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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-19: Application layer protocol specification — Type 19 elements

FOREWORD

The] International Electrotechnical Commission (IEC) is a worldwide organization for standardizati prising

national electrotechnical romote
intefnational co-operation on all questions concerning standardization in the electrig Ids. To
this|end and in addition to other activities, i i S recifigations,
Technical Reports, Publicly Available Specifications i % gds “IEC
Pu lication(s)”). Their preparation is entrusted to technical committees; any IE§ Natiohal Committee interested

e subject dealt with may participate in this preparatory work. 5 d non-
governmental organizations liaising with the IEC also participate in this a ( o closely

it the International Organization for Standardization (ISO) in agsord i diti ned by

agrgement between the two organizations
Thel| formal decisions or agreements of IEC on technical matter o) sQsSible, an i ational
congensus of opinion on the relevant subjects since each/technical\co i i rom all
intefested IEC National Committees
IEC| Publications have the form of recommendations for iqte i lational
Committees in that sense. While all reasopable efforts 3 5 p i of IEC
Publications is accurate, IEC cannot be i for any
mis|nterpretation by any end user

rder to promote international uniformit cations

parently to the maximum extent posgi rgence
betyween any IEC Publication i¢ated in
the |atter.

5) IEC| provides no marking pre e to indicate |ts appfo¥al and cannot be rendered responsible for any
equ|lpment declared to be\ \ 2

6) All dsers should epsure 8 latest edition of this publication.

7) No [iability shaII ‘ ' ., emgloyees, servants or agents including individual expdrts and
merpbers of its teckni i § National Committees for any personal injury, property darhage or
othgr damage of apf nat S ypether direct or indirect, or for costs (including legal fe¢s) and
expgnses arising /0Out b ication, juse of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attgntion is drawn ive_references cited in this publication. Use of the referenced publications is
indispensable ication of this publication.

9) Attgntidn isSdrawn Re.the possibility that some of the elements of this IEC Publication may be the supject of
patent rights. IE alln held responsible for identifying any or all such patent rights.

NOTE |Use of some-of the)associated protocol types is restricted by their intellectual-property-right holderg. In all

cases, fhe commitmenttoimited release of intellectual-property-rights made by the holders of those rights jpermits

a partigular,'data-link layer protocol type to be used with physical layer and application layer protocols |n Type

combinptions as specmed epr|C|tIy in the IEC 61784 series. Use of the various protocol types ip other

COmb'n JI.IUIID iay ICLIUIIU pUIIIIIDDIUII IIUIII LIIUII ICDPUDLIVU IIII.CIIUL'LUGI }JIUPUILy Ilulll IIUIUCID

International Standard |IEC 61158-6-19 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This first edition and its companion parts of the IEC 61158-6 subseries cancel and replace
IEC 61158-6:2003. This edition of this part constitutes a technical addition. This part and its
Type 19 companion parts also cancel and replace IEC/PAS 62410, published in 2005.

This edition of IEC 61158-6 includes the following significant changes from the previous
edition:

a) deletion of the former Type 6 fieldbus for lack of market relevance;
b) addition of new types of fieldbuses;
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c) partition of part 6 of the third edition into multiple parts numbered -6-2, -6-3, ...
The text of this standard is based on the following documents:

FDIS Report on voting
65C/476/FDIS 65C/487/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with ISO/IEC Directives, Part 2.

The cpmmittee has decided that the contents of this publication will reain un

the maintenance result date indicated on the IEC web site under httpg/webgtarelis

data rglated to the specific publication. At this date, the publication

* reg¢onfirmed,;

* withdrawn;

* replaced by a revised edition, or
. arIended.

NOTE |[The revision of this standard will be synchronized with the othern parts

The list of all the parts of the
commipunication networks — Fieldbus sp

0 until
in the

strial
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INTRODUCTION

This part of IEC 61158 is one of a series produced to facilitate the interconnection of
automation system components. It is related to other standards in the set as defined by the

“three-layer” fieldbus reference model described in IEC/TR 61158-1.

