506] Specifying minimum inter-arrival time and pattern length | The min-
imum inter-arrival time and pattern length shall be specified such that the following
holds: 0 < minimumInterArrivalTime < patternLength. |()

[constr_4507] Specifying pattern length, pattern jitter and patter period | The
pattern length, pattern jitter and pattern period shall be specified such that the following
holds: patternLength 4+ patternJitter < patternPeriod. |()

Maximum Number of Occurrences =7

Py v

\J

| i time
i_‘- Pattern Length . . =i
|
Minimum
Inter Arrival Time
Minimum Number of Occurrences = 5 (optional)
| i : : : | SN i : F—» ‘

time

Pattern Length

A
Y

Minimum
Inter Arrival Time

+ Event Occurrence

Figure 7.15: Parameters characterizing the Burst Pattern Event Triggering
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Maximum Number of Occurrences = 7 Minimum Number of Occurrences = 5
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Figure 7.16: Parameters characterizing the Burst Pattern Event Triggering when periodi-
cally being repeated

7.1.5 ArbitraryEventTriggering

[TPS_TIMEX_ 00014] ArbitraryEventTriggering specifies arbitrary occur-
rences of an event | The element ArbitraryEventTriggering is used to
specify the characteristics of a timing description event which occurs arbitrary. |
(RS_TIMEX_00001, RS_TIMEX_00002, RS_TIMEX_00006, RS_TIMEX_00008)

This describes the occasional occurrence of a timing event.

EventTriggeringConstraint . . S
] EventTriggeringConstraint::
EventTriggeringConstraint::ArbitraryEventTriggering +confidencelnterval Confidencelnterval
0.1 propability :Float
+minimumDistance | 1..* +maximumDistance | 1..* +lowerBound |1 +upperBound |1

MultidimensionalTime::MultidimensionalTime

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.17: ArbitraryEventTriggering
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Class ArbitraryEventTriggering
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Event
TriggeringConstraint
Note The ArbitraryEventTriggering describes that an event occurs occasionally, singly,
irregularly or randomly.
The primary purpose of this event triggering is to abstract event occurrences captured
by data acquisition tools (background debugger, trace analyzer, etc.) during system
runtime.
Base ARObject, EventTriggeringConstraint, Identifiable, MultilanguageReferrable,
Referrable, TimingConstraint, Traceable
Attribute Type Mul. | Kind | Note
confidence | Confidencelnter * aggr | List of confidence intervals.
Interval val
Tags: xml.sequenceOffset=30
maximum Multidimensiona | 1..* | aggr | The nth array element describes the maximum
Distance [Time distance that can be observed for a sample of n+1
event occurrences.
This is an array with an identical number of
elements as for the minimumDistance.
Tags: xml.name=TIME-VALUE; xml.role
Element=true; xml.sequenceOffset=20; xml.type
Element=false
minimumDi | Multidimensiona | 1..* | aggr | The nth array element describes the minimum
stance [Time distance that can be observed for a sample of n+1
event occurrences.
This is an array with an identical number of
elements as for the maximumDistance.
Tags: xml.name=TIME-VALUE; xml.role
Element=true; xml.sequenceOffset=10; xml.type
Element=false
Table 7.7: ArbitraryEventTriggering
Class Confidencelnterval
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingConstraint::Event
TriggeringConstraint
Note Additionally to the list of measured distances of event occurrences, a confidence
interval can be specified for the expected distance of two consecutive event
occurrences with a given probability.
Base ARObject
Attribute Type Mul. | Kind | Note
lowerBoun | Multidimensiona 1 aggr | The lower bound of the expected distance of two
d [Time consecutive event occurrences.
propability | Float 1 attr | The probability for the measured lower and upper
bound of the confidence interval.
upperBoun | Multidimensiona 1 aggr | The upper bound of the expected distance of two
d [Time consecutive event occurrences.
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Attribute | Type | Mul. | Kind | Note

Table 7.8: Confidencelnterval

In contrast to the ConcretePatternEventTriggering, this event triggering is not
as strict to the occurrence of an event, but generally describes event occurrences.

The Arbitrary Event Triggering is characterized by the following parameters:
e Minimum Distance
e Maximum Distance

These parameters are required ones and are described in the following. Figure 7.18
illustrates the parameters of the ArbitraryEventTriggering.

Minimum Distance The parameter minimumDistance specifies the minimum dis-
tance between n subsequent event occurrences, and n = 2,3,4, ...

Maximum Distance The parameter maximumDistance specifies the maximum dis-
tance between n subsequent event occurrences, and n = 2,3,4, ...

IR R
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 maxa2  imnaz time
%—A | | | - -
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minA 4 L max A 4 ‘ ..L mnd4
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i= maxA5 =} 5 minAS5

min An Least minimum inter-arrival time between n subsequent occurrences of
theeventEandn=1{2 3,4, .}

max An  Major maximum inter-arrival time between n subsequentoccurrences of
theeventEandn = {2, 3, 4, ...}

+ Event Occurrence

Figure 7.18: Parasmeters characterizing the Arbitrary Event Triggering

7.2 LatencyTimingConstraint

[TPS_TIMEX_00004] LatencyTimingConstraint specifies latency constraints
[ The element LatencyTimingConstraint! is used to specify the amount of
time that elapses between the occurrence of any two timing description events. |
(RS_TIMEX_00001, RS_TIMEX_ 00002, RS_TIMEX_00012, RS _TIMEX_00015)

A synonym for delay
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For example, this can be the time it takes for a packet of data on a bus network to get
from one designated point to another, or the time it takes for a task to be executed on
a processor.

In the timing specification a LatencyTimingConstraint is associated with one
TimingDescriptionEventChain, and specifies the minimum and/or maximum
time duration between the occurrence of the stimulus and the occurrence of the cor-
responding response of that chain. However, in multi-rate networks, data can get lost
or get duplicated because of potential different producer and consumer periods. Data
loss occurs, if the consumer’s period is greater than the producer’s period (undersam-
pling). Accordingly, data duplication occurs, if the consumer’s period is smaller than
the producer’s period (oversampling). This is depicted in figure 7.19.

1 2 3 4 5 6 7 8 9 10 11 12 13

YooYy + D R A D R + Y

Task A B— I b Bg B— i Hg i [
+ 2 3 4 5 3

Task B H I
6 8 10 12
Task C
Same data is read

multiple times

D Task executed D Task preempted + Task activation + Data flow Q Data is overwritten before read

Figure 7.19: Loss and duplication of data due to under- and oversampling.

Considering under- and oversampling, two end-to-end latency semantics are of interest
for automotive systems and can thus be expressed with the AUTOSAR timing exten-
sions. These are the age of a certain response and the reaction to a certain stimulus.

The data age timing constraint is mainly important in control engineering, but may
appear in all domains. Here the focus is from the response perspective rather than from
the stimulus perspective. In other words, the assumption is that last is best, i.e., it is
accepted/tolerated that a value is overwritten along the path from stimulus to response.
When for example an actuator value is periodically updated, it is of importance that
the corresponding input values are not too old. In this case the constrained time of
importance is the delay from the latest stimulus to a given response.

The reaction time constraint is utilized when the first reaction to a stimulus is of im-
portance. This is usually the case in body electronics, but may also be the case in
other domains. One example is the time it takes from a button is pressed to the light
is switched on. Another example, from the chassis domain, is the time from the brake
pedal is pressed until the brakes are activated. In both cases the constrained time of
importance is the delay from a given stimulus to the first corresponding response.
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Identifiable

«enumeration»
LatencyConstraintTypeEnum

Traceable
TimingConstraint::

reaction
age

TimingConstraint

+segment
1.*

LatencyTimingConstraint TimingDescription

+ latencyConstraintType :LatencyConstraintTypeEnum

+scope TimingDescription::

TimingDescriptionEventChain

+minimum

+maximum | 1 +nominal | 1 +stimulus\|/1 +response\|/1

Multidimensional Time::Multidimensional Time

TimingDescription
TimingDescription::TimngDescriptionEvent

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.20: Latency constraint

Class LatencyTimingConstraint
Package M2::AUTOSARTemplates::CommonStructure::Timing:: TimingConstraint::Latency
TimingConstraint
Note This constraint type restricts the time duration between the occurrence of the stimulus
and the occurrence of the corresponding response of that chain.
Two latency constraint types are of interest for automotive systems. These are the
age of a certain response and the reaction to a certain stimulus.
In contrast to OffsetTimingConstraint, a causal dependency between the stimulus and
response event of the associated event chain is required.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable
Attribute Type Mul. | Kind | Note
latencyCon | LatencyConstrai 1 attr | The specific type of this latency constraint
straintType | ntTypeEnum
maximum Multidimensiona 1 aggr | The maximum latency between the occurrence of
[Time the stimulus and the occureence of the
corresponding response of the associatied event
chain.
Tags: xml.sequenceOffset=20
minimum Multidimensiona 1 aggr | The minimum latency between the occurrence of
[Time the stimulus and the occureence of the
corresponding response of the associatied event
chain.
Tags: xml.sequenceOffset=10
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Attribute Type Mul. | Kind | Note
nominal Multidimensiona 1 aggr | The nominal latency between the occurrence of
[Time the stimulus and the occureence of the
corresponding response of the associatied event
chain.

Tags: xml.sequenceOffset=30

scope TimingDescripti 1 ref | The event chain that defines the scope of the
onEventChain constraint.

Table 7.9: LatencyTimingConstraint

Enumeration | LatencyConstraintTypeEnum

Package M2::AUTOSARTemplates::CommonStructure::Timing:: TimingConstraint::Latency
TimingConstraint

Note This is used to describe the type of the latency timing constraint.

Literal Description

age In this case, the latency constraint is seen from the perspective of the response

event of the associated event chain. Given a certain response event, the age
interval of the latest stimulus is constrained.

Tags: atp.EnumerationValue=0

reaction In this case, the latency constraint is seen from the perspective of the stimulus
event of the associated event chain. Given a certain stimulus event, the reaction
interval of the first response is constrained.

Tags: atp.EnumerationValue=1

Table 7.10: LatencyConstraintTypeEnum

The attributes minimum, maximum, and nominal of a LatencyTimingConstraint
can be used to define a lower and upper bound, as well as a nominal value for the
latency of the event chain in the scope.

The application of latency constraints leads to some interesting observations:

¢ In systems without over- and undersampling, age and reaction are the same. But
timing constraints are implementation-independent. Thus, at specification time
when the implementation is not necessarily known, the correct latency constraint
semantics has to be specified.

e The minimum reaction and the minimum age latency of an event chain are always
equal.

7.3 AgeConstraint

Sometimes it is necessary to specify the age of data, when it arrives at a component
on its required port with SenderReceiverInterface. If the sender of the data is
known, a TimingDescriptionEventChain can be defined from the sender to the
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receiver port and a LatencyTimingConstraint with age semantic represents the
specification of the data age. However, the actual sender of the data may be unknown.
In this case the definition of a TimingDescriptionEventChain is not possible.

[TPS_TIMEX_00005] AgeConstraint to specify age constraints | The element
AgeConstraint is used to specify a minimum and maximum age that is tolerated
when a variable data prototypes is received. |(RS_TIMEX_00001, RS_TIMEX_00009)

Instead of an event chain, the scope of an age constraintis a TDEventVariableDat-
aPrototype. Every time the scoped event occurs, the VariableDataPrototype
shall have the specified data age.

At a later stage during the development, when the refined software architecture ex-
poses the relation between the actual sender of the data and the receiver, an event
chain between the sending and receiving point in time shall be defined and associated
with a LatencyTimingConstraint (see 7.2) in order to refine the previous defined
age constraint.

Typically, the age constraint restricts the time interval between the physical creation of
the original sensor data by the corresponding sensor hardware and the availability of
the data in the communication buffer (of the RTE) of the receiving SWC.

Identifiable
Traceable

TimngConstraint::
TimingConstraint

i

AgeConstraint

TimingDescription
+scope TimingDescription::
TimingDescriptionEvent

+minimum | 0..1 +maximum | 0..1

MultidimensionalTime::
MultidimensionalTime

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.21: Age constraint

An AgeConstraint can define a minimum and maximum age for the variableDat -
aPrototype referenced by the TDEventVariableDataPrototype SCOpe.

[constr_4504] Restricted usage of AgeConstraint | An AgeConstraint shall
only be defined for events of type TimingDescriptionEvent associated with the
receipt and reading of data. |()
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Class AgeConstraint

Package M2::AUTOSARTemplates::CommonStructure::Timing:: TimingConstraint::Age
Constraint

Note The AgeConstraint is used to impose a constraint on an Timing Description Event

referenced by the scope.

A minimum and a maximum age can be specified.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable
Attribute Type Mul. | Kind | Note
maximum Multidimensiona | 0..1 aggr | The maximum age.
[Time
minimum Multidimensiona | 0..1 | aggr | The minimum age.
[Time
scope TimingDescripti 0..1 ref | The scope of an AgeConstraint is any
onEvent TimingDescriptionEvent that indicates any receipt
of data.

Table 7.11: AgeConstraint

7.4 SynchronizationTimingConstraint

The objective of synchronization in a distributed environment is to establish and main-
tain a consistent time base for the interaction between different subsystems, in order
to obtain correct runtime order and avoid unexpected race conditions. While mecha-
nisms to establish synchronization need to be provided at the implementation level, the
necessity for synchronization needs to be expressed at design level. For this purpose,
synchronization constraints are used.

[TPS_TIMEX_00006] SynchronizationTimingConstraint specifies syn-
chronicity constraints | The element SynchronizationTimingConstraint is
used to specify a synchronization constraint among the occurrences of two or more tim-
ing description events. |(RS_TIMEX_00001, RS_TIMEX_00002, RS_TIMEX_00007,
RS_TIMEX_00008, RS_TIMEX_00017)

A SynchronizationTimingConstraint is imposed either on events (7.4.2) or on
event chains (7.4.1).
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Class

SynchronizationTimingConstraint

Package

M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::
SynchronizationTimingConstraint

Note

This constraint is used to restrict the timing behavior of different, but correlated events
or event chains, with regard to synchronization.

Thereby, in case of imposing a synchronization timing constraint on events or event
chains the following two scenarios are supported:

1) [synchronizationConstraintType=responseSynchronization] Events: An arbitrary
number of correlated events which play the role of responses shall occur
synchronously with respect to a predefined tolerance. Event Chains: An arbitrary
number of correlated event chains with a common stimulus, but different responses,
where the responses shall occur synchronously with respect to a predefined
tolerance.

2) [synchronizationConstraintType=stimulusSynchronization] Events: An arbitrary
number of correlated events which play the role of stimuli shall occur synchronously
with respect to a predefined tolerance. Event Chains: An arbitrary number of
correlated event chains with a common response, but different stimuli, where the
stimuli shall occur synchronously with respect to a predefined tolerance.

In case of imposing a synchronization timing constraint on events the following two
scenarios are supported:

1) [eventOccurrenceKind=singleOccurrence] Any of the events shall occur only once
in the given time interval.

2) [eventOccurrenceKind=multipleOccurrences] Any of the events may occur more
than once in the given time interval. In other words multiple occurrences of an event
within the given time interval are permitted.

Base

ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable

Attribute

Type Mul. | Kind | Note

eventOccu
rrenceKind

EventOccurrenc | 0..1 attr

eKindEnum

The specific occurrence kind of an event occurring
within the given time interval.

scope

TimingDescripti
onEventChain

ref | The event chains that are in the scope of the
constraint.

scopeEven
t

TimingDescripti * ref

onEvent

The events that are in the scope of the constraint.

synchroniz
ationConst
raintType

Synchronization 1 attr

TypeEnum

The specific type of this synchronization
constraint.

tolerance

Multidimensiona 1
[Time

The maximum time interval, within which the
synchronized events must occur.

aggyr

Table 7.12: SynchronizationTimingConstraint

Enumeration

EventOccurrenceKindEnum

Package

M2::AUTOSARTemplates::CommonStructure:: Timing:: TimingConstraint

Note

This is used to describe the type of the occurrence of an event within a given time
interval.
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Literal Description
multiple Specifies that an event may occur more than once in a given time interval.
Occurrences
Tags: atp.EnumerationValue=0
singleOccur- | Specifies that an event shall occur only once in a given time interval.
rence
Tags: atp.EnumerationValue=1
Table 7.13: EventOccurrenceKindEnum
Enumeration | SynchronizationTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing:: TimingConstraint::
SynchronizationTimingConstraint
Note This is used to describe the type of the synchronization timing constraint.
Literal Description
response In case that the Synchronization Timing Constraint is specified for event chains, the

Synchroniza-
tion

response events of the associated event chains must occur synchronously with
respect to the specified tolerance. All associated event chains must have the same
stimulus event.

In case that the Synchronization Timing Constraint is specified for events, the
associated events must occur synchronously with respect to the specified
tolerance. All associated events represent the response events of a common
stimulus event, even such a stimulus event is not known yet or not available in the
scope of the model.

Tags: atp.EnumerationValue=0

stimulusSyn-
chronization

In case that the Synchronization Timing Constraint is specified for event chains, the
stimulus events of the associated event chains must occur synchronously with
respect to the specified tolerance. All associated event chains must have the same
response event.

In case that the Synchronization Timing Constraint is specified for events, the
associated events must occur synchronously with respect to the specified
tolerance. All associated events represent the stimulus events of a common
response event, even such a response event is not known yet or not available in
the scope of the model.

Tags: atp.EnumerationValue=1

Table 7.14: SynchronizationTypeEnum

[constr_4522] SynchronizationTimingConstraint shall either reference
events or event chains | The SynchronizationTimingConstraint shall either
reference timing description events or timing description event chains, but not both at
the same time. |()
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7.4.1 SynchronizationTimingConstraint on Event Chains

Identifiable
Traceable

TimingConstraint::

«enumeration» . .
TimingConstraint

TimingConstraint::
EventOccurrenceKindEnum

singleOccurrence A
multipleOccurrences

«enumeration»
SynchronizationTypeEnum

stimulusSynchronization
responseSynchronization

- . . TimingDescription
SynchronizationTimingConstraint +scope

TimingDescription::
+ eventOccurrenceKind :EventOccurrenceKindEnum [0..1] TimingDescriptionEventChain
+ synchronizationConstraintType :SynchronizationTypeEnum 0..*

+tolerance Yl

MultidimensionalTime::
Multidimensional Time

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.22: Synchronization Timing Constraint on Event Chains

The purpose of the SynchronizationTimingConstraint is to impose a synchro-
nization constraint among either the stimulus or response event occurrences of two
or more event chains. In the former case (stimulus synchronization) the referenced
event chains shall have the same response event (join), or in the latter case (response
synchronization) they shall have the same stimulus event (fork).

The synchronizationTimingConstraint is characterized by the following pa-
rameters:

e Tolerance
e Event Occurrence Kind
e Synchronization Constraint Type

The parameters are described in the following and are illustrated in Figure 7.23 and
Figure 7.24.

Tolerance The parameter tolerance specifies the time interval within which the ref-
erenced events shall occur synchronously. The events may occur in any order
within this time interval. The time interval starts at the point-in-time when one of
the referenced events occurs.

Event Occurrence Kind The optional parameter eventOccurrenceKind specifies
whether the referenced events shall occur only once (single occurrence) or may
occur multiple times (multiple occurrences) in the given time interval.
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Synchronization Constraint Type The parameter synchronizationCon-
straintType specifies whether the SynchronizationTimingConstraint
is imposed on the stimulus or response events of the referenced event chains.

[constr_4514] SynchronizationTimingConstraint shall reference at least
two event chains | In the case, that the SynchronizationTimingConstraint
is imposed on event chains then at least two (2) timing description event chains shall
be referenced. |()

[constr_4521] Specifying attribute synchronizationConstraintType | The at-
tribute synchronizationConstraintType shall be specified if the Synchroniza-
tionTimingConstraint isimposed on event chains. |()

S4 S2 S3 S1 R

Coob

time

|< Tolerance >|

S# Stimulus Event
R  Response Event

+ Event Occurrence

Figure 7.23: Parameters characterizing the Synchronization Timing Constraint imposed
on the stimulus events of event chains.

S R3 R4 R2 R1
oo o —| : : —t | : : : ——»
i i time
i Tolerance |
| |

A
Y

S  Stimulus Event
R# Response Event

+ Event Occurrence

Figure 7.24: Parameters characterizing the Synchronization Timing Constraint imposed
on the response events of event chains.

An example for synchronizing on stimuli of event chains would be an adaptive cruise
control that expects data from different sensors, which shall be sampled (quasi) simul-
taneously with respect to a predefined tolerance.
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An example for synchronizing on responses of event chains would be the blinking of
different indicator lights, which shall occur (quasi) simultaneously with respect to a
predefined tolerance.

7.4.2 SynchronizationTimingConstraint on Events

As mentioned above, the purpose of the SynchronizationTimingConstraint is
to impose a synchronization constraint among either the stimulus or response event
occurrences of two or more event chains. However, in some cases the complete event
chains are not entirely known, or not available in the scope of the model, at the point
in time the timing constraint shall be specified. For this purpose, the AUTOSAR Tim-
ing Extensions allow the specification of synchronization constraints on events. In this
case, the events referenced by the constraint are related implicitly, because they have a
common stimulus (in case of constraint type responseSynchronization or a com-
mon response (in case of constraint type stimulusSynchronization not known
yet, or not available in the scope of the model.

At a later stage during the development, when the refined software architecture ex-
poses the complete event chains (e.g. because the common stimulus gets known),
the respective event chains shall be specified and associated with a Synchroniza-
tionTimingConstraint on event chains (see 7.4.1) in order to refine the previously
defined SsynchronizationTimingConstraint on events.

Identifiable
Traceable

TimingConstraint::
TimingConstraint

A

«enumeration»
TimingConstraint::
EventOccurrenceKindEnum

singleOccurrence
multipleOccurrences

«enumeration»
SynchronizationTypeEnum

stimulusSynchronization
responseSynchronization

TimingDescription
+scopeEvent TimingDescription::

+ eventOccurrenceKind :EventOccurrenceKindEnum [0..1] TimingDescriptionEvent

+ synchronizationConstraintType :SynchronizationTypeEnum 0..*

+tolerance ? 1

MultidimensionalTime::
Multidimensional Time

SynchronizationTimingConstraint

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.25: Synchronization Timing Constraint on Events
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The purpose of the SynchronizationTimingConstraint is to impose a synchro-
nization constraint among the occurrences of two or more events. The Synchroniza-
tionTimingConstraint is characterized by the following parameters:

e Tolerance
e Event Occurrence Kind
e Synchronization Constraint Type
The parameters are described in the following and are illustrated in Figure 7.26.

Tolerance The parameter tolerance specifies the time interval within which the ref-
erenced events shall occur synchronously. The events may occur in any order
within this time interval. The time interval starts at the point-in-time when one of
the referenced events occurs.

Event Occurrence Kind The parameter eventOccurrenceKind specifies whether
the referenced events shall occur only once (single occurrence) or may occur
multiple times (multiple occurrences) in the given time interval.

Synchronization Constraint Type The parameter synchronizationCon-
straintType specifies whether the associated events of the Synchro-
nizationTimingConstraint have a common stimulus or response.

