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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 1: Overview and guidance for the IEC 61158 and IEC 61784 series

FORFWORD
1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for S prising
all |national electrotechnical committees (IEC National Committees). e romote
intgrnational co-operation on all questions concerning standardization in the elegtkical a ic figlds. To
thig§ end and in addition to other activities, IEC publishes International Standards i ifigations,
Tedhnical Reports, Publicly Available Specifications (PAS) and Gund ? [to as
“IEC Publication(s)”). Their preparation is entrusted to technical com ees; hmittee
intdrested in the subject dealt with may participate in this preparatory fal and
norj-governmental organizations liaising with the IEC also participa orates

clogely with the International Organization for Standardization (ISQJ_in ascordaNs i iti rmined
by agreement between the two organizations.

2) Thqg formal decisions or agreements of IEC on technical mattg ational
consensus of opinion on the relevant subjects since eac om all
intgrested IEC National Committees.

3) IE(Q Publications have the form of recomme i ar int i se apd are accepted by IEC National
Committees in that sense. While all rea onab e 3 3 enstre that the technical conftent of
IEQ Publications is accurate, |IEC cannot be\held xesponsibie for y in which they are used or for any
misjinterpretation by any end user.

4) In order to promote international uniformity, | i i ications
trarjsparently to the maximu si Rei ati i icati . ivdrgence
betjveen any IEC Publicatiop’and the co ing bi 3 regional publication shall be clearly indidated in
thellatter.

5) IE(Q provides no marking\procedure tg i C i or any

eqyipment declared to b
6) All hisers should

7) No [liability shall a
members of its tec

mployees, servants or agents including individual expefts and
ational Committees for any personal injury, property danjage or

other damage of an) whether direct or indirect, or for costs (including legal feqs) and
explenses arising\ out teati use of, or reliance upon, this IEC Publication or any other
IE] Publicatje

8) Att¢gntion_is drawn {0 ativé references cited in this publication. Use of the referenced publications is
indifsperisa ]

9) AttgntionN P gsibility that some of the elements of this IEC Publlcatlon may be the sulpject of

The npaintask of IE€ technical committees is to prepare International Standards. Howe)er, a
technjcal-committee may propose the publication of a technical report when it has collected
data af a’different kind from that which is nnrmally published as an International Standard, for

example "state of the art".

Technical reports do not necessarily have to be reviewed until the data they provide are
considered to be no longer valid or useful by the maintenance team.

NOTE Use of some of the associated protocol types is restricted by their intellectual-property-right holders. In all
cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights permits
a particular data-link layer protocol Type to be used with physical layer and application layer protocols in Type
combinations as specified explicitly in the IEC 61784 series. Use of the various protocol types in other
combinations may require permission of their respective intellectual-property-right holders.

IEC 61158-1, which is a Technical Report, has been prepared by subcommittee 65C:
Industrial networks, of IEC technical committee 65: Industrial-process measurement, control
and automation.
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This second edition of this technical report cancels and replaces IEC/TR 61158-1:2003. This
edition of this part constitutes a technical revision.
This edition includes the following significant changes from the previous edition:

a) deletion of the former Type 6 fieldbus, a placeholder for a Type 5 fieldbus data-link layer,
and the Type 1 application layer for lack of market relevance;

b) addition of new types of fieldbuses: types 11 to 20;
c) generalization of the Type 1 radio, which is seldom used, to a more useful form;

d) additional descriptions explaining the relation of IEC 61158 to the IEC 61784 family of
companion profiles and the structure of these profile documents;

e) diyision of parts 3 through 6 of the third edition into multiple parts num
3-19; 4-1, 4-2, ..., 4-19; 5-2, 5-3, ..., 5-20; 6-2, 6-3, ..., 6-20;

f) presentation of the service description concepts used in the 3 ation | layer
sgrvice definitions: parts 5-2, 5-3, ..., 5-20.

ed 3-1/342, ...,

e

The tegxt of this technical report is based on the following docurien

Enquiry draft Report é{v&h{g& ‘
65C/431A/DTR @m@‘e\\\\>

c@ca eport can be found |n the

Full ipformation on the voting for the approval
reporf on voting indicated in the abov

This ¢ S irectives, Part 2.

The gommittee has decid is publication will remain unchanged until
the mpintenance result d& eb site under http://webstore.iec.ch fin the
data related to the spegific publicatio U

* redonfirmed;
thdrawn;
laced by a rew

* W
* req
e am

NOTE eport will be synchronized with the other parts of the IEC 61158 serieq.

The
comm
the bi

the IEC 61158 series, under the general title [Indystrial
Fieldbus specifications, can be found on the IEC web site and in



http://webstore.iec.ch/
https://iecnorm.com/api/?name=2fc57538de5b860ad5ecc874dea143b0

-6- TR 61158-1 © IEC:2007(E)

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 1: Overview and guidance for the IEC 61158 and IEC 61784 series

1 Scope

This technical report presents an overview and guidance for the IEC 61158 series. It

e ejplains the structure and content of the IEC 61158 series;

e relates the structure of the IEC 61158 series to the ISO/IEC 7493
Mpdel;

e sHows the logical structure of the IEC 61784 series;

e shows how to use parts of the IEC 61158 series in combination wi
e prpvides explanations of some aspects of the IEC 61458 s

pdarts of the IEC 61158-5 series.

2 Ngrmative references

None

3 Abbreviations

For t
conceg

NG~ abbreviations, based partially on the

3.1 AL
3.2 AR
3.3 AFR
3.4 bl
3.5 DL
3.6 (n]
3.7 09
3.8 Ph

3.9 PhL Physical layer layer (N = 1)

4 Guidelines for implementers and users

4.1 Background and purpose

Communication in global markets requires a global understanding of a specification (standard
or not). ISO/OSI related specifications provide a common basis for understanding and
acceptance between international experts (manufacturers and end-users). Examples are

e ISO/IEC 7498 series for general layering and structuring;

e ISO/IEC 9545 for general application layer modeling;

e ISO/IEC 8886 for data-link layer modeling.

The IEC 61158 series specifies a number of different fieldbus types in each of the parts of the
series (part 2 and the parts of part 3 through part 6). As a result of the editorial harmonization
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work done by IEC, each PhL, DLL and AL specification within IEC 61158 is shown in a
homogeneous way. The description of each layer offers, as far as possible, common views,
concepts, definitions, and descriptive methods.

This common approach has been adopted to assist users and implementers in understanding
the several specifications. It is also intended to assist in comparing available products and
their communications-related features.

4.2 Supported options

Most of the fleldbus types specmed in the IEC 61 158 series include a range of selectable and
confi ricted
combinations of options will interwork or interoperate correctly.

IEC 6
fieldb
consis
exper

Anne
featun

As a

e Clause 5 to Clause 8 of this Technical R

e |EC 61784-2, Anne
e IEC 61784-1 and IE

The RQenefits gained Y i 3 i ication
syste
e th
e a
e thp common appreach represents a first step to ensure long-term quality and stability;

e mjssing’parts and items of any specification are more readily identified by comparisop with
the_ather specifications leading to a simplified review and evaluation procedure;

e a common basis facilitates the development of test and certification procedures;

e modular concepts support future enhancements, extensions and adaptation of new
technologies.

5 Concept of IEC 61158 series

Conceptually, a fieldbus is a digital, serial, multidrop, data bus for communication with
industrial control and instrumentation devices such as — but not limited to — transducers,
actuators and controllers.

