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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.-
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Fnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

main task of technical committees is to prepare International Standards. DraftInternationa
pted by the technical committees are circulated to the member bodies for voting. Public
rnational Standard requires approval by at least 75 % of the member bodies casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. 1SO shall not be held responsible for identifying any or all such patent rights.

17356-3 was prepared by Technical Committee ISO/TC\22, Road vehicles, Subcomm
trical and electronic equipment.

17356 consists of the following parts, under the general title Road vehicles — Open i
edded automotive applications:

Part 1: General structure and terms, definitions’and abbreviations terms
Part 2: OSEK/VDX specifications for binding OS, COM and NM

Part 3: OSEK/VDX Operating System (OS)

Part 4: OSEK/VDX Communigation (COM)

Part 5: OSEK/VDX Network Management (NM)

Part 6: OSEK/VDX\Implementation Language (OIL)
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Introduction

0.1 System philosophy

Automotive applications are characterized by stringent real-time requirements. Therefore, the operating
system (OS) offers the necessary functionality to support event-driven control systems

The specifi
manufactur|
performanc
achieve 10(

As the OS
of hardwarg
OS suitablg
supported

adaptationg.

For time-cri
objects wag

bd OS services constitute a basis to enable the integration of software modules made by.var
ers. To be able to react to the specific features of the individual control units as determihed by

e and the requirements of a minimum consumption of resources, the prime foclsywas ng
% compatibility between the application modules, but their direct portability.

S intended for use in any type of control units, it supports time-critical applications on a wide rg
. A high degree of modularity and ability for flexible configuration are prerequisites to making
for low-end microprocessors and complex control units alike. Thesé-requirements have b
by definition of “conformance classes” (see 3.2) and a certain capability for application spe

lical applications, dynamic generation of system objects was/left’'out. Instead, generation of syg
assigned to the system generation phase. Error inquiries-within the operating system are obvi

to a large ¢xtent, so as not to affect the speed of the overall system unnecessarily. On the other han

system ver
time-critical

0.1.1

The interfa
identical for

System ser
system sery

0.1.2 Sca

Different co
feasible for

sion with extended error inquiries has been defined, Itjis intended for the test phase and for
applications. Even at that stage, defined uniform system appearance is ensured.

Standardized interfaces

e between the application software and the OS is defined by system services. The interfad
all implementations of the OS on various processor families.

vices are specified in an ISO{ANSI-C-like syntax, however the implementation language off
ices is not specified.

Jability

nformance classés) various scheduling mechanisms and the configuration features make the
a broad spectrum of applications and hardware.

The OS is designed4o)require only a minimum of hardware resources (RAM, ROM, CPU time) and there

runs even g
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The OS offers two levels of error checking, extended status for development phase and standard status for
production phase.

The extended status allows for enhanced plausibility checks on calling OS services. Due to the additional
error checking, it requires more execution time and memory space than the standard version. However, many
errors can be found in a test phase. After all errors have been eliminated, the system can be recompiled with

the standar

Vi

d version.
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0.1.4 Portability of application software

One of the goals of ISO 17356 is to support the portability and re-usability of application software. Therefore,
the interface between the application software and the OS is defined by standardized system services with
well-defined functionality. Use of standardized system services reduces the effort to maintain and to port
application software and development cost.

Portability means the ability to transfer an application software module from one ECU to another without
bigger changes inside the application. The standardized interface (service calls, type definitions and
constants) to the operating system supports the portability on source code level. Exchange of object code is
not addressed by ISO 17356.

The| application software lies on the operating system and in parallel on an application-specific lnput/Output
Sysfem interface which is not standardized in ISO 17356. The application software module)can have several
inteffaces. There are interfaces to the OS for real-time control and resource management, but alsp interfaces
to ather software modules to represent a complete functionality in a system, and at ledast to the hardware, if
the ppplication works directly with microcontroller modules.

Module 1 Module 2 Module 3 Module n

Application
software

OSEK operation system

Input/Output System
\

y

pController

Figure 1 — Software interfaces inside ECU")

Durlng the process to‘port application software from one ECU to another, it is necessary o consider
chafacteristics of the~software development process, the development environment and th¢ hardware
architecture of the.ECU, for example:

— | software/development guidelines;

— |file,management system;

— Ldata allocation and stack usage of the compiler;

— memory architecture of the ECU;
— timing behaviour of the ECU;

— different microcontroller specific interfaces e.g. ports, A/D converter, serial communication and watchdog
timer; and

— placement of the API calls.

1) OSEK OS allows direct interfacing between application and the hardware.

© ISO 2005 — All rights reserved Vii
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This means that the specifications are not enough to describe an implementation completely. The

implementa

0.1.5 Sup

tion supplies specific documentation.

port of portability

The certification process ensures the conformance of different implementations to the specification. Clause 14
of this International Standard collects implementation specific details which should be regarded to increase
portability of an application between various implementations. Herein, only the OS interface to the application
is considered.

0.1.6 Spegiatsupportfor-automotiverequirements

Specific requirements for the OS arise in the application context of software development for dutomg

control unit
sensitivity:

— The O
and se

— The sp
execut

— The Of

— The s
implen

— The sp

5. The following features address requirements such as reliability, real-time capability and
B is configured and scaled statically. The user statically specifies the numbet of tasks, resou
fvices required.

ecification of the OS supports implementations capable of running on'\ROM, i.e. the code coul
pd from Read-Only-Memory.

b supports portability of application tasks.

becification of the OS provides a predictable and .documented behaviour to enable
entations, which meet automotive real-time requirements:.

ecification of the OS allows the implementation of predictable performance parameters.

0.2 Pur

The follow|ng description is to be regarded.(as a generic description which is mandatory for
implementation of the OS. This concerns the (general description of strategy and functionality, the interfag
the calls, the meaning and declaration of the’ parameters and the possible error codes.

This part of ISO 17356 leaves a certain amount of flexibility. On the one hand, the description is ger
enough for future upgrades; on. the other hand, part of the description is explicitly specified
implementation-specific.

Any implenpentation defines\all implementation-specific issues. The conformance classes supported by

implement3

Because th
concerned.
specific har|

ose of this document

tion are indicated precisely, and the issues identified as implementation-specific are documentg

s description is mandatory, definitions have only been made where the general system strateg
In all'other respects, it is up to the system implementation to determine the optimal adaptation
dware type.

tive
cost

[ces

i be

oS

any
e of

eric
and

the
2d.

)y is
to a

0.3 Structure of this document

0.3.1 General

In the following text, the clauses of this International Standard are described briefly:

0.3.2 Clause 3 — Architecture of the operating system “0S”

This clause

viii

gives a survey about the design principles and the architecture of the operating system.
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0.3.3 Clause 4 — Task management

This clause explains task management with the different task types and scheduling mechanisms.

0.3.4 Clause 5 — Application modes

This clause describes application modes and how they are supported.

0.3.5 Clause 6 — Interrupt processing

-3:2005(E)

Thig
rout

0.3.

Thig

0.3.

This
ceil

0.3.

This
non

0.3.

The)
des

0.3.

Thig

ctause provides nformatiom—apout—the—nterrupt—strategy —and—thedifferenttypes—of inter
nes.

b Clause 7 — Event mechanism

clause explains the event mechanism and the different behaviour depending on'the schedulin

7 Clause 8 — Resource management

clause describes the resource management and discusses the bengfits and implementation o
ng protocol.

B Clause 9 — Alarms

clause describes the two-stage concept to support time-based events (e.g. hardware-timer
Htime-based events (e.g. angle measurement).

D Clause 10 — Messages

message handling for intra-processor communication is added to ISO 17356-3. Full message
Cribed in ISO 17356-4. The exact subset:to be implemented is described in ISO 17356-4.

10 Clause 11 — Error handling, tracing and debugging

clause describes the mechanisms to achieve centralized error handling. It also describes the

initialize and shut down the system.

0.3.

Thig

0.3.

Thig

11 Clause 12 —Description of system services

clause descripbes the conventions used for description.

12 Clause 13 — Specification of operating system services

clause describes all operating system services made available to the user. Structure of the d

upt service

f the priority

as well as

handling is

services to

bscription is

ide

0.3.

ucal 1or any service, It contains all the mrormation the service user requires.

13 Clause 14 — Implementation and application-specific topics

This clause provides a list of all operating system-specific topics, including services, data types, and
constants.
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0.4 Summary

0.4.1 General

The OS provides a pool of different services and processing mechanisms. It is built according to the user’s
configuration instructions at system generation time.

Four conformance classes are described, meant to satisfy different requirements concerning functionality and
capability of the OS. Thus, the user can adapt the OS to the control task and the target hardware. It is not
possible to modify the OS later at execution time.

Applicationg which have been written for a certain conformance class are portable to implementationsvof the
same class| This is ensured by a definition of the services, their scope of capabilities, and the behavioyr of
each confofmance class. Only if all the services of a conformance class are offered with the determined sqope
of capabilitles does the OS implementation conform to ISO 17356-3. The service groups are, structured in
terms of furjctionality.

0.4.2 Task management

Task management includes:

— activatijon and termination of tasks; and

— management of task states and task switching.

0.4.3 Synchronization

The OS supports the following means of synchronization efféctive on tasks:
— resour¢e management;

— access| control for inseparable operations to{jointly used (logic) resources or devices, or for control jof a
prograin flow;

— event dontrol; and

— event management for task synchronization.
0.4.4 Intefrupt management

This includgs services feriinterrupt processing.

0.4.5 Alagms

Alarms can|bé._either relative or absolute.

0.4.6 Intra-processor message handling

This includes services for exchange of data.

0.4.7 Error treatment

This includes mechanisms supporting the user in case of various errors.

X © I1SO 2005 — All rights reserved
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Scope

FK/VDX is a joint project of the automotive industry. It aims at an industry standard for an
itecture for distributed control units in vehicles.

part of ISO 17356 describes the concept of a real-time operating System, capable of multitas
be used for motor vehicles. It is not a product description which relates to a specific implen
specifies the operating system Application Program Interface, (API).

eral conventions, explanations of terms and abbrewiations have been compiled in IS
17356-6 describes implementation and system generation aspects.

specification of the OS represents a uniform environment which supports efficient utilization

hutomotive control unit application software.;JThe OS is a single processor operating systen
ibuted embedded control units.

Normative references

following referenced documents are indispensable for the application of this document
rences, only the edition~cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

17356-1, Road yehictles — Open interface for embedded automotive applications — Part
cture and terms; definitions and abbreviations terms

17356-2,Road vehicles — Open interface for embedded automotive applications — Part 2:
Cifications for binding OS, COM and NM

17356-6, Road vehicles — Open interface for embedded electronic equipment — Part 6:

bpen-ended

king, which
hentation. It

O 17356-1.

f resources
h meant for

For dated
referenced

1: General

OSEK/VDX

OSEK/VDX

Im,

3

31

omentation | anatiaae (O]] )
HeHAHOA-=agHago-{H=)

Architecture of the operating system “0S”

Processing levels

The OS serves as a basis for application programs which are independent of each other, and provides their
environment on a processor. The OS enables a controlled real-time execution of several processes which
appear to run in parallel.

© 1SO 2005 — All rights reserved
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The OS provides a defined set of interfaces for the user. These interfaces are used by entities which are
competing for the CPU. There are two types of entities:

— interrupt service routines managed by the operating system; and
— tasks (basic tasks and extended tasks).

The hardware resources of a control unit can be managed by OS services. These OS services are called by a
unique interface, either by the application program or internally within the OS.

The OS defines three processing levels:

— interrupt level;

— logical Jevel for scheduler; and
— task leyel.

Within the fask level, tasks are scheduled (non, full or mixed preemptive scheduling)yaccording to their tser

assigned priority. The run time context is occupied at the beginning of execution‘time and is released again
once the task is finished.