[constr_4513] SynchronizationTimingConstraint shall reference at least
two events | In the case, that the SynchronizationTimingConstraint is im-
posed on events then at least two (2) timing description events shall be referenced. |

()

[constr_4520] Specifying attribute synchronizationConstraintType | The at-
tribute synchronizationConstraintType shall be specified if the Synchroniza-
tionTimingConstraint isimposed on events. |()

E1 E3 E4 E2 E5
oo — i : : : | : : j . — '
: : time
[ Tolerance 0
= =
E# Event #

+ Event Occurrence

Figure 7.26: Parameter characterizing the Synchronization Constraint
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7.5 OffsetTimingConstraint

[TPS_TIMEX_00015] offsetTimingConstraint specifies offset between occur-
rences of events | The element OffsetTimingConstraint is used to specify an
offset between the occurrences of two timing description events. |(RS_TIMEX_00001,
RS_TIMEX_00002, RS_TIMEX_00008)

An OffsetTimingConstraint bounds the time offset between the occurrence of
two timing events, without requiring a direct functional dependency between the source
and the target.

This constraint type is frequently used in combination with the timing event TDE-
ventCycleStart as source. In this case, the target event (e.g. the start of a
RunnableEntity) is in most of the cases functional independent from the the source
event.

Identifiable

Traceable
TimingConstraint::
TimingConstraint

OffsetTimingConstraint +source TimingDescription

1 TimingDescription::TimingDescriptionEvent

+target

1

+minimum 1 +maximum 1

MultidimensionalTime::Multidimensional Time

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.27: Offset Timing Constraint
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Class OffsetTimingConstraint

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Offset
Constraint

Note Bounds the time offset between the occurrence of two timing events, without requiring
a direct functional dependency between the source and the target.
If the target event occurs, it is expected to occur earliest with the minimum, and latest
with the maximum offset relatively after the occurrence of the source event. Note: not
every source event occurrence must be followed by a target event occurrence.
In contrast to LatencyTimingConstraint, there must not necessarily be a causal
dependency between the source and target event.

Base ARODbiject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable

Attribute Type Mul. | Kind | Note

maximum Multidimensiona 1 aggr | The maximum offset the target event occurs
[Time relatively after the occurrence of the source event.

Tags: xml.sequenceOffset=20

minimum Multidimensiona 1 aggr | The mimum offset the target event occurs

[Time relatively after the occurrence of the source event.
Tags: xml.sequenceOffset=10

source TimingDescripti 1 ref | The timing event that the target event is to be
onEvent synchronized with.

target TimingDescripti 1 ref | The timing event which is expected to occur timely
onEvent after the source event.

Table 7.15: OffsetTimingConstraint

7.6 ExecutionOrderConstraint

[TPS_TIMEX_00007] ExecutionOrderConstraint specifies sequence of ex-
ecuting executable entities [ The element ExecutionOrderConstraint is
used to specify the order of execution of a number of ExecutableEntitys.
(RS_TIMEX_00001, RS_TIMEX 00002, RS_TIMEX_00014)

An ExecutionOrderConstraint can be used in any of the timing views specified
by the AUTOSAR Timing Extensions, as long as the ExecutableEntitys and/or the
AbstractEvents to be referenced are available in other AUTOSAR models, namely
the Software Component Description and the Basic Software Module Description.
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Identifiable
Traceable

TimingConstraint

1

«enumeration»
ExecutionOrderConstraintTypeEnum

ordinaryEOC
hierarchical EOC
repetitive EOC

TimingDescriptionEvent

TimingDescription

ExecutionOrderConstraint

+ executionOrderConstraintType :ExecutionOrderConstraintTypeEnum [0..1]
+ isEvent :Boolean [0..1]
+ permitMultipleReferencesToEE :Boolean [0..1]

+triggeringEvent

EOCExecutableEntityRefGroup

+orderedElement

1.%

—>

+ maxCycles :Integer[0..1]
+ maxSlots :Integer [0..1]

Identifiable
EOCExecutableEntityRefAbstract

+nestedElement

1.*
{ordered}|

+successor

0.*

Implementation
Bswimplementation

+directSuccessor
0.*

+baseComposition

0.1

CompositionSwComponentType

SwConmponentType

+successor

+bswModulelnstance

EOCExecutableEntityRef

0.1
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ExecutableEntity

+base 1
{redefines atpBase}
«atpDerived»

AtpinstanceRef
+component | ComponentinCompositioninstanceRef
0.1
0.
{ordered,
+contextComponent subsets atpContextElement}
+component
— —«instanceRef»— —> AtpPrototype
0.1 SwComponentPrototype

BswModuleEntity

AtpStructureElement
RunnableEntity

Figure 7.28: Specification of execution order constraints using Executable Entities.
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Identifiable
Traceable

- . «enumeration»
TG LRI ExecutionOrderConstraintTypeEnum
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ExecutableEntit . AtpStructureElement AtpStructureElement
: Y| +startsonEvent| BswBehavior: p +anonEvent p °F !
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Figure 7.29: Specification of execution order constraints using RTE and BSW events.
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Class

ExecutionOrderConstraint

Package

M2::AUTOSARTemplates::CommonStructure:: Timing::TimingConstraint::Execution
OrderConstraint

Note

This constraint is used to restrict the order of execution for a set of
ExecutableEntities. The ExecutionOrderConstraint can be used in any timing view.

The various scopes for ExecutionOrderConstraint are described below. Generally,
each ExecutionOrderConstraint has a scope of software components and can
reference all executable entities available in the corresponding internal behavior
(RunnableEntity and BswModuleEntity) either directly or by the events activating
respectively starting them (RteEvent and BswEvent).

On VFB level an ExecutionOrderConstraint can be specified for RunnableEntities part
of the composition hierarchy referenced by the VfbTiming. The
ExecutionOrderConstraint is aggregated by the VfbTiming.

On SW-C level an ExecutionOrderConstraint can be specified for RunnableEntities
part of the InternalBehavior referenced by the SwcTiming. The
ExecutionOrderConstraint is aggregated by the SwcTiming.

On System level an ExecutionOrderConstraint can be specified for RunnableEntities
part of the composition hierarchy of the system referenced by the SystemTiming. The
ExecutionOrderConstraint is aggregated by the SystemTiming.

On BSW Module level, an ExectionOrderConstraint can be specified for
BswModuleEntities part of an BswinternalBehavior referenced by the
BswModuleTiming. The ExecutionOrderConstraint is aggregated by the
BswModuleTiming.

On ECU level an ExecutionOrderConstraint can be specified for all ExecutableEntities
and Events available via the EcucValueCollection, covering ECU Extract and BSW
Module Configuration, referenced by the EcuTiming. The ExecutionOrderConstraint
is aggregated by the EcuTiming.

Base

ARObject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable

Attribute

Mul. | Kind | Note

Type

baseComp
osition

CompositionSw 0..1 ref | Specifies the composition SW-C type playing the
ComponentTyp role of a SW-C containing further SW-Cs and
e represents the scope of the Execution Order

Constraint.

execution
OrderCons
traintType

ExecutionOrder 0..1 attr
ConstraintType

Enum

Specifies the specific type of
ExecutionOrderConstraint.

isEvent

0..1 Indicates whether the ExecutionOrderConstraint is
only referring to Executable Entities (FALSE) or

only to RTE and/or BSW Events (TRUE).

Boolean attr

orderedEle
ment

EOCExecutable 1..%
EntityRefAbstra
ct

The list of references to ExecutableEntities which
shall be ordered.

aggr

permitMulti
pleReferen
cesToEE

0..1 Indicates that the ExecutionOrderConstraints
permits that an Executable Entity is referenced
multiple times (TRUE) or only once (FALSE) in the

constraint.

Boolean attr
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Attribute | Type | Mul. | Kind | Note
Table 7.16: ExecutionOrderConstraint
Enumeration | ExecutionOrderConstraintTypeEnum
Package M2::AUTOSARTemplates::CommonStructure:: Timing::TimingConstraint::Execution
OrderConstraint
Note This is used to describe the specific type of the ExecutionOrderConstraint.
Literal Description

hierarchicalE
OoC

Specifies that the Execution Order Constraint specifies a hierarchical execution
order constraint.

Tags: atp.EnumerationValue=0

ordinaryEOC | Specifies that the Execution Order Constraint specifies an ordinary execution order
constraint.
Tags: atp.EnumerationValue=1
repetitiveEO Specifies that the Execution Order Constraint specifies a repetitive execution order
C constraint.
Tags: atp.EnumerationValue=2
Table 7.17: ExecutionOrderConstraintTypeEnum
Class EOCExecutableEntityRefAbstract (abstract)
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Execution
OrderConstraint
Note This is the abstractions for Execution Order Constraint Executable Entity References
(leaves) and Execution Order Constraint Executable Entity Reference Groups
(composites).
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
directSucc | EOCExecutable * ref | The direct successor of an executable entity or a
essor EntityRefAbstra group of executable entities.
ct
Table 7.18: EOCExecutableEntityRefAbstract
Class EOCExecutableEntityRefGroup
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Execution
OrderConstraint
Note This is used to specify a group (composite) consisting of Execution Order Constraint
Executable Entity References (leaves) and/or further Execution Order Constraint
Executable Entity Reference Groups (composite).
Base ARObject, EOCExecutableEntityRefAbstract, Identifiable, MultilanguageReferrable,
Referrable
Attribute | Type | Mul. | Kind | Note
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Attribute Type Mul. | Kind | Note
maxCycles | Integer 0..1 attr | In case of a Repetitive Execution Order Constraint
this attribute specifies the number of cycles the
Execution Order Constraint is considering.
maxSlots Integer 0..1 attr | In case of a Repetitive Execution Order Constraint
this attribute specifies the number of slots every
cycle of the Execution Order Constraint is
consisting of.
nested EOCExecutable 1.” ref | This association is used to establish hierarchies of
Element EntityRefAbstra EOCEER Groups and References.
(ordered) ct
successor | EOCExecutable * ref | The logical successor of an executable entity or a
EntityRefAbstra group of executable entities.
ct
triggeringE | TimingDescripti 0..1 ref | In case of a Repetitive Execution Order Constraint
vent onEvent this association references the timing description
event triggering every cycle.
Table 7.19: EOCExecutableEntityRefGroup
Class EOCExecutableEntityRef
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Execution
OrderConstraint
Note This is used to define a reference to an ExecutableEntity
If the ExecutionOrderConstraint is defined on VFB, System or ECU level, a reference
to the SwComponentPrototype, via the ComponentinCompositioninstanceRef, the
referenced ExecutableEntity belongs to, must be provided as context information.
Base ARObject, EOCExecutableEntityRefAbstract, Identifiable, MultilanguageReferrable,
Referrable
Attribute Type Mul. | Kind | Note
bswModul | Bswimplementa | 0..1 ref | Specifies the BSW module instance the BSW
elnstance tion module entity belongs to.
component | SwComponentP | 0..1 iref | This association references the specific instance
rototype of the SW-C prototype.
executable | ExecutableEntit 0..1 ref | The ExecutableEntity whose execution order is
y restricted by the contraint.
successor | EOCExecutable * ref | The logical successor of an executable entity or a
EntityRefAbstra group of executable entities.
ct

Table 7.20: EOCExecutableEntityRef
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Class EOCEventRef

Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Execution
OrderConstraint

Note This is used to define a reference to an RTE or BSW Event.

Base ARObject, EOCExecutableEntityRefAbstract, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

bswModul | Bswimplementa | 0..1 ref | Specifies the BSW module instance the BSW

elnstance | tion event is related to.

component | SwComponentP | 0..1 iref | This association references the specific instance
rototype of the SW-C prototype.

event AbstractEvent 0..1 ref | The AbstractEvent (event) whose execution order

is restricted by the contraint.

successor | EOCExecutable * ref | The logical successor of an executable entity or a
EntityRefAbstra group of executable entities.
ct

Table 7.21: EOCEventRef

[TPS_TIMEX_00038] Purpose of EOCExecutableEntityRefAbstract | The ele-
ment EOCExecutableEntityRefAbstract is an abstract class that represents both
primitives EOCExecutableEntityRef/EOCEventRef and their composites EOCEx-
ecutableEntityRefGroup. Essentially, itis used to compose EOCExecutableEn-—
tityRefGroups, EOCExecutableEntityRefs and EOCEventRefs into tree struc-
tures to represent part-whole hierarchies. |(RS_TIMEX_ 00001, RS_TIMEX_00002,
RS TIMEX 00014)

[TPS_TIMEX_00047] Purpose of ExecutionOrderConstraintTypeEnum | The
element ExecutionOrderConstraintTypeEnum is used to specify the type of
the execution order constraint and indicates whether it is an ordinary (7.6.1), hier-
archical (7.6.2), or repetitive (7.6.3) one. |(RS_TIMEX_00001, RS_TIMEX_ 00002,
RS _TIMEX_00014)

[TPS_TIMEX_00041] Purpose of EOCExecutableEntityRefGroup | The ele-
ment EOCExecutableEntityRefGroup is used to define composites of EOCExe—
cutableEntityRefGroups, EOCExecutableEntityRefs and EOCEventRefs. |
(RS_TIMEX 00001, RS _TIMEX 00002, RS _TIMEX _00014)

[TPS_TIMEX_00046] Purpose of EOCExecutableEntityRef | The element EO-
CExecutableEntityRef is used to reference executable entities (ExecutableEn—
tity) which shall be executed in a specific order. |(RS_TIMEX_00001,
RS_TIMEX_00002, RS_TIMEX_00014)

[TPS_TIMEX_00048] Purpose of EOCEventRef [ The element EOCEventRef is
used to reference RTEEvents and BswEvents$ in order to specify an execution order
of executable entities. |(RS_TIMEX_ 00001, RS_TIMEX_00002, RS_TIMEX_00014)

The elements described above can be used for creating different patterns of Execution
Order Constraints for various purposes. These patterns are described in the following
subsections. The constraints listed below applied to all of these patterns.
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[constr_4525] Precedence of successor relationships successor and direct-
Successor | The successor relationships successor and directSuccessor take
always precedence over the ordered multiplicity of the association nestedElement.

10

[constr_4532] Successor relationship is not self-referencing [ The target and
source of the successor relationships successor and directSuccessor shall
not be the same. In other words an EOCExecutableEntityRef and EOCExe-—
cutableEntityRefGroup shall not reference itself as its logical or direct successor.

10

[constr_4533] Maximum number of successor relationships | The maximum num-
ber of successor relationships, namely successor or directSuccessor, between
two EOCExecutableEntityRefs, between two EOCEventRefs, between two EO-
CExecutableEntityRefGroups, between an EOCExecutableEntityRef and an
EOCExecutableEntityRefGroup, Or between an EOCEventRef and an EOCExe—
cutableEntityRefGroup isone (1). |()

[constr_4534] Maximum number of directSuccessor relationships [ The num-
ber of directSuccessor relationships of an EOCExecutableEntityRef, an EO-
CEventRef, Or an EOCExecutableEntityRefGroup shall not exceed the number
of independent execution units available in a system. |()

[constr_4535] An ExecutionOrderConstraint needs to be consistent regard-
ing effective modes | In case of an ExecutionOrderConstraint using events
there exists a mode in which all referenced events are enabled; in other words the
events are not disabled. In case of an ExecutionOrderConstraint using Exe-
cutableEntitys there exists a mode in which all referenced ExecutableEntitys
are enabled and ExecutableEntitys without any event are considered to be always
enabled. If ExecutableEntitys are started by a single event then this particular
event is considered and for ExecutableEnt itys with multiple events the superset of
the related modes is considered. |()

[constr_4536] Compatible recurrence of any ExecutableEntity [ In an Exe-
cutionOrderConstraint the ExecutableEntitys, referenced by all EOCExe-
cutableEntityRefs respectively all EOCEventRefs, shall be compatible with re-
gard to their recurrence. |()

[constr_4537] References among elements in an ExecutionOrderConstraint
[ An EOCExecutableEntityRef respectively EOCEventRef Or an EOCExe-—
cutableEntityRefGroup shall reference only EOCExecutableEntityRefs, re-
spectively all EOCEventRefs, or EOCExecutableEntityRefGroups which are part
of the same ExecutionOrderConstraint. |()

[constr_4545] Referring either ExecutableEntitys Or AbstractEvents | An
ExecutionOrderConstraint shall contain either only EOCExecutableEnti-
tyRef or only EOCEventRef, but not both. In the former case ExecutableEntitys
are referenced and in the latter case AbstractEvents are referenced. |()
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[constr_4546] Setting the attribute isEvent | The value of the attribute isEvent
shall be set to "TRUE” if and only if the execution order constraint refers to events only
(refer to [constr_4545]). The value of the attribute i sEvent shall be set to "FALSE”
if and only if the execution order constraint refers to executable entities only (refer to
[constr_4545]). |()

[constr_4547] Setting the attribute permitMultipleReferencesToEE | The
value of the attribute permitMultipleReferencesToEE shall be specified if and
only if the value of the attribute i sEvent (refer to [constr_4546]) is set to "FALSE”. In
other words specifying whether an executale entity is permitted to be referenced more
than once in an execution order constraint is only allowed in case of an execution order
constraint refering to executable entities only. |()

7.6.1 Ordinary Execution Order Constraint

The Ordinary Execution Order Constraint is used to specify an order of execution of
executable entities. As sketched in Figure 7.30 the execution order constraint contains
a number of execution entity references which reference the executable entities the
execution order is imposed on. The associations successor and directSucces-
sor are used to specify the type of successor relationship and enforce the order of
execution.

EOC Legend:

EOC Execution Order Constraint
EER  Executable Entity Reference

¢

EOCEER EOCEER EOCEER ECCEER

successor successor successor

! ! ! !

Executable Entity Executable Entity Executable Entity Executable Entity

Figure 7.30: Example of an Ordinary Execution Order Constraint

In Figure 7.31 the execution order constraint contains a number of event references
which reference the specific events—RTE events or BSW events—the execution order
is imposed on.
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EOCC Legend:
EOC Execution Order Constraint

¢

EOCEventRef EOCEventRef EOCEventRef EOCEventRef

successor successor successor

v v v v

RTE Event RTE Event RTE Event RTE Event
or or or or
BSW Event BSW Event BSW Event BSW Event

Figure 7.31: Example of an Ordinary Execution Order Constraint referencing events—
RTE Events or BSW Events

[constr_4541] EOCExecutableEntityRef shall reference ExecutableEntity
in Ordinary Execution Order Constraint | In an Ordinary Execution Order Constraint
all EOCExecutableEntityRefs shall reference an ExecutableEntity. |()

[constr_4548] EOCEventRef shall reference AbstractEvent in Ordinary Execu-
tion Order Constraint | In an Ordinary Execution Order Constraint all EOCEventRefs
shall reference an AbstractEvent. ()

7.6.2 Hierarchical Execution Order Constraint

The Hierarchical Execution Order Constraint is used to specify an order of execution
of executable entities using the capability of creating groups of executable entities. In
other words, it enables to specify tree-like structures of executable entity references
respectively event references and executable entity reference groups. As sketched in
Figure 7.32 the execution order constraint contains a number of execution entity refer-
ences and one executable entity reference group, which in turn references a number
of executable entity references referencing executable entities. The associations suc-
cessor and directSuccessor between these references and the group are used
to specify the type of successor relationship and enforce the order of execution.
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EOC Legend:

EOC Execution Order Constraint
EER  Executable Entity Reference

¢

EOCEER EOCEERGroup

successor EOCEER EOCEER

successor successor

Executable Entity Executable Entity Executable Entity
nested Element nested Element nested Element
EOCEER successor EQCEER successor EOCEER

Thethree EOCEERS shown on
the left hand side are also
aggregated by the Execution

Order Constraint shown at the top
\L J/ \L in this figure.

Executable Entity Executable Entity Executable Entity

Figure 7.32: Example of a Hierarchical Execution Order Constraint

The following constraints shall be considered when creating Hierarchical Execution
Order Constraints:

[constr_4523] Specifying attributes maxCycles and maxSlots | The optional at-
tributes maxCycles and maxSlots shall never be specified in any element EOCExe-
cutableEntityRefGroup thatis part of a hierarchical execution order constraint. |

()

[constr_4524] Referencing TimingDescriptionEvent [ Any element EOCExe—
cutableEntityRefGroup that is part of a hierarchical execution order constraint
shall not reference any timing description event TimingbescriptionEvent. |()

[constr_4538] Hierarchical Execution Order Constraint: EOCExecutableEnti-
tyRef, EOCEventRef, and EOCExecutableEntityRefGroup shall be target or
source of a successor relationship | In a given Hierarchical Execution Order Con-
straint, each EOCExecutableEntityRef, EOCEventRef, and EOCExecutableEn—
tityRefGroup Which is not part of an EOCExecutableEntityRefGroup shall be
target or source of at least one successor relationship. | ()

[constr_4542] EOCExecutableEntityRef shall reference ExecutableEntity
in Hierarchical Execution Order Constraint [ In an Hierarchical Execution Order
Constraint all EOCExecutableEntityRefs shall reference an ExecutableEntity.

10
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[constr_4549] EOCEventRef shall reference AbstractEvent in Hierarchical Ex-
ecution Order Constraint [ In an Hierarchical Execution Order Constraint all EO-
CEventRefs shall reference an AbstractEvent. |()

[constr_4550] A Hierarchical Execution Order Constraint shall have an unam-
biguous root EOCExecutableEntityRefGroup | A Hierarchical Execution Order
Constraint may contain multiple orderedElements, which may be any combination
of any number of EOCExecutableEntityRefs respectively EOCEventRefs and EO-
CExecutableEntityRefGroups. Among these needs to be exactly one EOCEx—
ecutableEntityRefGroup being neither target nor source of any successor or
directSuccessor relationship. This EOCExecutableEntityRefGroup is the root
of the Hierarchical Execution Order Constraint. |()

7.6.3 Repetitive Execution Order Constraint

The Repetitive Execution Order Constraint is used to specify varying execution order
constraints depending on subsequent occurrences of a specific event. This enables
one to specify that specific execution order constraints are imposed on a given number
of executable entities whenever the particular timing description event occurs. For
example, if the event A occurs the first time then the executable entities one (1), two
(2) and three (3) shall be executed in this given order; if the event occurs the second
time then the executable entities one (1), four (4) and five (5) shall be executed in this
given order. And if the event A occurs a third time then the executable entities one (1),
two (2) and three (3) shall be executed in this order again. And if the event A occurs a
fourth time then the executable entities one (1), four (4) and five (5) shall be executed
in this given order; and so forth. The occurrences of the specified event are called
cycles and the order of the executable entities within a cycle is arranged by slots.