The IEC 61158 series specifies a number of fieldbus protocol types. Each protocol type is
designed to permit multiple measurement and control devices to communicate on a shared
medium. Devices communicate directly only with other devices of the same protocol type.
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NOTE 1 Devices which use the same lower-layer protocols in a compatible fashion but differ in their higher-layer
protocols may be able to share a lower-layer medium.

NOTE 2 In all cases, a particular data-link layer protocol type may be used without restriction when coupled with
physical layer and application layer protocols of the same type or with other combinations as specified in
IEC 61784-1 and IEC 61784-2. Use of the various protocol types in other combinations may require permission
from their respective copyright holders.

These protocol types have been engineered to support information processing, monitoring
and control systems for any industrial sector and related domains. An example application for
high-integrity low-level communication between sensors, actuators and local controllers in a
process plant, together with the interconnection of programmable controllers, is shown in

Figure 1.
Information systems network
Gatewa Gatewa
[ Gateway 1N W
Process plant Factory shop floor seginen
| Controllers | N

Programmahle (/\ \
Con Pro ol DN

— Sensors oni Programwable

Fieldbus F— Actuators
segment
Bridge

A number of fieldhu S i cepts
for de

led on
tating
S:

a) Fi
an
W

decompasition\of complex tasks;

—|{ modular strustlre to adapt different technologies.

b) Sefcond concept: Each fieldbus type is composed of one or more layer specifications.

Most types include a number of services and protocol options that require an appropriate
selection to support a working system. Compatible selections of options and services
within one of the IEC 61158 fieldbus types are specified as standardized communication
profiles in IEC 61784-1 and IEC 61784-2. Most of these profiles are supported by
consortia or trade associations which are identified in the profile specification.

c) Third concept: The physical, data-link and application layers are described in
complementary ways, in terms of the offered services and the protocol which provides
those services.

Figure 2 illustrates the differences between service and protocol viewpoints of the data-link
and application layers. The protocol parts show the layer implementer’s view and the service
parts show the layer user’s view.
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Layer user
Oriented view

Layer implementer
Oriented view

AL services

Part 5 of IEC 61158

- Model and concepts
- Data type definitions
- Application objects

- Service description

AL protocol

Part 6 of IEC 61158

- Syntax definition and coding

- Application relationships
procedures

- Protocol machines (state machines)

- Communication end-point

- Service description
- Management services

management.
DL services DL protocol
Part 3 of IEC 61158 Part 4 of IEC 61158
- Model and concepts - Coding

- Medium access
- Protocol machines (sjte

AN

The application layer structure is as follo

— the "what" is described by application |

The d

— th
— th

The p
occur

— th
— th

s
— the "how" is described By\applicatio I:%

NS

iples.

, they

ns.

6 1 Dyvrarviioar
. vVOeTVICW

IEC 61158 protocol types are described using the principles, methodology and model of
ISO/IEC 7498. The OSI model provides a layered approach to communications standards,
whereby the layers can be developed and modified independently. IEC 61158 specifies
functionality from top to bottom of a full OSI stack and, potentially, some functions for the
users of the stack. Functions of the intermediate OSI layers, layers 3 through 6, may be
consolidated into either the IEC 61158 data-link layer or the IEC 61158 application layer, or
may be realized by a separate layer. Likewise, some features common to users of the fieldbus
application layer may be provided by the IEC 61158 application layer to simplify user

operation.

Table 1 shows the OSI layers, their functions, and the equivalent layers in the IEC 61158
basic fieldbus reference model (see Figure 3).
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Table 1 — OSl and IEC 61158 layers

07(E)

OSl layer Function IEC 61158 layer

Translates demands placed on the communications stack into a form Application

7 Application understood by the lower layers and vice versa (IEC 61158-5-tt,
IEC 61158-6-tt)
6 Presentation Converts data to/from standardized network formats T
5 Session Creates and manages dialogue among lower layers T
4  Transport Provides transparent reliable data transfer (end-to-end transfer across a 1
i . ) i or T
network which may include multiple links)
3 NEiwork Performs message routing Ton T
2 Dpta-link Controls access to the communication medium. Performs error Data-ljnk
detection, (point-to-point transfer on a link) (IBC-61198-3-1t,
A <\ IEC'§115B-4-tt)
Encodes/decodes signals for transmission/reception in a fo \Rb%i -
1 Physical appropriate to the communications medium. Specifies ommunication c 61 1158-2)
media characteristics
-tt is a|placeholder for the part numbers representing types.
NOTE | | and 7 indicate that the functionality of this layer, whe in the fieldbus layer
that is pearest in the direction of the arrow. Thus network and transport allty may be included in either the
data-lirlk or application layers, while session and presentation functighality d in the applicatign layer
but not|in the data-link layer. N
lication er b=
X w5 !
EE |
vaﬂv\}ﬁ Ia}e& -
> © '
22—
W Medium
\\3\§ZSIC fieldbus reference model
6.2 H protocol
This l prises physical layer specifications corresponding to many pf the
differ tocI types specified in IEC 61158-4-1 to IEC 61158-4-19.
NOTE The protocol tyge numbers used are consistent throughout the IEC 61158 series.
NOTE 2.<Some specifications for types 1, 2, 3, 4, 8, 12, 16 and 18 are included. Some of these types also use
ISO/IEC_8802-3._Type 7 uses Type 1 specifications. The other types do not use any of the specifications diven in
this report.

NOTE 3 For ease of reference, type numbers are given in clause names. This means that the specification given
therein applies to this type but does not exclude its use for other types.

NOTE
for sta

4 It is up to the user of this report to select interoperating sets of provisions. Refer to the IEC 61784 series

ndardized communication profiles based on the IEC 61158 series.

A general model of the physical layer is shown in Figure 4.
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i DTE -DCE Interface i

>
<—Mmis

Ph MDS Q
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i | MDS-MAU Interface | @
— j ] ! o
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Ll €8 & o © -2 S
S5 55|c¢g| 2% Ph MAU
<L |z | =5 ® > Medium Attachment  Unit
=
£ 3| % s
[0)
o I = .
o £| < E E Medium Interface < \\:\
o

NOTE

NOTE ¢

The ¢

— di

— ng

— ei r full-
duplex communii

6.3

The rvices

availdble er. This and related parts of the IEC 61158 series defings the

data-ljn . The

relatignship™bet international standards for fieldbus data-link service, fieldbus|data-

link protocol; fietdbus application protocol and systems management is illustrated in Figure 5.

NOTE | Systems management, as used in the IEC 61158 series, is a local mechanism for managing thge layer

protocqls.

Application layer ” c
Data-link 5 E g | -
services 4 ] g E i Data-link
Data-link layer (¢ management
2 & | services
»n < !
Physical layer s |

Medium

Figure 5 — Relationship of the IEC 61158-3 and IEC 61158-4 series
to other fieldbus layers and to users of the fieldbus data-link service
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Throughout the set of fieldbus standards, the term “service” refers to the abstract capability
provided by one layer of the OS| Basic Reference Model to the layer immediately above.
Thus, the data-link service defined in this report is a conceptual architectural service,
independent of administrative and implementation divisions.

6.4 Data-link layer protocol

The data-link protocol provides the data-link service by making use of the services available
from the physical layer. The relationship between the International Standards for fieldbus
data-link service, fieldbus data-link protocol, fieldbus physical service and systems
management is illustrated in Figure 5.