The application protocol provides the application service by making use of the services
available from the data-link or other immediately lower layer. The primary aim of this standard
is to provide a set of rules for communication expressed in terms of the procedures to be
carried out by peer application entities (AEs) at the time of communication. These rules for
communication are intended to provide a sound basis for development in order to serve a

variety of purposes:

e as|a guide for implementors and designers;
o forluse in the testing and procurement of equipment;
e as|part of an agreement for the admittance of systems into the-ops

e as|a refinement to the understanding of time-critical communcationsiwi

This sftandard is concerned, in particular, with the com
effectprs and other automation devices. By using thig
positioned within the OSI or fieldbus reference models/otherwj
work fogether in any combination.

&

nsors,
dards
S may
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 6-19: Application layer protocol specification — Type 19 elements

1 Scope

1.1 General

The ij?Idbus Application Layer (FAL) provides user programs with a to acCesgs the
fieldbyis communication environment. In this respect, the FAL can be asca-‘'window
betwegn corresponding application programs.”

This ptandard provides common elements for basic time,cxiti : -¢ritical
messaging communications between application programs |n 3 on eqavirknment and
materfal specific to Type 19 fieldbus. The term “time-gfiti i - represent the
presence of a time-window, within which one or more specifi ons are required|to be
completed with some defined level of certainty. Fail S ed actions |within
the time window risks failure of the applications requesting the actions,\with attendant risk to

This standard define in an abstract wa S IS ce provided by the different
Types]| of fieldbus Application Layer in te

e an| abstract model yrces (objects) capable of [being
manipulated by users vje i

e the¢ parameters associaje i g imitive” action and event, and the form which they

take; and é;%
o the interrelati ip ese astions and events, and their valid sequences.

The pprpose of this sta

o the FAL u between the user and the Application Layer of the Figldbus

e Sylsteras Mapnagement\at the boundary between the Application Layer and Sylstems

This qtandard” specifieés the structure and services of the IEC fieldbus Application Layer, in
confomdnee with the OSI| Basic Reference Model (ISO/IEC 7498) and the OSI Application
Layer|Structure (ISO/IEC 9545).

FAL services and protocols are provided by FAL application-entities (AE) contained within the
application processes. The FAL AE is composed of a set of object-oriented Application
Service Elements (ASEs) and a Layer Management Entity (LME) that manages the AE. The
ASEs provide communication services that operate on a set of related application process
object (APO) classes. One of the FAL ASEs is a management ASE that provides a common
set of services for the management of the instances of FAL classes.

Although these services specify, from the perspective of applications, how request and
responses are issued and delivered, they do not include a specification of what the requesting
and responding applications are to do with them. That is, the behavioral aspects of the
applications are not specified; only a definition of what requests and responses they can
send/receive is specified. This permits greater flexibility to the FAL users in standardizing


https://iecnorm.com/api/?name=d7a5fbd2b77c27b3b2126da97603fbbd

-8- 61158-6-19 © IEC:2007(E)

such object behavior. In addition to these services, some supporting services are also defined
in this standard to provide access to the FAL to control certain aspects of its operation.

1.2 Specifications

The principal objective of this standard is to specify the characteristics of conceptual
application layer services suitable for time-critical communications, and thus supplement the
OSI Basic Reference Model in guiding the development of application layer protocols for time-
critical communications.

A secondary objectlve is to prowde mlgratlon paths from prewously eX|st|ng mdustnal
commg v y-of-services
standardized as the various Types of ' tocols
ardized in subparts of IEC 61158-6.

1.3 Conformance

This s in the
impler

There| i hdard.
Instead, conformance is achieved through implementatis 3 i icati layer
protod 3 grd.