As sketched in Figure 7.33 the Repetitive Execution Order Constraints follows a spe-
cific pattern.
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triggeringEvent

TDEvent

maxCycles =4
maxSlots = 3

Legend:

EOC Execution Order Constraint
EER  Executable Entity Reference
TD Timing Description

All elements with the prefix EOC shown in
this figure are aggregated by the Execution
Order Constraint shown at the top of this
picture.

nested Element |, Cycle 1 nested Element ,|, Cycle 2 nested Element .|, Cycle 3 nested Element ,|, Cycle 4
EOCEERGroup EOCEERGroup EQCEERGroup EOCEERGroup
nested Element Slot 1..3 nestedElement Slot 1..3 nested Element Slot 1..3 nested Element Slot1..3
\ I I I
I \ I I
EOCEER EOCEER EOCEER EOCEER
v WY WY Y

Executable Entity Executable Entity Executable Entity Executable Entity

Figure 7.33: Example of a Repetitive Execution Order Constraint

The Repetitive Execution Order Constraint follows the pattern of the Hierarchical Exe-
cution Order Constraint, but some restrictions apply to the use and structure of groups
of executable entity references. The execution order constraint consist of one group of
executable entity references, called the root group, which references only other groups
of executable entity references. And these groups in turn reference executable entity
references respectively event references which eventually reference the specific exe-
cutable entities respectively events. The root group specifies the maximum number
of cycles maxCycles and the maximum number of slots maxSlots. The maximum
number of cycles specifies the number of subsequent event occurrences after which
the execution order constraint repeats, hence the name Repetitive Execution Order
Constraint. And the maximum number of slots specifies the number of executable
entities that are executed in a given order within a cycle.

Please note that the term maxCycles, respectively cycle, is a synonym for the term
maxRepetitions, respectively repetition.

The table below presents the repetitive execution order constraint sketched in Figure
7.33 in a tabular way.

Slots
1 2 3
Cycle1 | RE1 | RE2 | RE3
Cycle2 | RE1 | RE4 | RE5
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Cycle 3 | RE7 | RE8 | RE9
Cycle 4 | RE1 | RE8 | RE6

Table 7.22: Example Repetitive Execution Order Constraint

The following constraints shall be considered when creating Repetitive Execution Order
Constraints:

[constr_4526] Specifying maxCycles and maxSlots in a Repetitive Execution Or-
der Constraint [ The optional attributes maxCycles and maxSlots shall be specified
only by the root group of executable entity references EOCExecutableEntityRef—

Group. [()

[constr_4527] Referencing TimingDescriptionEvent in a Repetitive Execution
Order Constraint [ The TimingDescriptionEvent shall be specified only by the
root group of executable entity references EOCExecutableEntityRefGroup. ()

[constr_4528] The root EOCExecutableEntityRefGroup shall reference only
EOCExecutableEntityRefGroups [ The root EOCExecutableEntityRefGroup
shall reference only groups of executable entity references respectively event refer-
ences grouped by the element EOCExecutableEntityRefGroups. |()

[constr_4529] Number of nested elements referenced by the root EOCExe-
cutableEntityRefGroup [ The number of nested elements referenced by the root
EOCExecutableEntityRefGroup shall be exactly the number given by the attribute
maxCycles. [()

[constr_4530] An EOCExecutableEntityRefGroup representing a cycle shall
reference only EOCExecutableEntityRefs respectively EOCEventRefs | The
EOCExecutableEntityRefGroup representing a cycle shall reference only exe-
cutable entity references EOCExecutableEntityRefs respectively event references
EOCEventRefs. ()

[constr_4531] Number of nested elements referenced by EOCExecutableEnti-
tyRefGroup representing a cycle [ The number of nested elements referenced by a
EOCExecutableEntityRefGroup representing a cycle shall be exactly the number
given by the attribute maxSlots. |()

[constr_4539] The successor relationships successor and directSuccessor
shall not be used | The successor relationships successor and directSuccessor
shall not be used in a Repetitive Execution Order Constraint. |()

[constr_4540] maxCycles and maxSlots shall not be zero | If the optional at-
tributes maxCycles and maxSlots are used, then the values of the optional attributes
maxCycles and maxSlots shall be greater than zero (0). |()
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7.7 ExecutionTimeConstraint

The AUTOSAR model provides a method to describe the execution time of an Ex-
ecutableEntity. Therefore the package ResourceConsumption contains the
class ExecutionTime. The concept is described in the Basic Software Module Tem-
plate document [6]. This execution time description represents a timing property of the
system.

[TPS_TIMEX_00008] ExecutionTimeConstraint to specify execution time con-
straints | The element ExecutionTimeConstraint is used to specify minimum
and maximum execution time constraints of executable entities. |(RS_TIMEX_ 00001,
RS _TIMEX_00013)

Identifiable AtpPrototype
Traceable +component| gyycomponentPrototype
TimingConstraint ! «instanceRef» 1
+contextComponent/[\ 0..*

{ordered,s
subsetsyet}
atpContextElement}

AtpinstanceRef
ComponentinCompositioninstanceRef

«enumeration» ExecutionTimeConstraint +component
ExecutionTimeTypeEnum
+ executionTimeType :ExecutionTimeTypeEnum 0.1
net
gross +executable Identifiable

1 ExecutableEntity

+ minimumStartinterval :TimeValue
+ reentrancyLevel :ReentrancyLevelEnum [0..1]

+minimum |0..1 +maximum|0..1

Multidimensional Time

+ cseCode :CseCodeType
+ cseCodeFactor :Integer

Figure 7.34: Execution time constraint

An ExecutionTimeConstraint references the ExecutableEntity, whose ex-
ecution time shall be constrained. The ComponentInCompositionInstanceRef
referenced by component defines the component instance, which contains the
RunnableEntity (in case of a BSW ExecutableEntity, the component reference
is omitted).
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Class ExecutionTimeConstraint
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Execution
TimeConstraint
Note An ExecutionTimeConstraint is used to specify the execution time of the referenced
ExecutableEntity in the referenced component. A minimum and maximum execution
time can be defined.
Two types of execution time semantics can be used. The desired semantics can be
set by the attribute executionTimeType: The "net" execution time is the time used to
execute the ExecutableEntity without interruption and without external calls. The
"gross" execution time is the time used to execute the ExecutableEntity without
interruption including external calls to other entities.
The time to execute the ExecutableEntity including interruptions by other entities and
including external calls is commonly called "response time". The TimingExtensions
provide the concept of event chains and latency constraints for that purpose. An
event chain from the start of the entity to the termination of the entity with according
latency constraint represents a response time constraint for that executable entity.
Base ARObject, Identifiable, MultilanguageReferrable, Referrable, TimingConstraint,
Traceable
Attribute Type Mul. | Kind | Note
component | SwComponentP | 0..1 iref | The component that containts the referenced
rototype ExecutableEntity for the ExecutionTimeConstraint.
If the entity is in a basic software module no
component must be provided.
executable | ExecutableEntit 1 ref | The referenced ExecutableEntity for the
y ExecutionTimeConstraint.
executionT | ExecutionTimeT 1 attr | Specifies the type of the execution time
imeType ypeEnum constrained by ExecutionTimeConstraint,
maximum Multidimensiona | 0..1 | aggr | The maximum execution time.
[Time
minimum Multidimensiona | 0..1 aggr | The minimum execution time.
[Time
Table 7.23: ExecutionTimeConstraint
Enumeration | ExecutionTimeTypeEnum
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingConstraint::Execution
TimeConstraint
Note Specifies the type of the execution time constrained by ExecutionTimeConstraint.
Literal Description
gross Indicates that the given execution time is the time used to execute the
ExecutableEntity without any interruption and and including external calls.
Tags: atp.EnumerationValue=0
net Indicates that the given execution time is the time used to execute the
ExecutableEntity without any interruption and without any external calls.
Tags: atp.EnumerationValue=1

Table 7.24: ExecutionTimeTypeEnum
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8 Application Notes

This chapter outlines two application examples describing a potential approach to use
the Specification of Timing Extensions in a practical way. Furthermore, chapter 8.3
describes the use of external VFB events in more detail.

8.1 Component integration

One of the main concerns for the usage of the AUTOSAR development methodology
and AUTOSAR exchange formats is the need of OEMs and suppliers to exchange
specification data in a machine-readable, reliable and straightforward way in order for
example to integrate components in systems. The primary purpose of the "Specifica-
tion of Timing Extensions” is to facilitate requesting a specific timing behavior of such
components. And this topic is described in this section in more detailed based on the
basis of an integration scenario.

Integrating a software component instance delivered by an external party requires the
provision of timing information related to this component. As this information can be at-
tached to specific swComponent Type, with regards to its communication partners, the
according view VfbTiming (see 3.2) is used. Additionally, specific timing constraints
for implementing this software component are given, too.

SensorECU
Tier One OEM Tier One
SensorSW-C SW-C Output SW-C

Sensor Conditioning Output
Runnable Runnable Runnable

Runtime Environment

Basic Software
{

T

Figure 8.1: A Sensor ECU connected with a FlexRay Network and three software com-
ponents

FlexRay Bus
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Figure 8.1 outlines the scenario in a demonstrative way. The shown ECU holds three
software components: the first one, called "Sensor SW-C”, reads data from a hardware
sensor; the second one, called "Conditioning SW-C”, performs signal data condition-
ing like filtering and averaging. And last but not least, the third one, called “’Output
SW-C”, converts internal data representations (like 32bit Float) to ready-to-send data
representations (like UInt16). As certain requirements for sensor data conditioning as
an input for several other functions within the vehicle exist, the software component
"Conditioning SW-C” may be delivered by the OEM, directly. A partial description of
these components, ports, and interfaces is shown in listing 8.1.

Listing 8.1: Software Component Descriptions and Interface Definitions

<AR-PACKAGE>
<SHORT-NAME>Interfaces</SHORT-NAME>
<ELEMENTS>
<SENDER-RECEIVER-INTERFACE>
<SHORT-NAME>InternalSensorData</SHORT-NAME>
<DATA-ELEMENTS>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>internValueX</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION—PRIMITIVE—DATA—TYPE">/Datatypes/
Float</TYPE-TREF>
</VARIABLE-DATA-PROTOTYPE>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>internValueY</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION—PRIMITIVE—DATA—TYPE">/Datatypes/
Float</TYPE-TREF>
</VARIABLE-DATA-PROTOTYPE>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>internValueZ</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION—PRIMITIVE—DATA—TYPE">/Datatypes/
Float</TYPE-TREF>
</VARIABLE-DATA-PROTOTYPE>
</DATA-ELEMENTS>
</SENDER-RECEIVER-INTERFACE>
<SENDER-RECEIVER-INTERFACE>
<SHORT-NAME>Output SensorData</SHORT-NAME>
<CATEGORY />
<DATA-ELEMENTS>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>outValueX</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION—PRIMITIVE—DATA—TYPE">/Datatypes/
UIntl1l6</TYPE-TREF>
</VARIABLE-DATA-PROTOTYPE>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>outValueY</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION—PRIMITIVE—DATA—TYPE">/Datatypes/
UIntl6</TYPE-TREF>
</VARIABLE-DATA-PROTOTYPE>
<VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>outValueZ</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION—PRIMITIVE—DATA—TYPE">/Datatypes/
UIntl1l6</TYPE-TREF>
</VARIABLE-DATA-PROTOTYPE>
</DATA-ELEMENTS>
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</SENDER-RECEIVER-INTERFACE>
</ELEMENTS>
</AR-PACKAGE>
<AR-PACKAGE>
<SHORT-NAME>SensorPackage</SHORT-NAME>
<ELEMENTS>
<SENSOR-ACTUATOR-SW-COMPONENT-TYPE>
<SHORT-NAME>SensorComponent </SHORT-NAME>
<PORTS>
<P-PORT-PROTOTYPE>
<SHORT-NAME>InternalSensorData</SHORT-NAME>
<PROVIDED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
Interfaces/InternalSensorData</PROVIDED-INTERFACE-TREF>
</P-PORT-PROTOTYPE>
</PORTS>
<INTERNAL-BEHAVIORS>
<SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>SensorBehavior</SHORT-NAME>
<RUNNABLES>
<RUNNABLE-ENTITY>
<SHORT-NAME>SensorRunnable</SHORT-NAME>
</RUNNABLE-ENTITY>
</RUNNABLES>
</SWC-INTERNAL-BEHAVIOR>
</INTERNAL-BEHAVIORS>
</SENSOR-ACTUATOR-SW-COMPONENT-TYPE>
<APPLICATION-SW-COMPONENT-TYPE>
<SHORT-NAME>ConditioningComponent</SHORT-NAME>
<PORTS>
<R-PORT-PROTOTYPE>
<SHORT-NAME>UnprocessedSensorData</SHORT-NAME>
<REQUIRED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
Interfaces/InternalSensorData</REQUIRED-INTERFACE-TREF>
</R-PORT-PROTOTYPE>
<P—-PORT-PROTOTYPE>
<SHORT-NAME>ProcessedSensorData</SHORT-NAME>
<PROVIDED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
Interfaces/InternalSensorData</PROVIDED-INTERFACE-TREF>
</P-PORT-PROTOTYPE>
</PORTS>
<INTERNAL-BEHAVIORS>
<SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>ConditioningBehavior</SHORT-NAME>
<RUNNABLES>
<RUNNABLE-ENTITY>
<SHORT-NAME>ConditioningRunnable</SHORT-NAME>
</RUNNABLE-ENTITY>
</RUNNABLES>
</SWC-INTERNAL-BEHAVIOR>
</INTERNAL-BEHAVIORS>
</APPLICATION-SW-COMPONENT-TYPE>
<APPLICATION-SW—-COMPONENT-TYPE>
<SHORT-NAME>OutputComponent </SHORT-NAME>
<PORTS>
<R-PORT-PROTOTYPE>
<SHORT-NAME>UnprocessedSensorData</SHORT-NAME>
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<REQUIRED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
Interfaces/InternalSensorData</REQUIRED-INTERFACE-TREF>
</R-PORT-PROTOTYPE>
<P-PORT-PROTOTYPE>
<SHORT-NAME>ProcessedSensorData</SHORT-NAME>
<PROVIDED-INTERFACE-TREF DEST="SENDER-RECEIVER-INTERFACE">/
Interfaces/OutputSensorData</PROVIDED-INTERFACE-TREF>
</P-PORT-PROTOTYPE>
</PORTS>
<INTERNAL-BEHAVIORS>
<SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>OutputBehavior</SHORT-NAME>
<RUNNABLES>
<RUNNABLE-ENTITY>
<SHORT-NAME>OutputRunnable</SHORT-NAME>
</RUNNABLE-ENTITY>
</RUNNABLES>
</SWC-INTERNAL-BEHAVIOR>
</INTERNAL-BEHAVIORS>
</APPLICATION-SW-COMPONENT-TYPE>
<COMPOSITION-SW-COMPONENT-TYPE>
<SHORT-NAME>TopLevelComposition</SHORT-NAME>
<COMPONENTS>
<SW-COMPONENT-PROTOTYPE>
<SHORT-NAME>sensorComponent </SHORT-NAME >
<TYPE-TREF DEST="SENSOR-ACTUATOR-SW-COMPONENT-TYPE">/
SensorPackage/SensorComponent </TYPE-TREF>
</SW-COMPONENT-PROTOTYPE>
<SW-COMPONENT-PROTOTYPE>
<SHORT-NAME>conditioningComponent</SHORT-NAME>
<TYPE-TREF DEST="APPLICATION-SW-COMPONENT-TYPE">/
SensorPackage/ConditioningComponent</TYPE-TREF>
</SW-COMPONENT-PROTOTYPE>
<SW-COMPONENT-PROTOTYPE>
<SHORT-NAME>outputComponent </SHORT-NAME>
<TYPE-TREF DEST="APPLICATION-SW-COMPONENT-TYPE">/
SensorPackage/OutputComponent </TYPE-TREF>
</SW-COMPONENT-PROTOTYPE>
</COMPONENTS>
</COMPOSITION-SW-COMPONENT-TYPE>
</ELEMENTS>
</AR-PACKAGE>

In addition to this, receiving the sensor data by other ECUs, which are not shown in the
figure, requires this data to fulfill certain timing requirements regarding their maximum
age, for example. Mapped to the figure this means that the blue data path drawn shall
has a specific temporal length. This requirement is the other hand side of the actual
scenario.

The software component "Conditioning SW-C” is delivered by the OEM for the sake of
implementing special filtering or averaging algorithms applied on the measured sensor
data. Thus, the mapping of software component to this ECU is fixed, already. To fulfill
certain non-functional requirements, the implementing RunnableEntity of software
component "Conditioning” needs to be executed straight away after RunnableEntity
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of component "Sensor SW-C” and right before RunnableEntity of component "Out-
put SW-C”. In addition, the Tier-1 needs information about the execution times of the
runnable entity he has to expect when integrating the software component "Condition-
ing SW-C”. Specifying this can be done by describing the measured (or simulated, esti-
mated, etc.) execution times of the RunnableEntity. The following subsections give
a brief idea how this can be accomplished by utilizing the capabilities of the AUTOSAR
Specification of Timing Extensions.

8.1.1 VFB view

At first, timing descriptions and constraints on VFB level are defined. The component
”"Conditioning SW-C” receives data via its required port "UnprocessedSensorData” at
a specific point in time. This point is denoted by the event "ConditioningReceived”,
whereas the event "ConditioningSent” denotes the point in time data is sent via the
provided port "ProcessedSensorData”. To prescribe a "maximum age” for the reading
input the LatencyTimingConstraint is used. For this, the external event "Sensor-
DataProduced” is defined. Based on this, an event chain between this external event
"SensorDataProduced” and the "ConditioningReceived” event is specified — the event
"SensorDataProduced” plays the role of the stimulus event and the event "Condition-
ingReceived” is playing the role of the response event with regard to the specified event
chain. The latency timing constraint is pointing to this event chain. The representation
of the events, event chain and the corresponding timing constraint is shown in listing
8.2.

Listing 8.2: LatencyConstraint and related events on VfbTiming view

<VFB-TIMING>
<SHORT-NAME>SensorVfbTiming</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>ConditioningReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/SensorPackage/
ConditioningComponent /UnprocessedSensorData</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
InternalSensorData/internValueX</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>ConditioningSent</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/SensorPackage/
ConditioningComponent /ProcessedSensorData</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
InternalSensorData/internValueX</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>SensorDataProduced</SHORT-NAME>
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<IS-EXTERNAL>true</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/SensorPackage/
ConditioningComponent /UnprocessedSensorData</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
InternalSensorData/internValueX</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>InputVfbChain</SHORT-NAME>
<CATEGORY />
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/
TimingPackage/SensorVfbTiming/SensorDataProduced</STIMULUS
—REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/
TimingPackage/SensorVfbTiming/ConditioningReceived</
RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/
TimingPackage/SensorVfbTiming/InputVfbChain</SEGMENT-REF
>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-REQUIREMENTS>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>InputVfbLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>AGE</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/
TimingPackage/SensorVEfbTiming/InputVfbChain</SCOPE-REF>
<MINIMUM>
<CSE-CODE>1</CSE-CODE>
<CSE-CODE-FACTOR>4(0</CSE-CODE-FACTOR>
</MINIMUM>
<MAXIMUM>
<CSE-CODE>1</CSE—-CODE>
<CSE-CODE-FACTOR>50</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
<EXECUTION-ORDER-CONSTRAINT>
<SHORT-NAME>EOC1</SHORT-NAME>
<ORDERED-ELEMENTS>
<EOC-EXECUTABLE-ENTITY-REF>
<SHORT-NAME>SensorRunnableRef</SHORT-NAME>
<COMPONENT-IREF>
<TARGET-COMPONENT-REF DEST="SW-COMPONENT-PROTOTYPE">/
SensorPackage/TopLevelComposition/sensorComponent</
TARGET-COMPONENT—-REF>
</COMPONENT-IREF>
<EXECUTABLE-REF DEST="RUNNABLE-ENTITY">/SensorPackage/
SensorComponent /SensorBehavior/SensorRunnable</
EXECUTABLE-REF>
<SUCCESSOR-REF'S>
<SUCCESSOR-REF DEST="EOC-EXECUTABLE-ENTITY-REF">/
TimingPackage/SensorVfbTiming/EOC1/
ConditioningRunnableRef</SUCCESSOR-REF>
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</SUCCESSOR-REFS>
</EOC-EXECUTABLE-ENTITY-REF>
<EOC-EXECUTABLE-ENTITY-REF>
<SHORT-NAME>ConditioningRunnableRef</SHORT-NAME>
<COMPONENT-IREF>
<TARGET-COMPONENT-REF DEST="SW-COMPONENT-PROTOTYPE">/
SensorPackage/TopLevelComposition/
conditioningComponent</TARGET-COMPONENT-REF>
</COMPONENT-IREF>
<EXECUTABLE-REF DEST="RUNNABLE-ENTITY">/SensorPackage/
ConditioningComponent /ConditioningBehavior/
ConditioningRunnable</EXECUTABLE-REF>
<SUCCESSOR-REFS>
<SUCCESSOR-REF DEST="EOC-EXECUTABLE-ENTITY-REF">/
TimingPackage/SensorVfbTiming/EOC1l/OutputRunnableRef
</SUCCESSOR-REF>
</SUCCESSOR-REFS>
</EOC-EXECUTABLE-ENTITY-REF>
<EOC-EXECUTABLE-ENTITY-REF>
<SHORT-NAME>OutputRunnableRef</SHORT-NAME>
<COMPONENT-IREF>
<TARGET-COMPONENT-REF DEST="SW-COMPONENT-PROTOTYPE">/
SensorPackage/TopLevelComposition/outputComponent</
TARGET-COMPONENT-REF >
</COMPONENT-IREF>
<EXECUTABLE-REF DEST="RUNNABLE-ENTITY">/SensorPackage/
OutputComponent /OutputBehavior/OutputRunnable</
EXECUTABLE-REF>
</EOC-EXECUTABLE-ENTITY-REF>
</ORDERED-ELEMENTS>
</EXECUTION-ORDER-CONSTRAINT>
</TIMING-REQUIREMENTS>
<COMPONENT-REF DEST="COMPOSITION-SW-COMPONENT-TYPE">/

SensorPackage/TopLevelComposition</COMPONENT-REF>
</VFB-TIMING>

8.1.2 ECU view

After generating the ECU extract, implementation related details of the ECU are avail-
able and execution order constraints for the mapped software components — more
precise, their runnable entities — exist. For the sake of easiness, each software com-
ponent implements one RunnableEntity. Constraining their execution order using
the ExecutionOrderConstraint is shown in listing 8.3.