NOTE | Systems management, as used in the IEC 61158 series, is a local mechanism
protocqls

P layer

The primary aim of the data-link protocol standards is to prow f\rulgs for
communication expressed in terms of the procedures to be car a-link
entitigs (DLEs) at the time of communication. These rules for cp i gnded to

provide a sound basis for development in order to serve a vari

c)| as part of an agreement for the admittance (of syst stems
environment;

d)| as a refinement to the understa

Thesg data-link protocol standards are co n and
interworking of sensors, effectors and 3 jards,
together with other stand ithi ¢ bdels;

otherwise, incompatible s

6.5 Application layer seryi
The epplication rvices
availgble from thevda 158-5

rediately lower layer. Each part of the IEC 61

serie§ defines the ¢ characteristics that any immediately higher-level
protog¢ols may e&xplait. ship between the international standards for figldbus
appligation seryj ialdk application protocol and systems management is illustrated in
Figure 6.

NOTE | S¥ anage , used in the IEC 61158 series of standards, is a local mechanism for mgnaging

the layer protecols

FIELDBUS

S

Y Application
APPLICATION 4$_,_

E

M

management

STTVICTS

LAYER

Data=timk
services >

DATA-LINK
LAYER

PHYSICAL
LAYER

MEDIUM

Figure 6 — Relationship of the IEC 61158-5 and IEC 61158-6 series
to other fieldbus layers and to users of the fieldbus application service
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6.6 Application layer protocol

The application protocol provides the application service by making use of the services
available from the data-link layer or other immediately lower layer. The relationship between
the International Standards for fieldbus application service, fieldbus application protocol,
fieldbus data-link service and system management is illustrated in Figure 6.

NOTE Systems management, as used in the IEC 61158 standards, is a local mechanism for managing the layer
protocols.

An application process uses the fieldbus application layer services to exchange information
with other application processes. The services define the abstract interface between the

applig

ation nrocess and the aonlication laver
Ll Ll 7

inform
uses

applig
protoq
protoc

This
produ
interf3

This {
with s

The p
terms
comm
devel

ol data units (APDU).

set of application layer standa
cts, nor does it constrain the
ces within the industrial automat;j

rimary aim of thi
of the o@‘
unication. Thes

bpment in orde

effect
positi

eport is concernhed, in particular, with the communication and interworking of se
rs,and other automation devices, by using this report together with other stan

of the
layer

valid
btocol
h the
. The
cation

ns or
and

iance

ed in
ne of
is for

ment;

hsors,
dards

work together in any combination.

5 may
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7 Structure of IEC 61158 and IEC 61784 series

7.1 The IEC 61158 physical layer

The IEC 61158 physical layer receives data units from the data-link layer, encapsulates them
if necessary by adding communications framing information, encodes the bits and framing
information into signals, and transmits the resulting physical signals to the transmission
medium connected to the transmitting node.

Signals are then received at one or more other node(s) and decoded, and any

communications—framing—information—is—checked—and—removed,—before—the—data—units are

passdd to the data-link layer of the receiving device.

IEC 6[1158-2 comprises physical layer specifications to suppor types

specified in the IEC 61158 data-link layer. It defines the services provi

a) to|the various types of fieldbus data-link layer at the boun eh the data-link and
physical layers of the fieldbus reference model;

b) to| systems management at the boundary between /S stems
mpanagement of the fieldbus reference model.

NOTE dard is

an histpric anomaly; it is not common standards practice.

7.2 The IEC 61158 data-link layer

In thg absence of persistent errors, the : It and

IEC 6[1158-4-tt) provide basic time-critjcal X Ces in

an automation environmentaThe term i i i ing a

time-window, within whicf S € i 1 with

some|defined level of gertainty.\Faij G ndow

risks failure of the app i i plant

and ppssibly hur@

IEC 6[1158 data-lin vided

by thg fieldbus data\in

a) the primiti

b) the i 3Aith each primitive action and event, and the form which they
take

c) thp interre

IEC 6[1158-data-linkKYayer defines the services provided

d) tolthe various types of fieldbus application layer at the boundary between the appli¢ation

and data-link layers of the fieldbus reference model;

e) to systems management at the boundary between the data-link layer and systems
management of the fieldbus reference model.

IEC 61158-4-tt define a number of distinct and non-interoperable fieldbus data-link protocols.
Each protocol is most closely related to, and lies within the field of application of, the
corresponding services of IEC 61158-3-tt.

7.3 The IEC 61158 application layer

The IEC 61158 application layers (see IEC 61158-5-tt and IEC 61158-6-tt) are designed to
support the conveyance of time-critical application requests and responses among devices in
an automation environment.
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The IEC 61158-5 series specifies interactions between remote applications in terms of
a) an abstract model for defining application resources (objects) capable of being
manipulated by users via the use of fieldbus application layer (FAL) services;

b) the service primitives (interactions between the FAL and the FAL user) associated with
each FAL service;

c) the parameters associated with each service primitive;

d) the interrelationship between, and the valid sequences of, the primitives for each service.

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 behavip bf the
applidations are not specified; only a definition of what requests and responses thely can
send/feceive is specified. This permits greater flexibility to the FA g dizing
such pbject behavior. In addition to these services, some supporting pfined
to provide access to the FAL to control certain aspects of its operati
The IEC 61158-5 series defines the services provided
e) to|the various user(s) of the fieldbus application layer-= | ser(s)
ard the application layer of the fieldbus referenc
f) to| systems management at the boundary be ‘ Spli stems
mpanagement of the fieldbus referen

The |EC 61158-6 series defines a isti -i igldbus
appligation protocols. Each protocol is tnost , i ithi ield of
applidation of, the services of the corr i
7.4 IEC 61784-1 and IEE
IEC 6[1784 consists of

IEC 617?{‘}

IEC 61784-2, bd on

1SO

IEC 61784>3 serie iles-for functional safety fieldbuses

IEC 6Y784-4 ; files for secure communications for fieldbuses (in

IE Profiles for installation of fieldbuses
IEC 6/1784-12anda 61784-2 provide sets of communication profiles (CP) in the sense of
ISO/IEC,TR)10000-1. These answer the need of identifying the protocol families co-existing
within| the IEC 61158 series, as a result of the international harmonization of figldbus
technotogies avaitabte on the market More specificatty, these profites hefp to correctty state

the compliance to the IEC 61158 series, and to avoid the spreading of divergent
implementations, which would limit its use, clearness and understanding. Additional profiles to
address specific market concerns, such as functional safety or information security, may be
addressed by future parts of this report.

IEC 61784-1 and IEC 61784-2 contain several communication profile families (CPF), which
specify one or more communication profiles. Such profiles identify, in a strict sense, protocol
subsets of the IEC 61158 series via protocol specific communication profiles. They do not
define device-type-specific communication profiles for the purpose of guiding manufacturers
in feature set selection — for example, in selecting the minimum set of communication services
and protocol to implement a specific class of devices, such as generic slaves or transmitters
("implementation profiles"). Neither do they define device profiles that specify communication
profiles together with application functions needed to answer the need of a specific
application ("application profiles").
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It is also important to clarify that interoperability — defined as the ability of two or more
network systems to exchange information and to make mutual use of the information that has
been exchanged (see 3.2.1 of ISO/IEC TR 10000-1) — can be directly achieved on the same
link only for those devices complying with the same communication profile.