2 N

The fq ¢ ment.
For d4 * \ ies.Kor’undated references, the latest ¢dition
of the en

IEC 6 3-19:

Data-f

IEC 6[1158-4-16,
Data-lnk layer p

ication networks — Fieldbus specifications — Part| 4-16:
Type 16 elements

IEC 6 { unication networks — Fieldbus specifications — Part| 4-19:
Data-lj ecification — Type 19 elements

IEC 6 trial communication networks — Fieldbus specifications — Part| 5-19:
Applig {

ISO/IRC 10731, Information technology — Open Systems I[nterconnection — Basic Reference
Model — Conventions for the definition of OSI services

ISO/IEC 7498-1, Information technology — Open Systems Interconnection — Basic Reference
Model — Part 1: The Basic Model

ISO/IEC 8822, Information technology — Open Systems Interconnection — Presentation service
definition

ISO/IEC 8824, Information technology — Open Systems Interconnection — Specification of
Abstract Syntax Notation One (ASN.1)
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3 Terms, definitions, abbreviations, symbols and conventions

3.1 Referenced terms and definitions
3.1.1 ISO/IEC 7498-1 terms
For the purposes of this document, the following terms as defined in ISO/IEC 7498-1 apply:

d) application entity
e) application process

f) application protocol data unit

g) application service element
h) application entity invocation

i) application process invocation
j) application transaction

k) real open system

[) trgnsfer syntax

3.1.2 ISO/IEC 8822 terms

For the purposes of this document, the following ISO/IEC 8822 apply:

a) abstract syntax

b) présentation context

3.1.3 ISO/IEC 9545 terms

For the purposes of this do oMo s as defined in ISO/IEC 9545 apply:

a) application-associa
b) application-cg t
lication conte

3.1.4 ISO/IEC 8824 terms

For the purposes of this document, the following terms as defined in ISO/IEC 8824 apply:
a) object identifier

b) type

3.1.5 Fieldbus Data Link Layer terms

For the purposes of this document, the following terms as defined in IEC 61158-3-19 and
IEC 61158-4-19 apply.

a) DL-Time
b) DL-Scheduling-policy
c) DLCEP
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d) DLC

e) DL-connection-oriented mode
fy DLPDU

g) DLSDU

h) DLSAP

i) fixed tag

j) generic tag

k) link

) MAEHD

m) nefwork address

n) node address
0) nofde

p) tag
q) scheduled

r) unscheduled

3.2 Additional terms and definitions

For the purposes of this document, the fellowi

3.2.1
comnjunication cycle
fixed fime period between two master § izatl 2 grams
are trpnsmitted in the R he IP
channiel

3.2.2
control unit
contrdl device (e.9v

3.23
control word
two adljacent
device

essed

3.2.4
cycle|time
duratipn of a‘communication cycle

3.2.5

device

a slave in the communication network, (e.g., a power drive system as defined in the IEC
61800 standard family, I/O stations as defined in the IEC 61131 standard family).

3.2.6

device status

four adjacent octets inside the acknowledge telegram containing status information for each
device

3.2.7

identification number (IDN)

designation of operating data under which a data block is preserved with its attribute, name,
unit, minimum and maximum input values, and the data
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3.2.8

little endian

describes a model of memory organisation which stores the least significant octet at the
lowest address, or for transfer, which transfers the lowest order octet first

3.2.9
master data telegram (MDT)
telegram, in which the master inserts its data

3.2.10

protocol
conveyrti Tt ; TOTT hange
of compmunication systems

3.2.11
slave
node, |which is assigned the right to transmit by the master

3.2.12
statug word

two adjacent octets inside the acknowledge telegram nformation of a device
3.2.13
S-0-npnn
designation of IDNs

3.3 |Additional abbreviations and ym?el§

AT acknowlt{(ge\gbm\ \) R S

CcC crossRom}x{nié&ion{_@tw@e\}*%rticipaﬁts

IDLE inter ba&e{f‘g\a\p\(see\@é}\

IDN ideptifization ndmbecs N\

IPOSYNC yg{r}x;\Wn\fh{P)is\in@polator

MDT /m\a@e\r dz}bs\t(e\leqam

RTC al\'\m&h a}r@

SERC(QS \ 5 | r\\al-Wmmunication system interface

3.4 c\%

The HAL is defined as a set of object-oriented ASEs. Each ASE is specified in a separate
subclguse~Each specification is composed of three parts: its class definitions, its
services/, and its protocol specification. The first two are contained in IEC 61158-5-1
protodol ification for h of the ASEs i fined in this standard.