Listing 8.3: Execution Order Constraint for Three Runnable Entities

<EXECUTION-ORDER—-CONSTRAINT>
<SHORT-NAME>EOC1</SHORT-NAME>
<ORDERED-ELEMENTS>
<EOC-EXECUTABLE-ENTITY-REF>
<SHORT-NAME>SensorRunnableRef</SHORT-NAME>
<COMPONENT-IREF>
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<TARGET-COMPONENT-REF DEST="SW-COMPONENT-PROTOTYPE">/
SensorPackage/TopLevelComposition/sensorComponent</
TARGET-COMPONENT-REF>
</COMPONENT-IREF>
<EXECUTABLE-REF DEST="RUNNABLE-ENTITY">/SensorPackage/
SensorComponent /SensorBehavior/SensorRunnable</
EXECUTABLE-REF>
<SUCCESSOR-REFS>
<SUCCESSOR-REF DEST="EOC-EXECUTABLE-ENTITY-REF">/
TimingPackage/SensorVfbTiming/EOC1/
ConditioningRunnableRef</SUCCESSOR-REF>
</SUCCESSOR-REFS>
</EOC-EXECUTABLE-ENTITY-REF>
<EOC-EXECUTABLE-ENTITY-REF>
<SHORT-NAME>ConditioningRunnableRef</SHORT-NAME>
<COMPONENT-IREF>
<TARGET-COMPONENT-REF DEST="SW-COMPONENT-PROTOTYPE">/
SensorPackage/TopLevelComposition/
conditioningComponent</TARGET-COMPONENT-REF>
</COMPONENT-IREF>
<EXECUTABLE-REF DEST="RUNNABLE-ENTITY">/SensorPackage/
ConditioningComponent /ConditioningBehavior/
ConditioningRunnable</EXECUTABLE-REF>
<SUCCESSOR-REFS>
<SUCCESSOR-REF DEST="EOC-EXECUTABLE-ENTITY-REF">/
TimingPackage/SensorVfbTiming/EOC1l/OutputRunnableRef
</SUCCESSOR-REF>
</SUCCESSOR-REFS>
</EOC-EXECUTABLE-ENTITY-REF>
<EOC-EXECUTABLE-ENTITY-REF>
<SHORT-NAME>OutputRunnableRef</SHORT-NAME>
<COMPONENT-IREF>
<TARGET-COMPONENT-REF DEST="SW-COMPONENT-PROTOTYPE">/
SensorPackage/TopLevelComposition/outputComponent</
TARGET-COMPONENT-REF >
</COMPONENT-IREF>
<EXECUTABLE-REF DEST="RUNNABLE-ENTITY">/SensorPackage/
OutputComponent /OutputBehavior/OutputRunnable</
EXECUTABLE-REF>
</EOC-EXECUTABLE-ENTITY-REF>
</ORDERED-ELEMENTS>
</EXECUTION-ORDER-CONSTRAINT>

Another typical constraint describes the maximum time to be elapsed for sending data
on the bus. Therefore, an event "DataTransmitted” representing the point in time
the data is sent on the bus is specified using the event type TDEventFrame (listing
8.4). Additionally a TimingDescriptionEventChain is specified having "Condi-
tioningSent” as stimulus event and "DataTransmitted” as response event (see listing
8.5).

Listing 8.4: Event describing the point in time where data is sent on the bus

<TD-EVENT-FRAME>
<SHORT-NAME>DataTransmitted</SHORT-NAME>
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<FRAME-REF DEST="FLEXRAY-FRAME">/SystemDescriptionPackage/
SensorFrame</FRAME-REF>
<PHYSICAL-CHANNEL-REF DEST="FLEXRAY-PHYSICAL-CHANNEL">/

SystemDescriptionPackage/SampleFrCluster/FrChannelll0OMBit<
/PHYSICAL-CHANNEL-REF>

<TD-EVENT-TYPE>FRAME-TRANSMITTED-ON-BUS</TD-EVENT-TYPE>
</TD-EVENT-FRAME>

Listing 8.5: Event chain describing the sending path of data

<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>SensorEcuChain</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/

TimingPackage/SensorVfbTiming/ConditioningSent</STIMULUS-
REF>

<RESPONSE—-REF DEST="TDfEVENTfFRAME">/TimingPackage/
SensorEcuTiming/DataTransmitted</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/

TimingPackage/SensorEcuTiming/SensorEcuChain</SEGMENT-
REF>

</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>

The constraint prescribing the maximum latency between the point in time the stimulus
event occurs and the point in time the response event occurs is shown in listing 8.6.

Listing 8.6: Latency constraint prescribing the maximum latency of sending path within
the ECU

<TIMING-REQUIREMENTS>
<LATENCY-TIMING—-CONSTRAINT>
<SHORT-NAME>SensorEcuLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/

TimingPackage/SensorEcuTiming/SensorEcuChain</SCOPE-REF>
<MAXIMUM>

<CSE-CODE>1</CSE-CODE>
<CSE-CODE-FACTOR>400</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>

8.2 Engine control

This example illustrates an example for the definition of timing constraints in an en-
gine management system. Although the system is simplified to be included within this
chapter it is based on a real world example in its basic concepts.
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8.2.1 Overview

The example system is an air mass controlled gasoline internal combustion engine
control system. Roughly, the functionality of software components can be categorized
as described in the following:

Sensors Three SensorActuatorSwComponentTypes called "MassAirFlowSen-
sor”, "AcceleratorPedalSensor”, and "ThrottleSensor” are responsible for reading
in the most important control factors.

Application Based Calculation Most ApplicationSwComponentTypes calculate
the new control factors for the engine. In summary these components are "Ac-
celeratorPedalVoter”, "ThrottleController”, "ThrottleChange”, "BaseFuelMass”,
"TransientFuelMass”, "Ignition”, and "TotalFuelMass”.

Actuators The control of the actuators is encapsulated by the SensorActuator-
SwComponent Types "ThrottleActuator”, "InjectionActuator”, and "IgnitionAcuta-

tor”.

Engine Mode and Control The engine can be operated in different operation modes.
The AtomicSwComponentType "OperatingMode” includes a state machine
which decides what setting for the application based calculation is used depend-
ing on the current mode, for example normal drive, idle speed, etc. Similar val-
ues are delivered by the "IdleSpeedControl” which determines important inputs
for application calculation during idle speed.

Miscellaneous The AtomicSwComponentType ”InjBatVoltCorrectionSensor” pro-
vides the input from the battery voltage sensor. The AtomicSwComponent-
Type”CyINumQObserver” is checking whether a change in the cylinder number is
sensed and afterwards schedules the application based calculation. In this ex-
ample application it is assumed that the cylinder number is provided externally
within a rate of 2,5ms.

Since giving a complete overview of the system would result in an highly connected
graph, Figure 8.2 shows a simplified sketch of the System because a detailed pre-
sentation of such a system would go far beyond the scope of this section. The blue
colored lines show important signal paths that are considered to be important for timing
analysis and are typically subject to be constrained by timing requirements.
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Figure 8.2: Rough sketch of an internal combustion engine control system including
important signal flow paths.

8.2.2 Timing Requirements

Assumed the following timing requirements are stated and imposed on the sketched
engine control application:

1. When the position of the accelerator pedal changes then the throttle shall be
actuated within 30ms.

2. The maximum age of the throttle position value tolerated by the application soft-
ware shall not exceed 10ms.

3. The calculation of ignition timing shall be completed latest 50ms after the a
change of the position of the accelerator pedal has been detected.

4. The calculation of the ignition timing shall be completed 3ms after the BswIn-
terruptEntity of the Basic Software Module called "Camshaft” has been ac-
tivated.

5. For each cylinder the calculation of the corresponding injection mass shall be
activated every 20ms (50Hz) and shall be completed not later than 20ms after its
activation.
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The listed requirements above need to be transformed into timing requirements cap-
tured by the capabilities of the AUTOSAR Specification of Timing Extensions. The
following subsections present how the timing models look alike for every of those re-
quirements.

8.2.3 Formal description of timing constraints in VFB View

It should be understood that the requirements from section 8.2.2 can be mapped to
timing constraints that reference different parts of the system. Since a comprehensive
and detailed overview of the whole system would go beyond the scope of this section
only the important parts of the system and its timing are given to convey the idea
behind using the AUTOSAR Specification of Timing Extensions for each presented
timing requirement.

The requirements 1 to 3 are expressed in the VFB view respectively VFB Timing (V£-
bTiming).

8.2.3.1 Requirement 1

Figure 8.3 shows the simplified signal flow and involved components. It has been iden-
tified that the critical path of execution has an effect on four software components. The
sensor software component "AccelleratorPedal” is responsible for reading in the signal
and passes it to the application software component "AccelleratorPedalVoter”. After-
wards the processed signal is further processed in the application software component
"ThrottleController” until it is finally sent to the actuator via the actuator software com-
ponent "ThrottleActuator”. For specification of the timing constraint a timing descrip-
tion event chain must be defined along with the appropriate timing description events.
These timing descriptions and timing constraints are presented in listing 8.7 and cover
the whole path from the sensor to the actuator.
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Accelerator Accelerator Throttle Throttle
Pedal Pedal Controller Actuator
Voter
Sensor Application Application Actuator
Software Software Software Software
Component Component Component Component

Virtual Function Bus

Figure 8.3: Involved components for signal flow from ”AcelleratorPedal” to “ThrottleAc-
tuator” for timing requirement 1.

Since a timing constraint is imposed on the "sensor to actuator” communication the
chosen constraint is a LatencyTimingConstraint and its type is "Reaction”. Also
note that the overall timing event chain references all event chain segments the event
chain consists of.

Listing 8.7: Event Definitions and Constraints for Requirement 1

<VFB-TIMING>
<SHORT-NAME>EngineControlVfbTimingl</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RAcceleratorPedalPositionSensorReceived</SHORT-
NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/
AcceleratorPedal/RAcceleratorPedalPositionSensor</PORT-REF
>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IAcceleratorPedalPositionSensor/
AcceleratorPedalPositionSensor</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>PAcceleratorPedalPositionSent</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/
AcceleratorPedal/PAcceleratorPedalPosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IAcceleratorPedalPosition/AcceleratorPedalPosition</DATA-
ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
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<SHORT-NAME>RAcceleratorPedalPositionReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/
AcceleratorPedalVoter/RAcceleratorPedalPosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IAcceleratorPedalPosition/AcceleratorPedalPosition</DATA-
ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>PVotedPedalPositionSent</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/
AcceleratorPedalVoter/PVotedPedalPosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IVotedPedalPosition/VotedPedalPosition</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RVotedPedalPositionReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/
ThrottleController/RVotedPedalPosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IVotedPedalPosition/VotedPedalPosition</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>PUnlimitedThrottlePositionSent</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/
ThrottleController/PUnlimitedThrottlePosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IUnlimitedThrottlePosition/UnlimitedThrottlePosition</DATA
—ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RUnlimitedThrottlePositionReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/
ThrottleActuator/RUnlimitedThrottlePosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IUnlimitedThrottlePosition/UnlimitedThrottlePosition</DATA
—ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>PUnlimitedThrottlePositionActuatorSent</SHORT-
NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
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<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/
ThrottleActuator/PUnlimitedThrottlePositionActuator</PORT-
REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IUnlimitedThrottlePosition/UnlimitedThrottlePosition</DATA
—ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSeg0</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/
RAcceleratorPedalPositionSensorReceived</STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/PAcceleratorPedalPositionSent</
RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg0</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSegl</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/PAcceleratorPedalPositionSent</
STIMULUS-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/RAcceleratorPedalPositionReceived
</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSegl</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSegl_1</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/RAcceleratorPedalPositionReceived
</STIMULUS-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/PVotedPedalPositionSent</RESPONSE
—REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSegl_1</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSeg2</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/PVotedPedalPositionSent</STIMULUS
—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/RVotedPedalPositionReceived</
RESPONSE-REF>
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<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg2</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSeg2_1</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVEfbTimingl/RVotedPedalPositionReceived</
STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/PUnlimitedThrottlePositionSent</
RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg2_1</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSeg3</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/PUnlimitedThrottlePositionSent</
STIMULUS-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlV£fbTimingl/
RUnlimitedThrottlePositionReceived</RESPONSE—-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg3</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlSeg4</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/
RUnlimitedThrottlePositionReceived</STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/
PUnlimitedThrottlePositionActuatorSent</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg4</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChainlAllSeg</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlV£fbTimingl/
RAcceleratorPedalPositionSensorReceived</STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/
PUnlimitedThrottlePositionActuatorSent</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg0</SEGMENT-REF>
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<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSegl</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSegl_1</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg2</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg2_1</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg3</SEGMENT—-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlSeg4</SEGMENT—-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-REQUIREMENTS>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>TimingChainlAllSegLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlAllSeg</SCOPE—-REF>
<MINIMUM>
<CSE-CODE>1</CSE-CODE>
<CSE-CODE-FACTOR>2 8</CSE—-CODE-FACTOR>
</MINIMUM>
<MAXIMUM>
<CSE-CODE>1</CSE-CODE>
<CSE-CODE-FACTOR>30</CSE—-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>
<COMPONENT-REF DEST="COMPOSITION-SW-COMPONENT-TYPE">/Components/
EngineControl</COMPONENT-REF>
</VFB-TIMING>

8.2.3.2 Requirement 2

Requirement 2 specifies a typical timing constraint concerning the age of data provided
by a sensor. For calculation in the At omicSwComponent Type called "BaseFuelMass”
— which is here chosen as an example of the application software — a maximum age
of input data concerning the throttle angle must be guaranteed. The sensor value is
determined in the SensorActuatorSwComponent Type called "ThrottleSensor” and
is passed to the application software. Figure 8.4 shows all involved software compo-
nents.
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Figure 8.4: Involved components for signal flow from “ThrottleSensor” to application
component "BaseFuelMass” for timing requirement 2.

Please note that even if the signal flow continuous to other parts of the system, it is
possible to specify only this aspect of the desired timing behavior as shown in listing
8.8.

Listing 8.8: Event Definitions and Constraints for Requirement 2

<VEFB-TIMING>
<SHORT-NAME>EngineControlVfbTiming2</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RThrottlePositionSensorReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/ThrottleSensor/
RThrottlePositionSensor</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IThrottlePositionSensor/ThrottlePositionSensor</DATA-
ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>PThrottlePositionSent</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/ThrottleSensor/
PThrottlePosition</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IThrottlePosition/ThrottlePosition</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RThrottlePositionReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/BaseFuelMass/
RThrottlePosition</PORT-REF>
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<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IThrottlePosition/ThrottlePosition</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain2Seg0</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVEfbTiming2/RThrottlePositionSensorReceived</
STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming2/PThrottlePositionSent</RESPONSE-
REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Seg0</SEGMENT—-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain2Segl</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming2/PThrottlePositionSent</STIMULUS-
REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVEfbTiming2/RThrottlePositionReceived</
RESPONSE—-REF>
<SEGMENT-REF'S>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Segl</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain2AllSeg</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming2/RThrottlePositionSensorReceived</
STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming2/RThrottlePositionReceived</
RESPONSE—-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Seg0</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Segl</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-REQUIREMENTS>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>TimingChain2AllSegLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>AGE</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Segl</SCOPE—-REF>
<MAXIMUM>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>10</CSE-CODE-FACTOR>
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</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>
</VFB-TIMING>

8.2.3.3 Requirement 3

In requirement 3 a more complex timing description event chain is constrained. The
first part of the event chain is already defined in the context of requirement 1. Thus,
one can reference the set of defined events as well as the already specified timing
description event chains. The second part of the event chain captures the feedback in
the system that observes the sensor, in particular "ThrottleSensor”. Please note that
all events must have a functional dependency, so it is important to understand that
the sensorActuatorSwComponent Type “ThrottleSensor” must utilize up-to-date in-
formation of the SensorActuatorSwComponent Type "ThrottleActuator”. Figure 8.5
shows the entire signal path and listing 8.9 presents the entire timing information con-
sisting of timing descriptions and timing constraints.

Accelerator Accelerator Throttle Throttle
Pedal Pedal Controller Actuator
Voter | | | |  L____ |
Sensor Application Application Actuator
Software Software Software Software
Component Component Component Component

Functional
Dependency

Ignition Ignition Base Fuel Throttle

Actuator Mass Sensor € — — —
Actuator Application Application Sensor
Software Software Software Software

Component Component Component Component

Figure 8.5: Involved components for signal flow from sensor software component ”Ac-
celleratorPedal” to actuator software component ”IgnitionActuator” for timing require-
ment 3.

Listing 8.9: Event Definitions and Constraints for Requirement 3

<VFB-TIMING>
<SHORT-NAME>EngineControlVfbTiming3</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
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<SHORT-NAME>PMafRateOutSent </SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/BaseFuelMass/
PMafRateOut</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IMafRateOut /MafRateOut</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RMafRateOutReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/Ignition/
RMafRateOut</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IMafRateOut /MafRateOut</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>PIgnitionTimingSent</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="P-PORT-PROTOTYPE">/Components/Ignition/
PIgnitionTiming</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IIgnitionTiming/IgnitionTiming</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-SENT</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<SHORT-NAME>RIgnitionTimingReceived</SHORT-NAME>
<IS-EXTERNAL>false</IS-EXTERNAL>
<PORT-REF DEST="R-PORT-PROTOTYPE">/Components/
IngnitionActuator/RIgnitionTiming</PORT-REF>
<DATA-ELEMENT-REF DEST="VARIABLE-DATA-PROTOTYPE">/Interfaces/
IIgnitionTiming/IgnitionTiming</DATA-ELEMENT-REF>
<TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>VARIABLE-DATA-
PROTOTYPE-RECEIVED</TD-EVENT-VARIABLE-DATA-PROTOTYPE-TYPE>
</TD-EVENT-VARIABLE-DATA-PROTOTYPE>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain3Seg0</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/
RUnlimitedThrottlePositionReceived</STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming3/PMafRateOutSent </RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming3/TimingChain3Seg0</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain3Segl</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming3/PMafRateOutSent</STIMULUS-REF>
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<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing

/EngineControlVfbTiming3/RMafRateOutReceived</RESPONSE-REF
>

<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming3/TimingChain3Segl_1</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain3Segl_1</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming3/RMafRateOutReceived</STIMULUS—-REF
>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing

/EngineControlVEfbTiming3/PIgnitionTimingSent</RESPONSE-REF
>

<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming3/TimingChain3Segl_1</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain3Seg2</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming3/PIgnitionTimingSent</STIMULUS—-REF
>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming3/RIgnitionTimingReceived</RESPONSE
—-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/

EngineControlV£fbTiming3/TimingChain3Seg2</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain3Al1Seg</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTimingl/
RAcceleratorPedalPositionSensorReceived</STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing
/EngineControlVfbTiming3/RIgnitionTimingReceived</RESPONSE
—REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTimingl/TimingChainlAllSeg</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Seg0</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming2/TimingChain2Segl</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming3/TimingChain3Seg0</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlVfbTiming3/TimingChain3Segl</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlV£fbTiming3/TimingChain3Segl_1</SEGMENT-REF>
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<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/

EngineControlVfbTiming3/TimingChain3Seg2</SEGMENT-REF>
</SEGMENT-REFS>

</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-GUARANTEES>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>TimingChain3AllSegLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/

EngineControlVfbTiming3/TimingChain3AllSeg</SCOPE-REF>
<MAXIMUM>

<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>50</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-GUARANTEES>
<TIMING-REQUIREMENTS>
<OFFSET-TIMING-CONSTRAINT>
<SHORT-NAME>Ot c</SHORT-NAME>
<SOURCE-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing/
EngineControlVfbTimingl/
PUnlimitedThrottlePositionActuatorSent</SOURCE-REF>
<TARGET-REF DEST="TD-EVENT-VARIABLE-DATA-PROTOTYPE">/Timing/
EngineControlVfbTiming2/RThrottlePositionReceived</TARGET-
REF>
<MAXIMUM>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>5</CSE-CODE-FACTOR>
</MAXIMUM>
</OFFSET-TIMING-CONSTRAINT>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>TimingChain3AllSegLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/

EngineControlVfbTiming3/TimingChain3AllSeg</SCOPE-REF>
<MAXIMUM>

<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>50</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>
</VFB-TIMING>

8.2.4 Formal description of timing constraints in ECU View

Since requirement 4 references to events that are related to basic software modules,

namely the interrupt system, the events must be defined in the scope of the ECU View
respectively ECU Timing (EcuTiming).
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8.2.4.1 Requirement 4

The stimulus event of the timing description event chain for this requirements is the
start of the BswInterruptEntity of the basic software module called "Camshaft”.
And as a result the runnable entity of the software component “IgnitionActuator” is
activated. The response event of the timing description event chain is the termination
of the RunnableEntity belonging to the software component "IgnitionActuator” as
shown in Figure 8.6.
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Figure 8.6: Involved components and control flow for timing requirement 4.

The timing description events and event chains for this case are presented in listing
8.10.

Listing 8.10: Event Definitions and Constraints for Requirement 4

<ECU-TIMING>
<SHORT-NAME>EngineControlEcuTiming</SHORT-NAME>
<TIMING-DESCRIPTIONS>
<TD-EVENT-BSW-INTERNAL-BEHAVIOR>
<SHORT-NAME>CamShaft ISRActivated</SHORT-NAME>
<BSW-MODULE-ENTITY-REF DEST="BSW-INTERRUPT-ENTITY">/Modules/
CamShaft/CamShaftBehavior/CamShaft ISR</BSW-MODULE-ENTITY-
REF>
<TD-EVENT-BSW-INTERNAL-BEHAVIOR-TYPE>BSW-MODULE-ENTITY-
ACTIVATED</TD-EVENT-BSW-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-BSW-INTERNAL-BEHAVIOR>
<TD-EVENT-BSW-INTERNAL-BEHAVIOR>
<SHORT-NAME>CamShaft ISRStarted</SHORT-NAME>
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<BSW-MODULE-ENTITY-REF DEST="BSW-INTERRUPT-ENTITY">/Modules/
CamShaft/CamShaftBehavior/CamShaft ISR</BSW-MODULE-ENTITY-
REF>
<TD-EVENT-BSW-INTERNAL-BEHAVIOR-TYPE>BSW-MODULE-ENTITY-
STARTED</TD-EVENT-BSW-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-BSW-INTERNAL-BEHAVIOR>
<TD-EVENT-BSW-INTERNAL-BEHAVIOR>
<SHORT-NAME>CamShaftIsrTerminated</SHORT-NAME>
<BSW-MODULE-ENTITY-REF DEST="BSW-INTERRUPT-ENTITY">/Modules/
CamShaft/CamShaftBehavior/CamShaft ISR</BSW-MODULE-ENTITY-
REF>
<TD-EVENT-BSW-INTERNAL-BEHAVIOR-TYPE>BSW-MODULE-ENTITY-
TERMINATED</TD-EVENT-BSW-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-BSW-INTERNAL-BEHAVIOR>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>IgnitionActuatorCalculationActivated</SHORT-NAME>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/Components/
IngnitionActuator/IgnitionActuatorBehavior/
IngnitionActuatorCalculation</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-
ACTIVATED</TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>IgnitionActuatorCalculationStarted</SHORT-NAME>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/Components/
IngnitionActuator/IgnitionActuatorBehavior/
IngnitionActuatorCalculation</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-STARTED<
/TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>IgnitionActuatorCalculationTerminated</SHORT-NAME
>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/Components/
IngnitionActuator/IgnitionActuatorBehavior/
IngnitionActuatorCalculation</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-
TERMINATED</TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain4Segl</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-BSW-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/CamShaft ISRStarted</STIMULUS—-REF>
<RESPONSE-REF DEST="TD-EVENT-BSW-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/CamShaftIsrTerminated</RESPONSE-REF
>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4Segl</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain4Seg2</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-BSW-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/CamShaftIsrTerminated</STIMULUS—-REF
>
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<RESPONSE-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/IgnitionActuatorCalculationStarted<
/RESPONSE—-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4Seg2</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain4Seg3</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/IgnitionActuatorCalculationStarted<
/STIMULUS-REF>
<RESPONSE-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/
IgnitionActuatorCalculationTerminated</RESPONSE—-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4Seg3</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain4AllSeg</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-BSW-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/CamShaftISRStarted</STIMULUS—-REF>
<RESPONSE—-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/Timing/
EngineControlEcuTiming/
IgnitionActuatorCalculationTerminated</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4Segl</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4Seg2</SEGMENT-REF>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4Seg3</SEGMENT-REF>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-REQUIREMENTS>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>TimingChain4AllSegLatency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlEcuTiming/TimingChain4AllSeg</SCOPE-REF>
<MAXIMUM>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>3</CSE-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>
</ECU-TIMING>
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8.2.5 Formal description of timing constraints in SW-C View

Requirement 5 refers to execution behavior of a software component’s RunnableEn-
tity and therefore the scope is the Software Component (SW-C) View respectively
Software Component (SW-C) Timing (SwcTiming).