Priority
High
A

Low

........................ Runtime
context

OPBEK operating system

Figure 2 — Processing levels of the operating system
The following priority rules have been established:
— Interrupts have precedence over tasks.
— The interrupt processing level consists of one or more interrupt priority levels.

— Interrupt service routines have a statically assigned interrupt priority level.

2 © 1SO 2005 — Al rights reserved
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Assignment of interrupt service routines to interrupt priority levels is dependent on implementation and

hardware architecture.

For task priorities and resource ceiling-priorities bigger numbers refer to higher priorities.

The task’s priority is statically assigned by the user. (The meaning of task priorities is described in 4.5.)

Processing levels are defined for the handling of tasks and interrupt routines as a range of consecutive
values. Mapping of operating system priorities to hardware priorities is implementation-specific.

usin

leve

3.2

Var

s of a specific microprocessor architecture.

Conformance classes

ous requirements of the application software for the system and various capabilities of a spe

(e.gl processor, memory) demand different features of the OS. In the following description, these

are

described as “conformance classes” (CC).

Corfformance classes exist to support the following objectives:

To
only
con

Cor

All ¢

to allow partial implementations (which may be certified as.compliant) along pre-defined lines;

changes to the application using related features.

pe certified, the complete conformance class\shall be implemented. However, system gener
to link those system services that are required for a specific application. It shall not be possibl
ormance classes during execution.

formance classes are determined by the following attributes:

multiple requesting of task@agtivation, as described in 4.3;

task types, as described in 4.2.4; and

number of tasks.per priority.

to provide convenient groups of OS features for easier understanding and discussion of the O$

ithout directly
ol prlorltles Addltlonally, it does not prescrlbe any rules concermng the relation of task priorities and haftdware interrupt

cific system
DS features

D,

and

to create an upgrade path from classes of lesser\functionality to classes of higher functionality with no

htion needs
e to change

ther features-are mandatory if not explicitly stated otherwise.
BT only BT and ET
1 task/priority BCCH - ECCi
no multiple activations
Y Y
>1 taskipriority BCC2 - ECC2
multiple activations

for basic tasks only

Figure 3 — Restricted upward compatibility for conformance classes
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The following conformance classes are defined:

— BCC1 (only basic tasks, limited to one activation request per task and one task per priority, while all tasks

have different priorities);

— BCC2 (like BCCH1, plus more than one task per priority possible and multiple requesting of task activation

allowed);

— ECC1 (like BCC1, plus extended tasks); and

— ECC2 like F(‘(‘1’ plIIQ more than one task per prinrify pneeihln and mlllfipln rnqnneﬁng of task _activa

tion

allowed for basic tasks).

The portabllity of applications can only be assumed if the minimum requirements are not exceeded.

minimum rgquirements for Conformance Classes are shown in Table 1.

Table 1 — The minimum requirements for Conformance Classes

The

BCC1 BCC2 ECC1 ECC2
Multiple requesting of task no s Basic task(BT): no BT: yes
activatjon y Extended task (ET): no ET: no
Numbdr of tasks which are 8 16
not inihe suspended state (any combination of BT/ET)
More than one task per no Yes no yes
priorit (both BT/ET) (both BT/ET)
Numer of . 8
events|per task
Number of task priorities 8 16
Resources RES_SCHEDULER 8 (including RES_SCHEDULER)

Internal resources

2

Alarm

1

Application Mode

1

3.3 Relationship between OS and OSEKtime OS

OSEKtime PS (www.osek-vdx.org) is an OS especially tailored to the needs of time-triggered architecturgs. It

allows ISO [17356-3 to.coexist with OSEKtime OS. Conceptually, OSEKtime assigns its idle time to be use

d by

ISO 17356-8. OS_linterrupts and tasks have less importance (lower priority) than similar entities in

OSEKtime PS.

The OS int

nere

are minor exceptions with respect to system startup and shutdown due to the fact that OSEKtime is
responsible for the overall system, whereas the OS is only locally responsible. These deviations are

specifically mentioned within this part of ISO 17356.

On top of this, there is functionality defined within OSEKtime which imposes restrictions on the implementation
of the OS if it is intended to coexist with OSEKtime OS. For more information, please refer to the specification

of the OSEKtime OS.
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4 Task management
4.1 Task concept

411 General

Complex control software can conveniently be subdivided in parts executed according to their real-time
requirements. These parts shall be implemented by means of tasks. A task provides the framework for the
execution of functions. The OS provides concurrent and asynchronous execution of tasks. The scheduler
organizes the sequence of task execution.

Thel OS provides a task switching mechanism (see scheduler, 4.4), including a mechanism({which is active
whgn no other system or application functionality is active. This mechanism is called idlermechpnism. Two
diffgrent task concepts are provided by the OS:
— | basic tasks; and

— |extended tasks.

41.2 Basic tasks

Basjc tasks only release the processor if:

— |they terminate;

— |the OS switches to a higher-priority task; or

— |an interrupt occurs which causes the processaorto switch to an interrupt service routine (ISR).
413 Extended tasks

Ext¢nded tasks are distinguished from“basic tasks by being allowed to use the OS WaitEvent,| which may
resdlt in a waiting state (see Clause 7-and 13.6.3.4). The waiting state allows the processor to be released

and|to be reassigned to a lower-priority task without the need to terminate the running extended task.

In iew of the OS, management of extended tasks is in principal more complex than management of basic
tasHKs, and requires more system resources.

4.2| Task state model

4.21 General

Thefollowing text describes the task states and the transitions between the states for both task types.

A tadstcshaltbeabteto uhallgc betweer—severat otatco, as-the processor-can un:y exectte-onre-nstruction of a
task at any time, while several tasks may be competing for the processor at the same time. The OS is
responsible for saving and restoring task context in conjunction with task state transitions whenever
necessary.

4.2.2 Extended tasks
Extended tasks have four task states:

— Running: In the running state, the CPU is assigned to the task, so that its instructions can be executed.
Only one task can be in this state at any point in time, while all the other states can be adopted
simultaneously by several tasks.
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— Ready: All functional prerequisites for a transition into the running state exist, and the task only waits for
allocation of the processor. The scheduler decides which ready task is executed next.

— Waiting: A task cannot continue execution because it shall wait for at least one event (see Clause 7).

— Suspended: In the suspended state, the task is passive and can be activated.

Running

Terminate

Preempt Suspended

Activate

Figure 4 — Extended task state ' model

Table 2 — States and status transitions for extended tasks

Former New

Trangition state state

Description

A new task is set into the ready state by a system service. The
actiyate suspended ready operating system ensures that the execution of the task startg
with the first instruction.

start ready ruhning A ready task selected by the scheduler is executed.

The ftransition into the waiting state is caused by a system
wait running waiting service. To be able to continue operation, the waiting task
requires an event.

relepse waiting ready At least one event has occurred which a task has waited for.

The scheduler decides to start another task. The running task is

preempt running ready put into the ready state.

The running task causes its transition into the suspended state

termrate running suspended by a system service.

Termination of a task is only possible if the task terminates itself (“self-termination”). This restriction reduces
complexity of an OS. There is no provision for a direct transition from the suspended state into the waiting
state. This transition is redundant and would add to the complexity of the scheduler.
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4.2.3 Basic tasks

The state model of basic tasks is nearly identical to the extended tasks state model. The only exception is that
basic tasks do not have a waiting state. Basic tasks consist of the following task states:

— Running: In the running state, the CPU is assigned to the task, so that its instructions can be executed.
Only one task can be in this state at any point in time, while all the other states can be adopted
simultaneously by several tasks.

— Ready: All functional prerequisites for a transition into the running state exist, and the task only waits for
allocation of the processor. The scheduler decides which ready task is executed next.

— |Suspended: In the suspended state, the task is passive and can be activated.

Running

Terminate

Preempt Start Suspended

Activate

Figure 5 — Basic task state model

Table 3 — States and status transitions for basic tasks

Former New

Transition state state

Description

A new task is set into the ready state by a system seryice. The
activate suspended ready operating system ensures that the execution of the task starts
with the first instruction.

start ready running A ready task selected by the scheduler is executed.
R i e The scheduler decides to start another task. The runnirg task is
v M 7 put into the ready state.
. . The running task causes its transition into the suspended state
terminate running suspended )
by a system service.
NOTE Task activation will not immediately change the state of the task in case of multiple activation requests. If the task

is not suspended, the activation will only be recorded and performed later.
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4.2.4 Comparison of the task types

Basic tasks have no waiting state, and thus only comprise synchronization points at the beginning and the end
of the task. Application parts with internal synchronization points shall be implemented by more than one basic
task. An advantage of basic tasks is their moderate requirement regarding run time context (RAM).

An advantage of extended tasks is that they can handle a coherent job in a single task, no matter which
synchronization requests are active. Whenever current information for further processing is missing, the
extended task switches over into the waiting state. It exits this state whenever corresponding events signal the
receipt or the update of the desired data or events. Extended tasks also comprise more synchronization points

than basic tasks.

4.3 Actiy

4.31 Gen

Task activa

rating a task

eral

tion is performed using the OS services ActivateTask or ChainTask. After activation, the tag

k is

ready to exgcute from the first statement.

The OS doIs not support C-like parameter passing when starting a task. Those pafameters should be pagsed
by messag¢ communication (see Clause 10) or by global variables.

4.3.2 Multiple requesting of task activation

Depending |on the conformance class, a basic task can be activated once or multiple times. “Multiple
requesting ppf task activation” means that the OS receives and¢records parallel activations of a basic fask
already activated.

The numbgr of multiple requests in parallel is defined<in a basic task specific attribute during sydtem

generation.
requests of

4.4 Task

Unlike con
tasks concd

The entity
called the

implemente
released by

4.5 Task

The schedu

If the maximum number of multiple requests' has not been reached, the request is queued.
basic task activations are queued per priority in activation order.

switching mechanism

entional sequential programming, the principle of multitasking allows the OS to execute var
rrently. Therefore, the scheduling policy has to be defined clearly (see 4.6).

feciding which tasksshall be started and the triggering of all necessary OS internal activitie
‘scheduler”. Thesscheduler is activated whenever a task switch is possible according to

d scheduling policy. The scheduler can be considered as a resource which can be occupied
tasks. Thus,‘atask can reserve the scheduler to avoid a task switch until it is released (see 8.4

priority

lerdecides on the basis of the task priority (precedence) which is the next of the ready tasks t

The

ous

S is
the
and

).

D be

transferred

Nto the ranning state.

The value 0 is defined as the lowest priority of a task. Accordingly bigger numbers define higher priorities.

To enhance efficiency, a dynamic priority management is not supported. Accordingly, the priority of a task is
defined statically, i.e. the user shall not be able to change it at the time of execution. However, in particular
cases the OS can treat a task with a defined higher priority (see 8.6).

Tasks of identical priority are supported in the conformance classes BCC2 and ECC2 (see 3.2).

Tasks on the same priority level are started depending on their order of activation, whereby extended tasks in
the waiting state do not block the start of subsequent tasks of identical priority.
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A preempted task is considered to be the first (oldest) task in the ready list of its current priority.

A task being released from the waiting state is treated like the last (newest) task in the ready queue of its
priority.

Figure 6 shows an example implementation of the scheduler using a queue for each priority level. Several
tasks of different priorities are in the ready state; i.e. three tasks of priority 3, one of priority 2 and one of
priority 1, plus two tasks of priority 0. The task which has waited the longest time, depending on its order of
requesting, is shown at the bottom of each queue. The processor has just processed and terminated a task.
The scheduler selects the next task to be processed (priority 3, first queue). Before priority 2 tasks can be
processed, all tasks of higher priority shall have left the running and ready state, i.e. started and then removed
fronp the queue either due to termination or due to transition into waiting state.