The class definitions define the attributes of the classes supported by each ASE. The
attributes are accessible from instances of the class using the Management ASE services
specified in IEC 61158-5-19 standard. The service specification defines the services that are
provided by the ASE.

This standard uses the descriptive conventions given in ISO/IEC 10731.
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4 Abstract syntax

The abstract syntax and the transfer syntax are merged into a fixed format that is defined in
the the next clause.

5 Transfer syntax

5.1 Introduction
Type 19 transfer syntax shall be hit-coded and therefore does not (‘nmply with usual data
type specifications such as integer32 and alike.
The ogtet encoding shall use little endian.
5.2 |RTC-MDT PDU merged abstract and transfer syntax
The merged abstract and transfer syntax for attributes belg ass is" descriped in
Table|1.
Table 1 — RTC-MDT PDU tt@te rmat
FAN
Atfribute "\ /\\Foﬁmat ( ( ) K} Size (bits)
Cqantrol word 4 O&ets,\)‘t\mappéd 32
Reserved field (for future extensigﬂ')’A }S\Bits 12
Reserved field (for DLL) \ O\ 4\B{ts ) 4
Reserved field (f@W\) 5 g@ 5
N
IPOSYNC: Co/ntmw ynch‘Qqution it~Bit 1
Reserxéd\ﬁgeld\yor app?cM Mlg)\) 2 Bits 2
Real-time Cofitrohoit 2 D 1 Bit 1
Real-tipé\ontrol bit 1N 1Bit 1
Reservex, field (Fp.DLY) 6 Bits 6
Cq nfigurab&i pamf\\s@té\rec&q ) List of 2, 4 or 8 Octets
< \Qu&d\c;clic\\ommand value 1 2, 4 or 8 Octets
\OQinEBred\QMmmand value 2 2, 4 or 8 Octets
Configured cyclic command value n 2, 4 or 8 Octets
Note-
n = number of configured cyclic command values. The structure and content of the configurable part of
the data record is determined by the configuration list labeled IDN S-0-0024, as specified in IEC 61158-4-
16, A.3.17.

5.3

RTC-AT PDU merged abstract and transfer syntax

The merged abstract and transfer syntax for attributes belonging to this class is described in
Table 2.
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Table 2 — RTC-AT PDU attribute format

- 13—

Attribute Format Size (bits)

Status word 4 Octets, bit mapped 32
Reserved field (for future extension) 6 Bits 6
Reserved field (for DLL) 10 Bits 10
Reserved field (for application profile) 8 Bits 8
Real-time status bit 2 1 Bit 1
Real-time status bit 1 1 Bit 1
Procedure command change bit 1Bit 1
Real-time valid bit 1Bit (|1
Command value processing 1 Bit /\& ) 1

Reserved field (for DLL)

Canfigurable part of data record

List of 2, 4 or 8 QCtets

3 Bits N NN\
S

Configured cyclic feedback value 1

2,4 or 8 Oc

Configured cyclic feedback value 2

[~ X

Configured cyclic feedback value n

ETE NN

Ndte n = number of configured cyclic co
paft of the data record is determined by the_con
61[158-4-16, A.3.12.

tent of the configurable

mand valdes. The str ctu’@D%n C
iguration list labeled IDN $-0-0016, as specified in IEC

5.4

The m
Table

bed in

At{ribute

Format

Size (bits)

Cgnsumer Wl\qorx\ \ 2 Octets, bit mapped 16
R&iervew }\r quxtension 1 Bit 1
Q %@\ce dy \ 1 Bit 1
Nﬁd f%{d%r/future extension 3 Bits 3
€Eusync 1 Bit 1
Reserved for future extension 5 Bits 5
CCdatavatia Bit f
Reserved for future extension 3 Bits 3
CC data mirrored by the master 1 Bit 1

