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Timing Verification of Application Software in Multi-Core Systems
A Methodology to Verify Timing Precisely in Multi-Core Systems
Aravindan Anbarasu

Department of Computer Science and Engineering

Chalmers University of Technology and University of Gothenburg

Abstract

Vehicles of today are becoming more autonomous with advanced technologies to ob-
tain real-time information regarding the road and traffic situations. Computational
processing must keep pace with this growth in order to meet the timing require-
ments. Timing constraints are crucial for a safety-critical automotive embedded
system, as the consequence of ignoring timing could scale from loss of comfort to
life threatening situations. Unfortunately, an Electronic Control Unit (ECU) with
a single-core will not have enough computational capacity to perform heavy data
processing in real-time to meet the timing constraints. So the automotive indus-
try are replacing their traditional single-core ECUs with multicore ECUs which can
perform parallel data processing to meet the timing constraints whenever necessary.
The increasing functionality of automotive systems requires not only the use of com-
plex hardware, but it is also very important to identify and prototype methods to
capture and verify timing requirements for software components on such multi-core
systems, as it impacts their safety as well as their perceived customer value.

The aim of this project is to verify timing constraints for software components
on a multi-core platform. The thesis shows how architectural models (EAST-
ADL/AUTOSAR) and models capable of precise timing analysis (AMALTHEA)
shall be integrated/related for meticulous timing verification. This thesis automates
the transformation of an EAST-ADL/AUTOSAR model to an AMALTHEA model,
with the intention to retain the EAST-ADL/AUTOSAR models which are the stan-
dardized software architecture for automotive ECUs and use the AMALTHEA model
only for precise timing verification. A comparison of the different tools that are ca-
pable of simulating AMALTHEA models is also presented. The results of this thesis
work are a methodology and prototype tooling for precise timing verification in
multi-core systems.

Keywords: Vehicles, Timing constraints, ECU, Multi-core, EAST-ADL, AUTOSAR,
AMALTHEA
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Introduction

Background

Nowadays, autonomous vehicles are evolving with advanced technologies to support
autonomous driving and safety features, which in turn requires enormous comput-
ing capabilities. Unfortunately, the computing capacity of a single-core will not
be enough to meet these requirements. So the automotive industry has made a
move from single-core to multi-core systems that can perform heavy data process-
ing in real-time. This is one of the biggest challenges in the automotive industry,
because the existing applications can not realize instant benefit because they were
not designed initially to run on such multi-core architectures [5]. Also, most of the
systems and applications have been migrated into AUTOSAR compatible architec-
tures. Both trends imply the need for a new development environment that can
serve these requirements. Model-based approaches have been widely used in the
automotive industry for managing such modelling complexities. Handling timing
requirements is one of the most important things to be taken care in a modelling
approach. This is because timing requirements like execution and response times are
crucial for a safety-critical single and multi-core automotive systems, and neglecting
timing could range from loss of comfort to life-threatening situations. Timing re-
lated issues have always been a big concern while modelling automotive embedded
systems. In particular, it is very hard to verify the time in multi-core systems with
the prevailing standard modelling languages which have only limited support for
multi-core systems.

Therefore, it is very important to identify and prototype methods to capture and
verify timing requirements for software components on multi-core systems. Based on
the current state of the art research and industry requirements, modelling languages
like EAST-ADL and AUTOSAR provide support for modelling multi-core systems.
However, the level of details provided by them in terms of multi-core resource uti-
lization will not be sufficient for a precise timing verification in multi-core systems.
So a modeling language capable of precise timing analysis like AMALTHEA can be
deployed.

Aim

For single core automotive systems, some domain specific modeling languages like

EAST-ADL/AUTOSAR exist already. But these model-based methodologies only



1. Introduction

have limited support for multi-core systems. So precise timing analysis cannot be
captured. To tackle this problem, a modeling language like AMALTHEA can be
utilized, which provides extended support for multi-core platform. For example,
AMALTHEA has additional support for software design constraints like Runnable
Affinity Constraints that are used to define the mapping of runnable objects to spe-
cific processing cores or scheduling units [4][5].

Rather than creating a new AMALTHEA system model from scratch for each soft-
ware component, the idea is to transform the existing EAST-ADL/AUTOSAR
model into an AMALTHEA model via automation scripts to verify timing require-
ments on the multi-core platform. The decision to transform is taken because the
intention is to retain AUTOSAR (standard implementation level model) and EAST-
ADL (complements AUTOSAR with descriptions at a higher level of abstractions)
and use the AMALTHEA model mainly for precise timing analysis. Also, the thesis
aims to find a tool that is best suited for simulating the AMALTHEA model.

Problem Statement

The thesis focuses on the following questions listed below:
o How can one verify timing more precisely on a multi-core platform?

o How can different timing modelling approaches be mapped to achieve meticu-
lous timing verification for multi-core systems?

e How can one reduce the manual effort done during the model transformation
process?

o Which is the best tool to simulate the model that is capable of precise timing
verification for multi-core systems?

Intended Project Result

Model
Transformation Simulation
AMALTHEA Model Analysis

AUTOSAR/ EAST-ADL
Model

Feedback/Optimization

Figure 1.1: Engineering Loop

The results/outcome of this thesis work will be a process/methodology and proto-
type tooling which will be beneficial for the embedded engineers during the engi-
neering workflow as shown in Figure 1.1.

2



1. Introduction

Limitations

The idea of this thesis is not to invent new ways to do timing analysis but to show
how architecture models and multicore deployment models shall be integrated/re-
lated. This will be helpful for the automotive industry in finding ways to relate the
architectural models with models capable of analysis.
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Technical Background

This chapter provides some technical background required to give the reader suf-
ficient information about the concepts discussed in this project. A background on
EAST-ADL, AUTOSAR and AMALTHEA models are presented with in depth in-
formation regarding the relationship between them. The chapter also covers the
information regarding the tools and transformation language used in the thesis.

2.1 EAST-ADL

Cooe +vehidelevel

«atpStructureEleme...
SystemModel 0.1 0.1

+analysisLevel

g 0.1
+designLevel
0.1 o

+implementationLevel

Context

«atpStructureElements
VehicleLewvel

Context

«atpStructureElements
AnalysisLevel

Context

«atpStructureElements
DesignLevel

]

0.1 0.1

Context
«atpStructureElements

+technicalFeatureModel

Context
«atpStructureElements

. | FeatureModeling::FeatureModel

+functional AnalysisArchitecture

0.

1 0.1

+functionalDesignArchitecture

FunctionFrofotype
FunctionModeling::
AnalysisFunctionPrototype

1 0.1

AllocateableElement
FunctionPrototype
FunctionModeling::
DesignFunctionPrototype

AllocationTarget

+autosarSystem

m

EAPrototype
+hardwareDesignArchitecturs
«atpPrototypes
0.1 0.1 HardwareModeling::
HardwareComponentPrototype
+allocation
L EAElement

Y P Al E

ImplementationLevel

0.1

Figure 2.1: EAST-ADL System Model [6]

SystemTemplate:: System

EAST-ADL is an Architecture Description Language (ADL) for automotive embed-
ded systems initially defined to complement AUTOSAR with descriptions at a higher
level of abstraction [6]. The EAST-ADL model is structured in several abstraction
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2. Technical Background

levels, that contain vehicle features, requirements, software components, hardware
components, functions, variability and communication details [7]. The top-level con-
tainer of the EAST-ADL model is the System Model as shown in Figure 2.1, which
represents the vehicle’s electrical /electronic system details and its related concepts
[6]. The EAST-ADL meta-model is organized into the following four abstraction
levels, namely Vehicle level, Analysis level, Design level and Implementation level.

Vehicle level

The Vehicle level provides support for configuration and definition of product lines
at the highest abstraction level in terms of features [6]. A feature could be any
characteristic property that may or may not be present in the individual variant
of the vehicle. The vehicle level contains an arbitrary set of feature models to
represent the intended functionality. The feature model contains the vehicle features
that reflect the vehicle configurations [6]. In general, there will be a core technical
feature model and one or more product feature models. The core technical feature
model defines the overall features of the complete system on vehicle level, and the
product feature models provide an orthogonal view on the core technical feature
model [6].

Analysis level

The Analysis level contains the abstract functional definition of the electrical/elec-
tronic system in the vehicle with some important internal and external interfaces.
The Analysis level includes the Functional Analysis Architecture (FAA), that rep-
resents the functional structure and realizes the vehicle features to capture analysis
support of what the system shall do [6]. On Analysis level, Functional Analysis
Architecture is the root component of the function compositional hierarchy. In
FAA, Functional component modeling is the main modeling concept used, where
two functions interact with each other via ports that are connected by connectors

6].

Design level

The Design level represents the abstract design definition of the electrical /electronic
system in the vehicle [6]. It also contains the non-transparent infrastructure func-
tionality details like error handling and mode change to estimate the application’s
behaviour [6]. It includes the Functional Design Architecture (FDA), the Hardware
Design Architecture (HDA).

Functional Design Architecture (FDA)

The Functional Design Architecture represents a decomposition of functionalities
mentioned in the Analysis level, including behavioral description but excluding soft-
ware implementation constraints [6]. FDA is supposed to implement all the func-
tionalities at the vehicle level, if no FAA has been defined during the modelling
process [6]. With FDA, it possible to meet constraints regarding non-functional

6



2. Technical Background

properties such as allocation, efficiency, or reuse. Entities in the FDA and entities
in the FAA are related by an n-to-m mapping (Realization Relationships) [6]. The
main modeling concept applied in FDA is functional modeling, where each function
communicates with another function via ports that are connected by connectors
owned by the composing function [6].

Hardware Design Architecture (HDA)

The HDA represents the hardware architecture of the embedded system. The HDA
models ECUs, sensors, actuators and communication links [6]. The HDA also acts
as an allocation target for the functions of the FDA [6].

Implementation level
The Implementation level represents the software and hardware architecture of the

system in the vehicle. It refers to the system element in an AUTOSAR model and
does not have any EAST-ADL specific standards [6].

2.2 AUTOSAR

Application Layer

Runtime Environment (RTE)

Microcontroller

Figure 2.2: Overview of AUTOSAR Software Layers [17]

AUTomotive Open System ARchitecture (AUTOSAR) is an open and standard-
ized software, jointly developed by the vehicle manufacturers, suppliers and ser-
vice providers [16]. AUTOSAR aims to enhance complexity management of in-
tegrated Electrical/Electronic architectures through increased reuse and exchange-
ability of software modules between original equipment manufacturers and suppliers.
AUTOSAR standardizes two software platforms, namely Classic and Adaptive. This
thesis focuses only on classic AUTOSAR.
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Software Architecture

AUTOSAR uses a three-layered architecture, namely Application layer, Runtime
Environment (RTE) layer and Basic Software (BSW) layer which run on a micro-
controller as shown in Figure 2.2. The Application layer includes various appli-
cation software components (AUTOSAR software components and/or AUTOSAR
sensor/actuator components) that are designed to execute a specific set of tasks, as
per the use-case [20]. The RTE is at the heart of the AUTOSAR ECU architecture
and provides communication services to the application software components. The
main purpose of having the RTE layer is to make AUTOSAR software components
completely ECU independent by abstracting the information exchange between the
application software components and the Basic Software [17]. The BSW layer in-
cludes the standardized software modules that offer services necessary to run the
functional part of the upper software layers.

Component Types

ARElement AlpPriciype
A SwComponentFroiotype
AlpBElueprintabie | +ifP2 - e
AtpType [~ alsCTTypes

SwComponent Type fredenines
alpType}

+campanent | o

adtpVanation,atpSolliEbies
AtomicSwCompaneniType PammeterSwiomponentType Com podtlonSwComponentType
Application SwComponeniType NvBlcckSwCompenentT ype ComplexDeviceDelverSwCompenentType Senice SwComponendT ype
EcuAbsraction3wCompanentType SensoractuatorswCompaonentType SendceProxySwComponentType

Figure 2.3: Overview of Component Types [15]

A general outline of the component types in AUTOSAR is shown in Figure 2.3.
Some of the component types that are more relevant to this thesis are described
below,

8
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SwComponentType

SwComponentType is the base class for all AUTOSAR software components [15].
The abstract SwComponentType cannot be instantiated, but can be referenced by
one or many SwComponentPrototypes.

SwComponentPrototype

SwComponentPrototype implements the usage of a SwComponentType in a spe-
cific role, i.e., they are used to instantiate the SwComponentType [15]. In general,
arbitrary numbers of SwComponentPrototypes can be instantiated from the same
SwComponentType. All the SwComponentPrototypes instantiated from the same
SwComponentType will have the same properties of that corresponding SwCom-
ponentType. For example, if SwComponentType is defined with 3 Provider Port-
Prototypes and 4 Receiver PortPrototypes then all the SwComponentPrototypes
pointing to that SwComponentType will have the same number of Receiver and
Provider PortPrototypes.

CompositionSwComponentType

Encapsulation of specific functionality by aggregating existing software components

is the main purpose of a CompositionSwComponentType [15]. CompositionSwCom-
ponentType aggregates SwComponentPrototypes which in turn are typed by a
SwComponentType. It also aggregates SwConnectors for primarily connecting SwCom-
ponentPrototypes [15]. Because CompositionSwComponentType is also a SwCom-
ponentType, it may be aggregated again into further CompositionSwComponent-
Types [15]. CompositionSwComponentTypes do not add any new functionality to
the software components they aggregate. Representing the application software of
an entire vehicle in a single CompositionSwComponentType is one implication of
the concept of CompositionSwComponentType [15].

AtomicSwComponentType

AtomicSwComponentType is derived from SwComponentType and it encapsulates
the implementation of the functionality and behavior of the software components
[15]. An atomic software component is atomic in the sense that it cannot be further
disintegrated into software components. Only AtomicSwComponentType can have
RunnableEntitys, which are the smallest code-fragment that are executed under
control of the RTE [15].

ApplicationSwComponentType

The ApplicationSwComponent Type is a specialization of AtomicSwComponentType
that uses all AUTOSAR communication mechanisms and services for representing
hardware-independent application software [15]. The SwclnternalBehavior of an Ap-
plicationSwComponentType contains the RTE information regarding the software
component, i.e., the RunnableEntities and the RTE Events they respond to [15].
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Port Interfaces

ModeDeclarationGroupProiotype

Hentfable
Tngger

idenifTabie
CllentSenendperation

ARElement
AlpBluepnind
AtpBiuepniniable
AtpType
Portihierace
ModeSwitchintemace Triggennterace CllenMsSenerintemace
=atpvanatlons
+modeGmoup |1 +iigger|1..” +operation | 1.." e
AfpPrioiype AtpStruciureclemend Afp Sfrucfure Element

watpVanations Tags:
vh latesBIndingTime

blueprintDedvaticonTim

Daranremace

i

-

xalpVarations

+argument fordened])

AutesarDataProlotype
AnrgumentDataPrototype

Parameaiennterace

SenderRecelvwenntarace

NwDatainterdace

+para'ne1er1 1.*

+da13E|E‘HE"I‘|T1__-

+I‘|'|.'DE1ET1..'

AwtosarDaia Prototype
ParameterDataPrototyge

AutosarDataProioiype

VarlableDataPratotyge

Figure 2.4: Port Interfaces in the AUTOSAR meta-model [15]

[

A Port Interface is attached to every port on a software component, that describes
the data or operations that are provided or required by the port of that Software
Component [21]. A Port Interface can be either a Parameter Interface, Trigger
Interface, Mode Switch Interface or Non Volatile Data Interface [21] as shown in
Figure 2.4. This thesis focuses only on Client-Server Interface and Sender-Receiver
Interface.

Sender-Receiver Interface

The sender-receiver interface is a special kind of port-interface that are used for
sender-receiver communication. The sender-receiver interface defines the data-elements
that are sent by a sending component or received by a receiving component [21].
Sender-Receiver interfaces are composed of variable data prototypes that used for

10
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data exchange between software components and also specifies which data is trans-
ferred from the sender to the receiver [21].

Client-Server Interface

The client-server interface is a special kind of port-interface that are used for client-
server communication. The client-server interface defines the operations that are
implemented by the server component and that can be used by the client compo-
nent [21]. In the client-server interface, a client is allowed to call an operation at a
server, which in turn provides the result to the client [21].

Interested readers can refer to [15] for more detailed information about the AUTOSAR
model.

2.3 AMALTHEA/APP4MC

WIS

Decisions

Run T, on Core0
Run T, on Corel
Offset of T, = 1ms

HW Platform
S =
e AMALTHEA :
— System i
Application Model :
- N e e e ————— _,a’

Figure 2.5: Overview of the contents of AMALTHEA meta-model [4]

AMALTHEA is an open source project started in 2011 for engineering embedded
multi and many-core software systems, because of the lack of multi-core support in
the development tools at that time [4]. In later years, AMALTHEA platform became
an official Eclipse project called APP4MC, which is an open source Eclipse tool plat-
form that provides an AUTOSAR compliant system model called AMALTHEA for
optimizing embedded multi-core systems [2]. The AMALTHEA system model cov-
ers engineering activities such as system/software modelling, partitioning, mapping,
and tracing. The AMALTHEA model is sub-divided into eleven models, namely
Components Model, Configuration Model, Constraints Model, Event Model, Hard-
ware Model, Mapping Model, Measurement Model, OS Model, PropertyConstraints
Model, Stimuli Model and Software Model. Each of these models covers a particular

11



2. Technical Background

aspect of the system under development as in Figure 2.5.

The current version, Eclipse APP4MC v0.9.3 does not have support for simulation
tools, visualization tools and graphical editors [5]. APP4MC typically addresses
automotive domain but it is also applicable to telecommunication and generic real-
time systems. Interested readers can also refer to [5] for more information about
the AMALTHEA model. Some of the sub-models that are relevant to this thesis are
explained below,

Hardware Model

The AMALTHEA hardware model is used to describe the hardware architecture
of the embedded system. It includes details related to ECU, micro controllers,
processing cores, memories, connections, additional peripherals, etc [5].

Mapping Model

The mapping model provides information about the mappings and allocations for
different entities. The mapping details include, description of memory address loca-
tion where the physical memory section is allocated, mapping of various elements to
a specific memory, etc [5]. The allocation details include, Scheduler Allocation (asso-
ciate a scheduler with a processing unit), Runnable Allocation (associate a runnable
with a scheduler), Task Allocation (associate a task with a scheduler) and Interrupt
Service Routine (ISR) Allocation (associate an ISR with an interrupt controller) [5].

Operating System Model

The Operating System model describes the functionality of an operating system. It
includes details related to task scheduler (used to manage and distribute tasks using
a scheduling algorithm), interrupt controller (used to indicate an event that needs
immediate attention), semaphores (used to control access to a common resource by
multiple processes in a concurrent system such as a multitasking operating system),
etc., thus providing a way to specify how access is given to certain system resources

[5].

Stimuli Model

The Stimuli model provides information about the stimulus and clock objects. A
stimulus is responsible to activate processes in a different manner. For example,
Event Stimulus (activation triggered by an event), Periodic Stimulus (periodic ac-
tivation based on an offset, a recurrence and a jitter), Inter Process Stimulus (ac-
tivation based on an explicit inter-process trigger), etc. The clock objects are used
to describe the progress of time for one or more variables in relation to global time
[5]. The time of task activation can be different, if two equal stimuli have a different
time base [5].

12
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Software Model

The Software model provides information about the entire functional behaviour
of the software. This includes details regarding labels (data element located in
memory), runnables (run-time entity with instruction count) , tasks (collection of
runnables), call graph (define how a task or ISR behaves during execution), process
prototypes (define runnable order precedence), process chains (list of tasks repre-
senting an end-to-end data processing path), etc [5].

Constraints Model

The Constraints model provides information about the different kind of constraints
that has to be satisfied during execution. This includes Runnable Affinity Con-
straints (mapping of runnable objects to processing cores or scheduling units re-
striction), Event Chain Latency Constraint (how long after a stimulus a corre-
sponding response must occur), Data Affinity Constraints (mapping of label objects
to memory units restriction), Process Requirements for tasks(response-time restric-
tion for tasks), Runnable Sequencing Constraints (restriction on execution orders of
runnables), etc [5].

Event Model

The Event model provides information about different event entities that can be
used for the modeling of event chains and for some timing constraints. This includes
Process Event, Process Chain Event, Stimulus Event, Runnable Event, Semaphore
Event, etc [5]. Each of these event entities has an event type that represents different
state-transitions. Some of the event types are, activate (denotes that the entity is
activated by a stimulus), start (denotes that the entity starts to execute for the
first time), preempt (denotes that the entity is stopped by the scheduler), resume
(denotes that the entity continues execution on the same or other core) and terminate
(denotes that the entity has finished execution) [5].

2.4 Tool Platform

Design Tools

The thesis intends to use the AUTOSAR EAST-ADL Tool Platform (AREAToP)
Technology Demonstrator tool developed by AB Volvo for designing EAST-ADL
and AUTOSAR models.

AREAToP Technology Demonstrator

AREAToP Technology Demonstrator is a design tool developed by AB Volvo with
an intention to design and develop both EAST-ADL and AUTOSAR models under
a single tool platform. It is based on the model driven approach as basic engineering
methodology. AREATOP is an implementation of the common base functionality of
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AUTOSAR Tool Platform (Artop) and EAST-ADL Tool Platform (EATOP). How-
ever, the tool has several of its own implementation of functionalities in the form of
software plugins. One of the plugins used in this thesis is the Graph Modelling plu-
gin, which enables the user to view a graphical representation of a selected element
along with its ports and communication link as shown in 6.1. Interested readers can
refer [18] and [19] to learn more about the functionalities of EATOP and Artop tool
platforms respectively.

Simulation Tools

Since the AMALTHEA research project was started in 2011, only a few commercial
tools provide support for simulating AMALTHEA models. This thesis focuses on
two such tools, namely Silexica and Timing Architects (TA) tool suite.

SILEXICA

Silexica (SLX) is a multicore development tool that provides software execution
awareness in the hardware and software inter-dependencies. The tool provides a
precise and full analysis of software inter-dependencies thereby helping to fully un-
derstand the application behavior on a multi-core system [10]. With SLX, the inter-
action between runnables and tasks, data dependencies and the program flow can
be revealed [10]. Additionally, information for parallelization such as core migration
policies and scheduler configuration are also revealed. Based on these information,
runnable to task mapping as well as task to core mapping can be optimized [10].
The tool is proprietary and a license cost has to be paid inorder to use it. A limited
period demo version is also available upon request.

SLX + AMALTHEA

The current version, SLX-2018.10 sp-1 of the tool platform comes with AMALTHEA
support. With SLX the user can import an ALMATHEA model into a new project
and generate schedules. Once an AMALTHEA model is imported, the first step is
the Analyze phase, where the model is analyzed to get a clear understanding of the
inter-task and inter-runnable dependencies [10]. Next step is the optimize phase,
where SLX allows the user to parallelize selected tasks by creating a mapping of
tasks to processing cores for the schedule creation. Finally, the tool allows the user
to run the scheduler which computes schedules and the results of the simulation
are displayed through gantt charts [10]. The tool also allows the user to export the
modified AMALTHEA model after configuring the scheduler configuration.

TIMING ARCHITECTS TOOL SUITE

TA tool suite provides user-friendly tools for the design, simulation, verification and
optimization of embedded multi-core systems [11]. The TA tool suite is capable
of providing an in-depth analysis of the timing behaviour and supports mapping
of application software on different cores in a multi-core platform, which helps in
increasing the efficiency of multi-core real-time systems [11]. For each step in the
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software project life-cycle, TA tool Suite provides a dedicated software product.
This includes TA-Design, TA-Simulation, TA-Optimization and TA-Inspection [11].