Next task
to be processed

n 3| [2 1 0
FIFO 3
queue
cee Task
: . :

Priority high R = Low

Scheduler

Processor

Actually processed and
terminated task

Figure'6 — Scheduler: order of events

The| following fundamental steps afe necessary to determine the next task to be processed:
— | The scheduler searches(for all tasks in the ready/running state.

— |From the set of tasks in the ready/running state, the scheduler determines the set of tagks with the
highest priority,

— | Within the ‘set of tasks in the ready/running state and of highest priority, the scheduler find$ the oldest
task.

4.6| /Scheduling policy

4.6.1 Full preemptive scheduling

Full preemptive scheduling means that a task which is presently running may be rescheduled at any
instruction by the occurrence of trigger conditions pre-set by the OS. Full preemptive scheduling puts the
running task into the ready state, as soon as a higher-priority task has gotten ready. The task context is saved
so that the preempted task can be continued at the location where it was preempted.

With full preemptive scheduling, the latency time is independent of the run time of lower priority tasks. Certain
restrictions are related to the increased (RAM) memory space required for saving the context, and the
enhanced complexity of features necessary for synchronization between tasks. As each task can be
theoretically rescheduled at any location, access to data which are used jointly with other tasks shall be
synchronized.
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In Figure 7,

In the case

task fragme¢nt shall not be preempted, this can be achieved by blocking the scheduler temporarily via

system sery
Summarize
— succes|

— succes
see 13

— activati
mecha

— explicit
WaitEV

— setting

notification mechanism, alarm expiration; if event setting defined, see 9.3);

— releases

— return from interrupt level to task level.

During interfrupt serviCe routines, no rescheduling is performed (see Figure 2).

Application
Schedule, 1

task T2 with the lower priority does not delay the scheduling of task T1 with higher priority.
Activation Termination
of task T1 \ Ready "/ of task T1
TaskT1 | Suspended Suspended
Task T2 Ready

Figure 7 — Full preemptive scheduling
of a full preemptive system, the user shall constantly expect preemption-of the running task.
ice GetResource.
1, rescheduling is performed in all of the following cases:
sful termination of a task (system service TerminateTask, see*13.3.3.2);

sful termination of a task with explicit activating of a(successor task (system service ChainT]
3.3.3);

hg a task at task level (e.g. system service-ActivateTask, see 13.3.3.1, message notifice
nism, alarm expiration; if task activation is defined, see 9.3);

wait call if a transition into the waijting state takes place (extended tasks only, system ser
ent, see 13.6.3.4);

an event to a waiting task-at task level (e.g. system service SetEvent, see 13.6.3.1, mess

of resource at taskdevel (system service ReleaseResource, see 13.5.3.2); and

5 using 'the scheduling strategy “full preemptive scheduling” do not need the system ser
ufether scheduling policies make use of this system service. To enable portable applications t

If a
the

ask,
tion
vice

age

vice
D be

written in s

ite-of thedifferentscheduting poticies; the user camrenforce a tescheduting via thesysterser

Schedule at locations where he/she assumes a correct assignment of the CPU.

4.6.2 Non-preemptive scheduling

Ice

The scheduling policy is described as non-preemptive, if task switching is only performed via one of a

selection of

explicitly defined system services (explicit points of rescheduling).

Non-preemptive scheduling imposes particular constraints on the possible timing requirements of tasks.
Specifically, the non-preemptable section of a running task with lower priority delays the start of a task with
higher priority up to the next point of rescheduling.

10
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In Figure 8, task T2 with the lower priority delays task T1 with higher priority up to the next point of
rescheduling (in this case, termination of task T2).

Latency time for task T1

Termination

/ of task T2

Activation

of task T1 \

 Suspended: -

.c Ready

Task T1

Suspended

Task T2

Figure 8 — Non-preemptive scheduling

4.6.3 Points of rescheduling
In the case of a non-preemptable task, rescheduling shall take plaee exactly in the following cases
— | Successful termination of a task (system service TerminatéTask, see 13.3.3.2).

— | Successful termination of a task with explicit activatioh of a successor task (system service |ChainTask,
see 13.3.3.3).

— | Explicit call of scheduler (system service Schedule, see 13.3.3.4).
— | Atransition into the waiting state takes.place (system service WaitEvent, see 13.6.3.4).

NOTE 1  The call of WaitEvent does not' lead to a waiting state if one of the events passed in the eyent mask to
WailEvent is already set. In this case, WaitEvent does not lead to a rescheduling.

Implementations of non-preemptive systems may prescribe that OS services which cause reschgduling may
only be called at the highest,task program level (not in task subfunctions).

NOTE 2 A task switgh.atthese points of scheduling usually requires saving of less task context information.

4.6.4 Groups.of.tasks

Thel OS allows tasks to combine aspects of preemptive and non-preemptive scheduling by definirjg groups of
tasKs. For(tasks which have the same or lower priority as the highest priority within a group, the fasks within
the group behave like non-preemptable tasks: rescheduling shall only take place at the points of rescheduling
descri 462 f f forT i forT fthi ; s within the
group behave like preemptable tasks (see 4.6.1).

Subclause 8.8 describes the mechanism of defining groups by using internal resources. Non-preemptable
tasks are the most common usage of the concept of internal resources; they are tasks with a special internal
resource of highest task priority assigned.

4.6.5 Mixed preemptive scheduling

If preemptable and non-preemptable tasks are mixed on the same system, the resulting policy is called “mixed
preemptive” scheduling. In this case, scheduling policy depends on the preemption properties of the running
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task. If the running task is non-preemptable, then non-preemptive scheduling is performed. If the running task

is preempta

ble, then preemptive scheduling is performed.

The definition of a non-preemptable task makes sense in a full preemptive operating system:

if RAM

if the execution time of the task is in the same magnitude of the time of a task switch;

is to be used economically to provide space for saving the task context; or

if the task is not to be preempted.

Many applitations comprise only a few parallel tasks with a long execution time, for which a full preemptive
OS would [be convenient and many short tasks with a defined execution time where non-preemptive
scheduling [would be more efficient. For this configuration, the mixed preemptive scheduling‘policy was
developed as a compromise (see also the design hint in 14.3.5).
4.6.6 Selgcting the scheduling policy
The softwafe developer or the system integrator determines the task execution sequéence by configuring the
task prioritig¢s and assigning the preemptability as a task attribute.
The task {ype (basic or extended) is independent from the task’s scheduling type (preemptablg or
non-preemptable). A full preemptive system may therefore contain basic tasks, and a non-preemptive sydtem
extended tgsks.
If an OS sprvice is running, preemption and context switch might be delayed until the completion of| the
service.
4.7 Termination of tasks
In the OS, |a task can only terminate itself (“self-termination”). The OS provides the service ChainTask to
ensure thafl a dedicated task activation is performed just after the termination of the running task. Chaihing
itself puts the task into the last element of the priority queue.
Each task ghall terminate itself at the end of its code. When the task is ended, a call shall be madg to
TerminateTlask or ChainTask; failure to do'so causes undefined behaviour.
5 Application modes
5.1 Gengral
hum
tally
and

5.2 Scope of application modes

Many ECUs may execute completely independent applications as, e.g. factory test, Flash programming or
normal operation. The application mode is a means to structure the software running in the ECU according to
those different conditions and is a clean mechanism for development of totally separate systems. Typically,
each application mode uses its own subset of all tasks, ISRs, alarms and timing conditions, although there is
no limitation to having a task or ISR running in different modes. Sharing a task/ISR/alarm between different
modes is recommended if the same functionality is needed again. If the functionality is not exactly the same,
there is a trade-off between runtime and resources: either the application mode shall be dynamically checked,
or separate tasks shall be defined.
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Having system generation and optimization in mind, application modes are helpful to reduce the number of

0s

5.3

objects taken into consideration.

Start-up performance

The start-up performance is a safety critical issue for ECUs in automotive applications since reset conditions
may occur during normal operation. As a result, the code used to determine the application mode should be
very quick. At start-up, the user code using no system services (see Figure 19) shall determine the mode and
pass it as a parameter to the API service StartOS.

NOTE———Incaseof a-system-where QSEK and QSEKtime coexistthe application-mode passed-to OSEK{i

Itis
The)
con
The)

The
ISO

5.4

The)
The)
sup

6

6.1

Inte

Wi

thin interrupt,Service routines, usage of OS services is restricted according to Table 4.

recommended that only pin states, or similarly easy to assess conditions, be used to determin
mode shall be determined before the kernel is started and the resulting code is non-portable.
plicated starting procedure should be avoided.

application mode passed to StartOS allows the OS to autostart the correct subset of tasks

assignment of autostart tasks and alarms to application modes shall 'be made statig
17356-6 file.

Support for application modes

re is no restriction of application modes to a subset of confarfnance classes. It is required for
re is no impact on the shutdown functionality. Switching_bétween application modes at rur
ported.

Interrupt processing

General
rrupt (Interrupt Service Routine: ISR)-is'subdivided into two ISR categories:

ISR category 1: The ISR does-not use an operating system service. (Exceptions are sg
services to enable and disable interrupts; see Table 4.) After the ISR is finished, processin

management. ISRs of-this"category have the least overhead.

ISR category 2:(Ffie OS provides an ISR frame to prepare a run-time environment for a deg
routine. During.system generation, the user routine is assigned to the interrupt.

Category 1 Category 2

me is used.
e the mode.

A lengthy or

and alarms.
ally in the

all classes.
time is not

me system
g continues

exactly at the instructiom where the interrupt has occurred, i.e. the interrupt has no influepce on task

icated user

ISR (isr_name)

{

code without any API calls 8
code with API calls

Figure 9 — ISR categories of the operating system
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Inside the ISR, no rescheduling shall take place. Rescheduling takes place on termination of the ISR
category 2 if a preemptable task has been interrupted and if no other interrupt is active.

The implementation ensures that tasks are executed according to the scheduling points (see 4.6.1). To
achieve this, the implementation may prescribe restrictions concerning interrupt priority levels for ISRs of all
categories and/or perform checks at configuration time (see 14.3.4.1).

The maximum number of interrupt priorities depends on the controller used as well as on the implementation.
The scheduling of interrupts is hardware-dependent and not specified in ISO 17356. Interrupts are scheduled
by hardware while tasks are scheduled by the scheduler. Regarding the interrupt priority levels, there may be
restrictions as described in 14.3.4.1. Interrupts can interrupt tasks (preemptable and non-preemptable tasks).
If a task ig activated from an interrupt routine, the task is scheduled after the end of all active intefrupt
routines.

In interrupt pervice routines, the system services listed in Table 4 can be used.

Fast Disable/Enable API-functions

ISO 17356
DisableAllln
interrupts @
usage is to
protected o
service
SuspendOS

7 Event
The event 1

is a mg

is only

— initiateg
Events are
Each exten
individual e
events are
which they
timer, the a

Various opf
the event ¢

offers fast functions to disable all interrupts (see 13.4.2.1, EnableAllinterrupts, 13.4
terrupts, 13.4.2.3, ResumeAllinterrupts and 13.4.2.4, SuspendAllinterrupts), and to disablg

protect short critical sections. An interrupt routine shall not returnyfrom an interrupt within s
ritical sections, i.e. a “suspend/disable” shall have a matching “resume/enable”. The only

calls allowed between Suspend- and Resume- pairs are
bInterrupts/ResumeQSinterrupts — pairs or SuspendAllinterrupts/ResumeAllinterrupts — pairs.

mechanism

hechanism:

ans of synchronization;

provided for extended tasks; and

b state transitions of tasks te-and from the waiting state.

objects managed by the OS. They are not independent objects, but assigned to extended ta
ded task has a definite number of events. This task is called the owner of these events
vent is identified ©yits owner and its name (or mask). When activating an extended task, t
Cleared by the.©S. Events can be used to communicate binary information to the extended tas

are assignedThe meaning of events is defined by the application, e.g. signalling of an exp
vailability«of,a resource, the reception of a message, etc.

rcanother task which is not necessarily an extended task. All tasks can set any events of

2.2,
all

f category 2 (see 13.4.2.5, ResumeOQOSinterrupts and 13.4.2.6, SuspendOSinterrupts). Typical

uch
0S

funther

sks.
An
ese
k to
ring

ong’are available to manipulate events, depending on whether the dedicated task is the owner of

any

non-susper

'l 1 b ! [ Il | 4l H Jod 4 1 e n (e - )
UTU CTAICTIUTU 1aosh. UTlly UIic UWIITT 1o dUIT U LlCdal 1o TVTIIS allu U wdaill 10T 1S TTLTP

(= setting) of its events.

tion

Events are the criteria for the transition of extended tasks from the waiting state into the ready state. The OS
provides services for setting, clearing and interrogation of events and for waiting for events to occur.