Configurable part of data record with producer data List of 2, 4 or 8 Octets

Configured cyclic producer data 1

2, 4 or 8 Octets

Configured cyclic producer data 2

2, 4 or 8 Octets

Configured cyclic producer data n

2, 4 or 8 Octets

NOTE

0-1242.

n = number of configured cyclic producer data. The structure and content of the configurable part
of the data record is determined by the configuration list labeled IDN S-0-1212, S-0-1222, S-0-1232 or S-
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RTC-MDT PDU encoding

The specific PDU encoding for attributes belonging to this class is described in Table 4.

Table 4 - RTC-MDT PDU attribute encoding

61158-6-19 © IEC:2007(E)

Attribute Encoding
Bits Description

Reserved field 31-11 Reserved
IPOSYNC: Control unit synchronization bit 10 Toggle-Bit

eserved field 9-8 Reserved
Real-time control bit 2 7 Signal indicating specifRévents
Real-time control bit 1 6 Signal indicating sp/e&c ;vegﬁ
Reserved field (for DLL) 5-0 Reserved >

SNSN
RS

5.6 |RTC-AT PDU encoding
The specific PDU encoding for attributes belonging to sckibed in Table 5.
Table 5 - RTC-AT P/(&' ?m\ ing
Attribute \ Encpding
/—\ B s Description
Reserved field K -11 &se>ed
Real-time status bit 2 /\ /\ 7\ \S}'gnal indicating specific event
Real-time status blt 6 ) Signal indicating specific event
Procedure commanc{cw \\ 5 See Table 2
Real-time va@ t?} 2 { \/4 Data has been inserted by a slave device
Command value oc 3 Data are being processed by the slave
device
Reserved fieIé\Q‘or\Qbk)\ \/ 2-0 Reserved
5.7 |R3C- ehcoding
The specific ding for attributes belonging to this class is described in Table 6.
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Table 6 — RTC-CC PDU attribute encoding

Attribute Encoding
Bits Description

Reserved field 15 Reserved

Producer ready 14 Producer is synchronized according to the
communication cycle

Reserved field 13-11 Reserved

CC sync 10 New data is available according to
producer cycle time

Reserved field 9-5 Reserved

CC data valid 4 Data has been inserted/b\i a devi\a\

Reserved field 3-1 Reserved

ICC data mirrored by the master 0 Data has been mirtQred\in®case of \)
redundancy W ast vice

6 S

Interfs

ructure of FAL protocol state machines

The behavior of the FAL is described™y theews i ol machines. Specific gets of
these |protocol machines are defined fondifferent AR 5/ The three protocol mag¢hines
are: HAL Service Protocol Machine ( Application Relationship Protocol Machine
(ARPM), and the Data Link Layer tachine (DMPM). The relatiopships
amonlI tlve eXchanged among them are depigted in

Figure

FAL Se rvice Ind/CnfP rimiti ves

AN

< DX FSPM
Q\FSP\}Req/RSpP rimiti ves FSP M Ind/CnfP rimitives

<

#n ARPM
#1 ARPM
ARPM Reg/RspP rimitives ARPMIn d/CnfP rimitives
| DMPM
DLRe¢Rsp Primtives DL Ind CnfP rimitives

A J

DatalLink Layer

Figure 1 — Relationships among protocol machines and adjacent layers
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The FSPM describes the service interface between the AP-Context and a particular AREP.
The FSPM is common to all the AREP classes and does not have any state changes. The

FSPM

is responsible for the following activities:

a) to accept service primitives from the FAL service user and convert them into FAL internal
primitives;

b) to select an appropriate ARPM state machine based on the AREP Identifier parameter