8.2.5.1 Requirement 5

The SW-C timing references the internal behavior of RunnableEntity of SW-Cs.
Here one reference the RunnableEnt ity of the software component "Ignition” which
is @ ComplexDeviceDriverSwComponentType. In essence, the stated timing re-
quirement requires firstly that the delay between activation and termination of the
RunnableEntity is less than or equal 20 ms and secondly that the RunnableEn-
tity is triggered at a frequency of 50 Hz which means that the runnable entity is
periodically activated every 20 ms.

Triggering constraint

for starting runnable .
entity Ignition
B - |
Application
Software
Legend: Component
RE Runnable Entity H

Figure 8.7: Involved component and control flow for timing requirement 5.

Listing 8.11: Event Definitions and Constraints for Requirement 5

<SWC-TIMING>
<SHORT-NAME>EngineControlSwcTimingIgnition</SHORT-NAME>
<CATEGORY />
<TIMING-DESCRIPTIONS>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>IgnitionTimingCalculationActivated</SHORT-NAME>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/Components/Ignition/
IngnitionBehavior/IgnitionTimingCalculation</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-
ACTIVATED</TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>IgnitionTimingCalculationStarted</SHORT-NAME>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/Components/Ignition/
IngnitionBehavior/IgnitionTimingCalculation</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-STARTED<
/TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<SHORT-NAME>IgnitionTimingCalculationTerminated</SHORT-NAME>
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<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/Components/Ignition/
IngnitionBehavior/IgnitionTimingCalculation</RUNNABLE-REF>
<TD-EVENT-SWC-INTERNAL-BEHAVIOR-TYPE>RUNNABLE-ENTITY-
TERMINATED</TD-EVENT-SWC—-INTERNAL-BEHAVIOR-TYPE>
</TD-EVENT-SWC-INTERNAL-BEHAVIOR>
<TIMING-DESCRIPTION-EVENT-CHAIN>
<SHORT-NAME>TimingChain5</SHORT-NAME>
<STIMULUS-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/Timing/
EngineControlSwcTimingIgnition/
IgnitionTimingCalculationActivated</STIMULUS-REF>
<RESPONSE-REF DEST="TD-EVENT-SWC-INTERNAL-BEHAVIOR">/Timing/
EngineControlSwcTimingIgnition/
IgnitionTimingCalculationTerminated</RESPONSE-REF>
<SEGMENT-REFS>
<SEGMENT-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlSwecTimingIgnition/TimingChain5</SEGMENT-REF
>
</SEGMENT-REFS>
</TIMING-DESCRIPTION-EVENT-CHAIN>
</TIMING-DESCRIPTIONS>
<TIMING-REQUIREMENTS>
<PERIODIC-EVENT-TRIGGERING>
<SHORT-NAME>CalculateIgnitionTimingTriggeringConstraint</
SHORT-NAME>
<JITTER>
<CSE-CODE>3</CSE—-CODE>
<CSE-CODE-FACTOR>1</CSE-CODE-FACTOR>
</JITTER>
<PERIOD>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>2(0</CSE—-CODE-FACTOR>
</PERIOD>
</PERIODIC-EVENT-TRIGGERING>
<LATENCY-TIMING-CONSTRAINT>
<SHORT-NAME>TimingChain5Latency</SHORT-NAME>
<LATENCY-CONSTRAINT-TYPE>REACTION</LATENCY-CONSTRAINT-TYPE>
<SCOPE-REF DEST="TIMING-DESCRIPTION-EVENT-CHAIN">/Timing/
EngineControlSwcTimingIgnition/TimingChain5</SCOPE-REF>
<MAXIMUM>
<CSE-CODE>3</CSE-CODE>
<CSE-CODE-FACTOR>2(0</CSE—-CODE-FACTOR>
</MAXIMUM>
</LATENCY-TIMING-CONSTRAINT>
</TIMING-REQUIREMENTS>
<BEHAVIOR-REF DEST="SWC-INTERNAL-BEHAVIOR">/Components/Ignition/
IngnitionBehavior</BEHAVIOR-REF>
</SWC-TIMING>

8.3 Describing and Constraining Sensor and Actuator Timing

Chapter 5.1 describes the specification of VFB timing description events and intro-
duces the attribute isExternal of such events. If the attribute is set to TRUE,
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then the event is considered to be external, which means that the event is sup-
posed to occur on the physical sensor and/or actuator a SensorActuatorSwCompo-—
nentType, @ ComplexDeviceDriverSwComponentType and EculAbstraction-
SwComponent Type is dealing with. This chapter describes how this attribute is used
to describe events for sensor and actuator timing, how the different events of such
kind relate to each other in event chains, and how the timing can be constrained using
TimingConstraints.

One of the important purposes of the Timing Extensions is to specify end-to-end timing
constraints already in early development phases. However, in the VFB view there does
not exist such elements like physical sensors, physical actuators, or other hardware re-
lated elements to attach events to. Therefore, timing description events related to the
VFB View can be used to declare "external” events. For sensor and actuator timing four
cases can be distinguished: external events can be observed between a SensoraAc-
tuatorSwComponentType and a ComplexDeviceDriverSwComponent Type, as
well as between a sensorActuatorSwComponent Type and an EculAbstraction-—
SwComponentType.

8.3.1 External Event of a Sensor accessed via S/R

In this case the SensorActuatorSwComponentType receives data from the
EcuAbstractionSwComponentType Or ComplexDeviceDriverSwComponent-—
Type through a sender-receiver interface via its required port. Two events TDEvent -
VariableDataPrototype, indicating the receipt of data, are specified and both ref-
erencing the same required port and pointing to the the same variableDataProto-
type. The attribute i sExternal of one of those events is set to TRUE and the same
attribute of the other event is set to FALSE.

The semantics of the external event is that it occurs at the hardware level. The seman-
tics of the other event is that it indicates the receipt of the data via the corresponding
required port of the SensorActuatorSwComponent Type. And the notion is that the
external event occurs before the event indicating the receipt of data.

8.3.2 External Event of an Actuator accessed via S/R

In this case the SensorActuatorSwComponentType Sends data to the
EculAbstractionSwComponentType Or ComplexDeviceDriverSwComponent—
Type through a S/R interface via its provided port. Two events TDEventVariable—
DataPrototype, indicating the sending of data, are specified and both referencing
the same provided port and pointing to the the same variableDataPrototype. The
attribute i sExternal of one of those events is set to TRUE and the same attribute of
the other event is set to FALSE.

The semantics of the external event is that it occurs at the hardware level. The seman-
tics of the other event is that it indicates the sending of the data via the corresponding
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provided port of the SensorActuatorSwComponent Type. And the notion is that the
event indicating the sending of data occurs before the external event.

8.3.3 External Event of a Sensor accessed via C/S

In this case the SensorActuatorSwComponentType receives data from the
EcuAbstractionSwComponentType Or ComplexDeviceDriverSwComponent-—
Type through a C/S interface on its required port. Two events TDEventOperation,
indicating the receipt of the results of such an operation call, are specified and both
referencing the same required port and pointing to the the same ClientServerOp-
eration. The attribute isExternal of one of those events is set to TRUE and the
same attribute of the other event is set to FALSE.

The semantics of the external event is that it occurs at the hardware level. The seman-
tics of the other event is that it indicates the receipt of the data via the corresponding
required port of the SensorActuatorswComponentType. And the notion is that the
external event occurs before the event indicating the receipt of the result of the opera-
tion call.

8.3.4 External Event of an Actuator accessed via C/S

In this case the SensorActuatorSwComponentType Sends data to the
EcuAbstractionSwComponentType OfF ComplexDeviceDriverSwComponent-—
Type through a C/S interface on its required port.

Two events TDEventOperation, indicating the invocation of the such an operation
call, are specified and both referencing the same required port and pointing to the the
same ClientServerOperation. The attribute isExternal of one of those events
is set to TRUE and the same attribute of the other event is set to FALSE.

The semantics of the external event is that it occurs at the hardware level. The seman-
tics of the other event is that it indicates the receipt of the data via the corresponding
required port of the SensorActuatorSwComponent Type. And the notion is that the
event indicating the invocation of the operation occurs before the external event.

8.3.5 Considering hardware I/O latency of EventChains at VFB-level

To express an end-to-end sensor or actuator timing description event chain that also
comprises hardware related latencies, already at VFB level, it is necessary to set the
attribute i sExternal of the stimulus and/or response accordingly. The overall end-
to-end timing description event chain thus also comprises the "Input Latency” and/or
the "Output Latency”.
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8.3.5.1 Input latency

The input latency is defined as the time latency between the point in time where the
data is generated by a hardware 1/O (e.g. a physical sensor) and the point in time
where it is available for the application component, e.g. a SensorActuatorSwCom-
ponentType. The input latency is the time between the two events described in 8.3.1
and 8.3.3, respectively, depending on the communication type.

8.3.5.2 Output latency

The output latency is defined as the time latency between the point in time where the
data is sent by the application component, e.g. a SensorActuatorSwComponent-—
Type, and the point in time where it is consumed by a hardware 1/O (e.g. a physical

actuator). The output latency is the time between the two events described in 8.3.2
and 8.3.4, respectively, depending on the communication type.

8.3.6 Constraining Input or Output Latency

The input or output latency can, for example, be modeled as event chain playing the
role of a segment of the overall end-to-end chain. The overall end-to-end chain and
also the input and output event chain segments can have attached timing constraints.

This way either the overall end-to-end timing behavior or only the input and output
behavior including hardware delay can be constrained already at VFB-level.

A History of Constraints and Specification ltems

A.1 Constraint History of this Document related to AUTOSAR
R4.0.1

A.1.1 Changed Constraints in R4.0.1

No constraints were changed in this release.

A.1.2 Added Constraints in R4.0.1

No constraints were added in this release.
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A.1.3 Deleted Constraints in R4.0.1

No constraints were deleted in this release.

A.2 Constraint History of this Document related to AUTOSAR
R4.0.2

A.2.1 Changed Constraints in R4.0.2

No constraints were changed in this release.

A.2.2 Added Constraints in R4.0.2

No constraints were added in this release.

A.2.3 Deleted Constraints in R4.0.2

No constraints were deleted in this release.

A.3 Constraint History of this Document related to AUTOSAR
R4.0.3

A.3.1 Changed Constraints in R4.0.3

No constraints were changed in this release.

A.3.2 Added Constraints in R4.0.3

The constraints listed in the table below were added in this release.

Number Heading

[constr_4500] | Restricted usage of functions

[constr_4501] | Application rule for the occurrence expression

[constr_4502] | Use references only as function operands

[constr_4503] | Restricted usage of AutosarOperationArgumentInstance for Content Filter

[constr_4504] | Restricted usage of AgeConstraint

[constr_4505] | Specifying minimum and maximum number of occurrences

[constr_4506] | Specifying minimum inter-arrival time and pattern length

[constr_4507] | Specifying pattern length, pattern jitter and patter period

Table A.1: Added Constraints in R4.0.3
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A.3.3 Deleted Constraints in R 4.0.3

No constraints were changed in this release.

A.4 Constraint History of this Document related to AUTOSAR

R4.1.1

A.4.1 Changed Constraints in R4.1.1

The constraints listed in the table below were changed in this release.

Number

Heading

[constr_4504]

The AgeConstraint is no longer restricted to events of type TDEventvariable-
DataPrototype only. All events indicating the receipt and reading of data can be
referenced by the AgeConstraint.

Table A.2: Changed Constraints in R4.1.1

A.4.2 Added Constraints in R4.1.1

The constraints listed in the table below were added in this release.

Number

Heading

[constr_4508]

TDEventVfb shall reference PortPrototypeBlueprint only in Blueprints

[constr_4509]

Only vfbTiming shall be a Blueprint

[constr_4510]

Specifying references to RunnableEntity and VariableAccess

[constr_4511]

Validity of referencing RunnableEntity

[constr_4512]

Validity of referencing VariableAccess

[constr_4513]

SynchronizationTimingConstraint shall reference at least two events

[constr_4514]

SynchronizationTimingConstraint shall reference at least two event chains

[constr_4515]

Specifying stimulus and response in TimingDescriptionEventChain

[constr_4516]

Specifying event chain segments

[constr_4517]

Referencing no further event chain segments

[constr_4518]

Specifying st imulus event and response event of first and last event chain segment

[constr_4519]

Specifying patternLength

[constr_4520]

Specifying attribute synchronizationConstraintType

[constr_4521]

Specifying attribute synchronizationConstraintType

[constr_4522]

SynchronizationTimingConstraint shall either reference events or event
chains

[constr_4523]

Specifying attributes maxCycles and maxSlots

[constr_4524]

Referencing TimingDescriptionEvent

[constr_4525]

Precedence of successor relationships successor and directSuccessor

[constr_4526]

Specifying maxCycles and maxSlots in a Repetitive Execution Order Constraint

[constr_4527]

Referencing TimingDescriptionEvent in a Repetitive Execution Order Constraint

[constr_4528]

The root EOCExecutableEntityRefGroup shall reference only EOCExe-
cutableEntityRefGroups

[constr_4529]

Number of nested elements referenced by the root EOCExecutableEntityRef-
Group
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[constr_4530]

An EOCExecutableEntityRefGroup representing a cycle shall reference only EO-
CExecutableEntityRefs

[constr_4531]

Number of nested elements referenced by EOCExecutableEntityRefGroup rep-
resenting a cycle

Table A.3: Added Constraints in R4.1.1

A.4.3 Deleted Constraints in R4.1.1

No constraints were deleted in this release.

A.5 Constraint History of this Document related to AUTOSAR

R4.1.2

A5.1

Changed Constraints in R4.1.2

No constraints were changed in this release.

A.5.2 Added Constraints in R4.1.2

The constraints listed in the table below were added in this release.

Number

Heading

[constr_4532]

Successor relationship is not self-referencing

[constr_4533]

Maximum number of successor relationships

[constr_4534]

Maximum number of di rectSuccessor relationships

[constr_4535]

Same Mode of any ExecutableEntity

[constr_4536]

Compatible recurrence of any ExecutableEntity

[constr_4537]

References among elements in an ExecutionOrderConstraint

[constr_4538]

Hierarchical Execution Order Constraint: EOCExecutableEntityRef and EOCEx—
ecutableEntityRef shall be target or source of a successor relationship

[constr_4539]

The successor relationships successor and directSuccessor shall not be used

[constr_4540]

maxCycles and maxSlots shall not be zero

[constr_4541]

EOCExecutableEntityRef shall reference ExecutableEntity in Ordinary Exe-
cution Order Constraint

[constr_4542]

EOCExecutableEntityRef shall reference ExecutableEntity in Hierarchical
Execution Order Constraint

[constr_4543]

Maximum value of the parameter minimumInterArrivalTime

Table A.4: Added Constraints in R4.1.2

A.5.3 Deleted Constraints in R4.1.2

No constraints were deleted in this release.
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A.6 Constraint History of this Document related to AUTOSAR
R4.1.3

A.6.1 Changed Constraints in R4.1.3

No constraints were changed in this release.

A.6.2 Added Constraints in R4.1.3

No constraints were added in this release.

A.6.3 Deleted Constraints in R4.1.3

No constraints were deleted in this release.

A.7 Constraint History of this Document related to AUTOSAR
R4.2.1

A.7.1 Changed Constraints in R4.2.1

The constraints listed in the table below were changed in this release.

Number Heading

[constr_4528] | The root EOCExecutableEntityRefGroup shall reference only EOCExe-
cutableEntityRefGroups

[constr_4530] | An EOCExecutableEntityRefGroup representing a cycle shall reference only EO-
CExecutableEntityRefs respectively EOCEventRefs

[constr_4533] | Maximum number of successor relationships

[constr_4534] | Maximum number of directSuccessor relationships

[constr_4535] | AnExecutionOrderConstraint needs to be consistent regarding effective modes

[constr_4536] | Compatible recurrence of any ExecutableEntity

[constr_4537] | References among elements in an ExecutionOrderConstraint

Table A.5: Changed Constraints in R4.2.1

A.7.2 Added Constraints in R4.2.1

The constraints listed in the table below were added in this release.

Number Heading

[constr_4544] | Specifying patternlLength, patternJitter and patternPeriod

[constr_4545] | Referring either ExecutableEntitys Oof AbstractEvents

[constr_4546] | Setting the attribute i sEvent

[constr_4547] | Setting the attribute permitMultipleReferencesToEE
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[constr_4548] | EOCEventRef shall reference AbstractEvent in Ordinary Execution Order Con-
straint

[constr_4549] | EOCEventRef shall reference AbstractEvent in Hierarchical Execution Order Con-
straint

[constr_4550] | A Hierarchical Execution Order Constraint shall have an unambiguous root EOCExe—
cutableEntityRefGroup

Table A.6: Added Constraints in R4.2.1

A.7.3 Deleted Constraints in R4.2.1

No constraints were deleted in this release.

A.8 Constraint History of this Document related to AUTOSAR
R4.2.2

A.8.1 Changed Constraints in R4.2.2

No constraints were changed in this release.

A.8.2 Added Constraints in R4.2.2

No constraints were added in this release.

A.8.3 Deleted Constraints in R4.2.2

No constraints were deleted in this release.

A.9 Constraint History of this Document related to AUTOSAR
R4.3.0

A.9.1 Changed Constraints in R4.3.0

The constraints listed in the table below were changed in this release.

Number Heading

[constr_4501] | Application rule for the occurrence expression

Table A.7: Added Constraints in R4.3.0
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A.9.2 Added Constraints in R4.3.0

The constraints listed in the table below were added in this release.

Number Heading

[constr_4551] | Use only Numericals in TDEventOccurrenceExpression

[constr_4552] | Restricted usage of AutosarvariableInstance for Content Filter

Table A.8: Added Constraints in R4.3.0

A.9.3 Deleted Constraints in R4.3.0

No constraints were deleted in this release.

A.10 Constraint History of this Document related to AUTOSAR

R4.3.1

A.10.1 Changed Constraints in R4.3.1

No constraints were changed in this release.

A.10.2 Added Constraints in R4.3.1

No constraints were added in this release.

A.10.3 Deleted Constraints in R4.3.1

No constraints were deleted in this release.

A.11 Added Specification Items in R4.0.3

Number

Heading

[TPS_TIMEX_00001]

Purpose of TimingDescriptionEvent

[TPS_TIMEX_00002]

Purpose of TimingDescriptionEventChain

[TPS_TIMEX_00003]

EventTriggeringConstraint specifies occurrence behavior respectively
model

[TPS_TIMEX_00004]

LatencyTimingConstraint specifies latency constraints

[TPS_TIMEX_00005]

AgeConstraint to specify age constraints

[TPS_TIMEX_00006]

SynchronizationTimingConstraint specifies synchronicity constraints

[TPS_TIMEX_00007]

ExecutionOrderConstraint specifies sequence of executing executable
entities

[TPS_TIMEX_00008]

ExecutionTimeConstraint to specify execution time constraints
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[TPS_TIMEX_00009]

Optional use of timing extensions

[TPS_TIMEX_00010]

PeriodicEventTriggering specifies periodic occurrences of events

[TPS_TIMEX_00011]

SporadicEventTriggering specifies sporadic occurrences of events

[TPS_TIMEX_00012]

ConcretePatternEventTriggering specifies concrete pattern of occur-
rences of events

[TPS_TIMEX_00013]

BurstPatternEventTriggering specifies burst of occurrences of events

[TPS_TIMEX_00014]

ArbitraryEventTriggering specifies arbitrary occurrences of an event

[TPS_TIMEX_00015]

OffsetTimingConstraint specifies offset between occurrences of events

[TPS_TIMEX_00016]

Purpose of TDEventVfb

[TPS_TIMEX_00017]

TDEventVariableDataPrototype specifies events observable at

sender/receiver ports

[TPS_TIMEX_00018]

TDEventOperation specifies events obeservable at client/server ports.

[TPS_TIMEX_00019]

TDEventModeDeclaration specifies events obeservable at mode ports.

[TPS_TIMEX_00020]

TDEventSwcInternalBehavior specifies observable events of runnable en-
tities

[TPS_TIMEX_00021]

Purpose of TDEventCom

[TPS_TIMEX_00022]

TDEventISignal specifies events related to the exchange of I-Signals

[TPS_TIMEX_00023]

TDEvent IPdu specifies events related to the exchange of I-PDUs

[TPS_TIMEX_00024]

TDEventFrame specifies events related to the exchange of network frames

[TPS_TIMEX_00025]

TDEventFrClusterCycleStart specifies the event related to the start of a
FlexRay communication cycle

[TPS_TIMEX_00026]

TDEventTTCanCycleStart specifies the event related to the start of a
TTCAN communication cycle

[TPS_TIMEX_00027]

Purpose of TDEventComplex

[TPS_TIMEX_00028]

TDEventBswInternalBehavior specifies observable events of BSW mod-
ule entities

[TPS_TIMEX_00029]

Purpose of TDEventBsw

[TPS_TIMEX_00030]

TDEventBswModule specifies observable events when basic software entries
are called

[TPS_TIMEX_00031]

TDEventBswModeDeclaration specifies observable events in case of BSW
mode communication

[TPS_TIMEX_00032]

Purpose of VvfbTiming

[TPS_TIMEX_00033]

Purpose of SwcTiming

[TPS_TIMEX_00034]

Purpose of SystemTiming

[TPS_TIMEX_00035]

Purpose of BswModuleTiming

[TPS_TIMEX_00036]

Purpose of EcuTiming

[TPS_TIMEX_00037]

TimingConstraint isa Traceable

Table A.9: Added Specification Iltems in 4.0.3

A.12 Added Specification ltems in R4.1.1

Number

Heading

[TPS_TIMEX_00038]

Purpose of EOCExecutableEntityRefAbstract

[TPS_TIMEX_00039]

TDEventTrigger specifies events observable at trigger ports

[TPS_TIMEX_00040]

Blueprinting VfbTiming

[TPS_TIMEX_00041]

Purpose of EOCExecutableEntityRefGroup

[TPS_TIMEX_00042]

Purpose of TDEventVfbPort

[TPS_TIMEX_00043]

Purpose of TDEventVfbReference

[TPS_TIMEX_00044]

Purpose of TDEventSwc

[TPS_TIMEX_00045]

Purpose of TDEventSwcInternalBehaviorReference

[TPS_TIMEX_00046]

Purpose of EOCExecutableEntityRef
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Table A.10: Added Specification Items in 4.1.1

A.13 Added Specification Items in R4.1.2

No specification items were added in this release.