Any task or ISR of category 2 can set an event for a non-suspended extended task, and thus inform the
extended task about any status change via this event.

The receiver of an event shall always be an extended task. Consequently, it is not possible for an interrupt
service routine or a basic task to wait for an event. An event can only be cleared by the task which is the
owner of the event. Extended tasks may only clear events they own, whereas basic tasks shall not use the OS
service for clearing events.
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An extended task in the waiting state is released to the ready state if at least one event for which the task is
waiting has occurred. If a running extended task tries to wait for an event and this event has already occurred,
the task remains in the running state.

Figure 10 explains synchronization of extended tasks by setting events in case of full preemptive scheduling,
where extended task T1 has the higher priority.

Figure 10 illustrates the procedures which are affected by setting an event: Task T1 waits for an event. Task
T2 sets this event for T1. The scheduler is activated. Subsequently, T1 is transferred from the waiting state
into the ready state. Due to the higher priority of T1, this results in a task switch, T2 being preempted by T1.
T1 resets the event. Thereafter, T1 waits for this event again and the scheduler continues execution of T2.

If nln-preemptive scheduling is supposed, rescheduling does not take place immediately aftérithe event has
been set (see Figure 11, where extended task T1 is of higher priority).

a

Sgheduler

Eyent of
extended task T1

R LY

Extended task T1

Extended task T2

Figure 10 — Synchronization of preemptable extended tasks

Sgheduler 4
K Set

Eyent of Clear

extended-task T1 Clear

Extended task T1

Extended task T2

Figure 11 — Synchronization of non-preemptable extended tasks
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8 Resource management

8.1 General

The resource management is used to coordinate concurrent accesses of several tasks with different priorities
to shared resources, e.g. management entities (scheduler), program sequences, memory or hardware areas.

The resource management is mandatory for all conformance classes.

The resource management can optionally be extended to coordinate concurrent accesses of tasks and

interrupt se

Resource njanagement ensures that:

— two tas
— priority,
— deadlo
— access

If the resou

The functio

— preemptable tasks;

— non-pr¢emptable tasks, if the user intends to have, the application code executed under other schedy

policies
—  resour
—  resour
If the user

he/she can
Clause 6 ar

8.2 Behaviour during access to occupied resources

OS prescril
interrupt trie

VibU IUui.il ICS.

ks cannot occupy the same resource at the same time;
inversion cannot occur;
cks do not occur by use of these resources; and

to resources never results in a waiting state.

nality of resource management is useful in the following,cases:

, too;

e sharing between tasks and interfupt service routines; and
e sharing between interrupt-Service routines.

Fequires protection against’interruptions not only caused by tasks, but also caused by interry

also use the OS gservices to enable/disable interrupts which do not cause rescheduling
d 13.4).

es thevpriority ceiling protocol (see 8.6) Consequently, no situation occurs in which a task o
s teldcCess an occupied resource.

fce management is extended to the interrupt level, it assuressin.addition that two tasks or intefrupt
routines capnot occupy the same resource at the same time.

ling

pt81
see

I an

If the resou

ce concept Is used 10 cooraination Or tasSks and INterrupts, e Uo ensures diso tat dn inte

rupt

service routine is only processed if all resources which might be occupied by that interrupt service during its
routine execution have been released.

ISO 17356 strictly forbids nested access to the same resource. In the rare cases when nested access is
needed, it is recommended to use a second resource with the same behaviour as the first resource. The
ISO 17356-6 language especially supports the definition of resources with identical behaviour (so-called
‘linked resources’).

16
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8.3 Restrictions when using resources

TerminateTask, ChainTask, Schedule, WaitEvent shall not be called while a resource is occupied. Interrupt
service routine shall not be completed with a resource occupied.

In case of multiple resource occupation within one task, the user shall request and release resources following
the LIFO principle (stack-like).

8.4 Scheduler as a resource

er is treated

If a -
resource with a predéf

like| a resource which is accessible to
RE$ SCHEDULER is generated.

all tasks. T’herefore, a

Intefrupts are received and processed independently of the state of the resource, RES SCQHEDULER.
However, it prevents the rescheduling of tasks.

8.5| General problems with synchronization mechanisms

8.5/ Explanation of priority inversion

A typical problem of common synchronization mechanisms, e.g~the use of semaphores, is the problem
relafing to priority inversion. This means that a lower-priority tagsk delays the execution of higher-priority task.
ISO| 17356 prescribes the Periority Ceiling Protocol (see 8.6) tosavoid priority inversion.

Figyre 12 illustrates sequencing of the common access(of two tasks to a semaphore (in a full|preemptive
sysfem, task T1 has the highest priority) task T4, which has a low priority, occupies the semaphore S1.
T1 preempts T4 and requests the same semaphore.’As the semaphore S1 is already occupied, T|l enters the
waifing state. Now the low-priority T4 is interrupted’and preempted by tasks with a priority betwgen those of
T1 @and T4. T1 can only be executed after all lower-priority tasks have been terminated, and thesemaphore
S1 has been released again. Although T2 and-T3 do not use semaphore S1, they delay T1 with their runtime.

Ready Access to semaphore S1 denied

Running |

Task T1_[Suspended|

Task-J-2 S'U's'p'éh'd'e'd Ready

Task T3

Suspended

Task T4

Semaphore S1 occupied Semaphore S1 released

Figure 12 — Priority inversion on occupying semaphores
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8.5.2 Deadlocks

Another typical problem of common synchronization mechanisms, such as the use of semaphores, is the
problem of deadlocks. In this case, deadlock means the impossibility of task execution due to infinite waiting
for mutually locked resources.

The following scenario results in a deadlock (see Figure 13):

Task T1 occupies the semaphore S1 and subsequently cannot continue running, e.g. because it is waiting for
an event. Thus, the lower-priority task T2 is transferred into the running state. It occupies the semaphore S2. If
T1 gets ready again and tries to occupy semaphore S2, it enters the waiting state again. If T2 then tries to
occupy semaphore S1, this results in a deadlock.

Access to Event

semaphore S1 happened
E.g. wait Access to semaphore S2
for event Ready denied

Task T1 Waiting -

Deadlock!

Task T2

Access to Access to
semaphore S2 semaphore S1 denied

Figure 13 — Deadlock situation using semaphores

8.6 Priority Ceiling Protocol

To avoid th¢ problems of priority inversion‘and deadlocks, the OS requires the following behaviour:

— At the pystem generation, each(resource shall be statically assigned its own ceiling priority. The cejling
priority| shall be set at least/te-the highest priority of all tasks that access a resource or any of| the
resourges linked to this resburce. The ceiling priority shall be lower than the lowest priority of all tasks|that
do not|access the resolree, and which have priorities higher than the highest priority of all tasks [that
access| the resource,

— If a task requires~alresource, and its current priority is lower than the ceiling priority of the resource] the
priority|of the task’shall be raised to the ceiling priority of the resource.

— If the fask“releases the resource, the priority of this task shall be reset to the priority which was
dynam r‘ally qeeignnd hefore rnnllliring that resource

Priority ceiling results in a possible time delay for tasks with priorities equal or below the resource priority. This
delay is limited by the maximum time the resource is occupied by any lower priority task.

Tasks which might occupy the same resource as the running task do not enter the running state, due to their
lower or equal priority than the running task. If a resource occupied by a task is released, another task which
might occupy the resource can enter the running state. For preemptable tasks, this is a point of rescheduling.

The example shown in Figure 14 illustrates the mechanism of the priority ceiling. Task TO has the highest, and
task T4 the lowest priority. Task T1 and task T4 want to access the same resource. The system shows clearly
that no unbounded priority inversion is entailed. The high-priority task T1 waits for a shorter time than the
maximum duration of resource occupation by T4.
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'Suspended -

Task TO

Release resource Release resource

Ceiling
priority

Task T1

Task T2

8.7
The)

To
task
inte

Tas
occ
occ

Ready \

Task T3

Task T4

Ready

Request resource Request resource

Figure 14 — Resource assignment with priority ceiling betwéen preemptable task

Priority Ceiling Protocol with extensions for interrupt levels
extension of resource management to interrupt level is optional.

Hetermine the ceiling priority of resources which\are used in interrupts, virtual priorities hig
s’ priorities shall be assigned to interrupts. he manipulation of software priorities and d
rrupt levels is up to the implementation.

At the system generation, each resource shall be statically assigned its own ceiling priority.
priority shall be set at least to the highest priority of all tasks and interrupt routines that access
or any of the resources linked to, this resource. The ceiling priority shall be lower than the lowe
all tasks or interrupt routines_that do not access the resource, and which have at the same
priorities than the highest priority of all tasks or interrupt routines that access the resource.

If a task or interrupt routine requires a resource, and its current priority is lower than the ceilin
the resource, the priority of the task or interrupt shall be raised to the ceiling priority of the resd

If the task or-interrupt routine releases the resource, the priority of this task or interrupt shall
the priorityswhich was dynamically assigned before requiring that resource.

ks or interrupt routines which might occupy the same resource as the running task or interrupt
ipied, 'do not run due to their lower or equal priority than the running task or interrupt routine. |

Lipied by a task is released, another task or interrupt routine which might occupy the resource

U7

her than all
f hardware

The ceiling
a resource
st priority of
time higher

g priority of
urce.

be reset to
routine has

a resource
tan run. For

preemptable tasks, this is a point of rescheduling if the new priority of the task is not the virtual priority of an
interrupt.
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The example shown in Figure 15 describes the following scenario:

The preemptable task T1 is running and requests a resource shared with the interrupt service routine INT1.
The task T1 activates the higher prior tasks T2 and T3. Because of Priority Ceiling Protocol, the task T1 is still
running. Interrupt INT1 occurs. Because of Priority Ceiling Protocol, the task T1 is still running and the
interrupt INT1 is pending. Interrupt INT2 occurs. The interrupt service routine INT2 interrupts the task T1 and it
is executed. After INT2 is done, the task T1 is continued. The task T1 releases the resource. The interrupt
service routine INT1 is executed, the task T1 is interrupted. After INT1 is done, the task 3 is running. After
termination of task T3, the task T2 is running. After termination of task T2 the task T1 is continued.

interruptoccurs

ISR INT2

Release resource
Cyiling interrupted | {/
priority —
ISR INT1 :

Running |~ Suspended -~

Tgsk T3

\ 
Tgsk T2 | Suspended

N

Running] Suspended

"Running

T4sk T1

Ready Running [

Request resource

Figure 15 — Resource assignment’'with priority ceiling between preemptable tasks and interrupt
services routines
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The example shown in Figure 16 describes the following scenario:

The preemptable task T1 is running. The interrupt INT1 occurs. The task T1 is interrupted and the interrupt
service routine INT1 is executed. The INT1 requests a resource shared with the interrupt service routine INT2.
The higher prior interrupt INT2 occurs. Because of Priority Ceiling Protocol, the INT1 is still executed and the
INT2 is pending. The interrupt INT3 occurs. Because of higher priority than the INT1, the INT3 interrupts this
interrupt service routine and is executed. The INT3 activates the task T2. After the INT3 is done, the INT1 is
continued. After the INT1 releases the requested resource, the INT2 is executed because of higher priority
than the INT1. After the INT2 is done, the INT1 is continued. After the INT1 is done, the task T2 is running
because of higher priority than the task T1, and the task T1 is ready. After the task T2 is terminated, the task
T1 is continued.