Profiles contained in IEC 61784-1 and IEC 61784-2 are made up of references to IEC 61158-2
and 61158-3-tt through IEC 61158-6-tt, ISO/IEC 8802-3 and other International Standards,
Technical Specifications or worldwide-accepted standards, as appropriate!. Each profile is
required to reference at least one part of IEC 61158-2 and 61158-3-tt through IEC 61158-6-tt.

Two or more profiles, which are related to a common family, are specified within a CPF.

IEC 6[1784-2 specifies additional profiles that meet the industrial automation ma ective
of identifying real-time Ethernet (RTE) communication i with
ISO/IEC 8802-3 (commonly known as Ethernet). These RTE co S use
providion from ISO/IEC 8802-3 for the lower communication stac ionally,

provide more predictable and reliable real-time data transfer and . Qrt of pfecise

More cation
netwo

Each 5 and
protod led in
IEC 6 s, the

profilg

The d

IEQ

documents

- References to standards
- (sub-)clause selectfon;
- Optional constraint$

n is a number of a CPF; m is a number of a CP within a CPF.

Figure 7 — Structure of communication profile families

IEC 61784-1, IEC 61784-2 and future parts and sub-series of the IEC 61784 series specify
communication profile families (CPF). A CPF contains at least one communication profile
(CP). A CP is always structured to specify PhL, DL, and AL by reference to clauses and
subclauses within the IEC 61158 series and other appropriate international standards. These
subclauses provide at least one reference to an international standard. Either the international
standard is referenced completely or it is referenced by a list of required clauses and
subclauses marked YES or NO. YES means the clause or subclause applies, NO means that
it does not apply. Optional information may be provided to specify constraints.

1 International standardized profiles may contain normative references to specifications other than International
Standards; see ISO/IEC JTC 1 N 4047.
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Figure 8 is an example of a CPF structure.

o

x could be 1 or two; n is a number of a CPF; m is a number of a CP within a CPF. IEC 61158-3-tt means a
reference to one or more existing parts. Ref. means a reference to a standard.

Figure 8 — Example of a CPF structure

Table 2 shows the Communication Profile Families (CPF) that are defined in IEC 61784-1 and
IEC 61784-2. It shows the link between technologies and CPFs with their associated CPs and
corresponding type numbers in the IEC 61158 series.
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Table 2 - CPF, CP, and type relations

Communication Profiles (CP) in IEC 61784 IEC 61158 types to corresponding to CP
Fcag;:'lsy Technology name ?,1::: CP number nIr):lpbeer

FOUNDATION 1, 5-1 CP 1/1 FF H1 1,9

1 Fieldbus ™ 1, 5-1 CP 1/2 FF HSE 5
1, 5-1 CP 1/3 FF H2 1,9

1, 5-2 CP 2/1 ControlNet™ 2

2 clpm™ 1,2, 5-2 CP 2/2 EtherNet/IP™ 2

1, 5-2 CP 2/3 DeviceNet™ 2

1, 5-3 CP 3/1 PROFIBUS DP 3

7, 5-3 CP 3/2 PROFIBUS PA 3

3 PROFIBUS, 1, 5-3 CP 3/3 PROFINET CBA /4 4
PROFINET 2, 5-3 CP 3/4 PROFINET IO CC-A N\ 10

2, 5-3 CP 3/5 PROFINET IO CC-B AN\ \ 1(

2, 5-3 CP 3/6 PROFINET I0 CC-C{  \ NI

1, 5-4 CP 4/1 P-NET RS-485 \ 4

4 P-NET® 1, 5-4 CP 4/2 P-NET RS-23X S| 4

2, 5-4 CP 4/3 P-NET on |P\_ Ry T\ 4

1,5-5 CP 5/1 WorldFIPS_ N \ 7

5 WorldFIP® 1, 5-5 CP 5/2 WorldFTP~withnsubNlIS 7

1, 5-5 CP 5/3 WgrldFIP minipmalar TCPXP 7

1, 5-6 CP 6/1 INTERBUS X 8

1, 5-6 CP §/2 WRERBUS/RCP/IP\ 8

5 INTERBUS® 1,56 / CP 613 INTERBUS mihima)Subset of CP 6/1 8

2, 5-6 CR6/4 \ <IN ) 8

2, 5-6 CR 61§ 8

2,56 [ CP (6 8

7 . . \ (ﬂ\;d’g‘\ d the associated Type 6 are 6

deléted fox laek of market relevance

1(5-8 CP-8/1CCALink/V1 14

8 CC-Link 1) 5-8 CP 8/2 LC-Link/V2 18
/\/\ 1, 5-8 O\ CP 873 CC-Link/LT 14

9 HABTN\ \ N N\5-9 CP 9/1 HART 20
10 vneyIP ) < N2, 530 \CP 10/1 Vnet/IP 17
2%5-11\ CP 11/1 TCnet 11

! TC”%< NN CP 11/2 TCnet-Loop 11
25-12/ CP 12/1 14

12 }%‘c\ﬁ\ \2, 5-12 CP 12/2 13
ETHERNRE ;

13 \ow@n \ \/f 5-13 CP 13/1 EPL 13
2, 5-14 CP 14/1 14

14| N }%\\) 2,514 CP 1412 14
15 msw— 2, 5-12 CP 15/1 MODBUS TCP 15
RTP 2, 5-12 CP 15/2 RTPS 15

1, 5-16 CP 16/1 SERCOS | 16

16 SERCOS 1, 5-16 CP 16/2 SERCOS I 16
2, 5-16 CP 16/3 SERCOS IlI 19

NOTE The trademark and trade name declarations are given in Annex A.

7.5 IEC 61784-3 functional safety communication profiles

The need to develop safety communications systems is the result of an industrial background
where safety requirements have been driven by increasing legislation and market demands; to
protect personnel, but also assets. Safety system development has historically followed a
similar path to standard control system development, where programmable and networked
equipment has fulfilled increasing complexity and flexibility requirements of automation
applications. The development of safety networks has brought similar benefits to safety
systems, including reduced wiring, ease of configuration and extended diagnostics
capabilities.
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The IEC 61784-3 series is divided into several parts, a generic one, and several technology
specific parts:

e |EC 61784-3: General rules and profile definitions;
e |EC 61784-3-n: Additional specifications for CPF n.

IEC 61784-3 defines common principles for the transmission of safety-relevant messages
among participants within a distributed network using fieldbus technology in accordance with
the requirements of IEC 61508 series for functional safety. These mechanisms are intended
to provide the necessary confidence in the transportation of information on a fieldbus in a
safety-related system, or sufficient confidence of safe behaviour in the event of fieldbus

failurgs—Fhey—may—be—used—ir—various—indusirialapplicatiocrs—such—as—presess—eontrol,

manufacturing automation and machinery.

IEC 6[1784-3-n specifies functional safety communication for

Communication Profile Family (CPF n), based on correspondin ication

profilgs in IEC 61784-1 (or IEC 61784-2) and the IEC 61158 serjes;

e |ELC 61784-3-1: FF SIS™ (CPF 1, FSCP 1/1);

e |E[C 61784-3-2: CIP Safety™ (CPF 2, FSCP 2/1);

e |ELC 61784-3-3: PROFlIsafe™ (CPF 3, FSCP 3/1);

e |ELC 61784-3-6: INTERBUS Safety™ (CPF 6,

Achie

e FU S are specified for use in applications
re i tegrity Level (SIL). Howevef, the
re actual implementation and use pf the
s thin this subsystem.

e Product developer asponsible forcerrect/implementation of the FSCP in a device, in

e System designers
configured and

to ensure that the safety network is designed,
nsure safety for their application.