A.14 Added Specification Items in R4.1.3

No specification items were added in this release.

A.15 Added Specification Items in R4.2.1

Number

Heading

[TPS_TIMEX_00047]

Purpose of ExecutionOrderConstraintTypeEnum

[TPS_TIMEX_00048]

Purpose of EOCEventRef

Table A.11: Added Specification Iltems in 4.2.1

A.16 Changed Specification Iltems in R4.2.1

Number

Heading

[TPS_TIMEX_00007]

Added the possibility to reference RTEEvents and BswEvents in addi-
tion to ExecutableEntitys. The optional attributes executionOrder-
ConstraintType, isEvent and permitMultipleReferencesToEE have
been specified to support consistency checking of an execution order con-
straint.

Table A.12: Changed Specification ltems in 4.2.1

A.17 Added Specification Items in R4.2.2

No specification items were added in this release.

A.18 Changed Specification Iltems in R4.2.2

No specification items were changed in this release.

A.19 Added Specification ltems in R4.3.0
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Number Heading

[TPS_TIMEX_00049]| Purpose of TimingCondition

[TPS_TIMEX_00050]| Purpose of TimingConditionFormula

[TPS_TIMEX_00051]| Purpose of TimingExtensionResource

[TPS_TIMEX_00052]| Purpose of TDEventFrameEthernet

Table A.13: Added Specification Iltems in 4.3.0

A.20 Changed Specification Items in R4.3.0

No specification items were changed in this release.

A.21 Added Specification Items in R4.3.1

No specification items were added in this release.

A.22 Changed Specification ltems in R4.3.1

No specification items were changed in this release.

B Mentioned Class Tables

For the sake of completeness, this chapter contains a set of class tables representing
meta-classes mentioned in the context of this document but which are not contained
directly in the scope of describing specific meta-model semantics.

Class ARElement (abstract)

Package M2::AUTOSARTemplates::GenericStructure::GeneralTemplateClasses::ARPackage

Note An element that can be defined stand-alone, i.e. without being part of another
element (except for packages of course).

Base ARObject, CollectableElement, Identifiable, MultilanguageReferrable, Packageable
Element, Referrable

Attribute Type Mul. | Kind | Note

Table B.1: ARElement
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Class AbstractEvent (abstract)
Package M2::AUTOSARTemplates::CommonStructure::InternalBehavior
Note This meta-class represents the abstract ability to model an event that can be taken to
implement application software or basic software in AUTOSAR.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
activationR | ExecutableEntit 0..1 ref | If the activationReasonRepresentation is
easonRepr | yActivationReas referenced from the enclosing AbstractEvent this
esentation | on shall be taken as an indication that the latter
contributes to the activating vector of this
ExecutableEntity that owns the referenced
ExecutableEntityActivationReason.
Table B.2: AbstractEvent
Class ApplicationSwComponentType
Package M2::AUTOSARTemplates::SWComponentTemplate::Components
Note The ApplicationSwComponentType is used to represent the application software.
Tags: atp.recommendedPackage=SwComponentTypes
Base ARElement, ARObject, AtomicSwComponentType, AtpBlueprint, AtpBlueprintable,
AtpClassifier, AtpType, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, SwComponentType
Attribute Type Mul. | Kind | Note
Table B.3: ApplicationSwComponentType
Class AtomicSwComponentType (abstract)
Package M2::AUTOSARTemplates::SWComponentTemplate::Components
Note An atomic software component is atomic in the sense that it cannot be further
decomposed and distributed across multiple ECUs.
Base ARElement, ARObject, AtpBlueprint, AtpBlueprintable, AtpClassifier, AtpType,
CollectableElement, Identifiable, MultilanguageReferrable, PackageableElement,
Referrable, SwComponentType
Attribute Type Mul. | Kind | Note
internalBe | SwcinternalBeh | 0..1 | aggr | The SwcinternalBehaviors owned by an
havior avior AtomicSwComponentType can be located in a
different physical file. Therefore the aggregation is
«atpSplitable».
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=internalBehavior, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
symbolPro | SymbolProps 0..1 | aggr | This represents the SymbolProps for the
ps AtomicSwComponentType.
Stereotypes: atpSplitable
Tags: atp.Splitkey=shortName
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Attribute | Type | Mul. | Kind | Note
Table B.4: AtomicSwComponentType
Class AtplnstanceRef (abstract)
Package M2::AUTOSARTemplates::GenericStructure::AbstractStructure
Note An MO instance of a classifier may be represented as a tree rooted at that instance,
where under each node come the sub-trees representing the instances which act as
features under that node.
An instance ref specifies a navigation path from any MO tree-instance of the base
(which is a classifier) to a leaf (which is an instance of the target).
Base ARObject
Attribute Type Mul. | Kind | Note
atpBase AtpClassifier 1 ref | This is the base from which the navigaion path
starts.
Stereotypes: atpAbstract; atpDerived
atpConte AtpPrototype * ref | This is one particular step in the navigation path.
xtElement
(ordered) Stereotypes: atpAbstract
atpTarget AtpFeature 1 ref | This is the target of the instance ref. In other
words it is the terminal of the navigation path.
Stereotypes: atpAbstract
Table B.5: AtpinstanceRef
Primitive Boolean
Package M2::AUTOSARTemplates::GenericStructure::GeneralTemplateClasses::Primitive
Types
Note A Boolean value denotes a logical condition that is either 'true’ or ’false’. It can be one
of IIO", l|1ll, lltruell, llfalsell
Tags: xml.xsd.customType=BOOLEAN; xml.xsd.pattern=0|1true|false;
xml.xsd.type=string
Table B.6: Boolean
Class BswEvent (abstract)
Package M2::AUTOSARTemplates::BswModuleTemplate::BswBehavior
Note Base class of various kinds of events which are used to trigger a BswModuleEntity of
this BSW module or cluster. The event is local to the BSW module or cluster. The
short name of the meta-class instance is intended as an input to configure the
required API of the BSW Scheduler.
Base ARObiject, AbstractEvent, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
contextLim | BswDistinguish * ref | The existence of this reference indicates that the
itation edPartition usage of the event is limited to the context of the
referred BswDistinguishedPartitions.
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Attribute Type Mul. | Kind | Note
disabledIin | ModeDeclaratio * iref | The modes, in which this event is disabled.
Mode n
Stereotypes: atpSplitable
Tags: atp.Splitkey=disabledinMode
startsOnEv | BswModuleEntit 1 ref | The entity which is started by the event.
ent y
Table B.7: BswEvent
Class BswinternalBehavior
Package M2::AUTOSARTemplates::BswModuleTemplate::BswBehavior
Note Specifies the behavior of a BSW module or a BSW cluster w.r.t. the code entities
visible by the BSW Scheduler. It is possible to have several different
BswinternalBehaviors referring to the same BswModuleDescription.
Base ARObject, AtpClassifier, AtpFeature, AtpStructureElement, Identifiable, Internal
Behavior, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
arTypedPe | VariableDataPr * aggr | Defines an AUTOSAR typed memory-block that
rinstanceM | ototype needs to be available for each instance of the
emory Basic Software Module. The aggregation of
arTypedPerInstanceMemory is subject to
variability with the purpose to support variability in
the Basic Software Module’s implementations.
Typically different algorithms in the implementation
are requiring different number of memory objects.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBinding Time=preCompileTime
bswPerInst | BswPerlnstance * aggr | Policy for a arTypedPerInstanceMemory The
anceMemo | MemoryPolicy policy selects the options of the Schedule
ryPolicy Manager API generation.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
clientPolicy | BswClientPolicy * aggr | Policy for a requiredClientServerEntry. The policy
selects the options of the Schedule Manager API
generation.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=clientPolicy, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
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Attribute

Type

Mul.

Kind

Note

distinguish
edPartition

BswnDistinguish
edPartition

aggr

Indicates an abstract partition context in which the
enclosing BswModuleEntity can be executed.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variationPoint.
ShortLabel

vh.latestBinding Time=preCompileTime
xml.sequenceOffset=60

entity

BswModuleEntit
y

aggr

A code entity for which the behavior is described

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=5

event

BswEvent

aggr

An event required by this module behavior.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=10

exclusiveA
reaPolicy

BswExclusiveAr
eaPolicy

aggr

Policy for an ExclusiveArea in this
BswinternalBehavior. The policy selects the
options of the Schedule Manager API generation.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=exclusiveAreaPolicy, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

includedDa
taTypeSet

IncludedDataTy
peSet

aggr

The includedDataTypeSet is used by a basic
software module for its implementation.

Stereotypes: atpSplitable
Tags: atp.Splitkey=includedDataTypeSet

internalTrig
geringPoin
t

BswinternalTrig
geringPoint

aggr

An internal triggering point.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=2

internalTrig
geringPoin
tPolicy

BswinternalTrig
geringPointPolic
y

aggr

Policy for an internalTriggeringPoint in this
BswinternalBehavior.. The policy selects the
options of the Schedule Manager API generation.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=internalTriggeringPointPolicy,
variationPoint.shortPoint

vh.latestBinding Time=preCompileTime
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Attribute

Type

Mul.

Kind

Note

modeRece
iverPolicy

BswModeRecei
verPolicy

aggr

Implementation policy for the reception of mode
switches.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=modeReceiverPolicy, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime
xml.sequenceOffset=25

modeSend
erPolicy

BswModeSende
rPolicy

aggr

Implementation policy for providing a mode group.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=modeSenderPolicy, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime
xml.sequenceOffset=20

parameter
Policy

BswParameterP
olicy

aggr

Policy for a perinstanceParameter in this
BswinternalBehavior. The policy selects the
options of the Schedule Manager API generation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=parameterPolicy, variatio
Point.shortLabel
vh.latestBindingTime=preCompileTime

perlnstanc
eParamete
r

ParameterData
Prototype

aggr

Describes a read only memory object containing
characteristic value(s) needed by this
BswinternalBehavior. The role name
perinstanceParameter is chosen in analogy to the
similar role in the context of SwcinternalBehavior.

In contrast to constantMemory, this object is not
allocated locally by the module’s code, but by the
BSW Scheduler and it is accessed from the BSW
module via the BSW Scheduler API. The main use
case is the support of software emulation of
calibration data.

The aggregation is subject to variability with the
purpose to support implementation variants.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=atp.Splitkey shortName,
variationPoint.shortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=45

receptionP
olicy

BswDataRecept
ionPolicy

aggr

Data reception policy for inter-partition and/or
inter-core communication.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=receptionPolicy, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=55
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Attribute

Type

Mul.

Kind

Note

releasedTri
ggerPolicy

BswReleasedTri
ggerPolicy

aggr

Policy for a releasedTrigger. The policy selects the
options of the Schedule Manager API generation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=releasedTriggerPolicy,
variationPoint.shortLabel
vh.latestBinding Time=preCompileTime

scheduler
NamePrefi
X

BswSchedulerN
amePrefix

aggr

Optional definition of one or more prefixes to be
used for the BswScheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=schedulerNamePrefix,
variationPoint.ShortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=50

sendPolicy

BswDataSendP
olicy

aggr

Policy for a providedData. The policy selects the
options of the Schedule Manager API generation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=sendPolicy, variation
Point.shortLabel

vh.latestBindingTime=preCompileTime

serviceDep
endency

BswServiceDep
endency

aggr

Defines the requirements on AUTOSAR Services
for a particular item.

The aggregation is subject to variability with the
purpose to support the conditional existence of
ServiceNeeds.

The aggregation is splitable in order to support
that ServiceNeeds might be provided in later
development steps.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=serviceDependency, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=40

triggerDire
ctimpleme
ntation

BswTriggerDire
ctimplementatio
n

aggr

Specifies a trigger to be directly implemented via
OS calls.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=triggerDirectimplementation,
variationPoint.shortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=15

variationPo
intProxy

VariationPointPr
oxy

aggr

Proxy of a variation points in the C/C++
implementation.

Stereotypes: atpSplitable
Tags: atp.Splitkey=shortName

Table B.8: BswinternalBehavior
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Class BswinterruptEntity
Package M2::AUTOSARTemplates::BswModuleTemplate::BswBehavior
Note BSW module entity, which is designed to be triggered by an interrupt.
Base ARObject, BswModuleEntity, ExecutableEntity, Identifiable, MultilanguageReferrable,
Referrable
Attribute Type Mul. | Kind | Note
interruptCa | BswinterruptCat 1 attr | Category of the interrupt
tegory egory
interruptSo | String 1 attr | Allows a textual documentation of the intended
urce interrupt source.
Table B.9: BswinterruptEntity
Class BswModuleDescription
Package M2::AUTOSARTemplates::BswModuleTemplate::BswOverview
Note Root element for the description of a single BSW module or BSW cluster. In case it
describes a BSW module, the short name of this element equals the name of the
BSW module.
Tags: atp.recommendedPackage=BswModuleDescriptions
Base ARElement, ARObject, AtpBlueprint, AtpBlueprintable, AtpClassifier, AtpFeature, Atp
StructureElement, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
bswModul | BswModuleDep * aggr | Describes the dependency to another BSW
eDepende | endency module.
ncy
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBinding Time=preCompileTime
xml.sequenceOffset=20
bswModul | SwComponentD | 0..1 | aggr | This adds a documentation to the BSW module.
eDocumen | ocumentation
tation Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=bswModuleDocumentation,
variationPoint.shortLabel
vh.latestBinding Time=preCompileTime
xml.sequenceOffset=6
expectedE | BswModuleEntr * ref | Indicates an entry which is required by this
ntry y module. Replacement of outgoingCallback /
requiredEntry.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=expectedEntry, variation
Point.shortLabel
vh.latestBinding Time=preCompileTime
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Attribute

Type

Mul.

Kind

Note

implement
edEntry

BswModuleEntr
y

ref

Specifies an entry provided by this module which
can be called by other modules. This includes
"main" functions, interrupt routines, and callbacks.
Replacement of providedEntry /
expectedCallback.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=implementedEntry, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

internalBe
havior

BswinternalBeh
avior

aggyr

The various BswinternalBehaviors associated with
a BswModuleDescription can be distributed over
several physical files. Therefore the aggregation is
«atpSplitable».

Stereotypes: atpSplitable
Tags: atp.Splitkey=shortName
xml.sequenceOffset=65

moduleld

Positivelnteger

0..1

attr

Refers to the BSW Module Identifier defined by
the AUTOSAR standard. For non-standardized
modules, a proprietary identifier can be optionally
chosen.

Tags: xml.sequenceOffset=5

providedCli
entServerE
ntry

BswModuleClie
ntServerEntry

aggr

Specifies that this module provides a client server
entry which can be called from another parition or
core.This entry is declared locally to this context
and will be connected to the
requiredClientServerEntry of another or the same
module via the configuration of the BSW
Scheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=45

providedD
ata

VariableDataPr
ototype

aggr

Specifies a data prototype provided by this module
in order to be read from another partition or
core.The providedData is declared locally to this
context and will be connected to the requiredData
of another or the same module via the
configuration of the BSW Scheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=55




AUTOSAR

Attribute

Type

Mul.

Kind

Note

providedM
odeGroup

ModeDeclaratio
nGroupPrototyp
e

aggr

A set of modes which is owned and provided by
this module or cluster. It can be connected to the
requiredModeGroups of other modules or clusters
via the configuration of the BswScheduler. It can
also be synchronized with modes provided via
ports by an associated
ServiceSwComponentType,
EcuAbstractionSwComponentType or
ComplexDeviceDriverSwComponentType.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=25

releasedTri
gger

Trigger

aggr

A Trigger released by this module or cluster. It can
be connected to the requiredTriggers of other
modules or clusters via the configuration of the
BswScheduler. It can also be synchronized with
Triggers provided via ports by an associated
ServiceSwComponentType,
EcuAbstractionSwComponentType or
ComplexDeviceDriverSwComponentType.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=35

requiredCli
entServerE
ntry

BswModuleClie
ntServerEntry

aggr

Specifies that this module requires a client server
entry which can be implemented on another
parition or core.This entry is declared locally to
this context and will be connected to the
providedClientServerEntry of another or the same
module via the configuration of the BSW
Scheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=50

requiredDa
ta

VariableDataPr
ototype

aggr

Specifies a data prototype required by this module
in oder to be provided from another partition or
core.The requiredData is declared locally to this
context and will be connected to the providedData
of another or the same module via the
configuration of the BswScheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=60
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Attribute

Type

Mul.

Kind

Note

requiredM
odeGroup

ModeDeclaratio
nGroupPrototyp
e

aggr

Specifies that this module or cluster depends on a
certain mode group. The requiredModeGroup is
local to this context and will be connected to the
providedModeGroup of another module or cluster
via the configuration of the BswScheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=30

requiredTri
gger

Trigger

aggr

Specifies that this module or cluster reacts upon
an external trigger.This requiredTrigger is declared
locally to this context and will be connected to the
providedTrigger of another module or cluster via
the configuration of the BswScheduler.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

xml.sequenceOffset=40

Table B.10: BswModuleDescription

Class

BswModuleEntity (abstract)

Package

M2::AUTOSARTemplates::BswModuleTemplate::BswBehavior

Note

Specifies the smallest code fragment which can be described for a BSW module or
cluster within AUTOSAR.

Base

ARObject, ExecutableEntity, Identifiable, MultilanguageReferrable, Referrable

Attribute

Type

Mul.

Kind

Note

accessed
ModeGrou

p

ModeDeclaratio
nGroupPrototyp
e

*

ref

A mode group which is accessed via API call by
this entity. It must be a
ModeDeclarationGroupPrototype required by this
module or cluster.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime

activationP
oint

BswInternalTrig
geringPoint

ref

Activation point used by the module entity to
activate one or more internal triggers.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime

callPoint

BswModuleCall
Point

aggr

A call point used in the code of this entitiy.

The variablity of this association is especially
targeted at debug scenarios: It is possible to have
one variant calling into the AUTOSAR debug
module and another one which doesn'’t.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime
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Attribute

Type

Mul.

Kind

Note

calledEntry

BswModuleEntr
y

ref

The entry of another (or the same) BSW module
which is called by this entry (usually via C function
call). This information allows to set up a model of
call chains.

The variablity of this association is especially
targeted at debug scenarios: It is possible to have
one variant calling into the AUTOSAR debug
module and another one which doesn'’t.

Note that this relation has been merked as
obsolete, since the more powerful definition of a
callPoint should be used.

Stereotypes: atpVariation
Tags: atp.Status=removed
vh.latestBindingTime=preCompileTime

dataReceiv
ePoint

BswVariableAcc
ess

aggr

The data is received via the BSW Scheduler.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime

dataSendP
oint

BswVariableAcc
ess

aggr

The data is sent via the BSW Scheduler.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime

implement
edEntry

BswModuleEntr
y

ref

The entry which is implemented by this module
entity.

issuedTrig
ger

Trigger

ref

A trigger issued by this entity via BSW Scheduler
API call. It must be a BswTrigger released (i.e.
owned) by this module or cluster.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime

managedM
odeGroup

ModeDeclaratio
nGroupPrototyp
e

ref

A mode group which is managed by this entity. It
must be a ModeDeclarationGroupPrototype
provided by this module or cluster.

Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime

scheduler
NamePrefi
X

BswSchedulerN
amePrefix

0..1

ref

A prefix to be used in generated names for the
BswModuleScheduler in the context of this
BswModuleEntity, for example entry point
prototypes, macros for dealing with exclusive
areas, header file names.

Details are defined in the SWS RTE.

The prefix supersedes default rules for the prefix
of those names.

Table B.11: BswModuleEntity
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Class ClientServerOperation

Package M2::AUTOSARTemplates::SWComponentTemplate::Portinterface

Note An operation declared within the scope of a client/server interface.

Base ARObject, AtpClassifier, AtpFeature, AtpStructureElement, Identifiable,
MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

*

argument ArgumentDataP aggr | An argument of this ClientServerOperation
(ordered) rototype
Stereotypes: atpVariation

Tags: vh.latestBindingTime=blueprintDerivation

Time

possibleErr | ApplicationError ref | Possible errors that may by raised by the referring
or operation.

Table B.12: ClientServerOperation

Class ComplexDeviceDriverSwComponentType
Package M2::AUTOSARTemplates::SWComponentTemplate::Components
Note The ComplexDeviceDriverSwComponentType is a special AtomicSwComponentType

that has direct access to hardware on an ECU and which is therefore linked to a
specific ECU or specific hardware. The ComplexDeviceDriverSwComponentType
introduces the possibility to link from the software representation to its hardware
description provided by the ECU Resource Template.

Tags: atp.recommendedPackage=SwComponentTypes

Base ARElement, ARObject, AtomicSwComponentType, AtpBlueprint, AtpBlueprintable,
AtpClassifier, AtpType, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, SwComponentType

Attribute Type Mul. | Kind | Note

hardwareE | HwDescriptionE * ref Reference from the
lement ntity ComplexDeviceDriverSwComponentType to the
description of the used HwElements.

Table B.13: ComplexDeviceDriverSwComponentType

Class ComponentinCompositioninstanceRef
Package M2::AUTOSARTemplates::SWComponentTemplate::Composition::InstanceRefs
Note The ComponentinCompositioninstanceRef points to a concrete
SwComponentPrototype within a CompositionSwComponentType.
Base ARObject,AtpinstanceRef
Attribute Type Mul. | Kind | Note
base CompositionSw 1 ref | Stereotypes: atpDerived
ComponentTyp Tags: xml.sequenceOffset=10
e
contextC SwComponentP * ref | The context for the scope of this timing event.
omponent | rototype
(ordered) Tags: xml.sequenceOffset=20
targetCom | SwComponentP 1 ref | Tags: xml.sequenceOffset=30
ponent rototype

Table B.14: ComponentinCompositioninstanceRef
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Class CompositionSwComponentType

Package M2::AUTOSARTemplates::SWComponentTemplate::Composition

Note A CompositionSwComponentType aggregates SwComponentPrototypes (that in turn
are typed by SwComponentTypes) as well as SwConnectors for primarily connecting
SwComponentPrototypes among each others and towards the surface of the
CompositionSwComponentType. By this means hierarchical structures of
software-components can be created.
Tags: atp.recommendedPackage=SwComponentTypes

Base ARElement, ARObject, AtpBlueprint, AtpBlueprintable, AtpClassifier, AtpType,
CollectableElement, Identifiable, MultilanguageReferrable, PackageableElement,
Referrable, SwComponentType

Attribute Type Mul. | Kind | Note

component | SwComponentP * aggr | The instantiated components that are part of this

rototype composition. The aggregation of
SwComponentPrototype is subject to variability
with the purpose to support the conditional
existence of a SwComponentPrototype. Please be
aware: if the conditional existence of
SwComponentPrototypes is resolved post-build
the deselected SwComponentPrototypes are still
contained in the ECUs build but the instances are
inactive in in that they are not scheduled by the
RTE.