Interrupt occurs

e
ISR INT3

- ]

Release resource
Celllng ’_ """""""
priority L. _ . 5 Interrupted i
Interrupt occurs
| :

ISR INT2 Pending

ISR INT1 Interrupted

Interrupt occurs Requestresource

Task T2

|Running| Suspendet :

Task T1

Figure 16 — Resource assignment with priority ceiling between interrupt services routines

8.8| Internalresources

Intefnal<resources are resources which are not visible to the user and therefore can not be addressed by the
et functions GetResource and ReleaseResource. Instead, they are managed strictly internally within a
f i f i i i e same as

standard resources (priority ceiling protocol, etc.).

Internal resources are restricted to tasks. At most, one internal resource shall be assigned to a task during
system generation. If an internal resource is assigned to a task, the internal resource shall be managed as
follows:

— The resource shall be automatically taken when the task enters the running state (but not when it is
activated), except when it has already taken the resource. As a result, the priority of the task is
automatically changed to the ceiling priority of the resource.
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At the points of rescheduling as defined in 4.6.2, the resource shall be automatically released. The
implementation may optimize, e.g. only free/take the resource within the system service Schedule if there
is a need for rescheduling.

NOTE Internal resources are not released when a task is preempted.

The resulting behaviour for tasks which have the same internal resource assigned is described in 4.6.4.
Non-preemptable tasks are a special group with an internal resource of the same priority as
RES_SCHEDULER assigned (see 4.6.2). Internal resources can be used in all cases when it is necessary to
avoid unwanted rescheduling within a group of tasks. More than one group (more than one internal resource)

can be defined in a system. A typical example is presented in 14.3.6.

The generdl restriction that some system calls shall be called with resources occupied (see 8.3).does| not
apply to infernal resources, as internal resources are handled within those calls. However, all“stanglard
resources ghall be released before the internal resource is released (see 8.3).

The tasks Wwhich have the same internal resource assigned cover a certain range of prioritieS) It is possible to
have tasks |which do not use this internal resource in the same priority range. The application shall decige if
this makes gense.

9 Alarnms

9.1 Geng¢ral

The OS prpvides services for processing recurring events. Such events may be, for example, timers |that
provide an |nterrupt at regular intervals, or encoders at axles that"generate an interrupt in case of a condtant
change of 4 (camshaft or crankshaft) angle, or other regular application specific triggers.

The OS prqvides a two-stage concept to process such events. The recurring events (sources) are regist¢red
by implemgntation specific counters. Based on counters, the OS software offers alarm mechanisms to| the
application poftware.

9.2 Counters

A counter ig represented by a counter.value, measured in “ticks”, and some counter specific constants.

The OS dogs not provide a standardized API to manipulate counters directly.

The OS taKes care of the neeessary actions of managing alarms when a counter is advanced and how| the
counter is advanced.

The OS offgrs at least.one counter that is derived from a (hardware or software) timer.

9.3 Alarlln management

The OS provides services to activate tasks, set events or call an alarm-callback routine when an alarm
expires. An alarm-callback routine is a short function provided by the application.

An alarm shall expire when a predefined counter value is reached. This counter value can be defined relative
to the actual counter value (relative alarm) or as an absolute value (absolute alarm). For example, alarms may
expire upon receipt of a number of timer interrupts, when reaching a specific angular position, or when
receiving a message.

Alarms can be defined to be either single alarms or cyclic alarms. In addition, the OS provides services to
cancel alarms and get the current state of an alarm.

More than one alarm can be attached to a counter.
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An alarm is statically assigned at system generation time to:
— one counter; and
— one task or one alarm-callback routine.

Depending on the configuration, this alarm-callback routine shall be called, or this task shall be activated, or
an event shall be set for this task when the alarm expires. Alarm-callback routines run with category 2
interrupts disabled. System services allowed in alarm-callback routines are listed in Table 4. Task activation
and event setting when an alarm expires have the same properties as normal task activation and event
setting

Counters and alarms are defined statically. The assignment of alarms to counters, as well as.theé pction to be
performed when an alarm expires, is also defined statically.

Dyrlamic parameters are the counter value when an alarm shall expire, and the period\for cyclic algrms.

Source for counter

Implementation
-OS internal

Kbpllcatlon
view

Figure17 — Layered model of alarm management

9.4| Alarm-callbackeoutines
Alagm-callback routines can have neither parameter nor return value.

The| followingfafmat of the alarm-callback prototype shall apply:

ALARMCALLBACK (AlarmCallbackRoutineName) ;
Example for an alarm-callback routine:

ALARMCALLBACK (BrakePedalStroke)
{
/* do application processing */

}

The processing level of alarm-callback routines is the one used by the scheduler, or ISR, depending on
implementations.
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10 Messages

For an implementation to be compliant, message handling for intra-processor communication shall be offered.
The minimum functionality required is CCCA as described in ISO 17356-4. CCCB is the only other acceptable
class as it is a superset of CCCA.

If an implementation offers even more functionality, which is specified in other conformance classes described
in I1ISO 17356-4, the implementation shall stick to syntax and semantic of the respective 1SO 17356-4
functionality.

Please note
interfaces do not call ErrorHook. However, if the ISO 17356-4 functionality internally calls an OS sydtem
service like|Activate Task, ErrorHook shall be called if necessary from ActivateTask. For more details,.ref
ISO 17356-4.

11 Error|handling, tracing and debugging

11.1 Hook routines

The OS pfovides system specific hook routines to allow user-defined actions within the OS intgrnal
processing.| Those hook routines are:

— called by the OS, in a special context depending on the implementation of the OS;
— higher priority than all tasks;

— not intgrrupted by category 2 interrupt routines;

— part of the OS;

— implemented by the user with user-defined functionality;

— standafdized in interface, but not standardized in functionality (environment and behaviour of the hook
routinelitself), thus usually making hook routines non-portable;

— only allowed to use a subset of API functions (see Table 4); and
— mandatory, but configurablevia ISO 17356-6.

In the OS, hook routines may be used for:

— System start-up{(see 11.3): The corresponding hook routine (StartupHook) is called after the OS staft-up
and before théscheduler is running.

— Systen) shutdown (see 11.4): The corresponding hook routine (ShutdownHook) is called when a syqtem
shutdowmm IS Tequested by the appiication or by the OS i case of a SEVEIE erTor.

— Tracing or application dependent debugging purposes, as well as user-defined extensions of the context
switch (see 11.5).

— Error handling.
EachOS implementation shall describe the conventions for the hook routines.

If the application calls a non-allowed API service in hook routines, the behaviour is not defined. If an error is
raised, the implementation should return an implementation-specific error code.

Most OS services are not allowed for hook routines. This restriction is necessary to reduce system complexity.
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11.2 Error handling

11.2.1 General remarks

-3:2005(E)

An error service is provided to handle temporarily and permanently occurring errors within the OS. Its basic
framework is predefined and shall be completed by the user. This gives the user a choice of efficient
centralized or decentralized error handling.

Two different kinds of errors are distinguished:

A

t assumes

All't

The
the
verg
etc.
of e

The)
erro

11.2
The)
The)
call
Erra

Errd
alar|

11.3

To
Figd

The)

Apphieation-errors—he-operating-system—coulehotexecutetherequested-service-correcty;
the correctness of its internal data. In this case, centralized error treatment is called. Addition
returns the error by the status information for decentralized error treatment. It is up to_the-us
what to do depending on which error has occurred.

Fatal errors: The OS can no longer assume correctness of its internal data. In this-case, the
centralized system shutdown.

hose error services are assigned with a parameter that specifies the error.

OS shall offer two levels of error checking: standard status and extended status. If a task is
version with standard status, “E_OK” or “Too many task activations” can be returned. Mo
ion with extended status, the additional return values “Task i§ invalid” or “Task still occupies
can be returned. These extended return values need no lohger occur in the target application

ally, the OS
er to decide

DS calls the

activated in
eover, in a
resources’,
at the time

kecution, i.e. the corresponding errors are not intercepted-in‘the run time version of the operating system.

return value of the API services has precedence over-the output parameters. If an API servic
r, the values of the output parameters are undefined:

.2 Error hook routine

error hook routine (ErrorHook) is called'if a system service returns a StatusType value not equ
hook routine ErrorHook is not called\if a system service is called from the ErrorHook itself (i.e,
of error hook shall never occur)”Any possibly occurring error by calling system servicq
rHook can only be detected by\evaluating the return value.

rHook is also called if anlenror is detected during internally called task activation or event settir
M expiration or message arrival.

.3 Error management

allow for _an~effective error management in ErrorHook, the user can access additional
re 18 summarizes the logical architecture for error management.

b returns an

al to E_OK.
a recursive
s from the

g, e.g upon

nformation.

macro OSErrorGetServiceld() provides the service identifier where the error has been raised.

ider

tifier is of type OSServiceldType. Possible values are OSServiceld xxxx, where xxxx is the n

The service
ame of the

system service. Implementation of OSErrorGetServiceld is mandatory. If parameters of the system service
which called ErrorHook are supplied, the following access macro name building scheme shall be used:
OSError_Name1_Name2, whereby:

Name1: is the name of the system service

Name2: is the official name of the parameter within ISO 17356-3
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For example, the macros to access the parameters of SetRelAlarm are:
e OSError_SetRelAlarm_AlarmID()

e OSError_SetRelAlarm_increment()

e OSError_SetRelAlarm_cycle()

The macro to access the first parameter of a system service is mandatory if the parameter is an object
identifier. For optimization purposes, the macro access can be switched off within ISO 17356-6.

ErrorHook

Void ErrorHook (StatusType error)

(Switch) error

E_OS_ACCESS E_OS_ID

E_OS STATE

(Switch) OSErrorGetServiceld ()

GetEvent
SetAbsAlarm SetEvent

SetRelAlarm

!

i
Calling«Task = GetTaskID()
Param1) = OSError_SetRelAlarm_AlarmID()
Param2 = OSError_SetRelAlarm_increment()
Param3 = OSError_SetRelAlarm_cycle()

!

i

Figure 18 — Example of centralized error handling (extended status)

11.3 System’/start-up

Initialization after a processor reset is up to the implementation, but OS offers support for a standardized way
of initialization.

Interfaces for initialization of hardware, OS and application shall be clearly defined by the implementation.
This part of ISO 17356 does not force the application to define special tasks which shall be started after the

OS initialization, but it allows the user to specify autostart tasks and autostart alarms during system
generation.
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After a reset of the CPU, hardware-specific application software is executed (no OS context). The
non-portable section ends with the detection of the application mode. For safety reasons, this detection should
not rely on system history.

In case of a system where OS and OSEKtime OS coexist (not reflected in Figure 19), the OSEKtime
initialization shall always run first, and the remaining parts of the 1SO 17356 initialization shall be performed
after OSEKtime enters the idle loop, which causes OSEKtime to automatically call StartOS with the
application mode already passed to OSEKtime as parameter.

Otherwise, the portable section of the application starts with the call to a function which starts up the OS, i.e.
StartOS with the application mode as a parameter. After the OS is initialized (scheduler is not running),
StantOS calls the hook routine StartupHook, where the user can place the initialization codg for all his
OS-dependent initialization. In order to structure the initialization code in StartupHook according,tq the started
application mode, the service GetActiveApplicationMode is provided. After returning from-that hpok routine,
the [OS enables the interrupts and starts the scheduler. After that, the system is running-and exgcuting user
tasHs.