Additipnal meas dnsidered in any safety-related application to protect
fieldblis syst [ uthorized access. However, safety and security have different
requinement ) 3 o these are handled separately (security will be addresged by
IEC 6p44 paration) and the IEC 61784-4 (in preparation)). The security function can

If needed, speeific_installation guidelines for the functional safety communication profilgs are
included in [EC 61918 and/or IEC 61784-5, and only referenced from IEC 61784-3.

IEC 6T508 requires Iincreased levels for electromagnetlic compatibility (EMC). TEC 61784-3
indicates how appropriate levels should be chosen, according to the Safety Requirements
Specifications, by reference to other standards.

IEC 61784-3 does not cover electrical safety and intrinsic safety aspects.

7.6 IEC 61784-5 installation profiles

The IEC 61784-5 series specifies installation profiles for fieldbus communication networks in
several parts that are associated to CPFs defined in IEC 61784-1 and IEC 61784-2 (see Table
2). These installation profiles are based on IEC 61918. Figure 9 shows the structure of
IEC 61918 and the IEC 61784-5 series. The installation lifecycle is the basis for these
standards. IEC 61918 is treated in clauses having the following headlines:

— Clause 4: Installation planning;
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Clause 5: Installation implementation;

Clause 6: Installation verification and installation acceptance test;
Clause 7: Installation administration;

Clause 8: Installation maintenance and installation troubleshooting.

The requirements for each phase of the installation life cycle are listed according to the
logical sequence of the installation work. IEC 61918 defines the common installation aspects:

Ethernet based networks

non-Ethernet based fieldbuses

in sub

Each
correq
requin

The n
correq

The A
replag

Wher¢

inap

relevg
IEC 6
CPs g

Claus

instaIE!atn ilas he relevant CPs; Clause 3 describes the installation p

conv
docun

Each
struct

safety communications

intrinsic safety communications

information security communications

clauses within Clauses 4 to 8 for the media if applicable.

Part n of IEC 61784-5 defines the installation
ponding CPF n by referencing, clause by clause

umbering of the clauses and subx S\ Fseach part of IEC 61
ponds to the numbering of the IEC ‘ tMSubclauses.

Figurg 9 shows 3 [ 64918 and each part of IEC 61784-5 specifi¢s the
nt scope. IEC TN ifies\instagllation requirements in Clauses 1 to 8. Each part of

1784-5 sele staflation requirements from IEC 61918 for the v

61784-5 provides an overview of the specification ¢

ntions i e the basic conventions described in the Introduction d

installation profile is specified in a normative annex of a part of IEC 61784-5

f the
51918

784-5

\nnex clauses and subclauses o EC 61784-5 supplement, modify, or

nexes
on.

arious

f the
ofiles
f the

This

Lirg\allows each installation profile within a part of IEC 61784-5 to have the same ¢

lause

numbering as TEC 61918.

This makes it easy to read the profiles together with IEC 61918. As far as possible, these
additional installation requirements are expressed in terms of references to other International

Stand

ards, Technical Specifications, or worldwide-accepted standards as appropriate.
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. . . Annex Annex Annex
Heading Heading Heading : : :
et oers [

lifecycle

IEC 61918

Logical
sequential
work order

AN

Common
technical-
specific
installation
aspects

NS

CPFx
Overview,
profile
conventions,
and
conformance

\_

N\"
NS

AN
N

\&\

IEC 61784-5
Part n

Not
generally
specified

NI
X[

A T~

(for CPFn)

specifie

N

}\}\W\ lifecycle \
V\/ Logical
‘ sequential
work order
Common
technical-
specjfic
instajlation
aspegts

=

re Mcument structure of IEC 61918 and the IEC 61784-5 series
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8 Brief summary of the characteristics of each service and protocol for each
type of fieldbus

8.1 Summary of the physical layer service and protocol characteristics
8.1.1 Type 1 media
8.1.1.1 Type 1: Twisted-pair wire media

For twisted-pair wire media, Type 1 specifies two modes of coupling and different signalling
speeds as follows:

a) vdltage mode (parallel coupling), 150 Q, data rates from 31,25 kbit/s to

b) voltage mode (parallel coupling), 100 Q, 31,25 kbit/s;
mers.

ns:

8.1.1.2 Type 1: Optical media
The major variations of the

— ddal fiber mode, da

ingle fiber

8.1.1.

— S

The T 8K/PSK radio capability at arbitrary bit rates.

8.1.2 optical media

Type SO/IEC 8802-3, ISO 11898-1 and ISO 11898-2 and the follpwing

variary

— coaxjdl copper wire medium, 5 Mbit/s;

— ogptical fiber medium, 5 Mbit/s;

— network access port (NAP), a point-to-point temporary attachment mechanism that can be
used for programming, configuration, diagnostics or other purposes;

— repeater machine sublayers (RM, RRM) and redundant physical layers.
8.1.3 Type 3: Twisted-pair wire and optical media
Type 3 specifies the following synchronous transmission:

a) twisted-pair wire medium, 31,25 kbit/s, voltage mode (parallel coupling) with the options:
— power via the bus conductors: not intrinsically safe;
— power via the bus conductors: intrinsically safe

and the following asynchronous transmission variants:
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b) twisted-pair wire medium, up to 12 Mbit/s, ANSI TIA/EIA-485-A;
c) optical fiber medium, up to 12 Mbit/s.

8.1.4 Type 4: Wire medium

Type 4 specifies the standard ISO/IEC 8802-3 PhL and wire media with the following
characteristics:

— RS-485 wire medium up to 76,8 kbit/s;
— RS-232 wire medium up to 230,4 kbit/s.

8.1.5 Hype-5:--Wire-and-optical-media
Type b specifies the standard ISO/IEC 8802-3 PhL.

8.1.6 | Type 7: Wire and optical media

Type [ specifies the same wire and optical media as Type 1.

8.1.7 | Type 8: Twisted-pair wire and optical media

9 received throligh a
mMedium access and its

The physical layer also allows transmitting data
mediym access by the transmission medium direcil
transmission protocol to another device

Type B specifies the following variants:

— tw

— ogtical fiber medium,

The grneral characteris nedia are as follows:
I

-duplex trﬁi S

— fu

8.1.8

Type
8.1.9
Type

Type
Type [|28pecifies the standard ISO/IEC 8802-3 PhL and the following variant:

— wire medium, 100 Mbit/s, low voltage differential signaling mode (parallel coupling) as
specified in ANSI TIA/EIA-644-A.

8.1.10 Type 13: Wire and optical media

Type 13 specifies the standard ISO/IEC 8802-3 PhL.

8.1.11 Type 14: Wire and optical media
Type 14 specifies the standard ISO/IEC 8802-3 PhL.

8.1.12 Type 15: Wire and optical media

Type 15 specifies the standard ISO/IEC 8802-3 PhL
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8.1.13 Type 16: Optical media

Type 16 specifies the following variant:

— optical fiber medium, up to 16 Mbit/s;

8.1.14 Type 17: Wire and optical media

Type 17 specifies the standard ISO/IEC 8802-3 PhL.