TA-Design provides support for defining timing requirements of the application soft-
ware through an interactive dynamic visualization [11]. TA-Simulation provides
support for model-based simulation of ECU timing behavior. It also aids in ana-
lyzing the system behavior through graphical and table based evaluations of timing
metrics [11]. TA-Optimization provides support for the distribution and mapping of
application software on different cores in a multi-core platform [11]. TA-Inspection
provides support for verification of the timing behavior of application software in
terms of deadlines, response times, utilization, and other metrics [11]. The tool is
proprietary to the company (Vector) and a license cost has to be paid in-order to
use it. A limited period demo version is also available upon request.

TA SUITE + AMALTHEA

The current version, 19.1 of the TA tool suite comes with AMALTHEA support.
The TA tool suite allows the user to import an existing AMALTHEA model as a new
project. However, using TA-Design a new AMALTHEA model can also be created
from scratch. After the AMALTHEA model is imported /created, the TA tool suite
analyzes the model and indicates the user for any inconsistencies in the model. For
example, the periodic tasks might be missing the recurrence time value in the model.
These inconsistencies can be fixed by editing the AMALTHEA model with the help
of TA-Design. Once the model has become error free, the TA tool suite allows the
user to perform the simulation with the help of TA-Simulation. The simulation
results (scheduling of tasks) are visualized via different views like gantt chart view,
histogram view, etc [11]. The simulation results are analyzed via different metric
tables like the process table, requirements table, hardware resource table, event
chain requirement table, etc. In case, if some of the timing requirements are not
fulfilled, the user can use TA-Design to edit the AMALTHEA model accordingly
and perform a new simulation.

2.5 eXtensible Stylesheet Language Transforma-
tions

eXtensible Stylesheet Language Transformations (XSLT) is the best known XML
transformation language [12]. XSLT version 1.0 has been widely used for trans-
forming XML documents into other XML documents since 1999 [12]. The XSLT
processor takes an XML source document and an XSLT style sheet as inputs, and
processes them to produce an output document as shown in Figure 2.6. In this
process, the source document is unaltered and the resultant output document will
be a new document based on the content of the source document. Xalan is a known
open source XSLT 1.0 processor from the Apache Software Foundation available for
Java and C++ [13].
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<xsl:value-of>
Title:$name
Date:$curdat
</xslvalue-o

XML Input XSLT Code

XSLT Procesor

Result Document
Figure 2.6: Process Flow in XSLT [13]

The XSLT processor implements a fixed algorithm. Initially, the processor reads the
XSLT style sheet and builds a source tree from the input XML document. Then
the processor starts processing the source tree from the root node. The processor
tries to find the best-matching template for each node in the XSLT style sheet
and evaluates the template’s contents. In general, the contents in each template
instructs the processor to either process more nodes in the source tree or to create
new nodes in the result tree [13]. XML Path Language, shortly called XPath is a
major element in the XSLT standard that contains over 200 built-in functions to
navigate through the subsets of the source document tree and perform calculations.
XSLT 1.0 uses XPath 1.0 to navigate through elements and attributes in an XML
document. Interested readers can also refer to [14] for more information about the
XSLT syntax.
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Literature Review

3.1 Relevant Literature from the Problem Do-

main

Bucaioni et al. [1] propose a methodology for early verification of non-functional
properties like timing requirements during the design level within EAST-ADL, which
could possibly reduce the expensive modifications later in the implementation level
(Rubus Component Model) [1]. In general, the translation from the design to im-
plementation level is performed manually, pushing the timing verification to imple-
mentation phase [1]. The paper demonstrates a proof of concept to automate the
integration (through model transformations) between EAST-ADL and Rubus Com-
ponent Model (RCM) on single/multi core platforms thereby enabling the early
verification during the design phase itself [1]. For multi-core systems the authors
propose to use RCM as the implementation level for EAST-ADL because at the
application software level, AUTOSAR does not differentiate between the control
and the data flows, which is fundamental for providing early timing verification [1].
Hence this paper [1] intends to substitute AUTOSAR with RCM at the implemen-
tation level within EAST-ADL as it does not have extended support for multi-core
systems.

Mubeen et al. [22] propose an approach to represent the end-to-end timing mod-
els. At a higher abstraction level, the approach provides timing information on the
system models that are created with the EAST-ADL language utilizing the TIMing
MOdel (TIMMO) methodology, annotated with timing information using Timing
Augmented Description Language (TADL2) [22]. At the lower level, the approach
uses RCM to represent the timing information. The paper proposes to choose RCM
instead of AUTOSAR for two reasons. Though the current AUTOSAR specification
provides a timing model, it fails to specify a few low-level details which are needed
to perform the end-to-end timing analysis like the control flow between functional-
ities, etc [22]. The other reason is that the implementations built with RCM have
relatively smaller runtime footprints, i.e., memory overheads and timing [22].

From the literature [1] and [22], one can clearly see the deficits of the AUTOSAR
over RCM model. Since RCM is a proprietary modeling language developed by
Arcticus Systems, this thesis aims to experiment with some open source modeling

language like AMALTHEA.
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3.2 Relevant Literature on Potential Solution Ap-
proaches

APP4MC is an open source application platform project designed to utilize multi/-
many core systems managing timing through simulation and continuous design [2].
APP4AMC uses AUTOSAR compliant data model called AMALTHEA for perform-
ing timing and behavioural analysis and also provides basic parallelization features,
model-based editing and visualization and many more [2]. Since AMALTHEA is
AUTOSAR compliant it can be easily adapted into the automotive industry when
it comes to multi-core platform [3]. AMALTHEA system model is subdivided into
ten models, each covering a specific aspect of the system under development [4]. In-
formation in these models are basically similar to AUTOSAR but the level of detail
can be higher in AMALTHEA [4].

From the literature [2], [3] and [4] one can clearly see that AMALTHEA addresses
some of the deficits of AUTOSAR, especially within the scope of multi-core.

3.3 Previous Work within the Project

“EAST-ADL architecture description language describes a system on a higher level
of abstraction than AUTOSAR. Starting with a description of the features that
have to be developed, the model is refined until the level of abstraction covered
by AUTOSAR” [4]. The aim of this thesis is to reuse this already existing EAST-
ADL/AUTOSAR models for the software components, and then use model trans-
formation to transform them into AMALTHEA for precise timing analysis.
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Evaluation Criteria

After conducting the literature review, an evaluation criteria (list of capabilities)
that the outcome of this thesis should address are framed and are as follows,

o Successful transformation of source architectural model to AMALTHEA model.

o Ability to verify response time for each task of the software component in a
multi-core system.

o Ability to verify response time for each event-chain of the software component
in a multi-core system.

o Ability to measure the load distribution of tasks and runnables on the pro-
cessing cores.

During the experimentation process, the results obtained from each iteration will

be compared against the above mentioned list of capabilities to ensure if it satisfies
all/some of the criteria.
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Methods

This thesis follows Action Research methodology as in Figure 5.1. Several iterations
of the research loop are carried out until an optimized plan/design choice is achieved,
that is when the plan satisfies all/most of the evaluation criteria.

h

3. Collect
1. Plan Results

Fy

Figure 5.1: Action Research Loop

The steps followed in each iteration of the Action Research Loop are listed below,

Step 1 (Plan):

Input: Thesis description (background, aim, problem statement, literature review
and limitations), knowledge on AUTOSAR/EAST-ADL/AMALTHEA data mod-
els, available model transformation tools/languages at AB Volvo and supported
tool suite for simulating/analyzing AMALTHEA models. Possibly the output of
step 4 in each iteration will be an extra input to step 1 in the following iterations.

Activity: A preliminary plan on which architectural model type between EAST-
ADL and AUTOSAR to be used (both EAST-ADL and AUTOSAR are not re-
placements for one another and each serves a different purpose. AUTOSAR is
the standard implementation level model and EAST-ADL complements AUTOSAR
with descriptions at a higher level of abstraction for support regarding variability,
requirements, safety, etc.,), which example application to be used (Selection is based
on the available data rich application models within vehicle dynamics control depart-
ment at AB Volvo), which model transformation tool to be used (the thesis intends
to use a tool that is developed by AB Volvo), which model transformation language
to be used (Selection is based on whether the transformation language is supported
by the selected transformation tool), which tool suite to be used for simulation and
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analysis (Selection is based on whether the tool is open-source/commercial, level of
support to AMALTHEA data model, etc.,) are decided.

Output: A preliminary plan including an architectural model type, example appli-
cation model, model transformation tool, transformation language, simulation and
analysis tool suite.

Step 2 (Act):

Input: Architectural model type to be used, example application model to be used,
tool suite to be used for model transformation, model transformation language to
be used, tool suite to be used for simulation and analysis.

Activity: The second step is to get ready all the necessary aspects such as ex-
ample application, model transformation language and tool suites required for the
engineering workflow as shown in Figure 1.1. The possible activities would be to
manually add details to the chosen example application model if it lacks some of the
details which it supports and that can be mapped to AMALTHEA model during
model transformation. The guidelines for mapping will be framed and implemented
in the model transformation language after a careful analysis of the meta models
of both the source and target models. The activity also includes the preparation of
model transformation file.

Output: A working setup including an example application model, model transfor-
mation tool, model transformation language, simulation and analysis tool.

Step 3 (Collect Results):

Input: A working setup including an example application model, model transfor-
mation language, model transformation tool, simulation and analysis tool.

Activity: The third step is to perform model transformation and simulation by
taking the role of an engineer as shown in Figure 1, and to collect results/outcomes.

Output: Results from the simulation and analysis activities.

Step 4 (Evaluate):

Input: Evaluation criteria, results from the simulation and analysis activities.

Activity: In the final step, the results collected from the step 3 are compared
against the evaluation criteria (framed after conducting the literature review) to en-
sure if it satisfies all/some of the criteria. Based on the evaluation, a new plan with
possible changes for improvement is created and the same cycle of steps is repeated
as shown in Figure 5.1.
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Output: Decision on whether to stop the iteration or to start the next iteration
with a new plan. The output of this step is then an extra input to step 1 in the
next iteration.

The iteration continues until step 4 concludes that an optimized plan/design choice
is achieved, that is when the plan satisfies all/most of the evaluation criteria.

23



5. Methods

24



O

Results

In this chapter, the results of each iteration of the action research loop are presented.

6.1 Results of each Iteration

6.1.1 Iteration 1:

Goal

o Successful transformation of EAST-ADL model to AMALTHEA model.
o Successful simulation and analysis of the resultant AMALTHEA model with
the help of a tool platform.

Step 1 (Plan)
Architectural Model Type

Since this thesis intends to experiment only with EAST-ADL and AUTOSAR archi-
tectural models, during this iteration we select EAST-ADL architectural model for
experimentation. Both EAST-ADL and AUTOSAR are not replacements for one
another, as each serves a different purpose.

Sample Application Model

The thesis intends to use the BBW EAST-ADL application model, that pre-exist
within vehicle dynamics control department at AB Volvo. The model is available in
the URL: http://www.east-adl.info/Specification/V2.1.12/EAST-ADL_V2.1.
12.zip.

Model Transformation Tool

The thesis intends to use the AREAToP Technology Demonstrator tool developed
by AB Volvo for model transformation.

XML Transformation Language

The thesis intends to use the XSLT Version 1.0 as the XML transformation language.
This is because the AREAToP tool by AB Volvo has a built-in XSLT processor
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(Xalan-Java Version 2.7.1) that supports only XSLT Version 1.0 for transforming
XML documents.

Simulation and Analysis Tool

This thesis focuses on two known tools that support AMALTHEA, namely Silexica
and Timing Architects. During this iteration, we pick Silexica tool platform for
simulation and analysis. A trial version (SLX-2018.10 sp-1) of the tool suite is used
for the experiment.

Step 2 (Act)
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Figure 6.1: Functional Design Architecture of BBW component in AREAToP

The FDA of the Brake-by-wire component is analyzed, to check if it lacks some
of the details which it supports and that can be mapped to AMALTHEA model
during model transformation. The thesis intends to focus only on the design level
abstraction layer of the EAST-ADL model. This is because the design level contains
the FDA, representing a full decomposition of functionalities denoted in the analysis
level with behavioral description. The Functional Design Architecture diagram of
the Brake-by-wire component is shown in Figure 6.1.
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Table 6.1: Mapping between EAST-ADL and AMALTHEA elements during
Model Transformation

EAST-ADL

AMALTHEA

Remarks

FunctionModeling ::
DesignFunctionPrototype

Task (Software Model)

To avoid false positives during model transformation, De-
signFunctionPrototype elements that satisfy the hierarchical
structure “SYSTEM-MODEL/DESIGN-LEVEL/FUNCTIONAL-
DESIGN-ARCHITECTURE” and with TYPE-TREF attribute
value matching either DESIGN-FUNCTION-TYPE or LOCAL-
DEVICE-MANAGER are alone considered.

FunctionModeling :: Runnable (Software | To avoid false positives during model transformation, Design-
DesignFunctionType Model) FunctionType elements with property ISSELEMENTARY = true
are alone considered.
TimingConstraint :: Periodic Stimulus | Nil
PeriodicConstraint (Stimuli Model)
TimingConstraint :: OrderPrecedenceSpec Nil
PrecedenceConstraint (Software  Model
Process Prototype)
TimingConstraint :: Instructions Constant | Nil
ExecutionTimeConstraint | (Software  Model
Runnable)

HardwareModeling ::
HardwareComponent
Prototype

Processing Unit (Hard-
ware Model)

To avoid false positives during model transformation, Hard-
wareComponentPrototype elements with execution rate are
alone considered. .

Events :: EventFunction | Process Event (Events | Nil
Model)

Timing :: EventChain Event Chain (Con- | Nil
straints Model)

TimingConstraints Event Chain Latency | Nil

AgeConstraint Constraint (Con-

straints Model)

After a careful analysis of the EAST-ADL and AMALTHEA models, the guidelines

for mapping is framed as shown in Table 6.1.

The guidelines for mapping are

implemented in the XSLT as shown in Listing A.1, and will take effect during the
model transformation process. Moreover, the Brake-by-wire EAST-ADL model lacks
some details which it supports and that can be mapped to AMALTHEA model.
This thesis uses AREAToP tool to edit the Brake-by-wire EAST-ADL model. The
additional details added manually to the Brake-by-wire EAST-ADL model before
the transformation process are listed below,
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Event Function Flow Port

Event Function Flow Port refers to the time when data is sent or received at the
Function Flow Port of a Function Prototype [6]. A function Flow Port refers to
either IN/OUT port of a Function Prototype. Figure 6.2 shows an Event Function
Flow Port being added for theABS module in AREAToP.

4 (3 EFFP_ABS_FL_ABSEBrakeTorqueQut [EventFunctionFlowPort]

Event Function Flow Port port [EventFunctionFlowPort_pert] |=|| [ Properties &3
- (G EFFP_ABS_FL_RequestedTorqueln [EventFunctionFlowPort]
- [ EFFP_ABS_FR_ABSBrakeTorqueOut [EventFunctionFlowPort]
- [ EFFP_ABS_FR_RequestedTorqueln [EventFunctionFlowPort]
- {2 EFFP_ABS RL_ABSErakeTorqueOut [EventFunctionFlowPort]
b E EFFP_ABS_RL_RequestedTorqueln [EventFunctionFlowPaort]
. @8 EFFP_ABS_RR_ABSBrakeTorqueQut [EventFunctionFlowPort]

Event Function Flow Port port [EventFunctionFlowPort_port]

Advanced | Property Value
Function Flow Port = ABSBrakeTorgqueOut [/DesignLevelElements/FCN/ABS_T/ABSBrakeTorqueOut]
Function Prototype [ ABS_FL_Pt [/DesignLevelElements/FCN/BEW_FDA/ABS_FL_Pt]

Figure 6.2: Event Function Flow Port of ABS in AREAToP

Execution Time Constraint

An Execution Time Constraint is a timing constraint that limits the time between
the start and stop point of an executable function [6]. The start and stop point
refer to the corresponding Event Function Flow Port of the executable function.
The Execution Time Constraint does not count the intervals when the execution of
such an executable has been interrupted [6]. Figure 6.3 shows an Execution Time
Constraint being added for the ABS module in AREAToP.

 [€) EX_ABS_FL_Pt [ExecutionTimeConstraint]

» & EX_ABS_FR_Pt [ExecutionTimeConstraint] [ Properties 52

+ @] EX_ABS RL_Pt [ExecutionTimeConstraint]

. &) EX_ABS_RR_Pt [ExecutionTimeConstraint] & EX_ABS_FL_Pt [ExecutionTimeConstraint]

» @] EX pBrakePedall DM [ExecutionTimeConstraint] Property Value

, &) EX_pBrakeTorqueMap [ExecutionTimeConstraint] Advanced s —

. & BX_pGlobalBrakeController [ExecutionTimeConstraint] Category, =

. &7 B%_pLDM_Brake._FL [ExecutionTimeConstraint] Mode =

. @) EX_pLDM_Brake_FR [ExecutionTimeConstraint] Name =2

. @) EX_pLDM_Brake_RL [ExecutionTimeConstraint] £ Preemption

» &) EX_pLDM _Brake_RR [ExecutionTimeConstraint] Resume -

3 OC_BrakePedall DMToBrakeTorque [OrderConstraint] ShortName |'= EX ABS FI Pt , , ,

. id PC ABS,FLToLDMBrake, FL [PrecedenceConatraint] Start G EFFP_ABS_FL_RequestedTorqueln [/EASTADL ExtensionElements/BBW_Timing/EFFP_ABS_FL RequestedTorqueln]

i PC_ABS FRToLDMBrake FR [PrecedenceConstraint] Stop G0 EFFP_ABS_FL_ABSBrakeTorqueOut [/EASTADLExtensionElements/BBW Timing/EFFP_ABS_FL_ABSBrakeTorqueOut]
ine y Uuid =

> @@ PC_ABS_RLToLDMBrake_RL [PrecedenceCenstraint]

Figure 6.3: Execution Time Constraint for ABS in AREAToP

Since the Execution Time Constraint elements in EAST-ADL model lack the "value’
property due to a flaw in AREAToP tool, the instruction count values are entered
in the ’Name’ property as a workaround.

Event Function

The Event Function refers to the invocation event of the function (when data is
consumed and execution starts) and may be data or time-related depending of trig-
ger. The target function of an Event Function will be either a Function Type or a
Function Prototype [6]. Figure 6.4 shows an Event Function being added for the
ABS module in AREAToP.
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a [iE0 Event_ABS_FL_Pt [EventFunction]

[C] Properties &3
Event Function function [EventFunction_function] B

- 3 Event_ABS_FR_Pt [EventFunction] Event_ABS FL Pt [EventFunction]

- @) Event_ABS_RL_Pt [EventFunction]

- 30 Event_ABS_RR_Pt [EventFunction] Advanced Property Value

> Event_pBrakePedalLDM [EventFunction] Edit Instance Refs Categery = :

> Event_pBrakeTorgueMap [EventFunction] Function Type £ ABS_T [/DesignLevelElements/FCN/ABS_T]
) Advanced Instance Refs =

» @ Event_pGlobalBrakeController [EventFunction] Name = activate

& {3 Event_pLDM_Brake_FL [EventFunction] Short Name ent_ABS_FL_Pt

Event Function function [EventFunction_function] Uuid =

Figure 6.4: Event Function for ABS in AREAToP

Since the Event Function elements in EAST-ADL model lack the 'Event Type’
property due to a flaw in AREATOP tool, the event type options are entered in the
"Name’ property as a workaround.

Periodic Constraint

A Periodic Constraint is a timing constraint that describes a periodically occurring
event [6]. Figure 6.5 shows a Periodic Constraint being added for the ABS module
in AREAToP.

.a |&7] Periodic_Constraint 8 [PeriodicConstraint]

Timing Expression [TimingExpression] [ Properties &2
. &3 Periodic_Constraint_9 [PeriodicConstraint] o . o .
» &3] RC_Pedall DMtoBrCtriOut [ReactionConstraint] 40 Periodic_Constraint 8 [PeriodicConstraint]

DependabilityPackage [EAPackage]

Prope Value
4 WerificationValidation [EAPackage] Advanced E ;ty =
4 TestEquipment [EAPackage] gy = . .
. FunctionalPackage [EAPackage] Event EF_ABS_FL_Pt [/EASTADLExtensionElements/BBW_Timing/EF_ABS_FL_Pt]
® FaultnjectionBehavior [FunctionBehavior] Mode =
. - MName '=5
43 FlFunction [DesignFunctionType] Shert N '= Periodic Constraint &
. £5) LocalBBW_FDA [DesignFunctionType] . ?d ame —— o LonTA
ui =

a £8] SubjectSystemFDA [DesignFunctionTypel

Figure 6.5: Periodic Constraint for ABS in AREAToP

Since the Periodic Constraint elements in EAST-ADL model lack the 'value’ prop-
erty due to a flaw in AREATOP tool, the periodicity values are entered in the 'Name’
property as a workaround.

Precedence Constraint

The Precedence Constraint represents a constraint applied on the execution sequence
of functional entities. For uni-directional functions without a precedence constraint,
the functions will be executed according to their data dependencies. However, for
bidirectional functions precedence constraint is mandatory [6]. Figure 6.6 shows
a Precedence Constraint being added for the ABS and Brake Actuator module in
AREATOP.

4 [5-a PC_ABS_FLTolDMBrake_FL [PrecedenceConstraint]

4 Precedence Constraint preceding [PrecedenceConstraint preceding] | [ Properties 52
4 Precedence Constraint successive [PrecedenceConstraint successive] )
&4 PC_ABS_FRToLOMBrake FR [PrecedenceConstraint] PC_ABS_FLToLDMBrake_FL [PrecedenceConstraint]
» @@ PCABS RLTol DMBrake Rl [PrecedenceConstraint] pE— Preceding [/DesignL evelElements/FCN/ TopPackage/BEW_SystemMod<l/BBWDesignl evel/fdar ABS.FL_Pt]
> s-a PC_ABS_RRToLDMBrake_RR [PrecedenceConstraint]
. & PC_BrakeTorqueToGlobal Controller [PrecedenceConstraint] Edit Instance Refs Property Value
. & PC_BreakPedalToBreakTorque [PrecedenceConsiraint] Advanced Instance Refs Function Protatype target o ABSFL Pt

& PC_GlobalControllerToABS_FL [PrecedenceConstraint]
. &-a PC_GlobalControllerToABS_FR [PrecedenceConstraint]
+ & PC_GlobalControllerToABS RL [PrecedenceConstraint]
. &-a PC_GlobalControllerToABS_RR [PrecedenceConstraint]
+ &) Periodic_Constraint_1 [PeriodicConstraint] Property Value
» & Periodic_Constraint 10 [PeriodicConstraint] -

5 % Periodic_Constraint_11 [PeriodicConstraint] Function Protatype target ' pLDM _Brake FL

n

Successive [/DesignLevelElements/FCN/TopPackage/BBW SystemModel/BBWDesignLevel/fda/pLDM_Brake FL]

Figure 6.6: Precedence Constraint for ABS and Brake Actuator in AREAToP
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In each Precedence Constraint element of the EAST-ADL model, a successive en-
tity is an immediate successor of the preceding entity. The preceding and successive
entities of each Precedence Constraint point to Design Function Prototype elements
rather Design Function Type elements.

Event Chain

An Event Chain is a container for two events, a stimulus event and a response event
that must be causally related [6]. Figure 6.7 shows an Event Chain being added for
ABS module in AREAToP.