Su

pplied by the AP-Context and send FAL internal primitives to the selected ARPM,;

c) to accept FAL internal primitives from the ARPM and convert them into service primitives
for the AP-Context;

d) tofwmmwmmmmwmmmer
parameter associated with the primitives.
The ARPM describes the establishment and release of an AR and ¢ 1PDUs
with a[remote ARPM(s). The ARPM is responsible for the following activi{i
a) tolaccept FAL internal primitives from the FSPM and crea internal
primitives to either the FSPM or the DMPM, based on the A
b) to[accept FAL internal primitives from the DMPM and s brm of
FAL internal primitives;
c) if the primitives are for the Establish or Abort sergices 5 o establish or releage the
specified AR.
The OMPM describes the mapping ketws ' . It is common to all the
AREP|types and does not have any state chs s responsible for the following
activites:
a) tolaccept FAL internal ,primitives prepare DLL service primitiveg, and
send them to the DLL;
b) to|receive DLL indjcation irmagion primjtives from the DLL and send them fo the
ARPM in a form of j imj
7 AP-conterg
7.1 |Overview
The AP-Co (APCSM) manages the behavioral states, transitions and
interagtiop cts edbntained in an implementation of the Type 19 FAL. As $hown
in Figuré 3 : ¢ states. Event notifications are delivered to the APCSM frgm the
FAL Services R chine (FSPM) or the AR Protocol Machine (ARPM) as specified.
Thesg event.notifications, identified in Figure 2, result in state transitions.
The APESM is initiated in the Idle state.
Establish
Idle Running
Release

Figure 2 — APCSM state diagram
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7.2 States
7.2.1 Idle

7.211 Behavior

The FAL is not connected to the network. The only behavior associated with the Idle state is
a determination of errors or other fault conditions that are specified as preventing the
transition to the Running state. If there are no such preventative conditions, an automatic

invocation of the Establish primitive is self generated by the APCSM.

7.2.1.2 Events

Establish — Connects the FAL to the network. Upon successful comp y then A

transifions to the Running state.

7.2.2 Running
7.2.2.1 Behavior

The FAL is connected to the network. The Master type devi
assoc|ated with communicating to the Slaves to whic
able tp perform the behavior associated responding

7.2.2.2 Events

Releage — Disconnects the FAL from t
transifions to the Idle state.

e nNe

7.3 |States, events an

The cpmbination of all gtat nsitions are shown in Table 7.

state-event table

Cuvfe Action Next
S/te State
ldl Es bM_/ Initiate the methods specified | Running
for the Running state
Idle\ Réte@% Return an error Running
Q Nm}}{hg\ \gstablish Return an error Running
RD\nnin Release Initiate the methods specified | Idle
for the Idle state

perform the be
. Slave type devic
er-towhich it is connecte]

gssful completion, the A

PCSM

havior
bs are
d.

PCSM

8 FAL service protocol machine (FSPM)

8.1 Overview

The FSPM provides the interface to the FAL user in the form of service handlers which
convert service parameters into APDUs and process service requests from the FAL user or

convert APDUs into service parameters and deliver service indications to the FAL user.

The FSPM operates in a single state with events defined by the receipt of service primitives.
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8.2 MGT services
8.2.1 Get network status

Upon receipt of a Get Network Status service request from the FAL user, the FSPM prepares
and delivers an appropriately encoded FSP-get network status primitive to the ARPM.

8.2.2 Get device status

Upon receipt of a Get Device Status service request from the FAL user, the FSPM prepares
and delivers an appropriately encoded FSP-get device status primitive to the ARPM.

8.2.3 Network status change report

Upon receipt of an FSP-network status change indication from the ARP pares
and d ¢

8.2.4

Upon pares

and d

8.2.5

Upon
and d

user, the FSPM prepares
imitive to the ARPM.

8.2.6

Upon s and

delive

8.2.7

Upon
and d

pares

8.2.8

Upon s and

delive

8.2.9 Disable R

Upon |receipt of a Disable RTC service request from the FAL user, the FSPM prepargs and
delivers—an appropriately encoded FSP-disable RTC primitive to the ARPN.