8.1.15 Type 18

media

Type I8 specifie

— bglanced transmission over a 3-core shielded wire medium, up to 104

— bglanced tra

pawer distribution, up to 2,5 Mbit/s and 500 m.
8.1.16 Type 19: Wire and optical media

Type [19 specifies the standard ISO/IEC 8802-3 PhL.

8.1.17 Type 20: Wire and optical media
The HhL is not covered in the IEC 611

S the 1ollowing variants:

nsmission over a 4-core unshielded wire mediu

8.2 Summary of data-link layer service chara

Fourt¢en distinct types of services are

and spmmarized
IEC 6[1158-4 ser

NOTE

Type[1 — A DL-

define [types 5, 9,
Type 1D, Type 15 a
other pprts and previs itio

in this part

9710, 15 or 20 DL-services. Other parts of IEQ
ces and protocols. The designations Type 5,
61158-3 series to maintain numbering consisten

10

protog¢ols as specifi

Type 2
thosels

Type |3 — ADL
ISO/IEC 8886

Type A DL

provides both a connected and a connectionless sub
ISO/IEC 8886.

service which provides a connectionless subset of those services specif

parts
of the

61158
'ype 9,
Cy with

a-link

set of

ied in

servicewhich nrovides a3 connectionless -suhset of thosae-servicaes-spnect
SRHee-WHHEHRPFaVHEG 8GHOR+8SS—SHPD S HOo0HH0Se-—Se A S G

Hied in

ISO/IEC 8886.

[aY
S oot A =4

NOTE 2 The Type 6 DL-service of IEC 61158-3:2003 is deleted for lack of market relevance. The designation
Type 6 is reserved in the IEC 61158 series to maintain numbering consistency with the other types and previous
editions of the IEC 61158 series.

Type 7 — A DL-service which provides both a connected and a connectionless subset of
those services provided by OSI data-link protocols as specified in ISO/IEC 8886.

Type 8 — A DL-service which provides a connection-oriented subset of those services
specified in ISO/IEC 8886.

Type 11 — A DL-service which provides a connectionless subset of those services specified

in ISO/IEC 8886
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Type

Type

Type

Type

12 — A DL-service which provides a connectionless subset of those services specified
in ISO/IEC 8886.

13 — A DL-service which provides a connectionless subset of those services specified
in ISO/IEC 8886.

14 — A DL-service which provides a connectionless subset of those services specified
in ISO/IEC 8886.

16 — A DL-service which provides a connectionless subset of those services specified
in ISO/IEC 8886.

Type[17 — A DL-service which provides a connectionless subset of thag cified
in ISQ/IEC 8886.
Type[18 — A DL-service which provides a connected subset o ified in
ISO/IEC 8886.
Type 19 — A DL-service which provides a connectionless cified
in ISQ/IEC 8886.
NOTE B to the
potentipl ability of these types of data-link service to supp tocols,
some df these types of data-link service also
a) [the OSI network layer at the boundary b erence
Mqdel;
b) the IETF (IP) network layer
where {he scope of addressing is adequate, somg of ve as
c) [an OSI Transport layer Servics
8.3 Summary of data
The fileldbus da’w fween
devices in an autowfatio
The IEC 61158-4 sexie a-link
protogols, eagf art of
the the IEC ¢ es of
DL-prptoc
NOTE This evf does not define types 5, 9, 10, 15 or 20 DL-protocol. Other parts of IE(Q 61158
define |types 5, (9] and 20 application layer protocols and services. The designations Type 5, Type 9,
Type 1D, Type-16 an Jype 20 are reserved in the IEC 61158-4 series to maintain numbering consistenty with
other parts and“previous editions of the IEC 61158 series.
Type 1 = A DI -prnfnnnl for the T\J/pn 1 Dl-service. The maximum Q‘\’IQme size is 56k lihks of

232 nodes, each with 240 DLSAP-addresses and related peer and publisher DLCEPs, plus
another 768 link-wide group DL-addresses per link, plus another 256 DLSAP-addresses and
2816 peer and publisher DLCEPs per link which can be allocated among the link’s nodes, plus
227 group DL-addresses for the extended link. Fewer links or nodes permit an increase in the
number of DLSAP-addresses and related DLCEPs.

Type 2 — A DL-protocol for the Type 2 DL-service. The maximum system size is an unlimited
number of links of 99 nodes, each with 255 DLSAP-addresses. Each link has a maximum of

224 re

lated peer and publisher DLCEPs.

Type 3 — A DL-protocol for the Type 3 DL-service. The maximum system size is an unlimited
number of links of 127 nodes, each with 66 DLSAP-addresses.
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Type 4 — A DL-protocol for the Type 4 DL-service. The maximum system size is a virtually
unlimited number of links, each with 125 nodes.

NOTE 2 The Type 6 DL-protocol of IEC 61158-3:2003 is deleted for lack of market relevance. The designation
Type 6 is reserved in the IEC 61158 series to maintain numbering consistency with the other types and previous
editions of the IEC 61158 series.

Type 7 — A DL-protocol for the Type 7 DL-service. The maximum system size is 126 links of
256 nodes, each with 16 DLSAP-addresses and 16 group DL-addresses, plus another 28k
DLSAP-addresses and related peer and publisher DLCEPs per link which can be allocated
among the link’s nodes, plus another 28k link-wide group DL-addresses per link, plus 223
group DL-addresses for the extended link.

Type 8 — A DL-protocol for the Type 8 DL-service. The maximum syste bf 256
nodeq with preconfigured DLCEPs.

Type 11 — A DL-protocol for the Type 11 DL-service. The maxim¢ single
link of 254 nodes, with 2 048 peer and publisher DLCEPs whick ong the

link’s hodes.

Type[12 — A DL-protocol for the Type 12 DL-service .
unlimlted number of segments of 216 nodes each. E4 d imum of 216 related
peer and publisher/subscriber DLCEPs.

Type [13 — A DL-protocol for the Typé 1% arvice. imdm system size is a pingle
link wiith 254 DLSAP-addresses. Each“\qod naximum number of 254 related pegr and
254 ppblisher/subscriber DLCEPs.

Type[14 — A DL-protocol.for the T ‘ e ¢. The maximum system size |is an
unlimlted number of micrg-segments ? . BEach node has a maximum of 276 re¢lated
peer and publisher/subscriber DULCEPs

Type|16 — ADL to ervice. The maximum system size is 1 link with
254 DLSAP-add S.

Type[17 — A DL
64 nofes with

hks of

Type[18 ~ATX S g K with
128 DL .

Type 19 — AD

NOTE B AMse’of some of the associated protocol types is restricted by their copyright holders. In all cases a
particulandata-link layer protocol Type can be used without restriction when coupled with the same Type physical
layer and application layer protocols, or with other combinaiions as speciiied n the IEC 61784 series. Use of the
various protocol types in other combinations may require permission of their respective copyright holders.

8.4 Summary of application layer service characteristics

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
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send/receive is specified. This permits greater flexibility to the FAL users in standardizing
such object behavior. In addition to these services, some supporting services are also defined
in this report to provide access to the FAL to control certain aspects of its operation.