EC Sequence FL [EventChain] EC_Sequence_FL [EventChain]
@ EC_Sequence_FR [EventChain]
@ EC_Sequence RL [EventChain] Advanced Property Value
E EC_Sequence_RR [EventChain] Category =
> E EFFP_ABS_FL_ABSBrakeTorqueQut [EventFunctionFlowPort] Name =
3 E EFFP_ABS_FL_RequestedTorqueln [EventFunctionFlowPort] Response Event_pLDM_Brake_FL [/EASTADLEtensionElements/BBW _Timing/Event_pLOM_Brake FL]
@ EFFP_ABS FR ABSBrakeTorqueQut [EventFunctionFlowPort] Segment GIEC 1 FL [/EASTADLExtensionElements/BEW Timing/EC_1_FL], EC_2 FL [/EASTADLExtensionElements/BBY ..
() EFFP_ABS_FR_RequestedTorqueln [EventFunctionFlowPort] ShotName 'S EC Sequence FL
3 EFFP_ABS_RL_ABSBrakeTorqueQut [EventFunctionFlowPort] Stimulus GlEvent pBrakePedall DM [/EASTADL ExtensionElements/BBW Timing/Event_pBrakePedalLDM]
> () EFFP_ABS_RL_RequestedTorqueln [EventFunctionFlowPort] Wuid =

Figure 6.7: Event Chain for BBW in AREAToP

An event chain can have several sub event chains that are added as segments to the
parent in sequence as in Figure 6.7.

Age Constraint

The Age Constraint defines how long before each response a corresponding stimulus
must have occurred. The Age Constraint is an alternative to the normal Delay
Constraint for situations where the causal relation between event occurrences must
be considered [6]. Figure 6.8 shows an Age constraint being added for an Event
Chain in the BBW model.

&n Latency_Constraint_FL [AgeConstraint]

Properties 33 | @] ErrorLog 3} Probl
&3] Latency_Constraint_FR [AgeConstraint] [ Peaperties 32 | &) EmorLog gl Problems

4@l Latency_Constraint_RL [AgeConstraint] Latency Constraint FL [AgeConstraint]
(ﬁ Latency_Censtraint_RR [AgeConstraint]
E3 OC_BrakePedalLDMToBrakeTorque [OrderConstraint] Advanced Property Value
4 w-a PC_ABS_FLTolLDMBrake_FL [PrecedenceConstraint] Category =
< Precedence Constraint preceding [PrecedenceConstraint_preceding] Mode
< Precedence Constraint successive [PrecedenceConstraint_successive] Name =20
» w-a PC_ABS_FRTolLDMBrake_FR [PrecedenceConstraint] Scope EC_Sequence_FL [/EASTADLExtensionElements/BBW _Timing/EC_Sequence_FL]
» @-a PC_ABS_RLTolLDMBrake_RL [PrecedenceConstraint] Short Name '= Latency_Constraint_FL
» @@ PC_ABS_RRToLDMBrake_RR [PrecedenceConstraint] Uuid =

» w-a PC_BrakeTorqueToGlobalCentroller [PrecedenceConstraint]

Figure 6.8: Age Constraint for BBW in AREAToP

Since the Age Constraint elements in EAST-ADL model lack the 'value’ property
due to a flaw in AREAToP tool, the age values are entered in the 'Name’ property
as a workaround.

Hardware Component Prototype

The Hardware Component Prototype represents an occurrence of a hardware ele-
ment based on the type of the Hardware Component Prototype [6]. Figure 6.9 shows
Hardware Component Prototypes being added for ABS module in AREAToP.
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4 [l Wheel FlexeCU_T [Node] #* QuartzCPUO [HardwareComponentPrototype]
% BrakeActuatarHWIO [I0HardwarePin]
#5 ComHardwarePortl FLEXRL [CommunicationHardwarePin] Advanced Property Value
#4 ComHardwarePortl FLEXR2 [CommunicationHardwarePin] Category = CPU
ﬁ QuartzCPUD [HardwareComponentPrototype] 1 Mame =
¥ QuartzCPU1 [HardwareComponentPrototype] 3 Short Name '= QuartzCPUD
@ QuartzCPU2 [HardwareComponentPrototype] Type [ CPU [/DesignLevelElements/HW/CPU]

(= WheelSpeedSensarHWIO [I0HardwarePin] Uuid

Figure 6.9: Hardware Component Prototypes of BBW in AREAToP

Preparing the XSLT file

Before starting the model transformation process, the transformation file (XSLT
file) is made ready by utilizing the available details supported by EAST-ADL model
which can be mapped to the AMALTHEA model. The details regarding the map-
ping are explained in Table 6.1 and implemented in the XSLT file as in Listing A.1.

Some additional details that are not supported by EAST-ADL model, but required
by AMALTHEA model for simulation are also added in the XSLT file as shown in
Listing A.1. During model transformation process these details get added to the
resultant AMALTHEA model. The additional details are as follows,

1. Mapping Model
e Details regarding the scheduler allocation, i.e., scheduler to processor core
mapping.
o Details regarding the task allocation, i.e., task to scheduler mapping.
o Details regarding the runnable allocation, i.e., runnable to scheduler map-

ping.

2. OS Model
e Defining an operating system that can be either a generic operating sys-
tem or vendor specific operating system.
¢ Defining a number of task schedulers within the defined operating system.
e Defining a scheduling algorithm for each task schedulers defined.

3. Hardware Model
e Defining a Hardware System with Instructions Per Cycle details.
e Defining several ECUs within the defined hardware system.
e Defining several micro-controller units for each ECU.

Step 3 (Collect Results)

In this step, model transformation and simulation are performed.

Model Transformation Process

Once the transformation file is ready, the model transformation is carried out with
the help of AREATOP tool as shown in Figure 6.10. The XSLT code used in this
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transformation process is shown in Listing A.1. The outcome of this model trans-
formation process would be an AMALTHEA model for Brake-by-wire component

with a file extension “amxmi”. This file will be saved in the same directory as of the
XSLT file.

+ Bk somple_east-ac
4 = BBW_4Wheel 2.1.12EM.eaxm|
4 ¢ EAXML [EAXML] New »

AnalysisLevelElement{ T )
Copyright [EAPackegq
Open With v
DataTypesPackage [E4 D
4 _ DesignlevelElements| [ Copy cHi-C
4 FCN[EAPackage] Paste cu
« £3] ABS_T [Design| . )
bl 3 Delete Delete
G ABSBrakeT| ——
fo Requested]  Moven B Custom XSL Transformation =
@ VehicleSpe|  Rename... R
G WheelSpee 1, mport
4 £ BBW_IDA [Desy 3 oy XSL Transformation file
& ABs FLPr| =
£ ABS FRPt| &) Refresh 2}
£ ABS RLPt EAAEATOP\workspace\eami2amxmiasl
G aBsRR Pt  Debugas U
°, ABSFLOUT|  RunAs »
% ABSFROUT|  Team
ABSRLOUT|
oL agsrrour]  eplaceWith > Output file extension
°|, DriverTorg{  Comvertto G
°l, EncodesfL|  Convertto L2 ot amxmi
°L, EncoderFR] AdaptBuilder » Custom XML format... N
"L EncoderRL] o e with T —
1, EncoderRR]
°1, GlobalCealT Properties Alt+Enter
"L GlobalCtrTorqueH_AES_F [FunctionConnector]
°|, GlobalCtdTorqueRL_ABS_RL [FunctionConnector]
1, GlobalCtlTorqueRR_ABS_RR [FunctionConnector]

(a) EAXML File Selection (b) XSLT File Selection

Figure 6.10: Model Transformation of EAST-ADL model in AREAToP

Editing AMALTHEA Model (Optional)

<~ APPAMC - org.eclipse.amalthea.082 shy/default. amxmi - APPAMC Teel Platform

Eile Edit Mavigate Search Project Model Form Editor Run  Window Help

crE R [ N R S -
= *Model Explorer £3 O Y= 0 o defaultamxmi 2
BEW
“F AMALTHEA Contents Tree
- &~ default.amxmi
4 {7 Model_Transformed_BBW
4 g~ default.amxmi default.amxmi Contents
4 = AMALTHEA model (version 0.8.2) This section enables the contents of this element to be edited
> =i Hardware

. [B% Mapping > e~ AMALTHEA model (version 0.8.2)
> |4 Operating Systems
4 B Software
3 Activations (@)
[0 Channels (0)

9 Custom Entities (0) [T Properties 33 | i§ Problems 2= Outline
(3 ISRs (0)
4 [0 Lebels (1) @ Runnable ABS_T
4 = Label BufferA
= size:  bit Advanced ~ Property Value
@3 ModeLabels (0) 4 Main
@3 Modes (0) Name = ABS T
(09 OS Events (0) 4 Misc
{23 Process Chains (0) Activations
4 [0 Process Prototypes (1) ASIL Level I= «ASIL Level>
4 @ Process Prototype Callback % false
s0 Spec: ABS_T --> BrakeActuatorLDM (directOrder) Section
s0 Spec: BrakePedalLDM_T --> BrakeTorqMap (directOrder) Service o false
s0 Spec: BrakeTorgMap --> GlobalBrakeController (directOrder. Tags

o+0 Spec: GlobalBrakeController --> ABS_T (directOrder)
4 (3 Runnables (5)

- & Runnable ABS_T

» @ Runnable BrakeActuatorLDM

» @ Runnable BrakePedalLDM_T

. @ Runnable BrakeTorgMap

+ @ Runnable GlobalBrakeController

Figure 6.11: Editing AMALTHEA model in APP4MC

If necessary, before simulation the resultant AMALTHEA model can be edited
graphically by importing into the APP4MC tool as shown in Figure 6.11.
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Simulation and Analysis

The resultant AMALTHEA model is fed into the SLX tool platform for simulation
and analysis. Once the model is imported SLX will convert the given AMALTHEA
input system model to SLX internal representation followed by the generation of
task graph as shown in Figure 6.12.

B workspace - amalthea_GUI - SLX 2018.10-sp1

File Edit View Navigate Search Project Run Window Help
=4 LAE R -Pal- B-RARENE 28R RIR R I | I
& SLX Projects 57 BEE - = B8 Amalthea Configuration - BE 3 Task Dependency Graph : smalthea GUI 52
4 [E1 BBW

> ° output | ABS_FL_Pt ‘ | potobamsrakecontrotier

@ s rairingout ; \ AR | R |
[ amalthea_GULadi

) amalthea_GULadid

£ config.automotiveamalthea | ABS_RR_Pt ‘ | pBrakePedsILDM |

8 config.automotivearml

% config.automotivescheduler

£ Sotaitamem [ okorormuonas | [ otom ske
akeefile

B bles et
= defauttamxmi

2 | PLDM_Brake_FR il PLDM_Brake_RL
3 eaxmitoamxmi
13 test _
T3 workshop_amalthea | pLDM_Brake_RR ‘

5= Outline 52 B = B

 Tasks
4[] ABS FL Pt
- P ABST
4 [Z] pGlobalBrakeController
> P GlobalBrakeController o
ABS_FR_Pt Properties are not available,
ABS_RL_Pt
ABS_RR_Pt
pBrakePedal DM
- P BrakePedallDM_T
4 [Z] pBrakeTorqueMap

=[O Properties 52 SLX Hints

- P& BrakeTorgMap
4 [Z] pLDM_Brake FL
P> BrakeActuatorLDM
> pLDM_Brake_FR
> [Z] pLDM_Brake_RL
> [E] pLDM_Brake_RR.

Figure 6.12: Task Graph for imported BBW in Silexica

The task graph displays all the tasks of the imported BBW model along with its
properties like linked runnables, etc. Generating multi-core schedules is one of the
key features of the SLX tool chain. For each specified tasks in the system model,
a multi-core schedule can be generated which allows the tasks to be distributed to
multiple processors. This task splitting mechanism can be applied to all or only a
subset of processors of the target platform [10].

Automotive Deployment Configuration - BBW Scheduler C - BBW i1 ntroller.rgantt = g

oy 9! P

Scheduler Configuration =0
Task visual format [ -

Scheduler configuration |, () Scheduler: runpar | Task: ABS_FL_Pt
m: CPUO Ads

B Cpul

4\ Scheduler: runpar | Task: pGlobalBrakeController
i cpw elete

o CPu2

4 (V) Scheduler: runpar | Task: pBrakePedall DM
i cpu

4 (V) Scheduler: runpar | Task: pBrakeTorquehdap
i cpu2

4 (U Scheduler: runpar | Task: pLDM_Brake_FL
m: CPU0

4 (V) Scheduler: runpar | Task: ABS_FR_Pt
i cPuL
o CPu2

4 (V) Scheduler: runpar | Task: pLDM_Brake_FR
i cpuo

4 (U Scheduler: runpar | Task: pLDM_Brake_RL
i cpul

4 |\ Scheduler : runpar | Task: ABS_RL_Pt
0 CPUD

Run Scheduler

Figure 6.13: Scheduler Configuration Editor in SLX
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The Scheduler Configuration editor used to configure the creation of such schedules
is shown in Figure 6.13. Multi-core schedules of the runnables in each task are
provided via corresponding task specific Gantt charts as shown in Figure 6.14. The
green and red area in Figure 6.14 represents “running” and “idle” states of the tasks
respectively. SLX is not capable of generating a combined schedule for all tasks in
the system. Also, SLX does not provide any means to further analyze the simulation
results.

ﬁ Automotive Deployment Cenfiguration - BBW % Scheduler Configuration - BBW AT ABS_FL_Ptrgantt o3
- . =
© OE-® W HO-®XHIK» N @D =
[ 13 Ops {6666Ps | 4
Cursor 6666ps
= BBW.spec.config.automotijes
| S
4 | Processors
=5 CPUO IDLE{49152}
5 cPuL IDLE{49152}
=5 cPu2 IDLE{49152}
(a) ABS
m Automotive Deployment Configuration - BBW % Scheduler Configuration - BBW 1N pGlebalBrakeControllerrgantt i3

TOEc@| PO ®FEH K M| e E
3

a Processors

:_e o e _

= cpu2 IDLE(49152}

(b) Global Brake Controller

Figure 6.14: Schedule for Tasks in SLX

Step 4 (Evaluate)

In this step, the results collected from step 3 are compared against the evaluation
criteria.
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Criterion 1: Successful transformation of source architectural model to
AMALTHEA model

This criterion is satisfied by the current plan/iteration because the XSLT code in
Listing A.1 successfully transformed the BBW EAST-ADL model to BEW AMALTHEA
model.

Criterion 2: Ability to verify response time for each task of the software
component in a multi-core system

This criterion is not satisfied by the current plan/iteration because the SLX tool
does not support Stimuli Model in AMALTHEA, that is responsible to activate
processes in a defined manner. Because of this several instances of the task cannot
be scheduled, which is one of the key factors to be considered while measuring
response time.

Criterion 3: Ability to verify response time for each event-chain of the
software component in a multi-core system

This criterion is not satisfied by the current plan/iteration because the SLX tool
does not support Event Model in AMALTHEA, that provide information about
different event entities that can be used for the modeling of event chains and for
some timing constraints.

Criterion 4: Ability to measure the load distribution of tasks and runnables
on the processing cores

This criterion is not satisfied by the current plan/iteration because the SLX tool
does not have the support to analyze load distribution of tasks and runnables on
the processing cores.

Thus it is clear from the evaluation results that the current plan/iteration has suc-
ceeded in transforming the source architectural model to AMALTHEA model. How-
ever, the SLX tool suite used in this iteration has only limited support in utilizing
AMALTHEA model during simulation. Hence a new tool will be used for simulation
in the next iteration.

6.1.2 Iteration 2:

Goal
o Effective utilization of AMALTHEA model during simulation.

Step 1 (Plan)
Architectural Model Type

During this iteration we select EAST-ADL architectural model for experimentation.
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Sample Application Model

The thesis intends to use the BBW EAST-ADL application model, that pre-exist
within vehicle dynamics control department at AB Volvo. The model is available in
the URL: http://www.east-adl.info/Specification/V2.1.12/EAST-ADL_V2.1.
12.zip.

Model Transformation Tool

The thesis intends to use the AREAToP Technology Demonstrator tool developed
by AB Volvo for model transformation.

XML Transformation Language

During this iteration, we continue to use XSLT Version 1.0 as the XML transforma-
tion language.

Simulation and Analysis Tool

During this iteration, we pick Timing Architects tool platform for simulation and
analysis as the Silexica tool in the previous iteration failed to effectively utilize the
AMALTHEA model during simulation. A trial version (version 19.1) of the TA tool

suite is used for the experiment.

Step 2 (Act)

No activity is performed in this step, i.e., the modified data rich Brake-by-wire
EAST-ADL model and XSLT file from the previous iteration (Iteration 1) will be
directly used in this iteration.

Step 3 (Collect Results)

In this step, model transformation and simulation are performed.

Model Transformation Process

No activity is done for performing model transformation, i.e., the resultant AMALTHEA
model from the previous iteration (Iteration 1) will be directly used in this iteration.

Simulation and Analysis

The resultant BBW AMALTHEA model is fed into the TA tool suite platform for
simulation and analysis. Once the AMALTHEA model is imported, the TA tool suite
will analyze the model for any inconsistencies in the model through Validation View
as in Figure 6.15. For example, the periodic tasks might be missing the recurrence
time value in the model.
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[E] Model Selector | . Navigator B b B[] €1 =2 ¥ = O | [&] Timing Model BE v = 0O
type filter text 4 %) Amaltheslmport_20190527-145729
4 = Model_Transformed_BBW 4 @1 HW_ Model
4 &) ™ Amalthealmport_20190527-145729 {0) ™ - B Execution Units
= Amalthes_Import.log - Inter Processor Networks (0)
+a| Amalthealmport_20180527-145729. evalconfig 4 ) 05 Model
2| Amalthealmport_20190527-145729.simconfig - e Operating Systems (1)
+a| Amalthealmport_20190527-145729.tam % Semaphores (0)

({5 OS5 Overheads (0)
BF Communication Interfaces (0)

4 2 SW_Model
. i Processes (11)
&) Runnables (5)
ZF signals (0)
{1} Enumerations (@)
L Base Types (0)
Q2 05-Events (0)
4 @ Stimulation
|4, Time Stimuli (11)
4 3 Mapping

Y
[] validation View 52 |[2] Problems| [] Constraint State | {J) Simulation | fj Evaluation| = £ I Stimulus Mapping (11)
— @ Process Mapping (11)
& « | [T = 4 2 Architecture
P

Architecture (0)
artitions (0)

ime Pattems (0)
rigger Groups (0)

type filter text

@ Configuration validated. No issues found.

[@] Safety Groups (0)
gy Virtual Memories (0)
4 @ Requirements
. @ Timing_Requirements
. @ Model_Constraints
&% Process Chains (1)
|- Timing Events (11)
|~ Timing Event-Chains (20)
4 @ Medel_Annotation
¥ Tag Definitions (0)

Figure 6.15: Validating AMALTHEA model in TA tool suite

Once the model is error free, simulation is started. The simulation results (schedul-
ing of tasks) of the BBW model on a multi-core (triple-core) platform are visualized
via gantt chart as shown in Figure 6.16. The grey and dark-green areas in Figure
6.16 represents “activated” and “running” states of the tasks respectively. The blue,
pink, red and green connections in Figure 6.16 represent different event chains in
the BBW model.

[ Gantt Chart 12 MEMSUEBE N B v =0
; CPUD ABS_FL_Pt *
: 7
4 CPUD ABS_FR_Pt
4 CPUO ABS_RL_Pt
& cowo ABS_RR_Pt
A:CPUQ pﬂrakEFmaH[iM
& ez ‘ pBrakeTorgueMap|&
QICPUJ pGlobalBrakeController|
4 CPUO pLDM_Brake_FL
& oowo pLDM_Brake_FR
& coun | ‘ p;lDM_BrakE_Rl
low | ‘ 1 ‘ 1 pLDM,smk;e,RR:
t t t + t + t t + t + t + + t
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Figure 6.16: Simulation of BBW model in TA tool suite

The TA tool suite also provides means to analyze the simulation results via different
metric tables. Figure 6.17 shows the response time requirements table for different
tasks in the BBW model. This requirements table contains details regarding re-
quirement name, task name, response time value, fulfillment status, task occurrence
count and task severity level.
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[E¥ Hardware Resource Table | 43 Process Table | 95 Runnable Table || Event-Chain Table | 385 Requirements Table &% |7 Event-Chain Requirement Table | i3 Load Table

Search:
Validation 1d  Mame Scope Metric Limit and Value Fulfillment Violations Count Severity
L:J ABS_RL_Pt_Requirement ABS_RL_Pt g, Respense Time < 500000 ms Fulfilled i} 401 E Critical
= ABS_RR_Pt_Requirement ABS_RR_Pt g, Respense Time < 500000 ms Fulfilled i} 401 E
a pLDM_Brake_RL_Requirement pLDM_BErake_RL g, Response Time = 6.00000 ms Fulfilled 1] 334 E
-] pLDM_Brake_RR_Requirement pLDM_Brake_RR g Response Time < 6.00000 ms Fulfilled 1] 33 =
L"_J ABS_FR_Pt_Requirement ABS_FR_Pt g Response Time < 5.00000 ms Fulfilled 4] n =
L"_j pLDM_Brake FL_Requirement pLDM_Brake FL g Response Time £ 6.00000 ms Fulfilled [} 334 E
a pLDM_Brake FR_Requirement pLDM_Brake_FR g Response Time £ 6.00000 ms Fulfilled [} 334 E
& pBrakePedalLDM_Requirement pBrakePedalLDM g, Respense Time = 2.00000 ms Fulfilled Q wn =
= ABS_FL_Pt_Requirement ABS_FL_Pt g, Respense Time < 500000 ms Fulfilled i} 401 E
7] pBrakeToquelMap pBrakeTorqueMap g Response Time = 3.00000 ms Fulfilled 0 67 =
-] piGlobalBrakeController_Requirement  pGlobalBrakeController g Response Time < 4.00000 ms Fulfilled 1] 501 =

Figure 6.17: Requirements table showing Response Time requirements for BBW
model in TA tool suite

Figure 6.18 shows the event chain requirement table for the BBW model. This re-
quirement table contains details regarding minimum duration, maximum duration,
average duration and occurrence count of all event chains in the BBW model. How-
ever, there is no information regarding the fulfillment status of the Event Chain
Latency Requirement. Hence the user has to manually compare the latency require-
ment values against maximum duration occurred to know the fulfillment status of
all event chains in the BBW model.

ﬂ‘iﬂ Hardware Resource Table Ir"_':! Event-Chain Requirement Table 22 | 47 Process Table| ‘3 Runnable Table

Search:
Event-Chain Requirement DU rin [ms] DU max [ms] DU avg [ms] DU count
a +L+ Event Chain Latency Requirement
Latency_Constraint_FL 2.40000 8.40000 6.03933 300
Latency_Constraint_FR 1.20000 §.20000 610180 334
Latency_Constraint_RL 1.80000 8.80000 510180 334
Latency_Ceonstraint_RR 2.40000 9.40000 5.60864 301
Minimum 1.20000 8.20000 5.60864 300
Maximum 2.40000 9.40000 6.10180 334
Average 1.95000 8.70000 5.96289 317
Summation 7.80000 34.80000 23.85156 1269

Figure 6.18: Event Chain Requirement table for BBW model in TA tool suite

Figure 6.19 shows the process table with task metrics for BBW model. The process
table contains details regarding task priority, deadline for tasks, net execution time
of tasks (time from the moment of start to termination of a task), maximum response
time of tasks, maximum delay/lateness and CPU load (utilization) of each task on
different cores.
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4E Process Table 22 |34 Runnable Table Ii" Event-Chain Table -f Requirements Table 'r':] Event-Chain Requirement Table| 4y Load Table

Search: Filter settings Enable filter

Mame Priority [count] Deadline [ms] MNET max[ms] RT max [ms] Lateness max [ms] CPU Load infineon_aurix_tc297t CPU Load CPUD CPU Lead CPU1  CPU Load CPU2
‘% pBrakePedalLDM 1 2.00000 0.20000 0.20000 -1.8 333% 0.00 % 0.00 % 10.00 %
‘%% pGlobalBrakeController 1 4.00000 0.40000 0.40000 333% 0.00 % 10.00 % 0.00 %
‘% pBrakeTorqueMap 1 3.00000 0.30000 0.50000 2,500 334 % 0.00 % 10.01 %
%% ABS_RL_Pt 1 5.00000 0.50000 240000 -2.60000 333 % 0.00 % 0.00 %
‘% ABS_RR_Pt 1 5.00000 0.50000 240000 2,600 333% 0.00 % 0.00 %
‘% ABS_FR_Pt 1 5.00000 0.50000 290000 2.100 333% 0.00 % 0.00 %
‘0% ABS_FL Pt 1 5.00000 0.50000 340000 333% 0.00 % 0.00 %
% pLDM_Brake_FR 1 6.00000 0.60000 380000 334 % 0.00 % 0.00 %
‘% pLDM_Brake_RL 1 600000 0.60000 380000 334 % 0.00 % 0.00 %
‘%% pLDM_Brake_FL 1 6.00000 0.60000 4.40000 333% 0.00 % 0.00 %
‘% pLOM_Brake_RR 1 6.00000 0.60000 440000 334 % 0.00 % 0.00 %
Minimum 1 2.00000 0.20000 0.20000 -3.60000 333% 0.00 % 0.00 % 0.00 %
Maximum 1 6.00000 0.60000 4.40000 -1.60000 3.34% 10.02 % 10.00 % 10.01%
Average 1 4.81818 0.48182 2.60000 -2.21818 3.34% 7.28% 0.91 % 1.82%

Summation 11 53.00000 5.30000 28.60000 -24.40000 36.69 % 80.06 % 10.00 % 20.01 %

Figure 6.19: Process table showing task metrics for BBW model in TA tool suite

Figure 6.20 shows the runnable table with runnable metrics for BBW model. The
runnable table contains details regarding minimum and maximum gross execution
time (time from the moment of activation to termination of a runnable), minimum
and maximum net execution time (time from the moment of start to termination of
a runnable) and CPU load (utilization) of each runnable on different cores.