(Re-)Start

\

§ Hardware-specific §§ §§' Callto -
~initialization code - |- StartOS -

irst user
~fask is
- running

(O] executes
operating system
initialization code

1 2 3 4 5

During StartupHook
all user interrupts are disabled

Figure 19 — System start-up

Sysfem start-up consists of the(following steps (see Figure 19):
a) |After a reset, the user.is/free to execute (non-portable) hardware-specific code. Interrupts of category 2 or
OS system services-are not allowed to run until the phase 5. The non-portable section ends Iy detection
of the applicatien'mode.

b) |Call StartOS~with the application mode as a parameter. This call starts the OS (if OSEKtimg is present,
this is done automatically).

¢) |ThéOS performs internal start-up functions.

d) The OS calls the hook routine StartupHook, where the user may place initialization procedures. During
this hook routine, all user interrupts are disabled.

e) The OS enables user interrupts and starts the scheduling activity. The operating system starts the
autostart tasks and alarms declared for the current application mode. The activation order of autostarted
tasks of equal priority is not defined. Autostart of tasks is performed before autostart of alarms.

NOTE Counters are, if possible, set to zero by the system initialization before alarms are autostarted. Exceptions are
calendar timers, etc. For autostarted alarms, all values are relative values.
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11.4 System shutdown

ISO 17356-3 defines a service to shut down the operating system, ShutdownOS.

This service can be requested by the application or by the operating system due to a fatal error.

When ShutdownQOS is called, the OS shall call the hook routine ShutdownHook and shut down afterwards.
The user is usually free to define any system behaviour in ShutdownHook, e.g. not to return from the routine.
(See 13.8.2.3)) However |n case of a system where the OS coexists with OSEKtlme OS, there are restrlct|ons

shut
ime

as OSEKtlme OS remains mtact Consequently, I/O devices wh|ch are handled within OSEK
reset in ShutdownHook, and ShutdownHook shall return.

down, whe
shall not b

11.5 Debuigging

Two hook rputines (PreTaskHook and PostTaskHook) are called on task context switches,

These two hook routines may be used for debugging or time measurement (including context switch time).
Therefore, PostTaskHook is called each time directly before the old task; PreTaskHook is called each {ime
directly after a new task enters the running state. Because the task is still/already in the running state,
GetTaskld Will not return INVALID_TASK.

When ShufdownOS is called while a task is running, ShutdownOS may or may not call PostTaskHook. If
PostTaskHook is called, it is undefined if it is called before or after ShutdownHook.

PostTask HO'Sinte'rnéI' PreTask :

< Hook activities i Hook ?

Task T1 5 Suspended

Task T2

Figure 20 — PreTaskHook and PostTaskHook

28 © 1SO 2005 — Al rights reserved


https://standardsiso.com/api/?name=e2618e240119b4b85c01f64f8497af5a

12

ISO 17356-3:2005(E)

Description of system services

12.1 Definition of system objects

Within the OS, all system objects shall be determined statically by the user. The OS supplier shall provide the
definition of the OS objects. The actual creation of the objects (unique names and specific characteristics) is
done during the system generation phase. The declarations done in the application source are external
references to those OS objects. There are no system services available to dynamically create system objects.
Declarations provide information that a system object is being used which has been created at another
location. The names are used as identifiers within the system services.
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12.2
The
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spe

12.2
Sys|
Dep
imp

Tab

ally the scope of those names is like an external variable in C-language.

'nal representation of system objects is implementation-specific. There are various’ alte
ementation of system objects. For example, a TaskType could be implemented either as a p

ime a specific representation.
creation of system objects may require additional tools that enable the user to add or to m

th have been specified in definitions. Consequently, the system generation and the tools used {
also implementation-specific.

P Conventions

.1 Type of calls
system service interface is ISO/ANSI-C. Its implementation is normally a function call, but n

ed differently, as required by the implementation, by macros of the C pre-processor, for
Cific type of implementation shall not be assumed.

.2 Legitimacy of calls
fem services are called from tasKs, interrupt service routines, hook routines, and alarr
ending on the system service,there may be restrictions regarding their availability. Further reg|
bsed by the conformance classes.

e 4 lists all system sepvices and shows in which situation they are allowed to be called (v').

natives for
binter to the

structure of the task or as an index to the corresponding list element. Application-programmers shall not

pdify values
o this effect

hay also be
example. A

n-callbacks.
trictions are
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Table 4 — API service restrictions

Service

Task

ISR category 1

ISR category 2
ErrorHook?

PreTaskHook?
PostTaskHook?

StartupHook?
ShutdownHook?
alarm-callback®

AN

ActivateTask
TerminateTask
ChainTask

Schedule

GetTaskID
GetTaskState
DisableAllinterrupts
EnableAlllnterrupts
SuspendAllinterrupts
ResumeAllinterrupts
SuspendOSinterrupts
ResumeOSinterrupts
GetResource
ReleaseResource
SetEvent

ClearEvent

GetEvent

WaitEvent
GetAlarmBase
GetAlarm
SetRelAlarm
SetAbsAlarm
CancelAlarm
GetActiveApplicationMode
StartOS

ShutdownOS v v v v

a

vb v v

AN
o

ANERNENENENEN

ANRNENENENENENENENEN

AN
X
AN
AN

A AR AN A A A AN AN AN AN AN AN AN A AYAY R Y AN AY R YA

AN RN RN RN RN S

v v v v v

Behaviour of system services is only defined for the services marked in the table.

et may happen Jthat currently no task is running. In this case, the service returns the task ID
INVALID_TASK\(see 11.2.3.5, GetTaskID).

12.2.3 Errgr characteristics

To keep the system efficient and fast, the OS does not test all errors. If the application uses OS services
incorrectly, undefined system behaviour may result.

Most system services return a status to the user. The return status is E_OK if it was possible to execute the
system service without any restrictions. If the system recognizes an exceptional condition which restricts
execution of the system service, a different status is returned.

A status other than E_OK may be information which is not considered to be an error (“warning”). An example
is the return status of the system service CancelAlarm, which informs that the alarm to be cancelled has
already expired. A user program is thus informed that e.g. a task activation has taken place which was not
wanted. The detection of “warnings” is part of the system services.
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If it is possible to exclude errors before run time, the run time version may omit checking of these errors. If the
only possible return status is E_OK, the implementation is free not to return a status.

All return values of a system service are listed under the individual descriptions. The return status
distinguishes between the “standard” and “extended” status. The “standard” version fulfils the requirements of
a debugged application system as described before. With respect to the description above, a status other than
E_OK which is returned in standard mode is a “warning”. The “extended” version is considered to support
testing of not yet fully debugged applications. It comprises extended error checking compared to the standard
version.

The sequence of error checking within the OS is not specified. Whenever multiple errors occur, it is
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ementation-dependent which status is returned to the application.

ase of application errors, the OS shall call the hook routine ErrorHook if definedy~The
rHook is to treat status information as centralized.

ErrorHook routine is only called if a return value other than E_OK is generated:
ErrorHook routine is configured within the 1ISO 17356-6 file.

ErrorHook routine management, the standard mode corresponding 't0” standard status mar
nguished from the extended mode corresponding to extended status)management.

system passes additional information to the ErrorHook routine. For performance reasong
sumption, a global structure including complementary infarmation about the last error is used.
cture is filled at execution time depending on given services and given implementation con
v efficient and adaptive implementation, the format of>this error management structure is not
ever, in order to achieve source code portability in<the ErrorHook routine, standardized macrg
e different parameters are defined.

ase of fatal errors, the system service does not return to the application, but activates Shutd
mple is a non-detected incorrect parameter of a system service which generates an inconsis

r codes occupy a range of numbers of their own and do not conflict with the states of the OS se¢
functionality of Shutdown@S)is implementation-specific. Possible implementations are
ication or to issue an assettion. The application itself can access ShutdownOS to shut down

rolled fashion.

ng of ShutdownQS87is also recommended when processing non-assignable errors, for exar

Specification of OS services

purpose of

agement is

and stack
This global
straints. To
prescribed.
s to access

ownOS. An
ency in the
de. System
rvices.

o stop the
the OS in a

nple “illegal

uction code”. This.is not mandatory because hardware support is necessary, which cannot e taken for
granpted.

13.

I Basics

13.1.1 Structure of the description

OS services are arranged in logical groups. A coherent description is provided for all services of the task
management, the interrupt management, etc.

The description of each logical group starts with data type definitions. A description of the group-specific
constructional elements and system services follows. The last items are a description of constants, and of any

add

itional conventions.
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13.1.2 Con

The descrip

structional elements

tion of constructional elements contains the following fields:

— Syntax: Interface in C-like syntax;

— Parameter (In): List of all input parameters;

— Description: Explanation of the constructional element;

— Particu
— Confor
13.1.3 Sery
A service d
— Syntax
— Param

— Param

— Description: Explanation of the functionality of the OS service;

— Particu

— Status:

— Strndard: List of return values provided inthe OS’s standard version. Special case: Service does

re

— Extended: List of additional return.values in the OS’s extended version;

— Confor|
The specifig
— ...Type

—  ...RefT

tios: Exol . ‘ - lati | lization:
mance: Specifies the conformance classes where the constructional element is provided.

yice description

pscription contains the following fields:

Interface in C-like syntax;

bter (In): List of all input parameters;

pter (Out): List of all output parameters;

arities: Explanation of restrictions relating to the utilization of the OS service;

List of possible return values:

urn;

mance: Specifies the conformance classes where the operating system service is provided.
ation of OS services uses the following naming conventions for data types:
Describes the‘values of individual data (including pointers);

ype: Describes a pointer to the ... Type (for call by reference).

13.2 Con1mon data types

13.2.1 StatusType

not

This data type is used for all status information the API services offer. Naming convention: all errors for API
services shall start with E_. Those reserved for the OS shall begin with E_OS .

The normal

return value is E_OK which is associated with the value 0.

The following error values are defined.

32
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13.2.2 All errors of API services
e E_OS_ACCESS =1,
e E_OS_CALLEVEL =2,
e E _OS_ID =3,
e E_OS_LIMIT =4,
o EOSNOFUNG—5;
e |[E_OS_RESOURCE =6,
e |E_OS_STATE =7,
e |E_OS_VALUE =8.
If the only possible return status is E_OK, the implementation is free not to return a status;| this is not
sepprately stated in the description of the individual services.
13.2.3 Internal errors of the OS
These errors are implementation-specific and not part of the.portable section. The error names rgside in the
same name-space as the errors for API services mentioned above, i.e. the range of numbefs shall not
oveflap.
To show the difference in use, the names internal errors shall start with E_OS_SYS
Examples:

— E_OS_SYS_STACK,

— E_OS_SYS_PARITY,

— ... and other implementation-specific errors, which shall be described in the vendor-specific

documentation.

Thel names and range of numbers of the internal errors of the OS do not overlap the names apd range of
numbers of other s€rvices (i.e. communication and network management) or the range of numberg of the API
errdr values. Fordetails please refer to the ISO 17356-2.
13.8 Task-management
13.3.1”Data types
— TaskType: This data type identifies a task.
— TaskRefType: This data type points to a variable of TaskType.
— TaskStateType: This data type identifies the state of a task.
— TaskStateRefType: This data type points to a variable of the data type TaskStateType.
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13.3.2 Constructional elements

13.3.2.1 DeclareTask
— Syntax: DeclareTask ( <Taskldentifier> );
— Parameter (In):
— Taskldentifier: Task identifier (C-identifier);

— Description—Detfare faskserves as amextermadectaratiomrof atask—Thefunctiomand-useof this—senvice
are sinilar to that of the external declaration of variables.