Eighteen models of communications are specified in the related IEC 61158-5-tt parts and
summarized in this part. Each model is specifed as a distinct communciation “Type”. Each has
a corresponding protocol in a corresponding part of IEC 61158-6-tt and the common
IEC 61158-6. The 17 distinct types of AL-service are as follows:

NOTE The Type 1 and Type 6 application services of IEC 61158-5:2003 are deleted for lack of market relevance.
The designations Type 1 and Type 6 are reserved in the IEC 61158-5 series to maintain numbering consistency
with the other types and previous editions of the IEC 61158 series.

Type[2 — An application service which provides three main types of A4 or FAL\ users,
accessed using either one unconnected AR or one of seven connection-bg

Type [3 — An application service which provides access to two typé
definitions for three types of FAL users (master class 1, master g

Type 4 — An application service that provides access to anie . onnestion-less FAL AE,
providing a set of ASE service primitives, divided intg AR gerxice primitives and REP
ASE dervice primitives.

Type [6 — An application service that 3 Sepvi he used over socket-pased
conngction-oriented and connectionle [ ypi catighs of Type 5 use TCP and
UDP.

Type [7 — an application service which provides\s|
using|either a predefined or.a negotiat s

Type [8 — An applicatip

s of ASEs for FAL users, accessed

Es providing access to two types of conngction-

based and one connecti S ] service elements for two FAL user [types
(master and sIa@

Type [9 — An applicé ‘ ich_adapts ISO 9506 (MMS) for use over the Type 1|data-
link layer.

Type 10 — An applicati ~ e which provides access to four types of connection-pased
AR ddfiniti FAL users (IO supervisor, 10 controller and IO device types).

Type [11 napplication service which provides unconfirmed one-to-many publisher/
subsdriber ARs

Type [12= An application service which provides connectionless cyclic exchange of datla and
for spontaneous communication for different ASEs:

Type 13 — An application service which provides four ASEs for FAL users using connection-
oriented confirmed and connectionless unconfirmed ARs.

Type 14 — An application service which provides access to three types of object-oriented
ASEs (application access, socket mapping and FAL management) for FAL users.

Type 15 — An application service which provides two communications models, one providing
one type of ASE and two types of AR, the other providing one type of ASE and one type of
AR.

Type 16 — An application service which provides three ASEs for FAL users, accessed using
two types of ARs.
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Type 17 — An application service which provides access to 6 types of ASEs (variable, event,
load region, function invocation, time and network management ASEs) for FAL users.

Type 18 — An application service which provides access to 4 types of connection-based AR
definitions for 2 types of FAL users (master and slave types) to access the 2 classes of type
18 DLE.

Type 19 — An application service which provides three ASEs for FAL users, accessed using
three types of ARs.

Type 20 — An application service which provides two ASEs for FAL users, using a single type
of AR

8.5 Summary of application layer protocol characteristics

The fieldbus application layer (FAL) is an application layer communicatio
to sugport the conveyance of time-critical application requests
in an jautomation environment. The term “time-critical” is used
time-\
some
risks
and p

This t

e th

e th

e th
(oo

e thp mappings~N\o
IEC 61158-3@

ed in

The H d the
decod sible,
data t
NOTE
The p

o the fieldbus’data-link layer at the boundary between the application and data-link layers of
the fieldbus reference model, and

e the \System management at the boundary between the system managemen{ and
application layers of the fieldbus reference model.

This report defines 18 different application layer protocols; each corresponds to the
application layer service definitions specified in IEC 61158-5. They are identified in the IEC
61158 series of specifications as Type 2 through Type 5 and Type 7 through Type 20.

NOTE 2 See note 3 following.

Although it may be possible to use different types of protocols on the same network provided
that the underlying lower layers are compatible, this specification does not assure such
interoperability among different types.

Eighteen communications protocols are specified in the related IEC 61158-6-tt parts and
summarized in this part. Each protocol is specifed as a distinct communciation “Type”. Each
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has a corresponding service definition in a corresponding part of IEC 61158-5-tt and the
common IEC 61158-5. The 18 distinct types of AL-protocol are as follows:

NOTE 3 The Type 1 and Type 6 application protocols of IEC 61158-5:2003 are deleted for lack of market
relevance. The designations Type 1 and Type 6 are reserved in the IEC 61158-6 series to maintain numbering
consistency with the other types and previous editions of the IEC 61158 series.

Type 2 — An application protocol which specifies abstract syntax, coding and behavior of the
type 2 application service elements.

Type 3 — An application protocol which specifies abstract syntax, coding and behavior of the
type 3 application service elements.

Type 4 — An application protocol which provides state machines for decgding hation
stored in the APDU, and a DLL Mapping Protocol Machine, handling the DLL.
Type [5 — An application protocol that provides for high-performance ype 5
servides by using fixed format messages that can be configur tet boundary
alignment.

Type [7 — An application protocol which which specifies havior
of the|type 7 application service elements.

Type B — An application protocol which specifie of the
type § application service elements.

Type rvices
over t

Type ior of
the ty

Type isher/
subsdfi

Type ior of
the ty

Type ior of
the ty

Type oding
and b

Type 15 An application protocol which specifies abstract syntax, coding and behayior of

the type 15 application service elements.

Type 16 — An application protocol which specifies abstract syntax, coding and behavior of
the type 16 application service elements.

Type 17 — An application protocol which provides communication between ASEs using five
types of AR with four types of role (client, server, publisher and subscriber types).

Type 18 — An application protocol which provides four types of connection-based AR
definitions for two types of FAL users (master and slave types) to access the two classes of a
type 18 DLE.

Type 19 — An application protocol which specifies abstract syntax, coding and behavior of
the type 19 application service elements.
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Type 20 — An application protocol which specifies abstract syntax, coding and behavior of

the type 20 application service elements.

NOTE 4 Use of some of these protocol types is restricted by their copyright holders. In all cases a particular
application layer protocol Type can be used without restriction when coupled with the same type physical layer and
data-link layer protocols, or with other combinations as specified in the IEC 61784 series. Use of the various

protocol types in other combinations may require permission of their respective copyright holders.
9 Application layer service description concepts

9.1 Overview

The fq Process planis to Interconnect primary

autonjation devices (e.g. sensors, actuators, local display devjces, nuneiators,

programmable logic controllers, small single loop controllers, and stand trols)

with control and monitoring equipment located in control rooms.

Primary automation devices are associated with the lowest lev hation

hierar these

functi .

Thesg pcess

fluids itions

the fig fure.

Some| of the expected benefits in using . unt of

data ¢ S t ary automation devices and the

contrgl room equipment, and the satisf

This subclause describe about

each pf the FAL ASEs cation

mode| specifications.

9.2 Architectu@z ati

9.2.1

The flinction vever,

its arg

— THhe | functions together with extensions to cover time-gritical
refluiremen ¢ application layer structure standard (ISO/IEC 9545) was used as a
bg

— THe FAL directly uses the services of the underlying layer. The underlying layer mjay be
thesdata-link layer or any layer in between. When using the underlying layer, the FAL may
provide functions normally associated with the OStmiddie fayers for proper mapping onto

the underlying layer.
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/O;IAP\ Fieldbus userlm
OSI application layer Fieldbus application layer
OSI middle layers (possibly non-existent)
OSl data link layer Fieldbus data-link layer
OSlI physical layer Fieldbus physical Iayer/\\
| | AN
Physical medium Physical me@}\\ Q
Figure 10 — Relationship to the OSI Basic Referenc el

9.2.2 | Relationships to other fieldbus entities

9.2.2.1 General

The fleldbus application layer (FAL e 11,

have peen designed to support the in c of time-critical systems distributed
within[ the fieldbus environment.