4% Process Table | ‘33 Runnable Table 52 |:F Event-Chain Table -E’ Requirements Table Ir"_'! Event-Chain Requirement Table | = Load Table

Runnable name GET min [ms] GET max [ms] MNET min [ms] MET max [ms] CPULoad CPU0 CPU Load CPUL  CPU Load CPU2  CPU Load ECU_Main
9 ABS T 0.50000 0.50000 0.50000 0.50000 40,00 % 000 % 0.00 % 1333 %
‘2 BrakeActuatorLDM 0,60000 0,60000 0.60000 0.60000 4006 % 000 % 0.00 % 1335%
3+ BrakePedallDM_T 0.20000 0.20000 0.20000 0.20000 0.00 % 000 % 10.00 % 333%
@i BrakeTorgMap 0.20000 0.20000 0.30000 0.20000 0.00 % 000 % 10.01 % 334%
‘3" GlobalBrakeController 0.40000 0.40000 040000 0.40000 0.00 % 10,00 % 0.00 % 333%
Minimum 0.20000 0.20000 0.20000 0.20000 0.00 % 0.00 % 0.00 % 333%
Maximum 0.60000 0.60000 0.60000 0.60000 40.06 % 10.00 % 10.01 % 13.35 %
Average 0.40000 0.40000 0.40000 0.40000 16.01 % 2.00 % 4.00 % 7.34%
Summation 2.00000 2.00000 2.00000 2.00000 80.06 % 10.00 % 20.01% 36.69 %

Figure 6.20: Runnable table showing runnable metrics for BBW model in TA
tool suite

Figure 6.21 shows the hardware resource table with CPU metrics for BBW model.
The hardware resource table contains details regarding CPU running and Idle per-
centage for different cores.

Eﬂ Hardware Rescurce Table 2 @; Process Table | ‘3% Runnable Table |:P Event-Chain Table

Search:
Mame CPU Load CPU Idle CPU Running
4 x| Systemn 36.69 %% 63.31 % 36.69 %%
a EE ECU_Main 36.69 %% 53.31 %% 36.68 %
a [ infineon_aurix_tc297t 36.69 % 63.31 % 36.69 %
= CPUD 5 19.94 % 80.06 %
= CPUL 90.00 %% 10.00 %%
= CPU2 80.00 % 20.01 3%

Figure 6.21: Hardware Resource table showing CPU metrics for BBW model in
TA tool suite
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Step 4 (Evaluate)

In this step, the results collected from step 3 are compared against the evaluation
criteria.

Criterion 1: Successful transformation of source architectural model to
AMALTHEA model

This criterion is satisfied by the current plan/iteration because the XSLT code in
Listing A.1 successfully transformed the BBW EAST-ADL model to BEW AMALTHEA
model.

Criterion 2: Ability to verify response time for each task of the software
component in a multi-core system

This criterion is satisfied by the current plan/iteration, which is evident from the
Figure 6.17.

Criterion 3: Ability to verify response time for each event-chain of the
software component in a multi-core system

This criterion is satisfied by the current plan/iteration, which is evident from the
Figure 6.18.

Criterion 4: Ability to measure the load distribution of tasks and runnables
on the processing cores

This criterion is satisfied by the current plan/iteration, which is evident from the
Figures 6.19 and 6.20.

Thus it is clear from the evaluation results that TA tool suite has effectively utilized
AMALTHEA model during simulation. Hence it is concluded that an optimized
plan is achieved since the plan satisfies all of the evaluation criteria. However, the
thesis also intends to experiment with AUTOSAR model in the next iteration.

6.1.3 Iteration 3:

Goal
o Successful transformation of AUTOSAR model to AMALTHEA model.

Step 1 (Plan)
Architectural Model Type

During this iteration we select AUTOSAR architectural model for experimentation.
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Sample Application Model

The thesis intends to use the BBW AUTOSAR application model that will be
created during the “Act” phase of this iteration and does not pre-exist within AB
Volvo. The created model is available in Listing A.3.

Model Transformation Tool

The thesis intends to use the AREAToP Technology Demonstrator tool developed
by AB Volvo for model transformation.

XML Transformation Language

During this iteration, we continue to use XSLT Version 1.0 as the XML transforma-
tion language.

Simulation and Analysis Tool

During this iteration, we continue to use the Timing Architects tool platform since
it effectively utilized the AMALTHEA model during simulation.

Step 2 (Act)

Nis
4
i

@) *AUTOSAR Explorer 32 | i Project Explorer =
2 2 BBWY
4 [ BEW.apaml
a @) AUTOSAR
4 [ BBW_SWC_Description

4 FrequencyHz
4 BB HwElement
<4 CPUO
4 CPUL
4 CPuz
. EB HwType
. #3 EventChains
. 8 os
4 ff SwComponents
4 EB ABS_T Information
- 8 ABs_T
4 H3 BrakeActuatorLDM_Information
- 7] BrakeActuatorLDM
4 HE BrakePedalLDM_T_Information
- 7] BrakePedalLDM_T
4 HE BrakeTorgMap_Information
. 7] BrakeTorgMap
4 F3 GlobalBrakeController_Information
- £ GlobalBrakeContraller
4 ## SwCompossitions
4 ¥ RootSwComposition
8 ABs_FL_Pt
§8 ABS_FR_Pt
8 ABS_RL_Pt
8 ABS_RR_Pt
8 pBrakePedalLlDM
¥ pErakeTorqueMap
8 pGlobalBrakeController
¥ pLDM Brake FL

=) pLDMiBraEEﬁRL
Figure 6.22: AUTOSAR model of BBW in AREAToP

In this step, the AUTOSAR model for BBW component is developed from scratch.
The thesis intends to use the AREAToP Technology Demonstrator tool developed
by AB Volvo for creating the AUTOSAR model. The complete model is available in
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Listing A.3, which contains details regarding runnables, tasks, stimulus, execution
order, execution time, processing cores, events, event chains and timing constraints
as in Figure 6.22.

After a careful analysis of the AUTOSAR and AMALTHEA models, the guidelines
for mapping is framed as shown in Table 6.2. The guidelines for mapping are
implemented in the XSLT as shown in Listing A.2, and will take effect during the
model transformation process. Since the BBW AUTOSAR model is developed from
scratch, all the details that it supports and that can be mapped to AMALTHEA
model are added during the development process itself.

Table 6.2: Mapping between AUTOSAR and AMALTHEA elements during
Model Transformation

AUTOSAR

AMALTHEA

SwComponentPrototype

Task (Software Model)

AtomicSwComponentType :: RunnableEntity

Runnable (Software Model)

Event TriggeringConstraint :: PeriodicEventTriggering

Periodic Stimulus (Stimuli Model)

TimingConstraint :: ExecutionOrderConstraint

OrderPrecedenceSpec (Software Model ::
Process Prototype)

TimingConstraint :: ExecutionTimeConstraint

Instructions Constant (Software Model :: Runnable)

HwDescriptionEntity :: HwElement

Processing Unit (Hardware Model)

TimingDescriptionEvent :: TDEventSwclnternalBehavior

Process Event (Events Model)

TimingDescription :: TimingDescriptionEventChain

Event Chain (Constraints Model)

TimingConstraint :: LatencyTimingConstraint

Event Chain Latency Constraint (Constraints Model)

Preparing the XSLT file

Before starting the model transformation process, the transformation file (XSLT
file) is made ready by utilizing the available details supported by AUTOSAR model
which can be mapped to the AMALTHEA model. The details regarding the map-
ping are explained in Table 6.2 and implemented in the XSLT file as in Listing A.2.

Some additional details that are not supported by AUTOSAR model, but required
by AMALTHEA model for simulation are also added in the XSLT file as shown in
Listing A.2. During model transformation process these details get added to the
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resultant AMALTHEA model. The additional details are as follows,

1. OS Model
¢ Defining a number of task schedulers within the defined operating system.
e Defining a scheduling algorithm for each task schedulers defined.

2. Mapping Model
o Details regarding the scheduler allocation, i.e., scheduler to processor core
mapping.
¢ Details regarding the task allocation, i.e., task to scheduler mapping.
¢ Details regarding the runnable allocation, i.e., runnable to scheduler map-
ping.

Step 3 (Collect Results)

In this step, model transformation and simulation are performed.

Model Transformation Process

Once the transformation file is ready, the model transformation is carried out with
the help of AREATOP tool as shown in Figure 6.23. The XSLT code used in this
transformation process is shown in Listing A.2. The outcome of this model trans-
formation process would be an AMALTHEA model for Brake-by-wire component
with a file extension “amxmi”. This file will be saved in the same directory as of the
XSLT file.

@) AUTOSAR Explores 52 | Project Explorer g& v=0o
o {82 sample_ar )
() BBW_tWheel 2112.anmi Overview
4|2 BEW.anm}
4@ AUTOS  New

« @88 Open & about
en ] Open With
B Copy ctileC
Peste Ctrle
% Delete Delete
" Comment ts
This section enables editing of the elements com; 5 )
] Rename. R 8 B Custom XSL Transformation @
@ g Import.. Desc
# 1y Egon..
d )
4| &) Refresh s XSL Transformation file
Initialze ardiag_componentiype3x diagram file
e EAThesis\anami2amxmi.|

Debug As

Output file extension

s
b

v e

» Custom XML format... amxmi|

,

,

e Overview AUTOSAR Contents Tree
« @ ﬂahlliraktcw\lvallu,]nfwmaliun [T Properties &2 L
(a) ARXML File Selection (b) XSLT File Selection

Figure 6.23: Model Transformation of AUTOSAR model in AREAToP
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Simulation and Analysis

No activity is done for simulation and analysis because for simplicity the thesis
intends to have a single AMALTHEA model for BBW component that can be sim-
ulated and analyzed, i.e., the AMALTHEA model obtained by model transforming
BBW EAST-ADL model will be an exact copy of the AMALTHEA model obtained
by model transforming BBW AUTOSAR model. In general, this would not be
the case. Thus the simulation and analysis results will be the same as of previous
iteration (Iteration 2).

Step 4 (Evaluate)

In this step, the results collected from step 3 are compared against the evaluation
criteria.

Criterion 1: Successful transformation of source architectural model to
AMALTHEA model

This criterion is satisfied by the current plan/iteration because the XSLT code in
Listing A.2 successfully transformed the BBW AUTOSAR model to BBW AMALTHEA

model.

Criterion 2: Ability to verify response time for each task of the software
component in a multi-core system

This criterion is satisfied by the current plan/iteration, which is evident from the
Figure 6.17.

Criterion 3: Ability to verify response time for each event-chain of the
software component in a multi-core system

This criterion is satisfied by the current plan/iteration, which is evident from the
Figure 6.18.

Criterion 4: Ability to measure the load distribution of tasks and runnables
on the processing cores

This criterion is satisfied by the current plan/iteration, which is evident from the
Figures 6.19 and 6.20.

Thus it is clear from the evaluation results that the AUTOSAR model has been
successfully model transformed to AMALTHEA model and the TA tool suite has
effectively utilized the resultant AMALTHEA model during simulation. With no
further plans in experimenting with architectural models apart from EAST-ADL
and AUTOSAR, the iteration is stopped.
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7. Discussion

Discussion

7.1 Comparison of the effort to extend the EAST-
ADL and AUTOSAR models to AMALTHEA

Table 7.1: Comparison of model elements covered by AUTOSAR, AMALTHEA

and EAST-ADL

Concept

AUTOSAR

AMALTHEA

EAST-ADL

Hardware Model
o ECUs, cores, memories, peripherals

YES

YES

PARTLY

Operating System Model
e Abstract OS description
o Task schedulers
o Scheduling algorithm

PARTLY

YES

NO

Dynamic Software Architecture
o Stimuli (Activation pattern)
o Function runtimes
o Complex call graph

PARTLY

YES

PARTLY

Mapping
o Scheduler to processor core mapping
o Task to scheduler mapping
e Runnable to scheduler mapping

PARTLY

YES

NO

Timing Requirements
o Task deadlines
¢ Response Time
o Events and Event Chain requirements
e Periodicity

YES

YES

YES

Software Design Constraints
« Execution Order Constraint
o Data Age Constraint
o Data Coherency Groups
o Affinity Constraints

YES

YES

PARTLY

Static Software Architecture
o Software component description
¢ Function and data definitions
« Communication interfaces

YES

YES

YES
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In this thesis, comparison towards the effort made to extend the EAST-ADL and
AUTOSAR model into AMALTHEA is very basic, i.e., the comparison will only be
on the model elements that are mandatory for simulating an AMALTHEA model.
Based on Table 6.1, 6.2 and Table 7.1, it is clear that AUTOSAR has a close
resemblance to AMALTHEA compared to EAST-ADL. Thus it is concluded that
the effort needed to extend the EAST-ADL model is more than the effort to extend
the AUTOSAR model

7.2 Engineering Work Flow

Optimized Plan

Model Based
XSLT Model Simulation via TA
EAST-ADL / Transformation AM{-\ LTHEA tool suite R AMALTHEA
AUTOSAR System > Trace
Model Model
Analyzing
Trace
Model
4
Verification of
Timing
Requirements

Figure 7.1: Optimized Plan

From the results of each iteration of the action research loop in the previous chapter,
it was clear that an optimized plan/design choice as in Figure 7.1 was reached in
Iteration 2, as the plan satisfied all of the evaluation criteria. This optimized plan
can be integrated into a work flow as shown in Figure 7.2.

Editing Source

NMDUel It XSLT Model
Preliminary ecessary , Transformation Preliminary
EAST-ADL/ > 'i"“‘os_l_"g;g;’ »| AMALTHEA System
AUTOSAR Model
A
\ Editing
AMALTHEA
Model If
Mecessary
¥
AMALTHEA
System
Model
Model Based
Simulation via TA
tool suite
Analyzing v
Feedback Trace
' Verification of Model AMALTHEA
Yoo oo Timing - Trace
Requirements Model

Figure 7.2: Engineering Work Flow Loop

This work flow will be beneficial for embedded engineers in taking timing-aware de-
sign decisions during the software development process. The engineers can perform
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several iterations of the engineering work flow loop with possible changes in tim-
ing properties, scheduling design, etc., based on the feedback obtained from every
iteration, until all the timing requirements are met.

Merits and Demerits

« This approach of transforming the existing architectural models to AMALTHEA
model will save plenty of development time spent on creating a new AMALTHEA
model from scratch, thus increasing the productivity. Incorporating automated
model transformation via XSLT scripts rather manual model transformation
also aids in reducing the development time.

e One disadvantage with the model transformation script used in this thesis is
that it can generate only a basic AMALTHEA model comprising of only the
mandatory model elements necessary for simulation. In order to add additional
details, the developer has to manually add the details to the AMALTHEA
model using APP4MC tool as shown in Subsection 6.1.1.

7.3 Limitations in Simulation/Analysis Tool Plat-

form

The tool platforms used in this thesis for simulating/analyzing AMALTHEA models
have certain limitations as discussed below,

Limitations in Silexica Tool Platform

48

£ “Amalthea Configuration - BBW 3 Task Dependency Graph : amalthea_GUI

Amalthea Configuration r 4o

Amalthea Input  E\\Model Transformed files\\BEW_4Whee! 2.1.12EM.amcrmi [ Select |

- Add [ Show |

Figure 7.3: Platform Models Supported by Silexica Tool [10]

o The current version, SLX-2018.10 sp-1 of the tool supports only AMALTHEA
xml-schema-definition version 0.8.2. A single Software Model that will con-
tain all the task, runnable and variable information is required for importing
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[10]. Meanwhile, current xml-schema-definition supported by AMALTHEA is
version 0.9.4.

e When importing an AMALTHEA model, the tool only supports a model with
Hardware Model that matches one of the many platform models supported by
the SLX tool as shown in Figure 7.3. The criteria for a matching model are
that the number of cores and the core names match those given in an SLX
platform model.

e The current version, SLX-2018.10 sp-1 of the tool does not support Stimuli
Model in AMALTHEA, that contains stimulus and clock objects. A stimulus
is responsible to activate a task/process.

e The current version, SLX-2018.10 sp-1 of the tool does not support Constraints
Model in AMALTHEA, that provide information about the different kind of
constraints that has to be satisfied during execution.

e The current version, SLX-2018.10 sp-1 of the tool does not support Event
Model in AMALTHEA, that provide information about different event enti-
ties that can be used for the modeling of event chains and for some timing
constraints.

Limitations in TA Tool Platform

TriCore Aurix TC27x
TriCore Aurix TC29x
TriCore Aurix TC33x
TriCore Aurix TC38x
TriCore Aurix TC39x

Renesas Electronics
RHB850/E1M-S
RHBS0/ET1M-52
RH850/E2M
RHB850/F1H
RHBSO/F1K
RHBSO/F1L
RH850/P1H-C
RH850/P1M

ST Microelectronics
SPCS58NES4

Figure 7.4: Supported Processor Models for TA Tool Suite [11]
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o Currently available processor models in TA tool suite are shown in Figure

7.4, but the tool suite also allows the integration of supplier specific processor
models depending upon the software license issued [11].

Currently supported operating system models by TA tool suite are MICROSA-
OS, Tresos AutoCore and Tresos Safety OS [11].

Current version of TA tool suite (version 19.1.0) supports only AMALTHEA
xml-schema-definition version 0.9.2. Meanwhile current xml-schema-definition
supported by AMALTHEA is version 0.9.4.

7.4 Possible Future Work

50

o The AMALTHEA model, modelled in this thesis is primary, which contains the

basic information necessary for simulation. In future, a complete AMALTHEA
model utilizing all the features that it supports can be modelled (by extending
the model transformation script) and simulated.

The thesis focused only on the verification of the timing behavior of applica-
tion software. Further research into optimization of software distribution on
processing cores can be conducted.



S

Conclusion

The work presented in this thesis describes a timing-aware model-driven method-
ology for software development, with a special focus on embedded multi-core sys-
tems. The thesis gives an overview of three modelling approaches, namely EAST-
ADL, AUTOSAR and AMALTHEA which are commonly used within the scope of
multi-core automotive software development. By going into detail and comparing
these models with respect to their meta models, methodologies and implementa-
tions, the thesis was able to identify similarities and differences between these mod-
els. The thesis also proposed and succeeded in model transforming the existing
EAST-ADL/AUTOSAR model to AMALTHEA model, which provides extended
support for multi-core timing verification. Several iterations of the methodology are
carried out with possible changes in the design plan, and an optimized design is
picked based on evaluation criteria. Considering the implementation alternatives,
a model transformation would be harder without automated support. The thesis
solved this problem by introducing an automated model transformation via XSLT.
Finally, the thesis leverages the generated AMALTHEA model for model-based pre-
cise timing verification with the help of supported simulation/analysis tools. Though
AMALTHEA is recent to the automotive industry, the development support from
corporates and its open source license makes it an aspiring approach for modelling
the future complex multi-core ECU architectures. The outcome of this thesis will
be beneficial for embedded engineers in taking timing-aware design decisions during
the development cycle.
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Appendix 1

A.1 Code Snippet

Listing A.1: XSLT code for transforming EAST-ADL to AMALTHEA model

<?xml version="1.0" encoding="UTF-8"7>
<!— xsl stylesheet declaration —>
<xsl:stylesheet xmlns:xsl="http://www.w3.0rg/1999/XSL/Transform" xmlns:ea="http://
east—adl.info /2.1.12" xmlns:exslt="http://exslt.org/common" version="1.0"
extension—element—prefixes="exslt ">
<xsl:output method="xml" indent="yes" />
<xsl:key name="orderPrecedence" match="orderPrecedenceSpec" use="Qorigin" />
<xsl:key name="instruction count" match="eaEXECUTION-TIME—CONSTRAINT" use="

ea:NAME" />
<!— This template is used to extract a sub—string within a string after the last
occurence of the delimiter'/' —>

<xsl:template name="substring—after—last">
<xsl:param name="string"' />
<xsl:param name="delimiter" />
<xsl:choose>
<xsl:when test="contains($string, $delimiter)">
<xsl:call-template name="substring—after—last ">
<xsl:with—param name="string" select="substring—after ($string, $delimiter
)" />
<xsl:with—param name="delimiter" select="$delimiter" />
</xsl:call—template>
</xsl:when>
<xsl:otherwise>
<xsl:value—of select="$string" />
</xsl:otherwise>
</xsl:choose>
</xsl:template>

<!— This template is used to get the processPrototypes ——>

<xsl:template name="get_processPrototypes">
<!— Here we are loading some nodes to a variable to get a Result Tree Fragment
—>

<xsl:variable name="RTF'>
<xsl:for—each select="//ea:PRECEDENCE—CONSTRAINT">
<xsl:variable name="preceding_ task">
<xsl:call-template name="substring—after—last">
<xsl:with—param name="string" select="./ea:PRECEDING—IREF/
ea:FUNCTION-PROTOTYPE-TARGET—-REF" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="successive task">
<xsl:call-template name="substring—after—last">
<xsl:with—param name="string"' select="./ea:SUCCESSIVE—IREF/
ea:FUNCTION-PROTOTYPE-TARGET—-REF" />
<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="preceding_ runnable">
<xsl:call-template name="get—preceding—successive—runnables ">
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<xsl:with—param name="functionPrototype" select="$preceding task"' />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="successive_runnable">
<xsl:call—template name="get—preceding—successive—runnables">
<xsl:with—param name="functionPrototype" select="$successive_ task"' />
</xsl:call—template>
</xsl:variable>
<orderPrecedenceSpec origin="{concat($preceding_ runnable, '?type=Runnable')
}" target="{concat($successive runnable, '?type=Runnable')}" orderType="
directOrder" />
</xsl:for—each>
</xsl:variable>
<!— Now we take the RTF and convert it to a node—set so we can process it yet
again! —>
<xsl:variable name="set RTF" select="exslt:node—set ($RTF)" />
<processPrototypes name="">
<!— Go and play with the new set —>
<xsl:for—each select="$set RTF/orderPrecedenceSpec|[generate—id (.) =
generate—id (key ('orderPrecedence ', @origin)[1])]">
<xsl:copy—of select="." />
</xsl:for—each>
</processPrototypes>
</xsl:template>
<!— This template is used to get the stimuli name —>
<xsl:template name="get—stimuli—name">
<xsl:param name="taskName" />
<xsl:for—each select="//ea EVENT—FUNCTION/ea:FUNCTION—IREF /
ea:FUNCTION—PROTOTYPE-TARGET—REF ">
<xsl:variable name="EventFunctionName" select="../../eaSHORT-NAME" />
<xsl:variable name="Var2'>
<xsl:call—-template name="substring—after—last ">
<xsl:with—param name="string" select="current ()" />
<xsl:with—param name="delimiter" select=""'/"" />
</xsl:call—template>
</xsl:variable>
<!— <varoutput>
<xsl:value—of select="$Var2"/>
</varoutput> —>
<xsl:if test="$taskName = $Var2">
<xsl:for—each select="//ea:PERIODIC—CONSTRAINT /ea:EVENT—REF">
<xsl:variable name="Var3">
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="current ()" />
<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:if test="$Var3 = $EventFunctionName ">
<xsl:value—of select="concat (../ea:SHORT-NAME, '?type=PeriodicStimulus