— Particujarities: -

— Conformance: BCC1, BCC2, ECC1, ECC2.
13.3.3 Sysfem services

13.3.3.1 ArtivateTask

— Syntax} StatusType ActivateTask ( TaskType <TaskID> );

— Parameter (In):

— TaskID: Task reference;

— Parameter (Out): none;

— Description: The task <TaskID> is transferred’ from the suspended state into the ready sfate.
(ActivateTask will not immediately change the!state of the task in case of multiple activation requests. If
the task is not suspended, the activation will\only be recorded and performed later.) The OS ensures[that
the task code is being executed from the first statement.

— Particujarities: The service may(be' called from interrupt level and from task level (see Tablg 4).
Reschgduling after the call to ActivateTask depends on the place it is called from (ISR, non-preemptable
task, pfeemptable task). If ECOS_LIMIT is returned the activation is ignored. When an extended tagk is
transfefred from suspended-state into ready state all its events are cleared.

— Status:
— Standard:

—| No.error, E_OK;

— Too many task activations of <TaskID>, E_OS_LIMIT;
— Extended: Task <TaskID> is invalid, E_OS_ID;

— Conformance: BCC1, BCC2, ECC1, ECC2.
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13.3.3.2 TerminateTask

Syntax: StatusType TerminateTask (void);
Parameter (In): none;
Parameter (Out): none;

Description: This service causes the termination of the calling task. The calling task is transferred from

the running state into the suspended state. (In case of tasks with multiple activation requests, terminating
the current instance of the task automatically puts the next instance of the same task into the ready

13.3

state.)
Particularities: An internal resource assigned to the calling task is automatically released. Othgr resources
occupied by the task shall be released before the call to TerminateTask. If a resourCe’is still joccupied in
standard status, the behaviour is undefined. If the call was successful, TerminateTask does ot return to
the call level and the status cannot be evaluated. If the version with extended status is used,|the service
returns in case of error, and provides a status which can be evaluated innthe application. If{the service
TerminateTask is called successfully, it enforces a rescheduling. A task function shall nat be ended
without a call to TerminateTask or ChainTask, as this may leave the systém in an undefined s{ate.
Status:
— Standard: No return to call level;
— Extended:
— Task still occupies resources, E_ OS_RESOURCE;
— Call atinterrupt level, E_OS_CALLEVEL;

Conformance: = BCC1, BCC2, ECCAy:ECC2.

.3.3 ChainTask

Syntax: StatusType ChainTask (TaskType <TaskID>);

Parameter (In):

— TaskID: Réference to the sequential succeeding task to be activated;
Parameter,(Out): none;

Description: This service causes the termination of the calling task. After termination of the cglling task, a
stucceeding task <TasklID> is activated. Using this service, it ensures that the succeeding tgsk starts to

il ot thhn Aorlinad oft o thn Aol tool oo bhann taroainata

a
oot Carc StanCr e tamT g tasSIi T asS oT T teT T atcUr

Particularities: If the succeeding task is identical with the current task, this does not result in multiple
requests. The task is not transferred to the suspended state. An internal resource assigned to the calling
task is automatically released, even if the succeeding task is identical with the current task. Other
resources occupied by the calling task shall be released before ChainTask is called. If a resource is still
occupied in standard status the behaviour is undefined. If called successfully, ChainTask does not return
to the call level and the status cannot be evaluated. In case of error, the service returns to the calling task
and provides a status which can then be evaluated in the application. If the service ChainTask is called
successfully, this enforces a rescheduling. Ending a task function without call to TerminateTask or
ChainTask is strictly forbidden and may leave the system in an undefined state. If E_OS_LIMIT is
returned the activation is ignored. When an extended task is transferred from suspended state into ready
state, all its events are cleared.
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— Status:

— Sta

ndard:
No return to call level,

Too many task activations of <TaskID>, E_OS_LIMIT;

— Extended:
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Calling task still occupies resources, E_OS_RESOURCE;

Call at interrupt level, E_OS_CALLEVEL,;

— Conformance: BCC1, BCC2, ECC1, ECC2.

13.3.3.4 Sg¢hedule

— Syntax

StatusType Schedule (void);

— Parameter (In): none;

— Parameter (Out): none;

— Description: If a higher-priority task is ready, the internal résource of the task is released, the current fask
is put into the ready state, its context is saved and the*higher-priority task is executed. Otherwise| the
calling fask is continued.

— Particu

lower d

has bsg

— Status:

arities: Rescheduling can only take place if an internal resource is assigned to the calling fask
during pystem generation. For these tasks,:Schiedule enables a processor assignment to other tasks with
r equal priority than the ceiling priority of the internal resource and higher priority than the priprity
of the galling task in application-specific.locations. When returning from Schedule, the internal resoprce
en taken again. This seryiCethas no influence on tasks with no internal resource assigned
(preemptable tasks).

— Standard: No error, E_ OK;

— Extended:

Callat interrupt level, E_OS_CALLEVEL,;

Calling task occupies resources, E_US_RESOURCE]

— Conformance: BCC1, BCC2, ECC1, ECC2.

13.3.3.5 GetTaskID

— Syntax: StatusType GetTaskID (TaskRefType <TaskID>);

— Parameter (In): none;
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Parameter (Out):
— TaskID: Reference to the task which is currently running;
Description: GetTaskID returns the information about the TaskID of the task which is currently

Particularities: Allowed on task level, ISR level and in several hook routines (see Table 4). Th

-3:2005(E)

running.

is service is

intended to be used by library functions and hook routines. If <TaskID> can’t be evaluated (no task

currently running), the service returns INVALID_TASK as TaskType.

Status:

13.3

— Standard: No error, E_OK;

— Extended: No error, E_OK;

Conformance: BCC1, BCC2, ECC1, ECC2.

.3.6 GetTaskState

Syntax: StatusType GetTaskState (TaskType <TasklD>, TaskStateRefType <State>);
Parameter (In):

— TaskID: Task reference;

Parameter (Out):

— State: Reference to the state of the task <T.askID>;

13.3

The

Description: Returns the state of a tasky(running, ready, waiting, suspended) at the timg of calling
GetTaskState.
Particularities: The service may (be"called from interrupt service routines, task level, and [some hook
routines (see Table 4). When, a.call is made from a task in a full preemptive system, the| result may
already be incorrect at the-time of evaluation. When the service is called for a task, which is multiply
activated, the state is set-to-running if any instance of the task is running.
Status:
— Standard:¢No“error, E_OK;
— Extended: Task <TaskID> is invalid, E_OS_ID;
Conformance: BCC1, BCC2, ECC1, ECC2.
4—Constants
following are constants:
RUNNING: Constant of data type TaskStateType for task state running;
WAITING: Constant of data type TaskStateType for task state waiting;
READY: Constant of data type TaskStateType for task state ready;
SUSPENDED: Constant of data type TaskStateType for task state suspended,
INVALID_ TASK: Constant of data type TaskType for an undefined task.
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13.3.5 Naming convention

The OS shall be able to assign the entry address of the task function to the name of the corresponding task
for identification. With the entry address, the OS is able to call the task.

Within the application, a task is defined according to the following pattern:
TASK (TaskName)

{
}

With the mgcro TASK, the user may use the same name for “task identification” and “name of task function’”.
The task idgntification shall be generated from the TaskName during system generation time.

NOTE The pre-processor could, for example, generate the name of the task function by using the présprocessor
symbol sequence ## to add a string “Func” to the task name:

#define TASK (TaskName) StatusType Func ## TaskName (void) .
With this magro, TASK (MyTask) has the entry function FuncMyTask.

13.4 Interrupt handling

13.4.1 Data types

No special flata types are defined for the interrupt handling functionality.
13.4.2 System services

13.4.2.1 EpableAllinterrupts

— Syntax} void EnableAllinterrupts (void);

— Parameter (In): none;

— Parameter (Out): none.

— Description: This service restores the state saved by DisableAllinterrupts.

— Particularities: The service’may be called from an ISR category 1 and category 2 and from the task Igvel,
but nof from hook routines. This service is a counterpart of DisableAllinterrupts service, which shall be
called before, and\its aim is the completion of the critical section of code. No API service calls shall be
made yithin this\critical section. The implementation should adapt this service to the target hardware,

providing a minimum overhead. Usually, this service enables recognition of interrupts by the central
processing unit.

— Status:
— Standard: none;

— Extended: none;

— Conformance: BCC1, BCC2, ECC1, ECC2.
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13.4.2.2 DisableAlllnterrupts

Syntax: void DisableAllinterrupts (void);
Parameter (In): none;
Parameter (Out): none;

Description: This service disables all interrupts for which the hardware supports disabling
before is saved for the EnableAllinterrupts call.

-3:2005(E)

. The state

13.4

Particularities: The service may be called from an ISR category 1 and category 2 and from‘th
but not from hook routines. This service is intended to start a critical section of the code. ]
shall be finished by calling the EnableAllinterrupts service. No API service calls shall be-mad
critical section. The implementation should adapt this service to the target hardware, providing
overhead. Usually, this service disables recognition of interrupts by the central précessing un
this service does not support nesting. If nesting is needed for critical,‘sections e.g.

SuspendOSinterrupts/ResumeQSinterrupts or SuspendAllinterrupt/ResumeAllinterrupts shoul

Status:
Standard: none;

Extended: none;

Conformance: BCC1, BCC2, ECC1, ECC2.

.2.3 ResumeAllinterrupts

Syntax: void ResumeAllinterrupts (void);
Parameter (In): none;

Parameter (Out): none;

the

Description: This seryice/ restores

SuspendAllinterrupts service.

recognition status of all interrupts save

Particularities: The'service may be called from an ISR category 1 and category 2, from alar
and from the{task level, but not from some hook routines. This service is the col
SuspendAlllnterrupts service, which shall be called before, and its aim is the completion o
section of \Code. No API service calls besides SuspendAllinterrupts/ResumeAlllinterrupts
Suspend©Sinterrupts/ResumeQSinterrupts pairs shall be made within this critical sé
implémentation should adapt this service to the target hardware providing a minimun
SuspendAllinterrupts/ResumeAllinterrupts can be nested. In case of nesting pairs 0

b task level,
his section
e within this
a minimum
t. Note that
or libraries
d be used.

d by the

m-callbacks
nterpart of
the critical
pairs and
bction. The
overhead.
f the calls

Qucppnr*IAIIInfprrupr and RpeumpAIlInfprrupr the intprrupf rpr‘ngnifinn status saved hy the

first call of

SuspendAllinterrupts is restored by the last call of the ResumeAllinterrupts service.
Status:

— Standard: none;
Extended: none;

Conformance: BCC1, BCC2, ECC1, ECC2.
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13.4.2.4 SuspendAllinterrupts

13.4.25 R

40

Syntax: void SuspendAllinterrupts (void);

Parameter (In): none;

Parameter (Out): none;

Description: This service saves the recognition status of all interrupts and disables all interrupts for which
the hardware supports disabling.

Particu
and frg
section
Resum
and S
implen

Status:

— Standard: none;

— Extended: none;

Confor

Syntax
Param

Param

Description: This service restores thie-recognition status of interrupts saved by the SuspendOSinterr]
servicd,.