8.2.10 Notify error

Upon receipt of an FSP-notify error indication from the ARPM, the FSPM prepares and
delivers an appropriately encoded notify error indication to the FAL user.

8.3 IDN services
8.3.1 Read

Upon receipt of a Read service request from the FAL user, if the ARPM is not in the Running
state, an error is returned to the FAL user, otherwise the FSPM prepares and delivers an
appropriately encoded FSP-read primitive to the ARPM.
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8.3.2 Write

Upon receipt of a Write service request from the FAL user, if the ARPM is not in the Running
state, an error is returned to the FAL user, otherwise the FSPM prepares and delivers an
appropriately encoded FSP-write primitive to the ARPM.

8.4 CYCIDN services
8.4.1 Read_cyclic

Upon receipt of a Read_cyclic service request from the FAL user, the FSPM prepares and
delivers an appropriately encoded FSP-read cyclic primitive to the ARPM.

8.4.2 Write_cyclic
Upon [receipt of a Write_cyclic service request from the FAL user,

Runnipg state, an error is returned to the FAL user, otherwise
delivefs an appropriately encoded FSP-write cyclic primitive to

8.4.3 Notify_cyclic
Upon [receipt of an FSP-notify cyclic indication frg

delivefs an appropriately encoded notify_cyclic indicati

9 Application relationship protc

9.1 |Overview
The ARPM manages the fu
a) regeiving, decodinghand
b) preparing, encading
c) regeiving, de
d) pré¢paring, encod

e) manitoring criticakfun ons,

f) delivering

The behq
There|are twoltypes ok AR: Master and Slave.

9.2 Master ARPM

9.2.1 Overview

The Master ARPM manages the behavioral states, transitions and interactions of a Master AR.
As shown in Figure 3, there are two states.

Sub-states are not represented as definitive states, but exist as abstractions used to identify a
set of behaviors with a state.

The ARPM is initiated in the Idle state.
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Establish Release

Figure 3 — ARPM master AR state diagram

9.2.2 State descriptions
9.2.2.1 Idle

9.2.2.1.1 Behavior

The FAL is not connected to the network. The only b i A\with the Idle staje is a
determination of errors or other fault conditions that/are/Specifi enting the tranpsition
to the|Running state.

9.2.2.1.2 Events

Establlish — Connects the FAL to the né Dp cessful completion, the Master ARPM
transifions to the Running state.

9.2.2.2 Running state

9.2.2.2.1 Behavio
In this| state the @ 3 ed. to netivork.

9.2.2.2.2

Release — Disconpectsithe b, from the network. Upon successful completion, the Master
ARPM transitigns totheMdle state.

9.2.3 oSk and transitions

The cpmbjnation ofal states events and possible transitions are shown in Table 8.

Fable-8—MasterARPM-state-event-table

Current Event Action Next
State State
Idle Establish Initiate the methods specified | Running
for the Running state
Idle Release Return an error Running
Running Establish Return an error Running
Running Release Initiate the methods specified | Idle

for the Idle state
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9.3 Slave ARPM

9.3.1 Overview

The Slave ARPM manages the behavioral states, transitions and interactions of a Slave AR.

As shown in Figure 4, there are two states.

Sub-states are not represented as definitive states, but exist as abstractions used to identify a

set of behaviors with a state.

The ARPM is initiated in the Idle state.

Establish

Figure 4 — ARP

9.3.2 State descriptions
9.3.2.1 Idle
9.3.2.11 Behavio

The FAL is not 0@
determination of exo

to the|Running staie.

9.3.2.1.2

Establlis : S to the network. Upon successful completion, the Slave
transifion 9

9.3.2.2

9.3.2.2.1 Behavior

. only behavior associated with the Idle sta
ditions that are specified as preventing the tranpsition

fe is a

ARPM

In this state the FAL is connected to the network.

9.3.2.2.2 Events

Release — Disconnects the FAL from the network. Upon successful completion, the Slave

ARPM transitions to the Idle state.