The aggregation is marked as atpSplitable in order
to allow the addition of service components to the
ECU extract during the ECU integration.

The use case for having 0 components owned by
the CompositionSwComponentType could be to
deliver an empty CompositionSwComponentType
to e.g. a supplier for filling the internal structure.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild
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Attribute

Type

Mul.

Kind

Note

connector

SwConnector

aggr

SwConnectors have the principal ability to
establish a connection among PortPrototypes.
They can have many roles in the context of a
CompositionSwComponentType. Details are
refined by subclasses.

The aggregation of SwConnectors is subject to
variability with the purpose to support variant data
flow.

The aggregation is marked as atpSplitable in order
to allow the extension of the ECU extract with
AssemblySwConnectors between
ApplicationSwComponentTypes and
ServiceSwComponentTypes during the ECU
integration.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=postBuild

constantVa
lueMappin

g

ConstantSpecifi
cationMappingS
et

ref

Reference to the ConstantSpecificationMapping to
be applied for initValues of PPortComSpecs and
RPortComSpec.

Stereotypes: atpSplitable
Tags: atp.Splitkey=constantValueMapping

dataTypeM
apping

DataTypeMappi
ngSet

ref

Reference to the DataTypeMapping to be applied
for the used ApplicationDataTypes in
Portinterfaces.

Background: when developing subsystems it may
happen that ApplicationDataTypes are used on
the surface of CompositionSwComponentTypes.
In this case it would be reasonable to be able to
also provide the intended mapping to the
ImplementationDataTypes. However, this mapping
shall be informal and not technically binding for
the implementers mainly because the RTE
generator is not concerned about the
CompositionSwComponentTypes.

Rationale: if the mapping of ApplicationDataTypes
on the delegated and inner PortPrototype matches
then the mapping to ImplementationDataTypes is
not impacting compatibility.

Stereotypes: atpSplitable
Tags: atp.Splitkey=dataTypeMapping
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Attribute Type Mul. | Kind | Note
instantiatio | InstantiationRT * aggr | This allows to define instantiation specific
nRTEEven | EEventProps properties for RTE Events, in particular for
tProps instance specific scheduling.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortLabel, variation
Point.shortLabel
vh.latestBindingTime=codeGenerationTime
Table B.15: CompositionSwComponentType
Class EcuAbstractionSwComponentType
Package M2::AUTOSARTemplates::SWComponentTemplate::Components
Note The ECUADbstraction is a special AtomicSwComponentType that resides between a
software-component that wants to access ECU periphery and the Microcontroller
Abstraction. The EcuAbstractionSwComponentType introduces the possibility to link
from the software representation to its hardware description provided by the ECU
Resource Template.
Tags: atp.recommendedPackage=SwComponentTypes
Base ARElement, ARObject, AtomicSwComponentType, AtpBlueprint, AtpBlueprintable,
AtpClassifier, AtpType, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, SwComponentType
Attribute Type Mul. | Kind | Note
hardwareE | HwDescriptionE * ref | Reference from the
lement ntity EcuAbstractionComponentType to the description
of the used HwElements.

Table B.16: EcuAbstractionSwComponentType
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Class EcucModuleConfigurationValues
Package M2::AUTOSARTemplates::ECUCDescriptionTemplate
Note Head of the configuration of one Module. A Module can be a BSW module as well as
the RTE and ECU Infrastructure.
As part of the BSW module description, the EcucModuleConfigurationValues element
has two different roles:
The recommendedConfiguration contains parameter values recommended by the
BSW module vendor.
The preconfiguredConfiguration contains values for those parameters which are fixed
by the implementation and cannot be changed.
These two EcucModuleConfigurationValues are used when the base
EcucModuleConfigurationValues (as part of the base ECU configuration) is created to
fill parameters with initial values.
Tags: atp.recommendedPackage=EcucModuleConfigurationValuess
Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
container EcucContainerV | 1..* | aggr | Aggregates all containers that belong to this
alue module configuration.
atpVariation: [RS_ECUC_00078]
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=definition, shortName,
variationPoint.shortLabel
vh.latestBindingTime=postBuild
xml.sequenceOffset=10
definition EcucModuleDef 1 ref Reference to the definition of this
EcucModuleConfigurationValues element.
Typically, this is a vendor specific module
configuration.
Tags: xml.sequenceOffset=-10
ecucDefEd | RevisionLabelSt 1 attr | This is the version info of the ModuleDef ECUC
ition ring Parameter definition to which this values conform
to / are based on.
For the Definition of ModuleDef ECUC Parameters
the AdminData shall be used to express the
semantic changes. The compatibility rules
between the definition and value revision labels is
up to the module’s vendor.
implement | EcucConfigurati 1 attr | Specifies the kind of deliverable this
ationConfi | onVariantEnum EcucModuleConfigurationValues element
gVariant provides. If this element is not used in a particular
role (e.g. preconfiguredConfiguration or
recommendedConfiguration) then the value must
be one of VariantPreCompile, VariantLinkTime,
VariantPostBuild.
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Attribute Type Mul. | Kind | Note
moduleDe | Bswimplementa | 0..1 ref Referencing the BSW module description, which
scription tion this EcucModuleConfigurationValues element is
configuring. This is optional because the
EcucModuleConfigurationValues element is also
used to configure the ECU infrastructure (memory
map) or Application SW-Cs. However in case the
EcucModuleConfigurationValues are used to
configure the module, the reference is mandatory
in order to fetch module specific "common"
published information.
Table B.17: EcucModuleConfigurationValues
Class EcucValueCollection
Package M2::AUTOSARTemplates::ECUCDescriptionTemplate
Note This represents the anchor point of the ECU configuration description.
Tags: atp.recommendedPackage=EcucValueCollections
Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
ecuExtract | System 1 ref Represents the extract of the System
Configuration that is relevant for the ECU
configured with that ECU Configuration
Description.
ecucValue | EcucModuleCo 1.* ref | References to the configuration of individual
nfigurationValue software modules that are present on this ECU.
s
atpVariation: [RS_ECUC_0079]
Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime
Table B.18: EcucValueCollection
Class ExecutableEntity (abstract)
Package M2::AUTOSARTemplates::CommonStructure::InternalBehavior
Note Abstraction of executable code.
Base ARObject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
activationR | ExecutableEntit * aggr | If the ExecutableEntity provides at least one
eason yActivationReas activationReason element the RTE resp. BSW
on Scheduler shall provide means to read the
activation vector of this executable entity
execution.

If no activationReason element is provided the
feature of being able to determine the activating
RTEEvent is disabled for this ExecutableEntity.
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Attribute Type Mul. | Kind | Note

canEnterE | ExclusiveArea * ref | This means that the executable entity can

xclusiveAr enter/leave the referenced exclusive area through

ea explicit API calls.

exclusiveA | ExclusiveAreaN * ref | This represents the set of

reaNesting | estingOrder ExclusiveAreaNestingOrders recognized by this

Order ExecutableEntity.

minimumSt | TimeValue 1 attr | Specifies the time in seconds by which two

artinterval consecutive starts of an ExecutableEntity are
guaranteed to be separated.

reentrancy | ReentrancylLeve | 0..1 attr | The reentrancy level of this ExecutableEntity. See

Level [Enum the documentation of the enumeration type
ReentrancylLevelEnum for details.
Please note that nonReentrant interfaces can
have also reentrant or multicoreReentrant
implementations, and reentrant interfaces can
also have multicoreReentrant implementations.

runsinside | ExclusiveArea * ref | The executable entity runs completely inside the

ExclusiveA referenced exclusive area.

rea

swAddrMet | SwAddrMethod 0..1 ref | Addressing method related to this code entity. Via

hod an association to the same SwAddrMethod, it can
be specified that several code entities (even of
different modules or components) shall be located
in the same memory without already specifying
the memory section itself.

Table B.19: ExecutableEntity
Class ExecutionTime (abstract)
Package M2::AUTOSARTemplates::CommonStructure::ResourceConsumption::Execution
Time
Note Base class for several means how to describe the ExecutionTime of software. The
required context information is provided through this class.

Base ARObject, Identifiable, MultilanguageReferrable, Referrable

Attribute Type Mul. | Kind | Note

exclusiveA | ExclusiveArea 0..1 ref Reference to the ExclusiveArea this execution

rea time is provided for.

executable | ExecutableEntit | 0..1 ref | The executable entity for which this execution time

Entity y is described.

hardwareC | HardwareConfig 1 aggr | Provides information on the

onfiguratio | uration HardwareConfiguration used to specify this

n ExecutionTime.

hwElement | HwElement 0..1 ref | The hardware element (e.g. type of ECU) for
which the execution time is specified.

includedLi DependencyOn * ref If this dependency is specified, the execution time

brary Artifact of the library code is included in the execution time
data for the runnable.

memorySe | MemorySection * aggr | Provides information on the

ctionLocati | Location MemorySectionLocation which is involved in the

on ExecutionTime description.
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Attribute Type Mul. | Kind | Note
softwareC | SoftwareContex 1 aggr | Provides information on the detailed
ontext t SoftwareContext used to provide the
ExecutionTime description.
Table B.20: ExecutionTime
Primitive Float
Package M2::AUTOSARTemplates::GenericStructure::GeneralTemplateClasses::Primitive
Types
Note An instance of Float is an element from the set of real numbers. The value must
comply with IEEE 754 and is limited to what can be expressed by a 64 bit binary
representation.
Tags: xml.xsd.customType=FLOAT; xml.xsd.type=double
Table B.21: Float
Class < atpMixedString>> FormulaExpression (abstract)
Package M2::AUTOSARTemplates::GenericStructure::FormulaLanguage
Note This class represents the syntax of the formula language. The class is modeled as an
abstract class in order to be specialized into particular use cases. For each use case
the referable objects might be specified in the specialization.
Base ARObject
Attribute Type Mul. | Kind | Note
atpReferen | Referrable * ref | The referable object shall yield a numerical /
ce boolean value.
Stereotypes: atpAbstract
atpStringR | Referrable * ref | The referable object shall yield a string value.
eference
Stereotypes: atpAbstract
Table B.22: FormulaExpression
Class FrameTriggering (abstract)
Package M2::AUTOSARTemplates::SystemTemplate::Fibex::FibexCore::CoreCommunication
Note The FrameTriggering describes the instance of a frame sent on a channel and defines
the manner of triggering (timing information) and identification of a frame on the
channel, on which it is sent.
For the same frame, if FrameTriggerings exist on more than one channel of the same
cluster the fan-out/in is handled by the Bus interface.
Base ARObject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
frame Frame 1 ref | One frame can be triggered several times, e.g. on
different channels. If a frame has no frame
triggering, it won’t be sent at all. A frame triggering
has assigned exactly one frame, which it triggers.
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Attribute

Type Mul. | Kind | Note

framePort

FramePort ref References to the FramePort on every ECU of the
system which sends and/or receives the frame.

References for both the sender and the receiver
side shall be included when the system is
completely defined.

pduTrigger
ing

ref | This reference provides the relationship to the
PduTriggerings that are implemented by the
FrameTriggering. The reference is optional since
no PduTriggering can be defined for NmPdus and
XCP Pdus.

PduTriggering

Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild

Table B.23: FrameTriggering

Class

InternalBehavior (abstract)

Package

M2::AUTOSARTemplates::CommonStructure::InternalBehavior

Note

Common base class (abstract) for the internal behavior of both software components
and basic software modules/clusters.

Base

ARObiject, AtpClassifier, AtpFeature, AtpStructureElement, Identifiable,
MultilanguageReferrable, Referrable

Attribute

Type Mul. | Kind | Note

constantM
emory

ParameterData * aggr | Describes a read only memory object containing
Prototype characteristic value(s) implemented by this
InternalBehavior.

The shortName of ParameterDataPrototype has to
be equal to the "C’ identifier of the described
constant.

The characteristic value(s) might be shared
between SwComponentPrototypes of the same
SwComponentType.

The aggregation of constantMemory is subject to
variability with the purpose to support variability in
the software component or module
implementations. Typically different algorithms in
the implementation are requiring different number
of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

constantVa
lueMappin

g

ConstantSpecifi ref | Reference to the ConstanSpecificationMapping to
cationMappingS be applied for the particular InternalBehavior

et
Stereotypes: atpSplitable

Tags: atp.Splitkey=constantValueMapping
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Attribute

Type

Mul.

Kind

Note

dataTypeM
apping

DataTypeMappi
ngSet

ref

Reference to the DataTypeMapping to be applied
for the particular InternalBehavior

Stereotypes: atpSplitable
Tags: atp.Splitkey=dataTypeMapping

exclusiveA
rea

ExclusiveArea

aggr

This specifies an ExclusiveArea for this
InternalBehavior. The exclusiveArea is local to the
component resp. module. The aggregation of
ExclusiveAreas is subject to variability. Note: the
number of ExclusiveAreas might vary due to the
conditional existence of RunnableEntities or
BswModuleEntities.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

exclusiveA
reaNesting
Order

ExclusiveAreaN
estingOrder

aggr

This represents the set of
ExclusiveAreaNestingOrder owned by the
InternalBehavior.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

staticMem
ory

VariableDataPr
ototype

aggr

Describes a read and writeable static memory
object representing measurerment variables
implemented by this software component. The
term "static" is used in the meaning of
"non-temporary" and does not necessarily specify
a linker encapsulation. This kind of memory is
only supported if supportsMultiplelnstantiation is
FALSE.

The shortName of the VariableDataPrototype has
to be equal with the "C’ identifier of the described
variable.

The aggregation of staticMemory is subject to
variability with the purpose to support variability in
the software component’s implementations.

Typically different algorithms in the implementation
are requiring different number of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

Table B.24: InternalBehavior

Primitive

Numerical
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Package M2::AUTOSARTemplates::GenericStructure::GeneralTemplateClasses::Primitive
Types

Note This primitive specifies a numerical value. It can be denoted in different formats such
as Decimal, Octal, Hexadecimal, Float. See the xsd pattern for details.
The value can be expressed in octal, hexadecimal, binary representation. Negative
numbers can only be expressed in decimal or float notation.
Tags: xml.xsd.customType=NUMERICAL-VALUE; xml.xsd.pattern=(0[xX][0-9a-fA-
F1)I(0[0-71+) (ObBJ[O-114)](([+\-]2[1-9]{0-9]+(\.[0-9}+)?|[:+\-12[0-8](\.[0-81+) ?) (e
E]([+\-]?)[0-9]+)?)|\.O]INF|-INF|NaN; xml.xsd.type=string

Table B.25: Numerical

Class PPortPrototype

Package M2::AUTOSARTemplates::SWComponentTemplate::Components

Note Component port providing a certain port interface.

Base ARObiject, AbstractProvidedPortPrototype, AtpBlueprintable, AtpFeature, Atp
Prototype, Identifiable, MultilanguageReferrable, PortPrototype, Referrable

Attribute Type Mul. | Kind | Note

providedint | Portinterface 1 tref | The interface that this port provides.

erface

Stereotypes: isOfType
Table B.26: PPortPrototype

Class PortPrototype (abstract)

Package M2::AUTOSARTemplates::SWComponentTemplate::Components

Note Base class for the ports of an AUTOSAR software component.
The aggregation of PortPrototypes is subject to variability with the purpose to support
the conditional existence of ports.

Base ARObject, AtpBlueprintable, AtpFeature, AtpPrototype, Identifiable, Multilanguage
Referrable, Referrable

Attribute Type Mul. | Kind | Note

clientServe | ClientServerAnn * aggr | Annotation of this PortPrototype with respect to

rAnnotatio | otation client/server communication.

n

delegated DelegatedPortA | 0..1 | aggr | Annotations on this delegated port.

PortAnnota | nnotation

tion

ioHwAbstr | loHwAbstraction * aggr | Annotations on this IO Hardware Abstraction port.

actionServ | ServerAnnotatio

erAnnotati | n

on

modePortA | ModePortAnnot * aggr | Annotations on this mode port.

nnotation ation

nvDataPort | NvDataPortAnn * aggr | Annotations on this non voilatile data port.

Annotation | otation
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Attribute Type Mul. | Kind | Note
parameter | ParameterPortA * aggr | Annotations on this parameter port.
PortAnnota | nnotation
tion
senderRec | SenderReceiver * aggr | Collection of annotations of this ports
eiverAnnot | Annotation sender/receiver communication.
ation
triggerPort | TriggerPortAnn * aggr | Annotations on this trigger port.
Annotation | otation
Table B.27: PortPrototype
Class PortPrototypeBlueprint
Package M2::AUTOSARTemplates::StandardizationTemplate::BlueprintDedicated::Port
ProtoypeBlueprint
Note This meta-class represents the ability to express a blueprint of a PortPrototype by
referring to a particular Portinterface. This blueprint can then be used as a guidance
to create particular PortPrototypes which are defined according to this blueprint. By
this it is possible to standardize application interfaces without the need to also
standardize software-components with PortPrototypes typed by the standardized
Portinterfaces.
Tags: atp.recommendedPackage=PortPrototypeBlueprints
Base ARElement, ARObject, AtpBlueprint, AtpClassifier, AtpFeature, AtpStructureElement,
CollectableElement, Identifiable, MultilanguageReferrable, PackageableElement,
Referrable
Attribute Type Mul. | Kind | Note
initValue PortPrototypeBl * aggr | This specifies the init values for the dataElements
ueprintInitValue in the particular PortPrototypeBlueprint.
interface Portinterface 1 ref | This is the interface for which the blueprint is
defined. It may be a blueprint itself or a
standardized PortInterface
providedC | PPortComSpec * aggr | Provided communication attributes per interface
omSpec element (data element or operation).
requiredCo | RPortComSpec * aggr | Required communication attributes, one for each
mSpec interface element.
Table B.28: PortPrototypeBlueprint
Class RPortPrototype
Package M2::AUTOSARTemplates::SWComponentTemplate::Components
Note Component port requiring a certain port interface.
Base ARObject, AbstractRequiredPortPrototype, AtpBlueprintable, AtpFeature, Atp
Prototype, Identifiable, MultilanguageReferrable, PortPrototype, Referrable
Attribute Type Mul. | Kind | Note
requiredint | Portinterface 1 tref | The interface that this port requires, i.e. the port
erface depends on another port providing the specified
interface.
Stereotypes: isOfType
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Attribute | Type | Mul. | Kind | Note
Table B.29: RPortPrototype
Class RTEEvent (abstract)
Package M2::AUTOSARTemplates::SWComponentTemplate::SwcinternalBehavior::RTE
Events
Note Abstract base class for all RTE-related events
Base ARObject, AbstractEvent, AtpClassifier, AtpFeature, AtpStructureElement,
Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
disabledM | ModeDeclaratio * iref | Reference to the Modes that disable the Event.
ode n
Stereotypes: atpSplitable
Tags: atp.Splitkey=contextPort, contextMode
DeclarationGroupPrototype, targetMode
Declaration
startOnEve | RunnableEntity 0..1 ref | RunnableEntity starts when the corresponding
nt RTEEvent occurs.
Table B.30: RTEEvent
Class ResourceConsumption
Package M2::AUTOSARTemplates::CommonStructure::ResourceConsumption
Note Description of consumed resources by one implementation of a software.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
accessCou | AccessCountSe * aggr | Set of access count values
ntSet t
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBinding Time=preCompileTime
executionT | ExecutionTime * aggr | Collection of the execution time descriptions for
ime this implementation. The aggregation of
executionTime is subject to variability with the
purpose to support the conditional existence of
runnable entities.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBinding Time=preCompileTime
heapUsag | HeapUsage * aggr | Collection of the heap memory allocated by this
e implementation.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBinding Time=preCompileTime
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Attribute Type Mul. | Kind | Note
memorySe | MemorySection * aggr | An abstract memory section required by this
ction Implementation.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
sectionNa | SectionNamePr * aggr | A prefix to be used for the memory section symbol
mePrefix efix in the code.
Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime
stackUsag | StackUsage * aggr | Collection of the stack memory usage for each
e runnable entity of this implementation. The
aggregation of StackUsage is subject to variability
with the purpose to support the conditional
existence of runnable entities.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
Table B.31: ResourceConsumption
Class RootSwCompositionPrototype
Package M2::AUTOSARTemplates::SystemTemplate
Note The RootSwCompositionPrototype represents the top-level-composition of software
components within a given System. According to the use case of the System, this
may for example be the a more or less complete VFB description, the software of a
System Extract or the software of a flat ECU Extract with only atomic SWCs.
Therefore the RootSwComposition will only occasionally contain all atomic software
components that are used in a complete VFB System. The OEM is primarily
interested in the required functionality and the interfaces defining the integration of
the Software Component into the System. The internal structure of such a component
contains often substantial intellectual property of a supplier. Therefore a top-level
software composition will often contain empty compositions which represent
subsystems.
The contained SwComponentPrototypes are fully specified by their
SwComponentTypes (including PortPrototypes, Portinterfaces,
VariableDataPrototypes, SwclnternalBehavior etc.), and their ports are
interconnected using SwConnectorPrototypes.
Base ARObject, AtpFeature, AtpPrototype, Identifiable, MultilanguageReferrable,
Referrable
Attribute Type Mul. | Kind | Note
calibration | CalibrationPara * ref | Used CalibrationParameterValueSet for instance
Parameter | meterValueSet specific initialization of calibration parameters.
ValueSet
Stereotypes: atpSplitable
Tags: atp.Splitkey=calibrationParameterValueSet
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Attribute Type Mul. | Kind | Note
flatMap FlatMap 0..1 ref | The FlatMap used in the scope of this
RootSwCompositionPrototype.
Stereotypes: atpSplitable
Tags: atp.Splitkey=flatMap
softwareC | CompositionSw 1 tref | We assume that there is exactly one top-level
omposition | ComponentTyp composition that includes all Component
e instances of the system
Stereotypes: isOfType
Table B.32: RootSwCompositionPrototype
Class RunnableEntity
Package M2::AUTOSARTemplates::SWComponentTemplate::SwcinternalBehavior
Note A RunnableEntity represents the smallest code-fragment that is provided by an
AtomicSwComponentType and are executed under control of the RTE.
RunnableEntities are for instance set up to respond to data reception or operation
invocation on a server.
Base ARObject, AtpClassifier, AtpFeature, AtpStructureElement, ExecutableEntity,
Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
argument RunnableEntity * aggr | This represents the formal definition of a an
(ordered) Argument argument to a RunnableEntity.
asynchron | AsynchronousS * aggr | The server call result point admits a runnable to
ousServer | erverCallResult fetch the result of an asynchronous server call.
CallResult | Point
Paint The aggregation of
AsynchronousServerCallResultPoint is subject to
variability with the purpose to support the
conditional existence of client server
PortPrototypes and the variant existence of server
call result points in the implementation.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
canBelnvo | Boolean 1 attr | If the value of this attribute is set to "true" the
kedConcur enclosing RunnableEntity can be invoked
rently concurrently (even for one instance of the
corresponding AtomicSwComponentType). This
implies that it is the responsibility of the
implementation of the RunnableEntity to take care
of this form of concurrency. Note that the default
value of this attribute is set to "false".
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Attribute

Type

Mul.