R
</ xsl:if>
</xsl:for—each>
</xsl:if>

</xsl:for—each>
</xsl:template>
<!— This template is used to get the instruction count for each runnable —>
<xsl:template name="get—instruction—count ">
<xsl:param name="runnableName" />
<xsl:for—each select="//ea:DESIGN-FUNCTION—PROTOTYPE/ea:TYPE—TREF [Q@TYPE="
DESIGN—FUNCTION-TYPE'| | //ea:DESIGN—FUNCTION—PROTOTYPE/ea:TYPE—TREF [@TYPE="
LOCAL-DEVICE-MANAGER' | ">
<xsl:variable name="Vard"'>
<xsl:call—-template name="substring—after—last ">
<xsl:with—param name="string" select="current ()" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:if test="$runnableName = $Vard">
<xsl:variable name="prototypeName" select="../ea:SHORT-NAME" />
<xsl:for—each select="//eaEVENT-FUNCTION—FLOW—PORT/ea:PORT—IREF /
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ea:FUNCTION-PROTOTYPE—REF ">

105 <xsl:variable name="Varb"'>

106 <xsl:call—template name="substring—after—last">

107 <xsl:with—param name="string" select="current ()" />

108 <xsl:with—param name="delimiter" select="'/"'" />

109 </xsl:call—template>

110 </xsl:variable>

111 <xsl:if test="$prototypeName = $Var5">

112 <xsl:variable name="functionFlowPortName" select="../../eaSHORT-NAME"
/>

113 <xsl:for—each select="//eaEXECUTION—TIME—CONSTRAINT [ generate—id () =
generate—id (key ('instruction count ',ea:NAME) [1])]">

114 <xsl:variable name="Var6">

115 <xsl:call—template name="substring—after—last">

116 <xsl:with—param name="string" select="ea:START-REF" />

117 <xsl:with—param name="delimiter" select=""'/'" />

118 </xsl:call—template>

119 </xsl:variable>

120 <xsl:if test="$functionFlowPortName = $Var6">

121 <xsl:value—of select="ea:NAME" />

122 </xsl:if>

123 </xsl:for—each>

124 </xsl:if>

125 </xsl:for—each>

126 </xsl:if>

127 </xsl:for—each>

128 </xsl:template>

129 <!—— This template is used to resolve the precedence contraints —>

130 <xsl:template name="get—preceding—successive—runnables">

131 <xsl:param name="functionPrototype" />

132 <xsl:for—each select="//ea:SYSTEM—MODEL 1] /ea:DESIGN-LEVEL[1]/

ea:FUNCTIONAL—DESIGN—ARCHITECTURE[ 1] / ea:TYPE—TREF [ 1 ] [@TYPE="
DESIGN-FUNCTION-TYPE' | ">

133 <xsl:variable name="myVar">

134 <xsl:call—template name="substring—after—last">

135 <xsl:with—param name="string" select="current ()" />

136 <xsl:with—param name="delimiter" select=""'/'" />

137 </xsl:call—template>

138 </xsl:variable>

139 <xsl:for—each select="//ea:DESIGN—FUNCTION—PROTOTYPE |
ancestor::ea: DESIGN—FUNCTION—TYPE [ea:SHORT-NAME= $myVar]] /ea:TYPE—TREF [@TYPE="'
DESIGN—FUNCTION-TYPE'] | //eaDESIGN—FUNCTION—PROTOTYPE|

ancestor::ea:DESIGN—FUNCTION—TYPE [ea:SHORT-NAME=$myVar ]| / ea:TYPE—TREF [@TYPE="'
LOCAL-DEVICE-MANAGER' | ">

140 <xsl:variable name="taskName" select="../ea:SHORT-NAME" />
141 <xsl:if test="$functionPrototype = $taskName">

142 <xsl:variable name="Var7'>

143 <xsl:call—-template name="substring—after—last ">

144 <xsl:with—param name="string" select="current ()" />
145 <xsl:with—param name="delimiter" select=""'/"'" />
146 </xsl:call—template>

147 </xsl:variable>

148 <varoutput>

149 <xsl:value—of select="$Var7" />

150 </varoutput>

151 </xsl:if>

152 </xsl:for—each>

153 </xsl:for—each>

154 </xsl:template>

155 <!— xsl template declaration:

156 template tells the xlst processor about which section of xml
157 document to be formatted. It takes an XPath expression.

158 In our case, it is matching root element —>

159 <xsl:template match="/">

160 <!— New Line —>

161 <xsl:text />

162 <am:Amalthea xmlns:am="http://app4mc. eclipse.org/amalthea/0.9.2" xmlns:xmi="

http://www.omg.org /XMI" xmlns:xsi="http://www.w3.o0rg/2001/XMLSchema—instance"
xmi:version="2.0">
163 <swModel>
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<xsl:for—each select="//ea:SYSTEM—MODEL [1]/ea:DESIGN—-LEVEL [1]/
a:FUNCTIONAL—DESIGN—ARCHITECTURE[ 1] / ea:TYPE—TREF [ 1] [@TYPE="
DESIGN—FUNCTION—TYPE' | ">

<!— <varoutput>
<xsl:value—of select="$myVar"/>
</varoutput> —>
<xsl:variable name="myVar">
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="current()" />
<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:for—each select="//eaDESIGN-FUNCTION—PROTOTYPE [
ancestor::ea:DESIGN—FUNCTION—TYPE [ea:SHORT—-NAME= $myVar]] /ea:TYPE—TREF [@TYPE="'
DESIGN-FUNCTION-TYPE'] | //eaDESIGN—FUNCTION—PROTOTYPE|
ancestor::ea:DESIGN—FUNCTION—TYPE [ea:SHORT—NAME=$myVar || / ea:TYPE—TREF [@TYPE="'
LOCAL-DEVICE-MANAGER' | ">
<xsl:variable name="taskName" select="../ea:SHORT-NAME" />
<xsl:variable name="Varl'>
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="current ()" />
<xsl:with—param name="delimiter" select=""'/"" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="refl ">
<xsl:value—of select="concat($Varl, '?type=Runnable')" />
</xsl:variable>
<xsl:variable name="call seq name">
<xsl:value—of select="concat ('CS_',$taskName)" />
</xsl:variable>
<xsl:variable name="ref2"'>
<xsl:call-template name="get—stimuli—name">
<xsl:with—param name="taskName"' select="$taskName" />
</xsl:call—template>
</xsl:variable>
<tasks name="{StaskName}" stimuli="{$ref2}" preemption="preemptive"
multipleTaskActivationLimit="1">
<callGraph>
<graphEntries xsi:type="am:CallSequence"' name="{$call _seq_name}">
<calls xsi:type="am:TaskRunnableCall" runnable="{$refl}" />
</graphEntries>
</callGraph>
</tasks>
</xsl:for—each>

</xsl:for—each>

<xsl:for—each select="//eaDESIGN-FUNCTION—TYPE [eaIS—ELEMENTARY = 'true ']
| //eaLOCAL-DEVICE-MANAGER [ea:IS—ELEMENTARY = 'true '] ">

<xsl:variable name="runnableName" select="ea:SHORT-NAME" />
<xsl:variable name="ref3">
<xsl:call-template name="get—instruction—count">
<xsl:with—param name="runnableName" select="S$runnableName" />
</xsl:call—template>
</xsl:variable>
<runnables name="{$runnableName}" callback="false" service="false">
<runnableltems xsi:type="am:ExecutionNeed ">
<default key="Instructions">
<value xsi:type="am:NeedConstant"' value="{$ref3}" />
</default>
</runnableltems>
</runnables>
</xsl:for—each>
<xsl:call—template name="get processPrototypes" />
</swModel>
<hwModel>

<definitions xsi:type="am:ProcessingUnitDefinition" name="CPUO_type" puType
="CPU" features="Instructions/IPC 1.07 type=HwFeature" />

<definitions xsi:type="am:ProcessingUnitDefinition" name="CPUl_type" puType
="CPU" features="Instructions/IPC _1.07 type=HwFeature" />

<definitions xsi:type="am:ProcessingUnitDefinition" name="CPU2_ type" puType
="CPU" features="Instructions/IPC_1.0?type=HwFeature" />

IV
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223 <featureCategories name="Instructions" featureType="performance">

224 <features name="IPC_1.0" value="1.0" />

225 </featureCategories>

226 <structures name="infineon_ aurix_tc297t_model" structureType="System ">

227 <structures name="ECU_ Main" structureType="ECU">

228 <structures name="infineon_aurix_tc297t" structureType="Microcontroller
">

229 <modules xsi:type="am:ProcessingUnit" name="CPU0" frequencyDomain="

QuartzCPUO?type=FrequencyDomain" definition="CPUO_type?type=
ProcessingUnitDefinition" />

230 <modules xsi:type="am:ProcessingUnit" name="CPUl" frequencyDomain="
QuartzCPU1?type=FrequencyDomain" definition="CPUl_type?type=
ProcessingUnitDefinition" />

231 <modules xsi:type="am:ProcessingUnit" name="CPU2" frequencyDomain=
QuartzCPU2?type=FrequencyDomain" definition="CPU2_type?type=
ProcessingUnitDefinition" />

"

232 </structures>
233 </structures>
234 </structures>
235 <xsl:for—each select="//eaHARDWARE—COMPONENT—PROTOTYPE">
236 <xsl:variable name="name' select="ea:SHORT-NAME" />
237 <xsl:variable name="HW_Type">
238 <xsl:call—template name="substring—after—last">
239 <xsl:with—param name="string" select="eaTYPE—-TREF" />
240 <xsl:with—param name="delimiter" select=""'/"'" />
241 </xsl:call—template>
242 </xsl:variable>
243 <xsl:for—each select="//ea:NODE">
244 <xsl:if test="ea:SHORT-NAME = $HW_Type">
245 <xsl:variable name="EX Rate" select="eaEXECUTION—RATE" />
246 <xsl:if test="$EX_ Rate != ''">
247 <xsl:variable name="clock freq" select="eaEXECUTION-RATE"' />
248 <domains xsi:type="am:FrequencyDomain" name="{$name}" clockGating="
false ">
<defaultValue value="{$clock freq}" unit="Hz" />
</domains>
</xsl:if>
</xsl:if>

</xsl:for—each>
</xsl:for—each>
</hwModel>
<osModel>
<operatingSystems name="MICROSAR">
<taskSchedulers name="MICROSAR_ task_ scheduler CPUO0">
<schedulingAlgorithm xsi:type="am:OSEK" />
</taskSchedulers>
<taskSchedulers name="MICROSAR_ task scheduler_ CPU1">
<schedulingAlgorithm xsi:type="am:OSEK" />

</taskSchedulers>

<taskSchedulers name="MICROSAR_ task scheduler_ CPU2">
265 <schedulingAlgorithm xsi:type="am:OSEK" />
266 </taskSchedulers>
267 </operatingSystems>
268 </osModel>
269 <stimuliModel>
270 <xsl:for—each select="//ea:PERIODIC—CONSTRAINT ">
271 <stimuli xsi:type="am:PeriodicStimulus" name="{ea:SHORT-NAME} ">
272 <offset value="0" unit="ms" />
273 <recurrence value='"{ea:NAME}"' unit="ms" />
274 </stimuli>
275 </xsl:for—each>
276 </stimuliModel>
277 <eventModel>
278 <xsl:for—each select="//ea:EVENT—FUNCTION">
279 <xsl:variable name="eventName"' select="ea:SHORT-NAME" />
280 <xsl:variable name="eventType"' select="ea:NAME" />
281 <xsl:variable name="entity name">
282 <xsl:call—template name="substring—after—last">
283 <xsl:with—param name="string" select="ea:FUNCTION—IREF/

ea:FUNCTION-PROTOTYPE-TARGET—REF" />
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<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="entity ">
<xsl:value—of select="concat($entity name, '?type=Task')"' />
</xsl:variable>
<events xsi:type="am:ProcessEvent' name="{$eventName}" eventType="{$
eventType}" entity="{Sentity}" />
</xsl:for—each>
</eventModel>
<constraintsModel>
<xsl:for—each select="//ea:EVENT—CHAIN">
<xsl:variable name="eventChainName" select="ea:SHORT-NAME" />
<xsl:variable name="segment refs" select="ea:SEGMENT—-REFS"' />
<xsl:if test="$segment_ refs = ''">
<xsl:variable name="stimulus">
<xsl:call-template name="substring—after—last ">
<xsl:with—param name="string" select="ea:STIMULUS—REF" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="concat stimulus">
<xsl:value—of select="concat ($stimulus, '?type=ProcessEvent')" />
</xsl:variable>
<xsl:variable name="response"'>
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="ea:RESPONSE—REF" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="concat_response">
<xsl:value—of select="concat($response, '?type=ProcessEvent')" />
</xsl:variable>
<eventChains name="{$eventChainName}" stimulus="{$concat stimulus}"
response="{$concat response}">
<xsl:for—each select="ea:SEGMENT—REFS/ea:SEGMENT—REF ">
<xsl:variable name="segments_ name">
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="current ()" />
<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:for—each select="//ea:EVENT—CHAIN">
<xsl:if test="$segments_name = ea:SHORT-NAME">
<xsl:variable name="stimulusl">
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="ea:STIMULUS—REF" />
<xsl:with—param name="delimiter"' select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="concat stimulusl">
<xsl:value—of select="concat($stimulusl, '?type=ProcessEvent

</xsl:variable>
<xsl:variable name="responsel ">
<xsl:call—template name="substring—after—last ">
<xsl:with—param name="string" select="ea:RESPONSE—REF" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="concat_responsel ">
<xsl:value—of select="concat($responsel , '?type=ProcessEvent
l)u />
</xsl:variable>
<segments xsi:type="am:EventChainContainer ">
<eventChain name="{$segments name}" stimulus="{$
concat_stimulusl}' response='"{$concat responsel}" />
</segments>
</xsl:if>
</xsl:for—each>

VI
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349 </xsl:for—each>

350 </eventChains>

351 </xsl:if>

352 </xsl:for—each>

353 <xsl:for—each select="//ea:AGE—CONSTRAINT">

354 <xsl:variable name="ageConstraint name' select="ea:SHORT-NAME" />

355 <xsl:variable name="ageValue" select="ea:NAME"' />

356 <xsl:variable name="scope">

357 <xsl:call-template name="substring—after—last ">

358 <xsl:with—param name="string" select="ea:SCOPE—REF" />

359 <xsl:with—param name="delimiter" select=""'/"'" />

360 </xsl:call—template>

361 </xsl:variable>

362 <xsl:variable name="concat_scope">

363 <xsl:value—of select="concat($scope, '?type=EventChain')" />

364 </xsl:variable>

365 <timingConstraints xsi:type="am:EventChainLatencyConstraint" name="{$
ageConstraint_name}" scope="{$concat_scope}" type="Reaction">

366 <minimum value="{$ageValue}" unit="ms" />

367 <maximum value="{$ageValue}" unit="ms" />

368 </timingConstraints>

369 </xsl:for—each>

370 <xsl:for—each select="//ea:PERIODIC—CONSTRAINT ">

371 <xsl:variable name="period" select="ea:NAME"' />

372 <xsl:variable name="event_name">

373 <xsl:call—template name="substring—after—last ">

374 <xsl:with—param name="string" select="eaEVENT-REF" />

375 <xsl:with—param name="delimiter" select=""'/'" />

376 </xsl:call—template>

377 </xsl:variable>

378 <xsl:for—each select="//ea:EVENT—FUNCTION">

379 <xsl:if test="$event name = ea:SHORT—-NAME">

380 <xsl:variable name="task name">

381 <xsl:call—template name="substring—after—last">

382 <xsl:with—param name="string" select="ea:FUNCTION—IREF/
ea:FUNCTION-PROTOTYPE-TARGET—REF" />

383 <xsl:with—param name="delimiter" select=""'/'" />

384 </xsl:call—template>

385 </xsl:variable>

386 <xsl:variable name="process_ concat ">

387 <xsl:value—of select="concat ($task _name, '?type=Task')"' />

388 </xsl:variable>

389 <requirements xsi:type="am:ProcessRequirement" name="{$task name}"
severity="Critical" process="{$process concat}">

390 <limit xsi:type="am:TimeRequirementLimit" limitType="UpperLimit"
metric="ResponseTime ">

391 <limitValue value="{S$period}" unit="ms" />

392 </limit>

393 </requirements>

394 </xsl:if>

395 </xsl:for—each>

396 </xsl:for—each>

397 </constraintsModel>

398 <mappingModel>

399 <schedulerAllocation scheduler="MICROSAR_ task scheduler CPUO?type=

TaskScheduler" responsibility="CPUO?type=ProcessingUnit" executingPU="CPU0?type
=ProcessingUnit" />

400 <schedulerAllocation scheduler="MICROSAR_ task scheduler CPU1?type=
TaskScheduler" responsibility="CPUl?type=ProcessingUnit" executingPU="CPUl?type
=ProcessingUnit" />

401 <schedulerAllocation scheduler="MICROSAR task scheduler CPU2?type=
TaskScheduler" responsibility="CPU2?type=ProcessingUnit" executingPU="CPU27type
=ProcessingUnit" />

402 <runnableAllocation scheduler="MICROSAR_task scheduler CPU0?type=
TaskScheduler" entity="ABS T?type=Runnable" />

403 <runnableAllocation scheduler="MICROSAR_task scheduler CPUl1?type=
TaskScheduler" entity="GlobalBrakeController?type=Runnable" />

404 <runnableAllocation scheduler="MICROSAR_task scheduler CPUl?type=
TaskScheduler" entity="BrakePedalLDM_T?type=Runnable" />

405 <runnableAllocation scheduler="MICROSAR. task scheduler CPU27type=

VII



A. Appendix 1

TaskScheduler" entity="BrakeTorqMap?type=Runnable" />

406 <runnableAllocation scheduler="MICROSAR_task scheduler CPUQ?type=
TaskScheduler" entity="BrakeActuatorLDM?type=Runnable" />
407 <taskAllocation task="ABS FL Pt?type=Task" scheduler="

MICROSAR._ task scheduler CPUO0?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
408 <taskAllocation task="ABS FR Pt?type=Task" scheduler="
MICROSAR._ task scheduler  CPU0?type=TaskScheduler" affinity="CPU27type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
409 <taskAllocation task="ABS RL Pt?type=Task" scheduler="
MICROSAR_ task_scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
410 <taskAllocation task="ABS RR Pt?type=Task" scheduler="
MICROSAR._ task scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
411 <taskAllocation task="pGlobalBrakeController?type=Task" scheduler="
MICROSAR_ task scheduler CPU17type=TaskScheduler" affinity="CPU27type=
ProcessingUnit CPU1?type=ProcessingUnit CPUO?type=ProcessingUnit" />
412 <taskAllocation task="pLDM_Brake FL?type=Task" scheduler="
MICROSAR,_ task scheduler CPU0?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
413 <taskAllocation task="pLDM_ Brake FR?type=Task" scheduler="
MICROSAR._ task scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
414 <taskAllocation task="pLDM Brake RL?type=Task" scheduler="
MICROSAR._ task scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
415 <taskAllocation task="pLDM_ Brake RR?”type=Task" scheduler="
MICROSAR,_ task scheduler CPU0?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
416 <taskAllocation task="pBrakeTorqueMap?type=Task" scheduler="
MICROSAR_ task_scheduler CPU27type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
417 <taskAllocation task="pBrakePedalLDM?type=Task" scheduler="
MICROSAR._ task scheduler CPU27type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />

418 </mappingModel>
419 </am:Amalthea>
420 </xsl:template>

421 </xsl:stylesheet>

Listing A.2: XSLT code for transforming AUTOSAR to AMALTHEA model

1

2 <?xml version="1.0" encoding="UTF-8"7>

3 <!— xsl stylesheet declaration —>

4 <xsl:stylesheet xmlns:xsl="http://www.w3.o0rg/1999/XSL/Transform" xmlns:ar="http://
autosar.org/schema/r4.0" xmlns:exslt="http://exslt.org/common" version="1.0"
extension—element—prefixes="exslt ">

5 <xsl:output method="xml" indent="yes" />

6 <!— This template is used to extract a sub—string within a string after the last

occurence of the delimiter'/' —>
<xsl:template name="substring—after—last ">

8 <xsl:param name="string" />

9 <xsl:param name="delimiter" />

10 <xsl:choose>

11 <xsl:when test="contains($string, $delimiter)">

12 <xsl:call—template name="substring—after—last ">

13 <xsl:with—param name="string" select="substring—after($string, $delimiter
)"/

14 <xsl:with—param name="delimiter" select="$delimiter" />

15 </xsl:call—template>

16 </xsl:when>

17 <xsl:otherwise>

18 <xsl:value—of select="$string" />

19 </xsl:otherwise>

20 </xsl:choose>

21 </xsl:template>

22 <!— This template is used to get the stimuli name —>

23 <xsl:template name="get—stimuli—name">

VIII
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24 <xsl:param name="taskName" />

25 <xsl:for—each select="//arTD—EVENT—SWC—INTERNAL—BEHAVIOR /ar:COMPONENT—IREF/
ar”TARGET—-COMPONENT—REF ">

26 <xsl:variable name="EventFunctionName" select="../../anSHORT-NAME" />

27 <xsl:variable name="Var2'>

28 <xsl:call—template name="substring—after—last">

29 <xsl:with—param name="string" select="current ()" />

30 <xsl:with—param name="delimiter" select=""'/"" />

31 </xsl:call—template>

32 </xsl:variable>

33 <!— <varoutput>

34 <xsl:value—of select="$Var2"/>

35 </varoutput> —>

36 <xsl:if test="$taskName = $Var2">

37 <xsl:for—each select="//ar:PERIODIC—EVENT—TRIGGERING /ar:EVENT—REF ">

38 <xsl:variable name="Var3">

39 <xsl:call—template name="substring—after—last ">

40 <xsl:with—param name="string" select="current ()" />

41 <xsl:with—param name="delimiter" select=""'/'" />

42 </xsl:call—template>

43 </xsl:variable>

44 <xsl:if test="$Var3 = $EventFunctionName">

45 <xsl:value—of select="concat (../ansSHORT-NAME, '?type=PeriodicStimulus
SRS

46 </xsl:if>

a7 </xsl:for—each>

48 </xsl:if>

'
by

</xsl:for—each>
</xsl:template>
<!— This template is used to get the instruction count for each runnable —>
<xsl:template name="get—instruction—count ">

ot o
N o= O

53 <xsl:param name='"runnableName" />
54 <xsl:for—each select="//arEXECUTION-TIME—CONSTRAINT">
55 <xsl:variable name="runnable entity ">
56 <xsl:call—template name="substring—after—last ">
57 <xsl:with—param name="string" select="arrEXECUTABLE-REF" />
58 <xsl:with—param name="delimiter" select=""'/"'" />
59 </xsl:call—template>
60 </xsl:variable>
61 <xsl:if test="$runnableName = $runnable entity">
62 <xsl:variable name="instruction count" select="arMAXIMUM/ar:CSE—CODE" />
63 <xsl:value—of select="$instruction count" />
64 </xsl:if>
65 </xsl:for—each>
66 </xsl:template>
67 <!— This template is used to get the processPrototypes —>
68 <xsl:template name="get processPrototypes">
69 <processPrototypes name="">
70 <xsl:for—each select="//arEXECUTION—ORDER—CONSTRAINT /ar:ORDERED—ELEMENTS/
ar:EOC—EXECUTABLE—ENTITY—REF ">
71 <xsl:variable name="direct successor" select="ar:DIRECT—SUCCESSOR—REFS" />
72 <xsl:if test="$direct_successor != ''">
<xsl:variable name="origin ">
74 <xsl:call—template name="substring—after—last">
75 <xsl:with—param name="string" select="arEXECUTABLE-REF" />
76 <xsl:with—param name="delimiter" select=""'/"'" />
77 </xsl:call—template>
78 </xsl:variable>
79 <xsl:variable name="concat_origin">
80 <xsl:value—of select="concat($origin, '?type=Runnable')" />
81 </xsl:variable>
82 <xsl:variable name="eo_successor_ name ">
83 <xsl:call—template name="substring—after—last ">
84 <xsl:with—param name="string" select="ar:DIRECT-SUCCESSOR—REFS/
ar:DIRECT—-SUCCESSOR—REF" />
85 <xsl:with—param name="delimiter" select=""'/"'" />
86 </xsl:call—template>
87 </xsl:variable>
88 <xsl:for—each select="//arEOC—EXECUTABLE—-ENTITY—-REF">
89 <xsl:if test="$eo_ successor name = ar:SHORT-NAME">
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90 <xsl:variable name="target ">

91 <xsl:call-template name="substring—after—last">

92 <xsl:with—param name="string" select="arEXECUTABLE-REF" />

93 <xsl:with—param name="delimiter" select=""'/"'" />

94 </xsl:call—template>

95 </xsl:variable>

96 <xsl:variable name="concat_target">

97 <xsl:value—of select="concat($target, '?type=Runnable')" />

98 </xsl:variable>

99 <orderPrecedenceSpec origin="{$concat origin}" target="{$
concat__target}" orderType="directOrder" />

100 </ xsl:if>

101 </xsl:for—each>

102 </ xsl:if>

103 </xsl:for—each>

104 </processPrototypes>

105 </xsl:template>

106 <!— xsl template declaration:

107 template tells the xlst processor about which section of xml
108 document to be formatted. It takes an XPath expression.