9.3.3 States, events and transitions

The combination of all states events and possible transitions are shown in Table 9.
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Table 9 — Slave ARPM state-event table

Current Event Action Next
State State
Idle Establish Initiate the methods specified | Running
for the Running state
Idle Release Return an error Running
Running Establish Return an error Running
Running Release Initiate the methods specified | Idle

for the Idle state

Primitives received from the FSPM
FSP-get network status

receipt of an FSP-get network status service request

DMPM if the ARPM is in the running state. Otherwise, |t dis

uses no attributes.

9.4.2
Upon
prepa

if the
netwo

9.4.3

The F

Upon
delive

is in fhe running s

addre

9.4.4

The F

Upon
Runni
delive

FSP-get device status

SP-set device stat

receipt o
['s an appropria

M type FAL users.

tatos/from the FAL user, the APCSM prepare
et device status primitive to the DMPM if the

5s of the s i ce and th ¢ status to be set as attrlbutes
SP primitive is only valid for M type FAL users
receiptoof an_enable RTC service request from the FAL user, if the ARPM is

ng,state, an error is returned to the FAL user, otherwise the APCSM prepare
rs.@n appropriately encoded ARP-enable RTC primitive to the DMPM. This pr

ARPM
o the
mitive

ARPM
DMPM
es the

s and
ARPM

in the
s and
mitive

uses t

9.4.5

€ network addresses ot the selected devices as attributes.

FSP-enable Hot-plug

The FSP-enable Hot-plug primitive is only valid for M type FAL users.

Upon receipt of an enable Hot-plug service request from the FAL user, if the ARPM is in the
Idle state, an error is returned to the FAL user, otherwise the APCSM prepares and delivers
an appropriately encoded ARP-enable Hot-plug primitive to the DMPM. This primitive uses the

netwo

9.4.6

rk addresses of the selected devices as attributes.

FSP-disable RTC

The FSP-disable RTC primitive is only valid for M type FAL users.
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Upon receipt of a disable RTC service request from the FAL user, if the ARPM is in the Idle
state, an error is returned to the FAL user, otherwise the APCSM prepares and delivers an
appropriately encoded ARP-disable RTC primitive to the DMPM. This primitive uses the
network addresses of the selected devices as attributes.

9.4.7 FSP-read

The FSP-read primitive is only valid for M type FAL users.

Upon receipt of a read service request from the FAL user, the APCSM prepares and delivers
an approprlately encoded ARP read acycllc pr|m|t|ve to the DMPM |f the ARPM is in the
running-s Frety H OFH H v ses of
the sellected deV|ce and the IDN as attributes.

9.4.8 FSP-write

The FBP-write primitive is only valid for M type FAL users.

Upon feceipt of a write service request from the FAL user/the > ares and delivers
an apjpropriately encoded ARP-write acyclic primitive } is jin the
running state. Otherwise, it discards the request. Thi imiti e ses of

9.4.9 FSP-read_cyclic

Upon [receipt of a read_cyclic service
Runnipg state, an error is returned
appropriately encoded ARP-read_cycli
network addresses of the [

, if the APCSM is not |in the
ARPM prepares and delivefrs an
e DMPM. This primitive usgs the
attributes.

9.4.10

Upon [receipt of in the
Runnipg state, rs an
appropriately encode \ i s the
netwofk addresse d de ice, the IDN and the value to be written as attributes.

9.5 Indicati
9.5.1

The ARP-netwotk status change report indication is only valid for M type FAL users.

Upon [recejpt of an ARP-network status change report indication from the DMPM, the ARPM

prepates and delivers an appmprinfply encoded ESP-network status r‘hgngp indication lto the

FSPM.

If the network status does not indicate an error, an Establish event notification is delivered to
the APCSM.

If the network status does indicate an error, a Release event notification is delivered to the
APCSM.

9.5.2 ARP-device status change report

Upon receipt of an ARP-device status change report indication from the DMPM, the ARPM
prepares and delivers an appropriately encoded FSP-device status change indication to the
FSPM.
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