Kind

Note

dataReadA
ccess

VariableAccess

aggr

RunnableEntity has implicit read access to
dataElement of a sender-receiver PortPrototype or
nv data of a nv data PortPrototype.

The aggregation of dataReadAccess is subject to
variability with the purpose to support the
conditional existence of sender receiver ports or
the variant existence of dataReadAccess in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

dataReceiv
ePointByAr
gument

VariableAccess

aggr

RunnableEntity has explicit read access to
dataElement of a sender-receiver PortPrototype or
nv data of a nv data PortPrototype. The result is
passed back to the application by means of an
argument in the function signature.

The aggregation of dataReceivePointByArgument
is subject to variability with the purpose to support
the conditional existence of sender receiver
PortPrototype or the variant existence of data
receive points in the implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

dataReceiv
ePointByV
alue

VariableAccess

aggr

RunnableEntity has explicit read access to
dataElement of a sender-receiver PortPrototype or
nv data of a nv data PortPrototype.

The result is passed back to the application by
means of the return value. The aggregation of
dataReceivePointByValue is subject to variability
with the purpose to support the conditional
existence of sender receiver ports or the variant
existence of data receive points in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime
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Attribute

Type

Mul.

Kind

Note

dataSendP
oint

VariableAccess

aggr

RunnableEntity has explicit write access to
dataElement of a sender-receiver PortPrototype or
nv data of a nv data PortPrototype.

The aggregation of dataSendPoint is subject to
variability with the purpose to support the
conditional existence of sender receiver
PortPrototype or the variant existence of data
send points in the implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

dataWriteA
ccess

VariableAccess

aggr

RunnableEntity has implicit write access to
dataElement of a sender-receiver PortPrototype or
nv data of a nv data PortPrototype.

The aggregation of dataWriteAccess is subject to
variability with the purpose to support the
conditional existence of sender receiver ports or
the variant existence of dataWriteAccess in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

externalTri
ggeringPoi
nt

ExternalTriggeri
ngPoint

aggr

The aggregation of ExternalTriggeringPoint is
subject to variability with the purpose to support
the conditional existence of trigger ports or the
variant existence of external triggering points in
the implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=externalTriggeringPoint,
variationPoint.shortLabel
vh.latestBindingTime=preCompileTime

internalTrig
geringPoin
t

InternalTriggerin
gPoint

aggr

The aggregation of InternalTriggeringPoint is
subject to variability with the purpose to support
the variant existence of internal triggering points in
the implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime
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Attribute

Type

Mul.

Kind

Note

modeAcce
ssPoint

ModeAccessPoi
nt

aggr

The runnable has a mode access point. The
aggregation of ModeAccessPoint is subject to
variability with the purpose to support the
conditional existence of mode ports or the variant
existence of mode access points in the
implementation.

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=modeAccessPoint, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

modeSwitc
hPoint

ModeSwitchPoi
nt

aggr

The runnable has a mode switch point. The
aggregation of ModeSwitchPoint is subject to
variability with the purpose to support the
conditional existence of mode ports or the variant
existence of mode switch points in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

parameter
Access

ParameterAcce
ss

aggr

The presence of a ParameterAccess implies that a
RunnableEntity needs read only access to a
ParameterDataPrototype which may either be
local or within a PortPrototype.

The aggregation of ParameterAccess is subject to
variability with the purpose to support the
conditional existence of parameter ports and
component local parameters as well as the variant
existence of ParameterAccess (points) in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
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Attribute

Type

Mul.

Kind

Note

readLocal
Variable

VariableAccess

aggr

The presence of a readLocalVariable implies that
a RunnableEntity needs read access to a
VariableDataPrototype in the role of
implicitinterRunnableVariable or
explicitinterRunnableVariable.

The aggregation of readLocalVariable is subject to
variability with the purpose to support the
conditional existence of
implicitinterRunnableVariable and
explicitinterRunnableVariable or the variant
existence of readLocalVariable (points) in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

serverCall
Point

ServerCallPoint

aggr

The RunnableEntity has a ServerCallPoint. The
aggregation of ServerCallPoint is subject to
variability with the purpose to support the
conditional existence of client server
PortPrototypes or the variant existence of server
call points in the implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

symbol

Cldentifier

attr

The symbol describing this RunnableEntity’s entry
point. This is considered the API of the
RunnableEntity and is required during the RTE
contract phase.

waitPoint

WaitPoint

aggr

The WaitPoint associated with the RunnableEntity.

writtenLoc
alVariable

VariableAccess

aggar

The presence of a writtenLocalVariable implies
that a RunnableEntity needs write access to a
VariableDataPrototype in the role of
implicitinterRunnableVariable or
explicitinterRunnableVariable.

The aggregation of writtenLocalVariable is subject
to variability with the purpose to support the
conditional existence of
implicitinterRunnableVariable and
explicitinterRunnableVariable or the variant
existence of writtenLocalVariable (points) in the
implementation.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

Table B.33: RunnableEntity
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Class SenderReceiverinterface

Package M2::AUTOSARTemplates::SWComponentTemplate::Portinterface

Note A sender/receiver interface declares a number of data elements to be sent and
received.
Tags: atp.recommendedPackage=Portinterfaces

Base ARElement, ARObject, AtpBlueprint, AtpBlueprintable, AtpClassifier, AtpType,
CollectableElement, Datalnterface, Identifiable, MultilanguageReferrable,
PackageableElement, Portinterface, Referrable

Attribute Type Mul. | Kind | Note

dataEleme | VariableDataPr 1..* | aggr | The data elements of this

nt ototype SenderReceiverinterface.

invalidation | InvalidationPolic * aggr | InvalidationPolicy for a particular dataElement

Policy y

Table B.34: SenderReceiverinterface

Class SensorActuatorSwComponentType

Package M2::AUTOSARTemplates::SWComponentTemplate::Components

Note The SensorActuatorSwComponentType introduces the possibility to link from the
software representation of a sensor/actuator to its hardware description provided by
the ECU Resource Template.
Tags: atp.recommendedPackage=SwComponentTypes

Base ARElement, ARObject, AtomicSwComponentType, AtpBlueprint, AtpBlueprintable,
AtpClassifier, AtpType, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable, SwComponentType

Attribute Type Mul. | Kind | Note

sensorActu | HwDescriptionE 1 ref | Reference from the Sensor Actuator Software

ator ntity Component Type to the description of the actual

hardware.
Table B.35: SensorActuatorSwComponentType

Class SwComponentPrototype

Package M2::AUTOSARTemplates::SWComponentTemplate::Composition

Note Role of a software component within a composition.

Base ARObject, AtpFeature, AtpPrototype, Identifiable, MultilanguageReferrable,
Referrable

Attribute Type Mul. | Kind | Note

type SwComponentT 1 tref | Type of the instance.
ype

Stereotypes: isOfType

Table B.36: SwComponentPrototype
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Class SwComponentType (abstract)
Package M2::AUTOSARTemplates::SWComponentTemplate::Components
Note Base class for AUTOSAR software components.
Base ARElement, ARObject, AtpBlueprint, AtpBlueprintable, AtpClassifier, AtpType,
CollectableElement, Identifiable, MultilanguageReferrable, PackageableElement,
Referrable
Attribute Type Mul. | Kind | Note
consistenc | ConsistencyNee * aggr | This represents the collection of
yNeeds ds ConsistencyNeeds owned by the enclosing
SwComponentType.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
port PortPrototype * aggr | The PortPrototypes through which this
SwComponentType can communicate.
The aggregation of PortPrototype is subject to
variability with the purpose to support the
conditional existence of PortPrototypes.
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
portGroup | PortGroup * aggr | A port group being part of this component.
Stereotypes: atpVariation
Tags: vh.latestBindingTime=preCompileTime
swCompon | SwComponentD | 0..1 | aggr | This adds a documentation to the
entDocum | ocumentation SwComponentType.
entation
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=swComponentDocumentation,
variationPoint.shortLabel
vh.latestBindingTime=preCompileTime
xml.sequenceOffset=-10
unitGroup UnitGroup * ref | This allows for the specification of which
UnitGroups are relevant in the context of
referencing SwComponentType.
Table B.37: SwComponentType
Class SwSystemconstantValueSet
Package M2::AUTOSARTemplates::GenericStructure::VariantHandling
Note This meta-class represents the ability to specify a set of system constant values.
Tags: atp.recommendedPackage=SwSystemconstantValueSets
Base ARElement, ARObject, CollectableElement, Identifiable, MultilanguageReferrable,
PackageableElement, Referrable
Attribute | Type | Mul. | Kind | Note
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Attribute

Type

Mul.

Kind

Note

swSystem
constantVa
lue

SwSystemconst
Value

aggr

This is one particular value of a system constant.

Table B.38: SwSystemconstantValueSet

Class

SwclinternalBehavior

Package

M2::AUTOSARTemplates::SWComponentTemplate::SwclnternalBehavior

Note

The SwclnternalBehavior of an AtomicSwComponentType describes the relevant
aspects of the software-component with respect to the RTE, i.e. the RunnableEntities
and the RTEEvents they respond to.

Base

ARObiject, AtpClassifier, AtpFeature, AtpStructureElement, Identifiable, Internal
Behavior, MultilanguageReferrable, Referrable

Attribute

Type

Mul.

Kind

Note

arTypedPe
rinstanceM
emory

VariableDataPr
ototype

*

aggr

Defines an AUTOSAR typed memory-block that
needs to be available for each instance of the
SW-component.

This is typically only useful if
supportsMultipleInstantiation is set to "true" or if
the component defines NVRAM access via
permanent blocks.

The aggregation of arTypedPerInstanceMemory is
subject to variability with the purpose to support
variability in the software component’s
implementations. Typically different algorithms in
the implementation are requiring different number
of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

event

RTEEvent

aggyr

This is a RTEEvent specified for the particular
SweclnternalBehavior.

The aggregation of RTEEvent is subject to
variability with the purpose to support the
conditional existence of RTE events. Note: the
number of RTE events might vary due to the
conditional existence of PortPrototypes using
DataReceivedEvents or due to different
scheduling needs of algorithms.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime
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Attribute

Type

Mul.

Kind

Note

exclusiveA
reaPolicy

SwcExclusiveAr
eaPolicy

aggr

Options how to generate the ExclusiveArea
related APls. When no SwcExclusiveAreaPolicy is
specified for an ExclusiveArea the default values

apply.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=exclusiveAreaPolicy
vh.latestBindingTime=preCompileTime

explicitinte
rRunnable
Variable

VariableDataPr
ototype

aggyr

Implement state message semantics for
establishing communication among runnables of
the same component. The aggregation of
explicitinterRunnableVariable is subject to
variability with the purpose to support variability in
the software components implementations.
Typically different algorithms in the implementation
are requiring different number of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

handleTer
minationAn
dRestart

HandleTerminat
ionAndRestartE
num

attr

This attribute controls the behavior with respect to
stopping and restarting. The corresponding
AtomicSwComponentType may either not support
stop and restart, or support only stop, or support
both stop and restart.

implicitinte
rRunnable
Variable

VariableDataPr
ototype

aggr

Implement state message semantics for
establishing communication among runnables of
the same component. The aggregation of
implicitinterRunnableVariable is subject to
variability with the purpose to support variability in
the software components implementations.
Typically different algorithms in the implementation
are requiring different number of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

includedDa
taTypeSet

IncludedDataTy
peSet

aggyr

The includedDataTypeSet is used by a software
component for its implementation.

Stereotypes: atpSplitable
Tags: atp.Splitkey=includedDataTypeSet

includedM
odeDeclar
ationGroup
Set

IncludedModeD
eclarationGroup
Set

aggr

This aggregation represents the included
ModeDeclarationGroups

Stereotypes: atpSplitable
Tags: atp.Splitkey=includedModeDeclaration
GroupSet
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Attribute

Type

Mul.

Kind

Note

instantiatio
nDataDefP
rops

InstantiationDat
aDefProps

aggr

The purpose of this is that within the context of a
given SwComponentType some data def
properties of individual instantiations can be
modified. The aggregation of
InstantiationDataDefProps is subject to variability
with the purpose to support the conditional
existence of PortPrototypes and component local
memories like "perinstanceParameter” or
"arTypedPerInstanceMemory".

Stereotypes: atpSplitable; atpVariation

Tags: atp.Splitkey=instantiationDataDefProps,
variationPoint.shortLabel
vh.latestBindingTime=preCompileTime

perlnstanc
eMemory

PerlnstanceMe
mory

aggr

Defines a per-instance memory object needed by
this software component. The aggregation of
PerlnstanceMemory is subject to variability with
the purpose to support variability in the software
components implementations. Typically different
algorithms in the implementation are requiring
different number of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

perinstanc
eParamete
r

ParameterData
Prototype

aggr

Defines parameter(s) or characteristic value(s)
that needs to be available for each instance of the
software-component. This is typically only useful if
supportsMultiplelnstantiation is set to "true". The
aggregation of perlnstanceParameter is subject to
variability with the purpose to support variability in
the software components implementations.
Typically different algorithms in the implementation
are requiring different number of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

portAPIOpt
ion

PortAPIOption

aggyr

Options for generating the signature of
port-related calls from a runnable to the RTE and
vice versa. The aggregation of PortPrototypes is
subject to variability with the purpose to support
the conditional existence of ports.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=portAPIOption, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime
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Attribute

Type

Mul.

Kind

Note

runnable

RunnableEntity

aggr

This is a RunnableEntity specified for the
particular SwcinternalBehavior.

The aggregation of RunnableEntity is subject to
variability with the purpose to support the
conditional existence of RunnableEntities. Note:
the number of RunnableEntities might vary due to
the conditional existence of PortPrototypes using
DataReceivedEvents or due to different
scheduling needs of algorithms.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

serviceDep
endency

SwcServiceDep
endency

aggr

Defines the requirements on AUTOSAR Services
for a particular item.

The aggregation of SwcServiceDependency is
subject to variability with the purpose to support
the conditional existence of ports as well as the
conditional existence of ServiceNeeds.

The SwcServiceDependency owned by an
SwclnternalBehavior can be located in a different
physical file in order to support that
SwcServiceDependency might be provided in later
development steps or even by different expert
domain (e.g OBD expert for Obd related Service
Needs) tools. Therefore the aggregation is
«atpSplitable».

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=preCompileTime

sharedPar
ameter

ParameterData
Prototype

aggr

Defines parameter(s) or characteristic value(s)
shared between SwComponentPrototypes of the
same SwComponentType The aggregation of
sharedParameter is subject to variability with the
purpose to support variability in the software
components implementations. Typically different
algorithms in the implementation are requiring
different number of memory objects.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=preCompileTime

supportsM
ultiplelnsta
ntiation

Boolean

attr

Indicate whether the corresponding
software-component can be multiply instantiated
on one ECU. In this case the attribute will result in
an appropriate component APl on programming
language level (with or without instance handle).
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Attribute Type Mul. | Kind | Note
variationPo | VariationPointPr * aggr | Proxy of a variation points in the C/C++
intProxy oxy implementation.
Stereotypes: atpSplitable
Tags: atp.Splitkey=shortName
Table B.39: SwcinternalBehavior
Class System
Package M2::AUTOSARTemplates::SystemTemplate
Note The top level element of the System Description. The System description defines five
major elements: Topology, Software, Communication, Mapping and Mapping
Constraints.
The System element directly aggregates the elements describing the Software,
Mapping and Mapping Constraints; it contains a reference to an ASAM FIBEX
description specifying Communication and Topology.
Tags: atp.recommendedPackage=Systems
Base ARElement, ARObject, AtpClassifier, AtpFeature, AtpStructureElement, Collectable
Element, Identifiable, MultilanguageReferrable, PackageableElement, Referrable
Attribute Type Mul. | Kind | Note
clientldDefi | ClientldDefinitio * ref | Set of Client Identifiers that are used for inter-ECU
nitionSet nSet client-server communication in the System.
containerl ByteOrderEnum | 0..1 attr | Defines the byteOrder of the header in
PduHeade ContainerlPdus.
rByteOrder
ecuExtract | RevisionLabelSt | 0..1 attr | Version number of the Ecu Extract.
Version ring
fibexEleme | FibexElement * ref | Reference to ASAM FIBEX elements specifying
nt Communication and Topology.
All Fibex Elements used within a System
Description shall be referenced from the System
Element.
atpVariation: In order to describe a product-line,
all FibexElements can be optional.
Stereotypes: atpVariation
Tags: vh.latestBindingTime=postBuild
j1939Shar | J1939SharedAd * aggr | Collection of J1939Clusters that share a common
edAddress | dressCluster address space for the routing of messages.
Cluster
Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild
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Attribute

Type

Mul.

Kind

Note

mapping

SystemMapping

aggr

Aggregation of all mapping aspects (mapping of
SW components to ECUs, mapping of data
elements to signals, and mapping constraints).

In order to support OEM / Tier 1 interaction and
shared development for one common System this
aggregation is atpSplitable and atpVariation. The
content of SystemMapping can be provided by
several parties using different names for the
SystemMapping.

This element is not required when the System
description is used for a network-only use-case.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel
vh.latestBindingTime=postBuild

pncVector
Length

Positivelnteger

0..1

attr

Length of the partial networking request release
information vector (in bytes).

pncVector
Offset

Positivelnteger

0..1

attr

Absolute offset (with respect to the NM-PDU) of
the partial networking request release information
vector that is defined in bytes as an index starting
with 0.

rootSoftwa
reComposi
tion

RootSwCompos
itionPrototype

0..1

aggr

Aggregation of the root software composition,
containing all software components in the System
in a hierarchical structure. This element is not
required when the System description is used for
a network-only use-case.

atpVariation: The RootSwCompositionPrototype
can vary.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=systemDesignTime

systemDoc
umentation

Chapter

aggr

Possibility to provide additional documentation
while defining the System. The System
documentation can be composed of several
chapters.

Stereotypes: atpSplitable; atpVariation
Tags: atp.Splitkey=shortName, variation
Point.shortLabel

vh.latestBinding Time=systemDesignTime
xml.sequenceOffset=-10

systemVer
sion

RevisionLabelSt
ring

attr

Version number of the System Description.

Table B.40: System
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Class TDEventBsw (abstract)
Package M2::AUTOSARTemplates::CommonStructure::Timing::TimingDescription:: Timing
DescriptionEvents::TDEventBsw
Note This is used to describe timing events related to BSW modules.
Base ARObiject, Identifiable, MultilanguageReferrable, Referrable, TimingDescription,
TimingDescriptionEvent
Attribute Type Mul. | Kind | Note
bswModul | BswModuleDes 1 ref | The scope of this timing event.
eDescriptio | cription
n
Table B.41: TDEventBsw
Class TimingEvent
Package M2::AUTOSARTemplates::SWComponentTemplate::SwclnternalBehavior::RTE
Events
Note TimingEvent references the RunnableEntity that need to be started in response to the
TimingEvent
Base ARObject, AbstractEvent, AtpClassifier, AtpFeature, AtpStructureElement,
Identifiable, MultilanguageReferrable, RTEEvent, Referrable
Attribute Type Mul. | Kind | Note
period TimeValue 1 attr | Period of timing event in seconds. The value of
this attribute shall be greater than zero.
Table B.42: TimingEvent
Class Traceable (abstract)
Package M2::MSR::Documentation::BlockElements::RequirementsTracing
Note This meta class represents the ability to be subject to tracing within an AUTOSAR
model.
Note that it is expected that its subclasses inherit either from MultilanguageReferrable
or from Identifiable. Nevertheless it also inherits from MultilanguageReferrable in
order to provide a common reference target for all Traceables.
Base ARObject, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
trace Traceable * ref | This assocation represents the ability to trace to
upstream requirements / constraints. This
supports for example the bottom up tracing
ProjectObjectives <- MainRequirements <-
Features <- RequirementSpecs <- BSW/AI
Tags: xml.sequenceOffset=20

Table B.43: Traceable
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Class VariableAccess
Package M2::AUTOSARTemplates::SWComponentTemplate::SwcinternalBehavior::Data
Elements
Note The presence of a VariableAccess implies that a RunnableEntity needs access to a
VariableDataPrototype.
The kind of access is specified by the role in which the class is used.
Base ARODbject, AbstractAccessPoint, AtpClassifier, AtpFeature, AtpStructureElement,
Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
accessedV | AutosarVariable 1 aggr | This denotes the accessed variable.
ariable Ref
scope VariableAccess 0..1 attr | This attribute allows for constraining the scope of
ScopeEnum the corresponding communication. For example, it
possible to express whether the communication is
intended to cross the boundary of an ECU or
whether it is intended not to cross the boundary of
a single partition.
Table B.44: VariableAccess
Class VariableDataPrototype
Package M2::AUTOSARTemplates::SWComponentTemplate::Datatype::DataPrototypes
Note A VariableDataPrototype is used to contain values in an ECU application. This means
that most likely a VariableDataPrototype allocates "static" memory on the ECU. In
some cases optimization strategies might lead to a situation where the memory
allocation can be avoided.
In particular, the value of a VariableDataPrototype is likely to change as the ECU on
which it is used executes.
Base ARObiject, AtpFeature, AtpPrototype, AutosarDataPrototype, DataPrototype,
Identifiable, MultilanguageReferrable, Referrable
Attribute Type Mul. | Kind | Note
initValue ValueSpecificati | 0..1 | aggr | Specifies initial value(s) of the
on VariableDataPrototype

Table B.45: VariableDataPrototype

C Splitable Elements in the Scope of this Document

This chapter contains a table of all model elements stereotyped <atpSplitable>>
in the scope of this document.

Each entry in Table C.1 consists of the identification of the specific model element itself
and the applicable value of the tagged value atp.Splitkey.

For more information about the concept of splitable model elements and how these
shall be treated please refer to [5].
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Name of splitable element Splitkey

TimingExtension.timingCondition shortName, variationPoint.shortLabel
TimingExtension.timingDescription shortName, variationPoint.shortLabel
TimingExtension.timingGuarantee shortName, variationPoint.shortLabel
TimingExtension.timingRequirement shortName, variationPoint.shortLabel
TimingExtension.timingResource shortName, variationPoint.shortLabel
TimingExtensionResource.timingArgument shortName, variationPoint.shortLabel
TimingExtensionResource.timingMode shortName, variationPoint.shortLabel
TimingExtensionResource.timingVariable shortName, variationPoint.shortLabel

Table C.1: Usage of splitable elements

D Variation Points in the Scope of this Document

This chapter contains a table of all model elements stereotyped <atpvariation>

in the scope of this document.

Each entry in Table D.1 consists of the identification of the model element itself and the

applicable value of the tagged value vh.latestBindingTime.

For more information about the concept of variation points and how model elements

that contain variation points shall be treated please refer to [5].

Variation Point Latest Binding Time
TimingExtension.timingCondition postBuild
TimingExtension.timingDescription postBuild
TimingExtension.timingGuarantee postBuild
TimingExtension.timingRequirement postBuild
TimingExtensionResource.timingArgument postBuild
TimingExtensionResource.timingMode postBuild
TimingExtensionResource.timingVariable postBuild

Table D.1: Usage of variation points
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