Particu
but nof
be call

psumeOSinterrupts

m the task level, but not from some hook routines. This service is intended to protect a-cri
of code from interruptions of any kind. This section shall be finished by .‘calling
eAllinterrupts service. No API service calls beside SuspendAllinterrupts/ResumeAlllnterrupts |
ispendOSinterrupts/ResumeOSinterrupts pairs shall be made within this critical section.

entation should adapt this service to the target hardware providing a minimum, overhead.

mance: BCC1, BCC2, ECC1, ECC2.

void ResumeOSinterrupts (void);
pter (In): none;

pter (Out): none;

arities: The service immay be called from an ISR category 1 and category 2 and from the task Ig
from hook routines:. This service is the counterpart of SuspendOSinterrupts service, which §
pd before, and itSyaim is the completion of the critical section of code. No API service calls be

Suspe

shall be made within this critical section. The implementation should adapt this service to the ta
hardwgre providing a minimum overhead. SuspendOSinterrupts/ResumeOSinterrupts can be neste:f. In
f nesting pairs of the calls SuspendOSinterrupts and ResumeOSinterrupts, the intefrupt

case

recognltion “status saved by the first call of SuspendOSinterrupts is restored by the last call of
Resu p()QInfprrupr service

dAllinterrupts/ResumeAllinterrupts pairs and SuspendOSinterrupts/ResumeOSinterrupts f

arities: The service may be called from an ISR category 1 and category 2, from alarm—callbzllcks

tical
the
airs
The

Lipts

vel,
hall
side
airs
rget

the

Status:

— Standard: none;

— Extended: none;

Conformance: BCC1, BCC2, ECC1, ECC2.
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13.4.2.6 SuspendOSinterrupts

Syntax: void SuspendOSinterrupts (void);
Parameter (In): none;

Parameter (Out): none;

-3:2005(E)

Description: This service saves the recognition status of interrupts of category 2 and disables the

recognition of these interrupts.

13.4

Wi

The)
sen

For
imp

13.

13.4

Particularities: The service may be called from an ISR and from the task level, but not from‘hg
This service is intended to protect a critical section of code. This section shall be finished’by
ResumeOSinterrupts service. No APl service calls beside SuspendAllinterrupts/Resume.
pairs and SuspendOSinterrupts/ResumeQSinterrupts pairs shall be made within this_critical s
implementation should adapt this service to the target hardware providing a¢minimum ove
intended only to disable interrupts of category 2. However, if this is not possijble)in an efficien
interrupts may be disabled.

Status:
— Standard: none;
— Extended: none;

Conformance: BCC1, BCC2, ECC1, ECC2.

.3 Naming convention

thin the application, an interrupt service routiné of category 2 is defined according to the followin

ISR (FuncName)
{
}

keyword ISR is evaluated by the system generation to clearly distinguish between functions 3
ice routines in the source-code.

category 1 interrupt service routines, no naming convention is prescribed; their d
ementation-spécific.

b Resolrce management

.1~ Data types

ok routines.

calling the
Allinterrupts
ection. The
rhead. It is
[ way, more

g pattern:

nd interrupt

efinition is

ResourceType: Data type for a resource.

13.5.2 Constructional elements

13.5.2.1 DeclareResource

Syntax: DeclareResource (<Resourceldentifier>);
Parameter (In):

— Resourceldentifier: Resource identifier (C-identifier);

© 1SO 2005 — All rights reserved

41


https://standardsiso.com/api/?name=e2618e240119b4b85c01f64f8497af5a

ISO 17356-3:2005(E)

— Description: DeclareResource serves as an external declaration of a resource. The function and use of
this service are similar to that of the external declaration of variables.

— Conformance: BCC1, BCC2, ECC1, ECC2.
13.5.3 System services

13.5.3.1 GetResource

— Syntax: StatusType GetResource (ResourceType <ResID>);

— Parameter (In):
— R4gsID: Reference to resource;

— Parameter (Out): none;

— Description: This call serves to enter critical sections in the code that are assighed to the resolirce
referenced by <ResID>. A critical section shall always be left using ReleaseResource.

— Particularities: The priority ceiling protocol for resource management is deseribed in 8.6. Nested resource
occupdtion is only allowed if the inner critical sections are completely{executed within the surrounging
critical [section (strictly stacked, see 8.3). There shall be no nestedvoccupation of one and the same
resour¢e. Corresponding calls to GetResource and ReleaseResource should appear within the same
functiop on the same function level. Services which are pointstofirescheduling for non-preemptable tasks
(TermipateTask, ChainTask, Schedule and WaitEvent, see @;6.5) shall not be used in critical sectipns.
Additiopally, critical sections shall be left before complétion of an interrupt service routine. Generally
speaking, critical sections should be short. The servicermay be called from an ISR and from task level
(see Table 4).

— Status!
— Standard: No error, E_OK;
— Extended:
—] Resource <ResID> is-invalid, E_OS_ID;
—1 Attempt to get résource which is already occupied by any task or ISR, or the statically assigned
priority of theé ‘calling task or interrupt routine is higher than the calculated ceiling prigrity,

E_OS_ACGCESS;

— ConformancexBCC1, BCC2, ECC1, ECC2.

13.5.3.2 RpleaseResource

— Syntax: StatusType ReleaseResource (ResourceType <ResID>);
— Parameter (In):
— ResID: Reference to resource;

— Parameter (Out): none;
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— Description: ReleaseResource is the counterpart of GetResource and serves to leave critical sections in
the code that are assigned to the resource referenced by <ResID>.

— Particularities: For information on nesting conditions, see particularities of GetResource. The service may
be called from an ISR and from task level (see Table 4).

— Status:

— Standard: No error, E_OK;

Extended-

— Resource <ResID> is invalid, E_OS_ID;

— Attempt to release a resource which is not occupied by any task or ISR;-er another resource
shall be released before, E_OS_NOFUNC;

— Attempt to release a resource which has a lower ceiling prioritysthan the statically assigned
priority of the calling task or interrupt routine, E_OS_ACCESS;

— |Conformance: BCC1, BCC2, ECC1, ECC2.

13.5.4 Constants

REY SCHEDULER: Constant of data type ResourceType (see Clause 8).

13.6 Event control

13.6.1 Data types

Data types include:

— | EventMaskType: Data type of the event mask; and
— | EventMaskRefType: Reference to an event mask.
13.6.2 Constructional elements

13.6.2.1 DeclareEvent

— | Syntax: «<DeclareEvent (<Eventldentifier>);

— | Paraméter (In):

— keventldentrier: event iaentitier (C-identitier),

— Description: DeclareEvent serves as an external declaration of an event. The function and use of this
service are similar to that of the external declaration of variables.

— Particularities: -

— Conformance: ECC1, ECC2.
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13.6.3 System services

13.6.3.1 SetEvent

— Syntax: StatusType SetEvent (TaskType <TaskID> EventMaskType <Mask>);
— Parameter (In):

— TaskID: Reference to the task for which one or several events are to be set;

—  Magskvtaskof theeventstobeset;

— Parameter (Out): none;

— Description: The service may be called from an interrupt service routine and from the task tevel, buf not
from hpok routines. The events of task <TaskID> are set according to the event masksxMask>. Ca]ling
SetEvgnt causes the task <TaskID> to be transferred to the ready state, if it was waijting for at least|one
of the gvents specified in <Mask>.

— Particujarities: Any events not set in the event mask remain unchanged.

— Status]
— Standard: No error, E_OK;

— Extended:
—| Task <TaskID> is invalid, E_OS_ID;
—] Referenced task is no extended task, E ©S ACCESS;
—1 Events shall not be set as the referenced task is in the suspended state, E_OS_STATE.

— Conformance: ECC1, ECC2.

13.6.3.2 CjearEvent
— Syntax} StatusType ClearEvent (EventMaskType <Mask>);
— Parameter (In):

— Mask: Mask.of the events to be cleared;

— Parameter'(Out): none;

— Description: The events of the extended task calling ClearEvent are cleared according to the event mask
<Mask>.

— Particularities: The system service ClearEvent is restricted to extended tasks which own the event.
— Status:

— Standard: No error, E_OK;

— Extended:

— Call not from extended task, E_ OS_ACCESS;
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— Call atinterrupt level, E_OS_CALLEVEL;

Conformance: ECC1, ECC2.

13.6.3.3 GetEvent

Syntax: StatusType GetEvent (TaskType <TasklD> EventMaskRefType <Event>);

Parameter (In):

ISO 17356-3:2005(E)

IaSKID. TaSK WIOSe everll Mask 1S 10 De Tetdrmneda,

Parameter (Out):

Event: Reference to the memory of the return data;

Description: This service returns the current state of all event bits of the task <TaskID>, not the events
that the task is waiting for. The service may be called from interrupt service routines, task levgl and some
hook routines (see Table 4). The current status of the event mask of task.<TaskID> is copied fo <Event>.

Particularities: The referenced task shall be an extended task.

Status:

Standard: No error, E_OK;

Extended:

— Task <TaskID> is invalid, E_OS_ID;

— Referenced task <TaskID> is.not’an extended task, E_ OS_ACCESS;

— Referenced task <TasklD>)is in the suspended state, E_ OS_STATE.

Conformance: ECC1, ECC2:

13.6.3.4 WaitEvent

Syntax: StatusIype WaitEvent (EventMaskType <Mask>);

Parameter{(In):

Mask: Mask of the events waited for;

Parameter (Out): none;

Description: The state of the calling task is set to waiting, unless at least one of the events specified in
<Mask> has already been set.

Particularities: This call enforces rescheduling, if the wait condition occurs. If rescheduling takes place,
the internal resource of the task is released while the task is in the waiting state. This service shall only be
called from the extended task owning the event.

Status:

Standard: No error, E_OK;
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— Extended:
— Calling task is not an extended task, E_OS_ACCESS;
— Calling task occupies resources, E_OS_RESOURCE;
— Call atinterrupt level, E_OS_CALLEVEL;

— Conformance: ECC1, ECC2.

13.7 Alarms

13.7.1 Data types

Data types |nclude:

— TickType: This data type represents count values in ticks;
NOTE All elements of the structure are of data type TickType.

— TickRefType: This data type points to the data type TickType;

— AlarmBaseType: This data type represents a structure for storage of counter characteristics. [The
individgal elements of the structure are:

— maxallowedvalue: Maximum possible allowed count value in ticks;
— tilcksperbase: Number of ticks required to reach-a‘counter-specific (significant) unit;

— mincycle: Smallest allowed value for the_egycle-parameter of SetRelAlarm/SetAbsAlarm) (only for
systems with extended status).

— AlarmBaseRefType: This data type points {0 the data type AlarmBaseType;

— AlarmType: This data type represefitsian alarm object.
13.7.2 Constructional elements

13.7.2.1 DpclareAlarm
— Syntax} DeclareAlarm (<Alarmldentifier>);

— Parameter (In):

— Algrmldentifier: Alarm identifier (C-identifier)

— Description: DeclareAlarm serves as external declaration of an alarm element.
— Particularities: -

— Conformance: BCC1, BCC2, ECC1, ECC2.
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13.7.3 System services

13.7.3.1 GetAlarmBase

13.7

Syntax: StatusType GetAlarmBase (AlarmType <AlarmID>, AlarmBaseRefType <Info>);
Parameter (In):

— AlarmID Reference to alarm;

rParametertOut):
— Info: Reference to structure with constants of the alarm base;

Description: The system service GetAlarmBase reads the alarm base characteristies. The
<Info> is a structure in which the information of data type AlarmBaseType is stored:

Particularities: Allowed on task level, ISR, and in several hook routines (seeTable 4).
Status:

— Standard: No error, E_OK;

— Extended: Alarm <AlarmID> is invalid, E_OS_ID;

Conformance: BCC1, BCC2, ECC1, ECC2.

3.2 GetAlarm

Syntax: StatusType GetAlarm (AlarmType_<AlarmID> TickRefType <Tick>)
Parameter (In):

— AlarmID Reference to an alarm;

Parameter (Out):

— Tick Relative value jin ticks before the alarm <AlarmID> expires;

Description: Thesystem service GetAlarm returns the relative value in ticks before the alarm
expires.

Particularities: It is up to the application to decide whether for example a CancelAlarm may st
If <AlarmID> is not in use, <Tick> is not defined. It is allowed on task level, ISR, and in s
rodtines (see Table 4).

eturn value

<Alarm|D>

Il be useful.
everal hook

Status:
— Standard:

— No error, E_OK;

— Alarm <AlarmID> is not used, E_OS_NOFUNC;
— Extended: Alarm <AlarmID> is invalid, E_OS _ID;

Conformance: BCC1, BCC2, ECC1, ECC2.
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