109 In our case, it is matching root element —>

110 <xsl:template match="/">

111 <!— New Line —>

112 <xsl:text />

113 <am:Amalthea xmlns:am="http://app4mc. eclipse.org/amalthea/0.9.2" xmlns:xmi="

http://www.omg.org/XMI" xmlns:xsi="http://www.w3.o0rg/2001/XMLSchema—instance"
xmi:version="2.0">

114 <swModel>

115 <xsl:for—each select="//arSW—COMPONENT-PROTOTYPE">

116 <xsl:variable name="taskName" select="anSHORT-NAME" />

117 <xsl:variable name="Varl'>

118 <xsl:call-template name="substring—after—last ">

119 <xsl:with—param name="string" select="ar”TYPE-TREF" />

120 <xsl:with—param name="delimiter" select=""'/"'" />

121 </xsl:call—template>

122 </xsl:variable>

123 <xsl:variable name="refl ">

124 <xsl:value—of select="concat($Varl, '?type=Runnable')" />

125 </xsl:variable>

126 <xsl:variable name="call seq_ name">

127 <xsl:value—of select="concat ('CS_',$taskName)" />

128 </xsl:variable>

129 <xsl:variable name="stimuli_ name">

130 <xsl:call—template name="get—stimuli—name">

131 <xsl:with—param name="taskName" select="S$taskName" />

132 </xsl:call—template>

133 </xsl:variable>

134 <tasks name="{$taskName}" stimuli="{$stimuli name}" preemption="
preemptive" multipleTaskActivationLimit="1">

135 <callGraph>

136 <graphEntries xsi:type="am:CallSequence" name="{$call seq name}">

137 <calls xsi:type="am:TaskRunnableCall' runnable="{$refl}" />

138 </graphEntries>

139 </callGraph>

140 </tasks>

141 </xsl:for—each>

142 <xsl:for—each select="//arrRUNNABLE-ENTITY ">

143 <xsl:variable name="runnableName" select="anSHORT-NAME" />

144 <xsl:variable name="ref3 ">

145 <xsl:call—template name="get—instruction—count ">

146 <xsl:with—param name="runnableName" select="$runnableName" />

147 </xsl:call—template>

148 </xsl:variable>

149 <runnables name="{SrunnableName}" callback="false" service="false">

150 <runnableltems xsi:type="am:ExecutionNeed">

151 <default key="Instructions">

152 <value xsi:type="am:NeedConstant' value="{S$ref3}" />

153 </default>

154 </runnableltems>

155 </runnables>
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</xsl:for—each>

<xsl:call—template name="get_processPrototypes" />
</swModel>
<hwModel>

<definitions xsi:type="am:ProcessingUnitDefinition" name="CPUO_type" puType

="CPU" features="Instructions/IPC _1.07 type=HwFeature" />

<definitions xsi:type="am:ProcessingUnitDefinition" name="CPUl_type" puType

="CPU" features="Instructions/IPC_1.0?type=HwFeature" />

<definitions xsi:type="am:ProcessingUnitDefinition" name="CPU2 type" puType

="CPU" features="Instructions/IPC_1.0?type=HwFeature" />
<featureCategories name="Instructions" featureType="performance">
<features name="IPC_1.0" value="1.0" />
</featureCategories>
<structures name="infineon_aurix_tc297t_model" structureType="System">
<structures name="ECU_ Main" structureType="ECU">

<structures name="infineon aurix tc297t" structureType="Microcontroller

">
<modules xsi:type="am:ProcessingUnit" name="CPU0" frequencyDomain="
QuartzCPUO? type=FrequencyDomain" definition="CPUO_type?type=
ProcessingUnitDefinition" />
<modules xsi:type="am:ProcessingUnit" name="CPUl" frequencyDomain="
QuartzCPU1?type=FrequencyDomain" definition="CPUl_type?type=
ProcessingUnitDefinition" />
<modules xsi:type="am:ProcessingUnit" name="CPU2" frequencyDomain="
QuartzCPU27type=FrequencyDomain" definition="CPU2_ type?type=
ProcessingUnitDefinition" />
</structures>
</structures>
</structures>
<xsl:for—each select="//arHW—ELEMENT">
<xsl:variable name="name' select="arSHORT-NAME" />
<xsl:if test="ar:CATEGORY = 'CPU'">
<xsl:variable name="HW_Type">
<xsl:call-template name="substring—after—last ">
<xsl:with—param name="string" select="arHW-TYPE-REF" />
<xsl:with—param name="delimiter" select=""'/"" />
</xsl:call—template>
</xsl:variable>
<xsl:for—each select="//arHW-TYPE">
<xsl:if test="ar:SHORT-NAME = $HW_Type'>
<xsl:variable name="clock freq" select="anHW—-ATTRIBUTE-VALUES/
arHW—ATTRIBUTE-VALUE/ar:V " />

<domains xsi:type="am:FrequencyDomain" name="{$name}" clockGating="

false ">
<defaultValue value="{S$clock freq}" unit="Hz" />
</domains>
</xsl:if>
</xsl:for—each>
</xsl:if>
</xsl:for—each>
</hwModel>
<osModel>
<xsl:for—each select="//ar:SYSTEM ">
<xsl:variable name="oSName" select="ar:SHORT-NAME"' />
<xsl:variable name="categoryName" select="arCATEGORY" />
<xsl:if test="S$categoryName = 'Operating System'">
<operatingSystems name="{$oSName} ">
<taskSchedulers name="MICROSAR task scheduler CPUO0">
<schedulingAlgorithm xsi:type="am:OSEK" />
</taskSchedulers>
<taskSchedulers name="MICROSAR_ task scheduler CPU1">
<schedulingAlgorithm xsi:type="am:OSEK" />
</taskSchedulers>
<taskSchedulers name="MICROSAR_task scheduler CPU2">
<schedulingAlgorithm xsi:type="am:OSEK" />
</taskSchedulers>
</operatingSystems>
</xsl:if>
</xsl:for—each>
</osModel>

XI



214
215
216
217
218
219
220
221
222

226
227
228

229
230
231
232
233
234
235
236
237

238
239
240

269
270
271
272
273
274
275
276
277
278

A. Appendix 1

<stimuliModel>
<xsl:for—each select="//ar:PERIODIC—EVENT—TRIGGERING ">
<stimuli xsi:type="am:PeriodicStimulus" name="{ar:SHORT-NAME} ">
<offset value="0" unit="ms" />
<recurrence value="{ar:PERIOD /ar:CSE—CODE}" unit="ms" />
</stimuli>
</xsl:for—each>
</stimuliModel>
<eventModel>
<xsl:for—each select="//arTD—EVENT-SWC—INTERNAL—-BEHAVIOR">
<xsl:variable name="eventName" select="a:SHORT-NAME" />
<xsl:variable name="eventType" select="
ar’TD—EVENT—SWC—INTERNAL-BEHAVIOR-TYPE" />
<xsl:variable name="entity_ name">
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="arxCOMPONENT-IREF/
arTARGET-COMPONENT—REF" />
<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="entity ">
<xsl:value—of select="concat($entity name, '?type=Task')"' />
</xsl:variable>
<xsl:choose>
<xsl:when test="$eventType = 'RUNNABLE-ENTITY—ACTIVATED' ">
<events xsi:type="am:ProcessEvent"' name="{$eventName}" eventType="
activate" entity="{$entity}" />
</xsl:when>
<xsl:otherwise>
<events xsi:type="am:ProcessEvent" name="{$eventName}" eventType="
terminate" entity="{$entity}" />
</xsl:otherwise>
</xsl:choose>
</xsl:for—each>
</eventModel>
<constraintsModel>
<xsl:for—each select="//arTIMING-DESCRIPTION-EVENT—CHAIN ">
<xsl:variable name="eventChainName" select="arnSHORT-NAME" />
<xsl:variable name="segment_refs" select="ar:SEGMENT—REFS" />
<xsl:if test="$segment_ refs != ''">
<xsl:variable name="stimulus">
<xsl:call—template name="substring—after—last ">
<xsl:with—param name="string" select="ar:STIMULUS—REF" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="concat_ stimulus">
<xsl:value—of select="concat($stimulus, '?type=ProcessEvent')" />
</xsl:variable>
<xsl:variable name="response ">
<xsl:call—template name="substring—after—last">
<xsl:with—param name="string" select="ar:RESPONSE—REF" />
<xsl:with—param name="delimiter" select=""'/"'" />
</xsl:call—template>
</xsl:variable>
<xsl:variable name="concat_response">
<xsl:value—of select="concat($response, '?type=ProcessEvent')" />
</xsl:variable>
<eventChains name="{$eventChainName}" stimulus="{$concat stimulus}"
response="{$concat response}">
<xsl:for—each select="ariSEGMENT—REFS/ar:SEGMENT—REF ">
<xsl:variable name="segments_name">
<xsl:call—template name="substring—after—last ">
<xsl:with—param name="string" select="current ()" />
<xsl:with—param name="delimiter" select=""'/'" />
</xsl:call—template>
</xsl:variable>
<xsl:for—each select="//ar:TIMING-DESCRIPTION-EVENT—CHAIN">
<xsl:if test="$segments_name = ar:SHORT-NAME">
<xsl:variable name="stimulusl">
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279 <xsl:call—template name="substring—after—last ">

280 <xsl:with—param name="string" select="an:STIMULUS—REF"' />

281 <xsl:with—param name="delimiter" select=""'/'" />

282 </xsl:call—template>

283 </xsl:variable>

284 <xsl:variable name="concat_ stimulusl">

285 <xsl:value—of select="concat($stimulusl , '?type=ProcessEvent
SRS

286 </xsl:variable>

287 <xsl:variable name="responsel ">

288 <xsl:call—template name="substring—after—last">

289 <xsl:with—param name="string" select="ar:RESPONSE—REF" />

290 <xsl:with—param name="delimiter" select=""'/"'" />

291 </xsl:call—template>

292 </xsl:variable>

293 <xsl:variable name="concat_ responsel">

294 <xsl:value—of select="concat($responsel , '?type=ProcessEvent
D"/

295 </xsl:variable>

296 <segments xsi:type="am:EventChainContainer ">

297 <eventChain name="{$segments name}" stimulus="{$
concat_stimulusl}" response="{$concat responsel}" />

298 </segments>

299 </xsl:if>

300 </xsl:for—each>

301 </xsl:for—each>

302 </eventChains>

303 </xsl:if>

304 </xsl:for—each>

305 <xsl:for—each select="//anrLATENCY—TIMING—CONSTRAINT ">

306 <xsl:variable name="latencyConstraint_ name" select="ar:SHORT-NAME" />

307 <xsl:variable name="latencyValue" select="arMAXIMUM//ar:CSE—CODE" />

308 <xsl:variable name="scope">

309 <xsl:call—template name="substring—after—last ">

310 <xsl:with—param name="string" select="ar:SCOPE—REF" />

311 <xsl:with—param name="delimiter" select=""'/"'" />

312 </xsl:call—template>

313 </xsl:variable>

314 <xsl:variable name="concat_scope">

315 <xsl:value—of select="concat($scope, '?type=EventChain')" />

316 </xsl:variable>

317 <timingConstraints xsi:type="am:EventChainLatencyConstraint" name="{$
latencyConstraint _name}" scope="{$concat scope}"' type="Reaction">

318 <minimum value="{$latencyValue}" unit="ms" />

319 <maximum value="{$latencyValue}" unit="ms" />

320 </timingConstraints>

321 </xsl:for—each>

322 <xsl:for—each select="//ar:PERIODIC-EVENT—TRIGGERING ">

323 <xsl:variable name="period" select="ar:PERIOD /ar:CSE—CODE" />

324 <xsl:variable name="event name">

325 <xsl:call—template name="substring—after—last">

326 <xsl:with—param name="string" select="ar:EVENT-REF" />

327 <xsl:with—param name="delimiter" select=""'/"'" />

328 </xsl:call—template>

329 </xsl:variable>

330 <xsl:for—each select="//arTD—EVENT—SWC—INTERNAL—-BEHAVIOR">

331 <xsl:if test="$event name = ar:SHORT-NAME">

332 <xsl:variable name="task_name">

333 <xsl:call—template name="substring—after—last">

334 <xsl:with—param name="string" select="anCOMPONENT—IREF/
ar’ TARGET—-COMPONENT—REF" />

335 <xsl:with—param name="delimiter" select=""'/'" />

336 </xsl:call—template>

337 </xsl:variable>

338 <xsl:variable name="process_concat ">

339 <xsl:value—of select="concat($task name, '?type=Task')" />

340 </xsl:variable>

341 <requirements xsi:type="am:ProcessRequirement" name="{$task name}"
severity="Critical" process="{$process concat}">

342 <limit xsi:type="am:TimeRequirementLimit" limitType="UpperLimit"
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metric="ResponseTime ">

343 <limitValue value="{$period}" unit="ms" />

344 </limit>

345 </requirements>

346 </xsl:if>

347 </xsl:for—each>

348 </xsl:for—each>

349 </constraintsModel>

350 <mappingModel>

351 <schedulerAllocation scheduler="MICROSAR_ task scheduler  CPU0?type=

TaskScheduler" responsibility="CPU0?type=ProcessingUnit" executingPU="CPU0?type
=ProcessingUnit" />

352 <schedulerAllocation scheduler="MICROSAR_ task scheduler CPU1?type=
TaskScheduler" responsibility="CPUl?type=ProcessingUnit" executingPU="CPUl?type
=ProcessingUnit" />

353 <schedulerAllocation scheduler="MICROSAR_ task scheduler CPU27?type=
TaskScheduler" responsibility="CPU2?type=ProcessingUnit" executingPU="CPU2?type
=ProcessingUnit" />

354 <runnableAllocation scheduler="MICROSAR._ task_ scheduler CPU0?type=
TaskScheduler" entity="ABS T?type=Runnable" />

355 <runnableAllocation scheduler="MICROSAR_ task scheduler CPU17type=
TaskScheduler" entity="GlobalBrakeController?type=Runnable" />

356 <runnableAllocation scheduler="MICROSAR,_ task_scheduler CPU1?type=
TaskScheduler" entity="BrakePedalLDM_ T?type=Runnable" />

357 <runnableAllocation scheduler="MICROSAR_ task scheduler CPU2?type=
TaskScheduler" entity="BrakeTorqMap?type=Runnable" />

358 <runnableAllocation scheduler="MICROSAR_task scheduler CPUQ0?type=

TaskScheduler" entity="BrakeActuatorLDM?type=Runnable" />
359 <taskAllocation task="ABS FL Pt?type=Task" scheduler="
MICROSAR._ task scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
360 <taskAllocation task="ABS FR Pt?type=Task" scheduler="
MICROSAR._ task scheduler CPUO0?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
361 <taskAllocation task="ABS RL Pt?type=Task" scheduler="
MICROSAR,_ task scheduler CPU0?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
362 <taskAllocation task="ABS RR Pt?type=Task" scheduler="
MICROSAR,_ task scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
363 <taskAllocation task="pGlobalBrakeController?type=Task" scheduler="
MICROSAR._ task scheduler CPU1?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPU1?type=ProcessingUnit CPUO?type=ProcessingUnit" />
364 <taskAllocation task="pLDM Brake FL7type=Task" scheduler="
MICROSAR_ task_scheduler_ CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
365 <taskAllocation task="pLDM_ Brake FR?type=Task" scheduler="
MICROSAR,_ task scheduler  CPU0?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
366 <taskAllocation task="pLDM_Brake RL?type=Task" scheduler="
MICROSAR._ task scheduler CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
367 <taskAllocation task="pLDM Brake RR?type=Task" scheduler="
MICROSAR_ task_scheduler_ CPUO?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPU1?type=ProcessingUnit CPUO?type=ProcessingUnit" />
368 <taskAllocation task="pBrakeTorqueMap?type=Task" scheduler="
MICROSAR,_ task scheduler CPU2?type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
369 <taskAllocation task="pBrakePedalLDM?type=Task" scheduler="
MICROSAR._ task scheduler CPU27type=TaskScheduler" affinity="CPU2?type=
ProcessingUnit CPUl?type=ProcessingUnit CPUO?type=ProcessingUnit" />
370 </mappingModel>
371 </am:Amalthea>
372 </xsl:template>
373 </xsl:stylesheet>

"

Listing A.3: AUTOSAR model for BBW component

2 <?xml version="1.0" encoding="UTF-8"7>
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<AUTOSAR xmlns="http://autosar.org/schema/r4.0" xmlns:xsi="http://www.w3.o0rg/2001/
XMLSchema—instance" xsi:schemalLocation="http://autosar.org/schema/r4.0
AUTOSAR,_4-—2-2.xsd ">
<AR-PACKAGES>
<AR-PACKAGE>
<SHORT-NAME>BBW__ SWC_ Description< /SHORT—-NAME>
<AR-PACKAGES>
<AR-PACKAGE>
<SHORT-NAME> Constraints</SHORT-NAME>
<ELEMENTS>
<SWC-TIMING>
<SHORT-NAME>TimingConstraints</SHORT-NAME>
<TIMING-GUARANTEES>
<EXECUTION—TIME—CONSTRAINT UUID="">
<SHORT-NAME>EX ABS T</SHORT-NAME>
<EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/ABS_ T Information/ABS_T//ABS T</EXECUTABLE—REF>
<EXECUTION-TIME-TYPE>NET< /EXECUTION-TIME-TYPE>
<MAXIMUM>
<CSE—CODE>150000< /CSE—CODE>
< /MAXIMUM>
< /EXECUTION—TIME—CONSTRAINT>
<EXECUTION-TIME—CONSTRAINT UUID="">
<SHORT-NAME>EX BrakePedalLDM T< /SHORT—NAME>
<EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/BrakePedalLDM T Information/BrakePedalLDM T //BrakePedalLDM T</
EXECUTABLE—REF>
<EXECUTION-TIME-TYPE>NET< /EXECUTION—TIME-TYPE>
<MAXIMUM>
<CSE—CODE>60000< /CSE—CODE>

< /MAXIMUM>
< /EXECUTION—TIME—CONSTRAINT>
<EXECUTION—TIME—CONSTRAINT UUID="">
<SHORT-NAME>EX _ BrakeTorgMap< /SHORT-NAME>
<EXECUTABLE—REF DEST="RUNNABLE—-ENTITY">/BBW__SWC_ Description/
SwComponents/BrakeTorqMap_ Information/BrakeTorqMap//BrakeTorqgMap</
EXECUTABLE—REF>
<EXECUTION-TIME-TYPE>NET< /EXECUTION—TIME—TYPE>
<MAXIMUM>
<CSE—CODE>90000< /CSE—CODE>
</MAXIMUM>
< /EXECUTION—TIME—CONSTRAINT>
<EXECUTION—TIME—CONSTRAINT UUID="">
<SHORT-NAME>EX GlobalBrakeController</SHORT—NAME>
<EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/ GlobalBrakeController Information/GlobalBrakeController//
GlobalBrakeController</EXECUTABLE-REF>
<EXECUTION—-TIME-TYPE>NET< /EXECUTION—TIME—TYPE>
<MAXIMUM>
<CSE—CODE>120000< /CSE—CODE>
<
< /EXECUTION—TIME—CONSTRAINT>
<LATENCY—-TIMING—CONSTRAINT UUID="">
<SHORT-NAME>LatencyConstraint _FL</SHORT-NAME>
<CATEGORY />
<LATENCY—CONSTRAINT-TYPE>REACTION< /LATENCY—CONSTRAINT-TYPE>
<SCOPE—REF DEST='"TIMING—DESCRIPTION—EVENT—CHAIN ">/
BBW__SWC_ Description/EventChains //EC_Sequence FL</SCOPE—REF>
<MAXIMUM>

<CSE—CODE>20< /CSE—CODE>

< /MAXIMUM>

< /LATENCY—-TIMING—CONSTRAINT>

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

BBW__SWC_ Description/EventChains//EC_Sequence FR</SCOPE—REF>

<MAXIMUM>

<CSE—CODE>20< /CSE—CODE>
< /MAXIMUM
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< /LATENCY—TIMING—CONSTRAINT>
<LATENCY—-TIMING—CONSTRAINT UUID="">
<SHORT—NAME>LatencyConstraint RL</SHORT-NAME>
<LATENCY—CONSTRAINT-TYPE>REACTION< /LATENCY—CONSTRAINT-TYPE>
<SCOPE—REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN" >/
BBW__SWC_ Description/ EventChains //EC_Sequence RL</SCOPE—REF>
<MAXIMUM>
<CSE—CODE>20< /CSE-CODE>
< /MAXIMUM>
< /LATENCY—TIMING—CONSTRAINT>
<PERIODIC—EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_ 1</SHORT-NAME>
<EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW__SWC_ Description/ EventChains/Events/Event BrakePedalLDM</EVENT—REF>
<PERIOD>
<CSE—CODE>2< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC-EVENT—TRIGGERING S="" UUID="">
<SHORT-NAME>Periodic_ Constraint__10</SHORT-NAME>
<EVENT—REF DEST="TD—EVENT—SWC—INTERNAL—BEHAVIOR" > /
BBW__SWC_ Description/ EventChains/Events /Event ABS_ RL_Pt</EVENT—REF>
<PERIOD>
<CSE—CODE>5< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC—EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_ 2</SHORT-NAME>
<EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW_SWC_ Description/EventChains /Events /EventBrakeTorqueMap</EVENT—REF>
<PERIOD>
<CSE—CODE>3< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC-EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_3</SHORT-NAME>
<EVENT—REF DEST="TD—EVENT—-SWC—INTERNAL—BEHAVIOR" > /
BBW_SWC_ Description/ EventChains/Events/Event_ GlobalBrakeController</EVENT—REF>
<PERIOD>
<CSE—CODE>4< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC—EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_4</SHORT-NAME>
<EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW__SWC_ Description/EventChains/Events /Event pLDM_Brake FL</EVENT—REF>
<PERIOD S="">
<CSE—CODE>6< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC-EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_ 5</SHORT-NAME>
<EVENT-REF DEST="TD—-EVENT—SWC—INTERNAL—BEHAVIOR">/
BBW__SWC_ Description/ EventChains/Events /Event_pLDM_Brake FR</EVENT—REF>
<PERIOD>
<CSE—CODE>6< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC—EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint 6</SHORT-NAME>
<EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW__SWC_ Description/EventChains /Events /Event pLDM Brake RL</EVENT—REF>
<PERIOD>
<CSE—CODE>6< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
<PERIODIC-EVENT—TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_ 7</SHORT-NAME>
<EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW__SWC_ Description/ EventChains/Events /Event_ pLDM_Brake RR</EVENT—REF>
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123 <PERIOD>

124 <CSE—CODE>6< /CSE—CODE>

125 </PERIOD>

126 < /PERIODIC—EVENT—TRIGGERING>

127 <PERIODIC-EVENT—TRIGGERING UUID="">

128 <SHORT-NAME>Periodic_ Constraint_ 8</SHORT-NAME>

129 <EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS FL_Pt</EVENT—REF>

130 <PERIOD>

131 <CSE—CODE>5< /CSE—CODE>

132 < /PERIOD>

133 < /PERIODIC—EVENT—TRIGGERING>

134 <PERIODIC—EVENT—TRIGGERING UUID="">

135 <SHORT-NAME>Periodic_ Constraint 9</SHORT-NAME>

136 <EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS_FR_ Pt</EVENT—REF>

137 <PERIOD>

138 <CSE—CODE>5< /CSE—CODE>

139 </PERIOD>

140 < /PERIODIC-EVENT—-TRIGGERING>

141 < /TIMING-GUARANTEES>

142 <TIMING-REQUIREMENTS>

143 <EXECUTION—TIME—CONSTRAINT UUID="">

144 <SHORT-NAME>EX BrakeActuatorLDM< /SHORT-NAME>

145 <EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/BrakeActuatorLDM _Information/BrakeActuatorLDM //BrakeActuatorLDM</
EXECUTABLE—REF>

146 <EXECUTION-TIME-TYPE>NET< /EXECUTION—TIME-TYPE>

147 <MAXIMUM>

148 <CSE—CODE>180000< /CSE—CODE>

< /MAXIMUMS>
150 < /EXECUTION—TIME—CONSTRAINT>
1 <EXECUTION—ORDER—CONSTRAINT>
2 <SHORT-NAME>Execution Order</SHORT-NAME>
3 <EXECUTION—ORDER—CONSTRAINT-TYPE>ORDINARY—-EOCK /
EXECUTION—ORDER—CONSTRAINT-TYPE>
154 <ORDERED—ELEMENTS>
155 <EOC—EXECUTABLE—ENTITY—REF>

156 <SHORT-NAME>EO ABS T< /SHORT—NAME>
157 <DIRECT—-SUCCESSOR—REFS>
158 <DIRECT—SUCCESSOR—REF DEST="EOC-EXECUTABLE-ENTITY—REF">/

BBW__SWC_ Description/ Constraints /TimingConstraints /Execution Order/
EO_ BrakeActuatorLDM< /DIRECT—SUCCESSOR—REF>

159 < /DIRECT—SUCCESSOR—REFS>

160 <EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/ABS T Information/ABS T//ABS T</EXECUTABLE-REF>

161 < /EOC—EXECUTABLE-ENTITY—REF>

162 <EOC—-EXECUTABLE-ENTITY—REF UUID="">

163 <SHORT-NAME>EO_ BrakeActuatorLDM< /SHORT-NAME>

164 <EXECUTABLE-REF DEST="RUNNABLE—-ENTITY">/BBW__SWC_ Description/
SwComponents/BrakeActuatorLDM_ Information /BrakeActuatorLDM //BrakeActuatorLDM</
EXECUTABLE—REF>

165 < /EOC—EXECUTABLE—ENTITY—REF>
166 <EOC—EXECUTABLE—-ENTITY—REF S="">

167 <SHORT-NAME>EO__BrakePedalLDM__T< /SHORT—-NAME>
168 <DIRECT—SUCCESSOR—REFS>
169 <DIRECT—SUCCESSOR—REF DEST="EOC—EXECUTABLE—ENTITY—REF">/

BBW__SWC_ Description/ Constraints /TimingConstraints /Execution Order/
EO_ BrakeTorgMap< /DIRECT—SUCCESSOR—REF>

170 < /DIRECT—SUCCESSOR—REFS>

171 <EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/BrakePedalLDM T Information/BrakePedalLDM T //BrakePedalLDM T</
EXECUTABLE—REF>

172 < /EOC—EXECUTABLE—-ENTITY—REF>

173 <EOC—EXECUTABLE—ENTITY—REF>

174 <SHORT-NAME>EO_ BrakeTorgMap< /SHORT-NAME>

175 <DIRECT—SUCCESSOR—REFS>

176 <DIRECT—SUCCESSOR—REF DEST="EOC—EXECUTABLE-ENTITY—REF">/
BBW_SWC_ Description/ Constraints/ TimingConstraints /Execution Order/
EO_ GlobalBrakeController</DIRECT—SUCCESSOR—REF>
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< /DIRECT—SUCCESSOR—REFS>
<EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC__ Description/
SwComponents/BrakeTorqMap_Information/BrakeTorqMap//BrakeTorqMap</
EXECUTABLE—REF>
< /BOC—EXECUTABLE-ENTITY—REF>
<EOC—EXECUTABLE—ENTITY—REF>
<SHORT-NAME>EO GlobalBrakeController</SHORT—NAME>
<DIRECT—SUCCESSOR—REFS>
<DIRECT—SUCCESSOR—REF DEST="EOC—EXECUTABLE—ENTITY—REF">/
BBW__SWC_ Description/ Constraints /TimingConstraints/Execution Order/EO_ABS T</
DIRECT—SUCCESSOR—REF>
< /DIRECT—SUCCESSOR—REFS>
<EXECUTABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/ GlobalBrakeController Information/GlobalBrakeController//
GlobalBrakeController</EXECUTABLE-REF>
< /EOC—EXECUTABLE—-ENTITY—REF>
< /ORDERED—ELEMENTS>
< /EXECUTION—ORDER—CONSTRAINT>
<LATENCY—-TIMING—CONSTRAINT UUID="">
<SHORT-NAME>LatencyConstraint  RR</SHORT-NAME>
<LATENCY—CONSTRAINT-TYPE>REACTION< /LATENCY—CONSTRAINT-TYPE>
<SCOPE—REF DEST='"TIMING—DESCRIPTION-EVENT—CHAIN ">/
BBW_SWC_ Description/ EventChains //EC_Sequence_ RR</SCOPE—REF>
<MAXIMUM>
<CSE—CODE>20< /CSE—CODE>

< /MAXIMUM>
< /LATENCY—TIMING—CONSTRAINT>
<PERIODIC—EVENT-TRIGGERING UUID="">
<SHORT-NAME>Periodic_ Constraint_ 11</SHORT-NAME>
<EVENT-REF DEST='"TD-EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS RR,_Pt</EVENT—REF>
<PERIOD>
<CSE—CODE>5< /CSE—CODE>
</PERIOD>
< /PERIODIC—EVENT—TRIGGERING>
< /TIMING—REQUIREMENTS>
< /SWC—TIMING>
< /ELEMENTS>
< /AR—PACKAGE>
<AR-PACKAGE UUID="">
<SHORT—NAME>EcuResource</SHORT-NAME>
<AR—PACKAGES>
<AR-PACKAGE UUID="">
<SHORT—NAME>Hw Category< /SHORT—NAME>
<ELEMENTS>
<HW-CATHGORY S="" UUID="">
<SHORT—-NAME>ProcessingUnit</SHORT-NAME>
<CATEGORY />
<HW—ATTRIBUTE-DEFS>
<HW—-ATTRIBUTE-DEF>
<SHORT—NAME>FrequencyHz< /SHORT-NAME>
<CATEGORY />
<IS—REQUIRED> tr ue< /IS—-REQUIRED>
< /HW—ATTRIBUTE-DEF>
< /HW—ATTRIBUTE-DEFS>
< /HW—CATEGORY>
< /ELEMENTS>
< /AR—PACKAGE>
<AR-PACKAGE UUID="">
<SHORT-NAME>HwElement< /SHORT-NAME>
<ELEMENTS>
<HW-ELEMENT>
<SHORT—NAME>CPU(O< /SHORT—NAME>
<CATEGORY>CPU< /CATEGORY>
<HW-TYPE-REF DEST="HW-TYPE"'>/BBW__SWC_ Description/EcuResource/
HwType/QuartzCPUO< /HW—TYPE-REF>
<HW—CATEGORY—REFS>
<HW-CATEGORY—REF DEST="HW-CATEGORY">/BBW__SWC_ Description/
EcuResource/HwCategory/ProcessingUnit</HW—CATEGORY—REEF>
< /HW—CATEGORY—REFS>
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< /HW—FLEMENT>
<HW-ELEMENT>
<SHORT—NAME>CPU1< /SHORT-NAME>
<CATEGORY>CPU< /CATEGORY>
<HW-TYPE-REF DEST="HW-TYPE'>/BBW_SWC_ Description/ EcuResource/
HwType/QuartzCPU1< /HW—TYPE-REF>
<HW-CATEGORY—REFS>
<HW—-CATEGORY—REF DEST="HW-CATEGORY">/BBW__SWC_ Description/
EcuResource /HwCategory/ProcessingUnit</HW—CATEGORY—REE>
< /HW—CATEGORY—REFS>
< /HW-ELEMENT>
<HW-ELEMENT UUID="">
<SHORT—NAME>CPU2< /SHORT-NAME>
<CATEGORY>CPU< /CATEGORY>
<HW-TYPE-REF DEST="HW-TYPE"'>/BBW__SWC_ Description/ EcuResource/
HwType/QuartzCPU2< /HW—TYPE-REF>
<HW-CATEGORY—REFS>
<HW-CATEGORY—REF DEST="HW—CATEGORY">/BBW__SWC_ Description/
EcuResource /HwCategory/ProcessingUnit</HW—CATEGORY—REE>
< /HW—CATEGORY—REFS>
< /HW-ELEMENT>
< /ELEMENTS>
< /AR—PACKAGE>
<AR-PACKAGE>
<SHORT—NAME>HwType< /SHORT-NAME>
<ELEMENTS>
<HW-TYPE>
<SHORT—NAME>QuartzCPU0< /SHORT-NAME>
<HW—-ATTRIBUTE—-VALUES>
<HW—-ATTRIBUTE—-VALUE>
<V BLUEPRINT-VALUE="">3.0E8</V>
< /HW—ATTRIBUTE—-VALUE>
</HW—-ATTRIBUTE-VALUES>
< /HW-TYPE>
<HW-TYPE>
<SHORT—NAME>QuartzCPU1< /SHORT-NAME>
<HW—-ATTRIBUTE—VALUES>
<HW—-ATTRIBUTE—VALUE>
<V BLUEPRINT-VALUE="">3.0E8</V>
< /HW—ATTRIBUTE-VALUE>
< /HW—ATTRIBUTE-VALUES>
< /HW-TYPE>
<HW-TYPE>
<SHORT—NAME>QuartzCP U2< /SHORT-NAME>
<HW-ATTRIBUTE—VALUES>
<HW—-ATTRIBUTE—VALUE>
<V BLUEPRINT-VALUE="">3.0E8</V>
< /HW—ATTRIBUTE—-VALUE>
</HW—-ATTRIBUTE-VALUES>
< /HW-TYPE>
< /ELEMENTS>
< /AR—PACKAGE>
< /AR—PACKAGES>
< /AR—PACKAGE>
<AR—PACKAGE>
<SHORT—-NAME>EventChains</SHORT-NAME>
<ELEMENTS>
<SWC-TIMING>
<TIMING—DESCRIPTIONS>
<TIMING—DESCRIPTION—EVENT—CHAIN UUID="">
<SHORT-NAME>EC 1 FI</SHORT-NAME>
<STIMULUS—REF DEST="TD-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events/Event_BrakePedalLDM</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events/EventBrakeTorqueMap</RESPONSE—REF>
< /TIMING—-DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN UUID="">
<SHORT-NAME>EC_1 FR</SHORT—NAME>
<STIMULUS—REF DEST="TD-EVENT—SWC—-INTERNAL—BEHAVIOR' >/
BBW__SWC_ Description/ EventChains/Events/Event_ BrakePedalLDM< /STIMULUS—REF>
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XX

<RESPONSE—REF DEST="TD—-EVENT—SWC-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events/EventBrakeTorqueMap</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—-DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC 1 RI</SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_Description/EventChains/Events/Event BrakePedalLDM< /STIMULUS—REF>
<RESPONSE—REF DEST="TD—EVENT—SWC-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events/EventBrakeTorqueMap</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—-DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC 1 RR</SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/EventChains/Events/Event BrakePedalLDM< /STIMULUS—REF>
<RESPONSE—REF DEST="TD—EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events/EventBrakeTorqueMap</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—-DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC 2 FIL< /SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/EventChains/Events/EventBrakeTorqueMap</STIMULUS—REF>
<RESPONSE—REF DEST="TD—-EVENT—SWC-INTERNAL-BEHAVIOR" >/
BBW__SWC_ Description/EventChains/Events/Event GlobalBrakeController</
RESPONSE—REF>
< /TIMING-DESCRIPTION—EVENT—CHAIN>
<TIMING-DESCRIPTION—EVENT—-CHAIN UUID="">
<SHORT-NAME>EC_ 2 FR</SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /EventBrakeTorqueMap</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC-INTERNAL-BEHAVIOR' >/
BBW_SWC_ Description/ EventChains/Events/Event_ GlobalBrakeController</
RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING-DESCRIPTION-EVENT—CHAIN S="">
<SHORT-NAME>EC 2 RI</SHORT—NAME>
<STIMULUS—REF DEST="TD-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/EventChains/Events /EventBrakeTorqueMap</STIMULUS—REF>
<RESPONSE—REF DEST="TD—EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events/Event__GlobalBrakeController</
RESPONSE—REF>
< /TIMING—-DESCRIPTION—EVENT—CHAIN>
<TIMING-DESCRIPTION—EVENT—-CHAIN>
<SHORT-NAME>EC 2 RR</SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/EventChains /Events /EventBrakeTorqueMap</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR' >/
BBW__SWC_ Description/ EventChains/Events/Event_GlobalBrakeController</
RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—-DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC 3 FI< /SHORT—NAME>
<STIMULUS—REF DEST="TD—EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/EventChains /Events/Event_GlobalBrakeController</
STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—BEHAVIOR' >/
BBW__SWC_ Description/ EventChains/Events /Event_ ABS FL_Pt</RESPONSE—REF>
< /TIMING-DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN S="">
<SHORT-NAME>EC_3 FR< /SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events/Event_ GlobalBrakeController</
STIMULUS—REF>
<RESPONSE—REF DEST="TD—-EVENT—SWC-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS_FR_ Pt</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING-DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC 3 RI</SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/EventChains/Events/Event_GlobalBrakeController</
STIMULUS—REF>
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<RESPONSE—REF DEST="TD—-EVENT—SWC-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS_RL_ Pt</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC 3 RR</SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/EventChains/Events/Event_GlobalBrakeController</
STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events /Event ABS RR_Pt</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC_4 FI< /SHORT—NAME>
<STIMULUS—REF DEST="TD—EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW__SWC_ Description/ EventChains/Events /Event_ ABS FL_Pt</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events /Event  pLDM_Brake FL</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN UUID="">
<SHORT-NAME>EC_4 FR< /SHORT—NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event ABS FR_Pt</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR' >/
BBW__SWC_ Description/ EventChains/Events /Event pLDM_Brake FR</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC_4 RI< /SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS_RL_Pt</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC-INTERNAL-BEHAVIOR' >/
BBW_SWC_ Description/ EventChains/Events /Event_pLDM_ Brake RIL</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC_4 RR< /SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS_RR_ Pt</STIMULUS—REF>
<RESPONSE—REF DEST="TD—EVENT—SWC—INTERNAL—BEHAVIOR ">/
BBW__SWC_ Description/ EventChains/Events /Event pLDM_Brake RR</RESPONSE—REF>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC__Sequence_ FL</SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events/Event_ BrakePedalLDM< /STIMULUS—REF>
<RESPONSE—REF DEST="TD—-EVENT—SWC—-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_pLDM_ Brake FL</RESPONSE—REF>
<SEGMENT—REFS>
<SEGMENT-REF DEST='"TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW__SWC_ Description/EventChains //EC_1 FI</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—-EVENT—CHAIN"> /
BBW__SWC_ Description/EventChains //EC_2 FI</SEGMENT—REF>
<SEGMENT—REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN ">/
BBW__SWC_ Description/EventChains //EC_3 FIL</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN ">/
BBW_SWC_ Description/ EventChains//EC_4 FIL</SEGMENT—REF>
< /SEGMENT—REFS>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC__Sequence_ FR< /SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/EventChains/Events/Event BrakePedalLDM< /STIMULUS—REF>
<RESPONSE—REF DEST="TD—EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_pLDM_ Brake_FR</RESPONSE—REF>
<SEGMENT—REFS>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN ">/
BBW__SWC_ Description/EventChains//EC_1 FR</SEGMENT—REF>
<SEGMENT—REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW_SWC_ Description/EventChains //EC_2 FR</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW__SWC_ Description/EventChains //EC_3 FR</SEGMENT—REF>
<SEGMENT-REF DEST='"TIMING—DESCRIPTION—EVENT—CHAIN">/
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BBW__SWC_ Description/ EventChains//EC_4 FR</SEGMENT—REF>
< /SEGMENT—REFS>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC__Sequence RL</SHORT-NAME>
<STIMULUS—REF DEST="TD—-EVENT—SWC-INTERNAL—-BEHAVIOR" >/
BBW_SWC_Description/EventChains/Events/Event BrakePedalLDM< /STIMULUS—REF>
<RESPONSE—REF DEST="TD—EVENT—SWC-INTERNAL-BEHAVIOR" >/
BBW_SWC_ Description/ EventChains/Events /Event_ ABS_RL_ Pt</RESPONSE—REF>
<SEGMENT—REFS>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW__SWC_ Description/ EventChains//EC_1 RI</SEGMENT—REF>
<SEGMENT—REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW__SWC_ Description/EventChains //EC_2 RI</SEGMENT—REF>
<SEGMENT-REF DEST='"TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW_SWC_ Description/ EventChains //EC_3_RI</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—-EVENT—CHAIN"> /
BBW__SWC_ Description/EventChains //EC_4 RI</SEGMENT—REF>
< /SEGMENT—REFS>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
<TIMING—DESCRIPTION—EVENT—CHAIN>
<SHORT-NAME>EC__Sequence_ RR< /SHORT-NAME>
<STIMULUS—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events/Event_BrakePedalLDM</STIMULUS—REF>
<RESPONSE—REF DEST="TD-EVENT—SWC—-INTERNAL—-BEHAVIOR" >/
BBW__SWC_ Description/ EventChains/Events /Event pLDM_Brake RR</RESPONSE—REF>
<SEGMENT—REFS>
<SEGMENT—REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW__SWC_ Description/EventChains //EC_1 RR</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN "> /
BBW_SWC_ Description/ EventChains//EC_2 RR</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN ">/
BBW__SWC_ Description/ EventChains//EC_3 RR</SEGMENT—REF>
<SEGMENT-REF DEST="TIMING—DESCRIPTION—EVENT—CHAIN">/
BBW__SWC_ Description/ EventChains//EC_4 RR</SEGMENT—REF>
< /SEGMENT—REFS>
< /TIMING—DESCRIPTION—EVENT—CHAIN>
</TIMING—DESCRIPTIONS>
</SWC—-TIMING>
<SWC-TIMING>
<SHORT—-NAME>Events< /SHORT-NAME>
<TIMING—DESCRIPTIONS>
<ID—EVENT—SWC—INTERNAL—BEHAVIOR, UUID="">
<SHORT—NAME>EventBrakeTorqueMap< /SHORT-NAME>
<COMPONENT—-IREF>
<TARGET—COMPONENT—REF DEST="SW—COMPONENT—PROTOTYPE" >/
BBW__SWC_ Description/SwCompossitions /RootSwComposition /pBrakeTorqueMap</
TARGET—COMPONENT—REF>
< /COMPONENT—IREF>
<RUNNABLE—REF DEST="RUNNABLE—ENTITY">/BBW__ SWC_ Description/
SwComponents/BrakeTorqMap Information/BrakeTorqMap//BrakeTorqMap</RUNNABLE—REF>
<ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—ACTIVATED< /
TD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>
< /TD—EVENT—SWC—INTERNAL—BEHAVIOR>
<ID—EVENT—SWC—INTERNAL—BEHAVIOR, UUID="">
<SHORT-NAME>Event_ ABS_FL_ Pt</SHORT-NAME>
<COMPONENT—IREF>
<TARGET—COMPONENT—REF DEST="SW—COMPONENT—PROTOTYPE" >/
BBW__SWC_ Description/SwCompossitions /RootSwComposition /ABS FL Pt</
TARGET—COMPONENT—REF>
< JOOMPONENT—IREF>
<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/BBW_SWC_ Description/
SwComponents/ABS_ T Information/ABS T//ABS T</RUNNABLE—REF>
<ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—ACTIVATED< /
TD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>
< /TD—EVENT—SWC—INTERNAL—BEHAVIOR>
<ID—EVENT—SWC—-INTERNAL—BEHAVIOR, UUID="">
<SHORT-NAME>Event_ ABS_FR_ Pt</SHORT-NAME>
<COMPONENT—-IREF>
<TARGET—COMPONENT-REF DEST="SW—-COMPONENT—PROTOTYPE" >/
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BBW__SWC_ Description/ SwCompossitions /RootSwComposition /ABS FR_Pt</
TARGET—COMPONENT—REF>

141 < /COMPONENT—IREF>

442 <RUNNABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/ABS_T_Information/ABS T//ABS T</RUNNABLE-REF>

143 <ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—ACTIVATED< /
TD—EVENT—SWC—-INTERNAL—BEHAVIOR—TYPE>

144 < /TD—EVENT—SWC—INTERNAL—BEHAVIOR>

445 <TD—EVENT—SWC—-INTERNAL—BEHAVIOR UUID="">

146 <SHORT-NAME>Event  ABS RL_Pt</SHORT-NAME>

447 <COMPONENT-IREF>

148 <TARGET—COMPONENT—REF DEST="SW—COMPONENT—PROTOTYPE" >/

BBW__SWC_ Description/SwCompossitions /RootSwComposition /ABS RL Pt</
TARGET—COMPONENT—REF>
149 < JOOMPONENT—IREF>

450 <RUNNABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC__ Description/
SwComponents/ABS_T_Information/ABS_T//ABS T</RUNNABLE—REF>
451 <ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—-ACTIVATED< /

TD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>

152 < /TD—EVENT—SWC—INTERNAL—BEHAVIOR>

153 <ID—EVENT—SWC—-INTERNAL—BEHAVIOR, UUID="">

154 <SHORT-NAME>Event_ ABS_RR_ Pt</SHORT-NAME>

455 <COMPONENT—-IREE>

156 <TARGET—COMPONENT-REF DEST="SW—COMPONENT—PROTOTYPE"> /
BBW_SWC_ Description/ SwCompossitions /RootSwComposition /ABS_RR_Pt</
TARGET—COMPONENT—REF>

457 < /COMPONENT—IREF>
158 <RUNNABLE-REF DEST="RUNNABLE—-ENTITY">/BBW_SWC_Description/
SwComponents/ABS_T_Information/ABS_T//ABS_T</RUNNABLE-REF>
459 <ID—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—ACTIVATED< /
TD—-EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>
460 < /TD—EVENT—SWC—INTERNAL—BEHAVIOR>
161 <ID—EVENT-SWC—INTERNAL-BEHAVIOR UUID="">
462 <SHORT-NAME>Event_ BrakePedalLDM< /SHORT-NAME>

163 <COMPONENT—IREF>

164 <TARGET—COMPONENT-REF DEST="SW—-COMPONENT—PROTOTYPE">/
BBW__SWC_ Description/SwCompossitions /RootSwComposition /pBrakePedalLDM</
TARGET—COMPONENT—REF>

465 < /COMPONENT—IREF>

166 <RUNNABLE—REF DEST="RUNNABLE—ENTITY">/BBW__ SWC_ Description/
SwComponents/BrakePedalLDM T Information/BrakePedalLDM T //BrakePedalLDM T</
RUNNABLE—REF>

167 <ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—ACTIVATED< /
TD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>

168 < /TD—EVENT—SWC—INTERNAL—BEHAVIOR>

469 <TD—EVENT—SWC—-INTERNAL—BEHAVIOR UUID="">

170 <SHORT-NAME>Event GlobalBrakeController</SHORT-NAME>
471 <COMPONENT-IREF>

172 <TARGET—COMPONENT—REF DEST="SW—COMPONENT—PROTOTYPE" >/
BBW__SWC_ Description/SwCompossitions /RootSwComposition/pGlobalBrakeController</
TARGET—COMPONENT—REF>

< /COMPONENT—IREF>

<RUNNABLE-REF DEST="RUNNABLE-ENTITY">/BBW_SWC_Description/
SwComponents/ GlobalBrakeController_ Information/GlobalBrakeController//
GlobalBrakeController</RUNNABLE-REF>
75 <ITD—EVENT—SWC—-INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—ACTIVATED< /

TD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>

176 < /TD—EVENT—SWC—INTERNAL—BEHAVIOR>
477 <ID-EVENT—-SWC—INTERNAL-BEHAVIOR UUID="">
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178 <SHORT-NAME>Event pLDM _Brake FL</SHORT-NAME>
479 <COMPONENT—IREF>
480 <TARGET—COMPONENT—REF DEST="SW—COMPONENT—PROTOTYPE">/

BBW__SWC_ Description/ SwCompossitions /RootSwComposition /pLDM_Brake FIL</
TARGET—COMPONENT—REF>

181 < /COMPONENT—IREF>

482 <RUNNABLE-REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/BrakeActuatorLDM_ Information /BrakeActuatorLDM //BrakeActuatorLDM</
RUNNABLE—REF>

483 <ID—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE—ENTITY—TERMINATED< /

TD—EVENT—SWC—-INTERNAL—BEHAVIOR—TYPE>
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</TD- —SWC—INTERNAL—BEHAVIOR>
<ID—EVENT-SWC—INTERNAL—BEHAVIOR UUID="">
<SHORT-NAME>Event pLDM_Brake FR</SHORT-NAME>
<COMPONENT—IREF>
<TARGET—COMPONENT-REF DEST="SW—COMPONENT—PROTOTYPE">/
BBW__SWC_ Description/SwCompossitions /RootSwComposition /pLDM_Brake FR</
TARGET—COMPONENT—REF>
< JOOMPONENT—IREF>
<RUNNABLE—REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/BrakeActuatorLDM_Information/BrakeActuatorLDM //BrakeActuatorLDM</
RUNNABLE—REF>
<ID—EVENT—SWC—-INTERNAL—BEHAVIOR—TYPE>RUNNABLE-ENTITY—-TERMINATED< /
TD—-EVENT—-SWC—INTERNAL—BEHAVIOR—TYPE>
< /TD—EVENT—SWC—INTERNAL—BEHAVIOR>
<ID-EVENT—-SWC—INTERNAL-BEHAVIOR UUID="">
<SHORT-NAME>Event_ pLDM__Brake_ RL</SHORT—NAME>
<COMPONENT—IREF>
<TARGET—COMPONENT—REF DEST="SW—COMPONENT—PROTOTYPE" >/
BBW__SWC_ Description/ SwCompossitions /RootSwComposition /pLDM_Brake RI</
TARGET—-COMPONENT—REF>
< /COMPONENT—IREF>
<RUNNABLE—REF DEST="RUNNABLE—ENTITY">/BBW__ SWC_ Description/
SwComponents/BrakeActuatorLDM_Information/BrakeActuatorLDM //BrakeActuatorLDM</
RUNNABLE—REF>
<ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE-ENTITY—-TERMINATED< /
TD—-EVENT—-SWC—INTERNAL—BEHAVIOR—TYPE>
< /TD—EVENT—SWC—INTERNAL—BEHAVIOR>
<ID—EVENT—-SWC—INTERNAL—-BEHAVIOR UUID="">
<SHORT-NAME>Event_ pLDM_ Brake RR</SHORT—NAME>
<COMPONENT-IREE>
<TARGET—COMPONENT-REF DEST="SW—-COMPONENT—PROTOTYPE" >/
BBW__SWC_ Description/SwCompossitions /RootSwComposition /pLDM_Brake RR</
TARGET—COMPONENT—REF>
< /COMPONENT—IREF>
<RUNNABLE-REF DEST="RUNNABLE—-ENTITY">/BBW__SWC_ Description/
SwComponents/BrakeActuatorLDM_Information /BrakeActuatorLDM //BrakeActuatorLDM</
RUNNABLE—REF>
<ITD—EVENT—SWC—INTERNAL—BEHAVIOR—TYPE>RUNNABLE-ENTITY—-TERMINATED< /
TD—EVENT—SWC—INTERNAL—-BEHAVIOR—TYPE>
</TD- —SWC—INTERNAL—BEHAVIOR>
< /TIMING—DESCRIPTIONS>
< /SWC—TIMING>
< /ELEMENTS>
< /AR-PACKAGE>
<AR—-PACKAGE>
<SHORT-NAME>Mapping< /SHORT-NAME>
<ADMIN-DATA>
<SDGS>
<SDG GID=" conversion ">
<SDG GID="PROCESS—TO—MACHINE-MAPPING—SET" >
<SDG GID="PROCESS—TO-MACHINE-MAPPINGS" >
<SDG GID="PROCESS—-TO-MACHINE-MAPPING" />
<SD GID="_ mixed" />
</SDG>
<SD GID=" mixed" />
</SDG>
<SD GID="__path ">PROCESS—TO—MACHINE-MAPPING—SET@0/ELEMENTS@2< /SD>
<SD GID="_target">org.artop.aal.autosar4430</SD>
</SDG>
</SDGS>
< /ADMIN-DATA>
<ELEMENTS>
<SWC-BSW-MAPPING>
<RUNNABLE—MAPPINGS>
<SWC-BSW—-RUNNABLE-MAPPING>
<SWC—RUNNABLE-REF DEST="RUNNABLE—ENTITY">/BBW__SWC_ Description/
SwComponents/ABS T Information/ABS T//ABS T</SWC—RUNNABLE—REF>
< /SWC—BSW-RUNNABLE-MAPPING>
< /RUNNABLE-MAPPINGS>
< /SWC-BSW-MAPPING>
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< /ELEMENTS>
< /AR—PACKAGE>
<AR-PACKAGE>
<SHORT—NAME>OS< /SHORT—NAME>
<ELEMENTS>
<SYSTEM>
<SHORT—NAME>MICROSAR< /SHORT—NAME>
<CATEGORY>Operating System</CATEGORY>
</SYSTEM>
< /ELEMENTS>
< /AR—PACKAGE>
<AR-PACKAGE UUID="">
<SHORT—NAME>SwComponents< /SHORT-NAME>
<AR—PACKAGES>
<AR—PACKAGE>
<SHORT-NAME>ABS__T_ Information</SHORT—NAME>
<ELEMENTS>
<APPLICATION—SW—COMPONENT—TYPE>
<SHORT—NAME>ABS T< /SHORT—NAME>
<INTERNAL—BEHAVIORS>
<SWC—INTERNAL—BEHAVIOR UUID="">
<SHORT-NAME />
<EVENTS>
<TIMING-EVENT S="" UUID="">
<SHORT-NAME>stimulus_ 5ms</SHORT-NAME>
<ADMIN-DATA>
<SDGS>
<SDG GID=" conversion">
<SDG GID="OFFSET">
<SD GID="__mixed">0.0</SD>
</SDG>
<SD GID="_ path">OFFSET@3/</SD>
<SD GID="_target">org.artop.aal.autosar4460</SD>
</SDG>
</SDGS>
< /ADMIN-DATA>
<START—ON—EVENT—REF DEST="RUNNABLE—ENTITY"> /
BBW__SWC_ Description/SwComponents/ABS_ T Information/ABS T//ABS T</
START—ON—EVENT—REF>
<PERIOD>0.005</PERIOD>
< /TIMING—EVENT>
</EVENTS>
<RUNNABLES>
<RUNNABLE—ENTITY>
<SHORT-NAME>ABS_T< /SHORT-NAME>
<MINIMUM—START—INTERVAL> 0 . 0</MINIMUM—START—INTERVAL>
<SYMBOL />
</RUNNABLE-ENTITY>
< /RUNNABLES>
< /SWC—INTERNAL-BEHAVIOR>
< /INTERNAL-BEHAVIORS>
< /APPLICATION—-SW—COMPONENT—-TYPE>
< /ELEMENTS>
< /AR—PACKAGE>
<AR—PACKAGE>
<SHORT-NAME>BrakeActuatorLDM_Information</SHORT—NAME>
<ELEMENTS>
<APPLICATION—SW—COMPONENT—TYPE S="" UUID="">
<SHORT-NAME>BrakeA ctuatorLDM< /SHORT-NAME>
<INTERNAL—-BEHAVIORS>
<SWC—-INTERNAL—BEHAVIOR>
<EVENTS>
<TIMING-EVENT>
<SHORT-NAME>stimulus_ 6ms</SHORT—-NAME>
<ADMIN-DATA>
<SDGS>
<SDG GID=" conversion ">
<SDG GID="OFFSET">
<SD GID="__mixed">0.0</SD>
</SDG>
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<SD GID='"_ path">OFFSET@3/</SD>
<SD GID="__target">org.artop.aal.autosar4460</SD>
</SDG>
</SDGS>
< /ADMIN-DATA>
<START—ON—EVENT-REF DEST="RUNNABLE—ENTITY ">/
BBW_SWC_ Description/SwComponents/BrakeActuatorLDM__Information /BrakeActuatorLDM
//BrakeActuatorLDM< /START-ON—EVENT—REF>
<PERIOD>0.006</PERIOD>
</TIMING—EVENT>
</EVENTS>
<RUNNABLES>
<RUNNABLE-ENTITY S="">
<SHORT-NAME>BrakeA ctuatorLDM< /SHORT-NAME>
<MINIMUM—START—INTERVAL> 0 . 0< /MINIMUM—START—INTERVAL>
< /RUNNABLE-ENTITY>
< /RUNNABLES>
< /SWC—INTERNAL—-BEHAVIOR>
< /INTERNAL-BEHAVIORS>
< /APPLICATION—SW—COMPONENT—-TYPE>
< /ELEMENTS>
< /AR—PACKAGE>
<AR—PACKAGE>
<SHORT—NAME>BrakePedalLDM T Information</SHORT—NAME>
<ELEMENTS>
<APPLICATION—SW—COMPONENT-TYPE S="" UUID="">
<SHORT—NAME>BrakePedalLDM__T< /SHORT-NAME>
<INTERNAL—BEHAVIORS>
<SWC-INTERNAL—BEHAVIOR>
<EVENTS>
<TIMING-EVENT>
<SHORT-NAME>stimulus__ 2ms< /SHORT-NAME>
<ADMIN-DATA>
<SDGS>
<SDG GID=" conversion ">
<SDG GID="OFFSET">
<SD GID="_mixed">0.0</SD>
</SDG>
<SD GID="_path">OFFSET@3/</SD>
<SD GID="_target">org.artop.aal.autosar4460</SD>
</SDG>
</SDGS>
< /ADMIN-DATA>
<START—ON—EVENT-REF DEST="RUNNABLE—ENTITY">/
BBW__SWC_ Description/SwComponents/BrakePedalLDM_T_Information/BrakePedalLDM_T//
BrakePedalLDM T< /START—ON—EVENT—REF>
<PERIOD>0.002</PERIOD>
< /TIMING—EVENT>
</EVENTS>
<RUNNABLES>
<RUNNABLE—ENTITY>
<SHORT-NAME>BrakePedalLDM__T< /SHORT—NAME>
<MINIMUM—START—INTERVAL> 0 . 0< /MINIMUM—START—INTERVAL>
<REENTRANCY—LEVEL>MULTICORE-REENTRANT< /REENTRANCY—LEVEIL>
< /RUNNABLE-ENTITY>
< /RUNNABLES>
< /SWC—INTERNAL—-BEHAVIOR>
< /INTERNAL—BEHAVIORS>
< /APPLICATION—SW—COMPONENT—-TYPE>
< /ELEMENTS>
< /AR—PACKAGE>
<AR—PACKAGE>
<SHORT-NAME>BrakeTorgMap_Information</SHORT-NAME>
<ELEMENTS>
<APPLICATION—SW—COMPONENT—TYPE UUID="">
<SHORT—NAME>BrakeTorqMap< /SHORT-NAME>
<SHORT-NAME-PATTERN />
<INTERNAL—BEHAVIORS>
<SWC—INTERNAL—BEHAVIOR>
<EVENTS>
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<TIMING-EVENT UUID="">
<SHORT-NAME>stimulus_ 3ms</SHORT-NAME>
<ADMIN—DATA>
<SDGS>
<SDG GID=" conversion ">
<SDG GID="OFFSET">
<SD GID="__mixed">0.0</SD>
</SDG>
<SD GID="_ path">OFFSET@3/</SD>
<SD GID="_target">org.artop.aal.autosar4460</SD>
</SDG>
</SDGS>
< /ADMIN-DATA>
<START—ON—EVENT—REF DEST="RUNNABLE—ENTITY">/
BBW__SWC_ Description/SwComponents/BrakeTorqMap_ Information /BrakeTorqMap//
BrakeTorqMap< /START-ON—EVENT—REF>
<PERIOD>0.003</PERIOD>
< /TIMING—EVENT>
</EVENTS>
<RUNNABLES>
<RUNNABLE-ENTITY S="">
<SHORT-NAME>BrakeTorqMap< /SHORT—NAME>
<MINIMUM—START—INTERVAL> 0 . 0< /MINIMUM—START—INTERVAL>
</RUNNABLE—-ENTITY>
</RUNNABLES>
< /SWC—INTERNAL—-BEHAVIOR>
< /INTERNAL-BEHAVIORS>
< /APPLICATION—SW—COMPONENT-TYPE>
< /ELEMENTS>
< /AR-PACKAGE>
<AR—PACKAGE UUID="">
<SHORT-NAME>GlobalBrakeController Information</SHORT-NAME>
<ELEMENTS>
<APPLICATION—SW—COMPONENT—TYPE S="">
<SHORT-NAME>GlobalBrakeController</SHORT-NAME>
<CATEGORY />
<INTERNAL—BEHAVIORS>
<SWC-INTERNAL—BEHAVIOR>
<EVENTS>
<TIMING-EVENT S="" UUID="">
<SHORT-NAME>stimulus__4ms< /SHORT-NAME>
<ADMIN—DATA>
<SDGS>
<SDG GID=" conversion ">
<SDG GID="OFFSET">
<SD GID="__mixed">0.0</SD>
</SDG>
<SD GID="_ path">OFFSET@3/</SD>
<SD GID="_target">org.artop.aal.autosar4460</SD>
</SDG>
</SDGS>
< /ADMIN-DATA>
<START—ON—EVENT-REF DEST="RUNNABLE—ENTITY">/
BBW_SWC_ Description/SwComponents/ GlobalBrakeController Information/
GlobalBrakeController // GlobalBrakeController</START-ON—EVENT—REF>
<PERIOD>0.004</PERIOD>
< /TIMING—EVENT>
</EVENTS>
<RUNNABLES>
<RUNNABLE-ENTITY>
<SHORT-NAME>GlobalBrakeController</SHORT-NAME>
<MINIMUM—START—INTERVAL> 0 . 0< /MINIMUM—START—INTERVAL>
</RUNNABLE—-ENTITY>
</RUNNABLES>
< /SWC—INTERNAL—-BEHAVIOR>
< /INTERNAL-BEHAVIORS>
< /APPLICATION—SW—COMPONENT—-TYPE>
< /ELEMENTS>
< /AR-PACKAGE>
< /AR—PACKAGES>
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738 < /AR—PACKAGE>
739 <AR-PACKAGE UUID="">
740 <SHORT-NAME>Sw Compossitions</SHORT-NAME>

741 <ELEMENTS>

742 <COMPOSITION—-SW—COMPONENT—-TYPE>

743 <SHORT-NAME>R oot SwComposition< /SHORT-NAME>
744 <COMPONENTS>

745 <SW—COMPONENT—-PROTOTYPE>

746 <SHORT-NAME>ABS_FL_ Pt< /SHORT-NAME>

747 <ITYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/ABS_T_ Information /ABS_T</TYPE—TREF>
18 < /SW—COMPONENT—PROTOTYPE>
749 <SW—COMPONENT—PROTOTYPE>
750 <SHORT-NAME>ABS FR, Pt</SHORT-NAME>
51 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/ABS T Information/ABS T</TYPE—TREF>
2 < /SW—COMPONENT—PROTOTYPE>
753 <SW—COMPONENT—PROTOTYPE>
54 <SHORT-NAME>ABS RL Pt</SHORT-NAME>
755 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/ABS_T_ Information /ABS T</TYPE—TREF>
756 < /SW—COMPONENT—PROTOTYPE>
757 <SW—COMPONENT—PROTOTYPE>
758 <SHORT-NAME>ABS RR_Pit</SHORT-NAME>
759 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/ABS T Information/ABS T</TYPE—TREF>
760 < /[SW—COMPONENT-PROTOTYPE>
761 <SW—COMPONENT-PROTOTYPE UUID="">
762 <SHORT—NAME>pBrakePedal LDM< /SHORT-NAME>
763 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/BrakePedalLDM_T_Information/BrakePedalLDM_T</
TYPE—TREF>
764 < /SW—COMPONENT—PROTOTYPE>
765 <SW—COMPONENT—PROTOTYPE>
766 <SHORT—NAME>pBrakeTorqueMap< /SHORT-NAME>
767 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/BrakeTorqMap_Information/BrakeTorgMap</
TYPE—TREF>
768 < /SW—COMPONENT—PROTOTYPE>
769 <SW—COMPONENT—PROTOTYPE>
770 <SHORT-NAME>p GlobalBrakeController</SHORT—NAME>
771 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/ GlobalBrakeController Information/
GlobalBrakeController</TYPE-TREF>
< /SW—COMPONENT—PROTOTYPE>
<SW—COMPONENT—PROTOTYPE>
<SHORT-NAME>pLDM _ Brake FL</SHORT—NAME>
<TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/BrakeActuatorLDM _Information/BrakeActuatorLDM<
/TYPE—TREF>
776 < /SW—COMPONENT—PROTOTYPE>
777 <SW—COMPONENT—PROTOTYPE>
778 <SHORT—NAME>pLDM _Brake FR</SHORT-NAME>
779 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/BrakeActuatorLDM__Information/BrakeActuatorLDM<
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/TYPE—TREF>

780 < /SW—COMPONENT—PROTOTYPE>

781 <SW—COMPONENT—PROTOTYPE>

782 <SHORT-NAME>pLDM _ Brake RI</SHORT—NAME>

783 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW__SWC_ Description/SwComponents/BrakeActuatorLDM_ Information/BrakeActuatorLDM<
/TYPE—TREF>

784 < /SW—COMPONENT—PROTOTYPE>

785 <SW—COMPONENT—PROTOTYPE>

786 <SHORT—NAME>pLDM _Brake RR< /SHORT—NAME>

787 <TYPE-TREF DEST="APPLICATION—SW—COMPONENT—TYPE">/
BBW_SWC_ Description/SwComponents/BrakeActuatorLDM _Information/BrakeActuatorLDM<
/TYPE—TREF>

788 < /SW—COMPONENT—PROTOTYPE>

789 < /COMPONENTS>
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< /COMPOSITION—SW—COMPONENT—TYPE>
< /ELEMENTS>
< /AR-PACKAGE>
< /AR—PACKAGES>
< /AR—PACKAGE>
< /AR—PACKAGES>
<AR-PACKAGE UUID="1730698a—4ed2—4ab4—bb7d—dfdafdbd72ad ">
<SHORT-NAME>AUTOSAR_ Project< /SHORT-NAME>
<AR—PACKAGES>
<AR-PACKAGE UUID="43d54b22—1b52—49a6—b3al—dd9c75d52{7f">
<SHORT-NAME>Base Ty pes< /SHORT-NAME>
<CATEGORY>STANDARD< /CATEGORY>
<ELEMENTS>
<SW-BASE-TYPE UUID="c6a5ael11—6097—4e64—8ced—T1lefcle94d2d ">
<SHORT-NAME>Base_16.0 bit</SHORT-NAME>
<CATEGORY>FIXED LENGTH< /CATEGORY>
<BASE—TYPE—SIZE>16< /BASE—TYPE—SIZE>
<BASE-TYPE-ENCODING xsi:nil="true" />
<MEM—ALIGNMENT>0< /MEM—ALIGNMENT>
<BYTE-ORDER>MOST—SIGNIFICANT—BYTE—-LAST< /BYTE-ORDER>
<NATIVE-DECLARATION xsi:nil="true" />
< /SW—BASE-TYPE>
<SW-BASE-TYPE UUID="9aa2944d—cac5—4a7f—8809—-6584000192a8 ">
<SHORT-NAME>Base 8.0 bit</SHORT-NAME>
<CATEGORY>FIXED LENGTH< /CATEGORY>
<BASE-TYPE—SIZE>8< /BASE-TYPE—SIZE>
<BASE-TYPE-ENCODING xsi:nil="true" />
<MEM—ALIGNMENT>0< /MEM—ALIGNMENT>
<BYTE-ORDER>MOST—SIGNIFICANT—BYTE—LAST< /BYTE-ORDER>
<NATIVE-DECLARATION xsi:nil="true" />
< /SW—BASE-TYPE>
</ELEMENTS>
< /AR-PACKAGE>
<AR-PACKAGE UUID="95f01a97—98dc—4628—al135—88b77aa79072">
<SHORT—NAME>CompuMethods< /SHORT-NAME>
<CATEGORY>STANDARD< /CATEGORY>
< /AR—PACKAGE>
<AR-PACKAGE UUID="4470200c—00c0—42b2—8065—7453a59%9ae345 ">
<SHORT-NAME>Constraints</SHORT-NAME>
<ELEMENTS>
<SWC-TIMING UUID="44de6e2¢c—1f99—-4464—a9df—976a4253c137 ">
<SHORT-NAME>TimingConstraints</SHORT-NAME>
<TIMING-REQUIREMENTS>

<EXECUTION—TIME—CONSTRAINT UUID="69dc11c3—f8eb—4396—a3b5—-6af3678bb201

<SHORT—NAME>GrossUpper< /SHORT-NAME>
< /EXECUTION—TIME—CONSTRAINT>
< /TIMING-REQUIREMENTS>
< /SWC—TIMING>
< /ELEMENTS>
< /AR-PACKAGE>
< /AR~PACKAGES>
< /AR-PACKAGE>
</AUTOSAR>
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