~

Within this environment, the FAL provides N non-
time-gritical applications Igcated j

In admition, the FAL djre i btocol
data dnits. It doeg™this\using rvices
used o control te tionakaspegts uf t

N/

Sys management Fieldbus user

Fieldbus
application layer

ALME

Fieldbus
data-link layer

Figure 11 — Architectural positioning of the fieldbus application layer

9.2.2.2 Use of the fieldbus data-link layer

The fieldbus application layer (FAL) provides network access to fieldbus APs. It interfaces
directly to the fieldbus data-link layer for transfer of its APDUs.

The data-link layer provides various types of services to the FAL for the transfer of data
between data-link endpoints (e.g. DLSAPs, DLCEPSs).
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9.2.2.3 Support for fieldbus applications

Fieldbus applications are represented to the network as application processes (APs). APs are
the components of a distributed system that may be individually identified and addressed.

Each AP contains an FAL application entity (AE) that provides network access for the AP.
That is, each AP communicates with other APs through its AE. In this sense, the AE provides
a window of visibility into the AP.

APs contain identifiable components that are also visible across the network. These
components are represented to the network as application process objects (APO). They may
be |dt Iltiﬂcul Il.ly Ul O 11MUTeS 'r\cy at‘ui'uu‘u::a. Tilb‘y dli'c iuuatcu‘ dt t;IU ddu‘lb‘bb Uf tilc apph.,atlon
proceps that contains them.

ments
y plock,

The sgrvices used to access them are provided by APO-specific apph
(ASEg) contained within the FAL. These ASEs are designed to sup
and management applications.

9.2.2.4 Support for system management

The FAL services can be used to support varig Nag opgrations, including
management of fieldbus systems, applications, and { S [

9.2.2.5 Access to FAL layer managg

One layer management entity (LME) ch FAL entity on the nefwork.
FALMEs provide access to the FAL for/System management purposes.

The st of data accessiblg by the er is,referred to as the system managément

information base (SMIB): S application layer management entity (FALME)
provides the FAL portipx ITE MIB is implemented is beyond the scope of
this report.

9.3 Hieldbus ap;l ati

9.3.1 | Overview

The sfructurg of th i q refinement of the OSI application layer structure (ISO/IEC 9545).
As a [resu aNizati 6f this subclause is similar to that of ISO/IEC 9545. Clertain
concegpt R ave been refined from ISO/IEC 9545 for the fieldbus environment.

The HAL differs™rom the other layers of the OSI Basic Reference Model in the followirlg two
principal aspects.

+ the ©SI Basic Reference Model defines a single type of application layer communications
channel, the association, to connect APs to each other. The FAL defines the application
relationship (AR), of which there are several types, to permit application processes (APs)
to communicate with each other.

« The FAL uses the DLL to transfer its APDUs and not the OSI presentation layer.
Therefore, there is no explicit presentation context available to the FAL. Between the
same pair (or set) of data-link service access points the FAL protocol may not be used
concurrently with other application layer protocols.

9.3.2 Fundamental concepts

The operation of time-critical real open systems is modeled in terms of interactions between
time-critical APs. The FAL permits these APs to pass commands and data between them.
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Cooperation between APs requires that they share sufficient information to interact and carry
out processing activities in a coordinated manner. Their activities may be restricted to a single
fieldbus segment, or they may span multiple segments. The FAL has been designed using a
modular architecture to support the messaging requirements of these applications.

Cooperation between APs also sometimes requires that they share a common sense of time.
The FAL or the data-link layer (parts of the IEC 61158-3 series and parts of the IEC 61158-4
series) may provide for the distribution of time to all devices. They also may define local
device services that can be used by APs to access the distributed time.

The remainder of this subclause describes each of the modular components of the

archit deled
as objects, each of which provides a set of FAL communication i be by
appl| atlons The FAL objects and the|r relat|onsh|ps are descrlbe 3 . tailed

ses of
bbject

port. The IEC 61158-6 series specifies the protocols necess
servides between applications.

9.3.3 | Fieldbus application processes
9.3.3.1 Definition of the fieldbus AP

In the fieldbus environment, an application may be \partitionedvinto a~get of components and
distriQuted across a number of devices Qn the n ese components is referred
to as|a fieldbus application process R). ariation of an appligation
proceps as defined in ISO OS| Refe S . Fieldbus APs may be
unampiguously addressed by at least o 1d data-link layer service access|point
addreps. Unambiguously addressed, means that no other AP| may
simulfaneously be located b the sam efinition does not prohibit an AR from

being|located by more tha a-link service access point address.

9.3.3.2 Communicati

®, tHer using confirmed and unconfirmed sefvices
(ISO/IEC 10731). The g this report for the FAL specify the semantics pf the
servig e ing andresponding APs. The syntax of the messages usged to
conve ¢ [ gponses is defined in the IEC 61158-6 series. The AP
behayi 3 i srvices is specified by the AP.

FieldQus APs

Confifme ice d to define request/response exchanges between APs.

Unconfirmed §egvices) in contrast, are used to define the unidirectional transfer of mespages
from pne AP-=to ohe ©O6r more remote APs. From a communications perspective, there|is no
relatignship’ between separate invocations of unconfirmed services as there is betwegn the
requeptand response of a confirmed service.

9.3.3.3 AP interactions
9.3.3.3.1 General

Within the fieldbus environment, APs may interact with other APs as necessary to achieve
their functional objectives. No constraints are imposed by this report on the organization of
these interactions or the possible relationships that may exist between them.

For example, in the fieldbus environment, interactions may be based on request/response
messages sent directly between APs, or on data/events sent by one AP for use by others.
These two models of interactions between APs are referred to as client/server and
publisher/subscriber interactions.
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The services supported by an interaction model are conveyed by application relationship
endpoints (AREPs) associated with the communicating APs. The role that the AREP plays in
the interaction (e.g. client, server, peer, publisher, subscriber) is defined as an attribute of the
AREP.

9.3.3.3.2 Client/server interactions

Client/server interactions are characterized by a bi-directional data flow between a client AP
and one or more server APs. Figure 12 illustrates the interaction between a single client and a
single server. In this type of interaction, the client may issue a confirmed or unconfirmed
request to the server to perform some task. If the service is confirmed then the server will
a|wayq return a response If the service is unconfirmed the server may return a response

using|an unconfirmed service defined for this purpose.

Unconfirmed and (\\
confirmed service requests
Client rv
(requester) |- (respapder)

Unconfirmed service replies an AN

confirmed service response \\}

Figure 12 — Client/s

Y,

9.3.3.3.3 Publisher/subscriber interactions

9.3.3.8.3.1 General

Publigher/subscriber interacti ) \ volve a single publisher AP &nd a
group| of one or more s ) i teraction has been defined to sdipport
variatjons of two models of inter : the "pull" model and the "push" modgel. In

rformed by management and is outside the
scope

9.3.3.

In thg
mana
mana

gceives a request to publish from a remote publjshing
qulticasts) its response across the network. The publjshing
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Subsgri ishi eCeive the published data listen for responses transmitted hy the

this type of interaction differentiate it from the other types of interaction. First, a typical
confirmed request/response exchange is performed between the publishing manager and the
publisher. However, the underlying conveyance mechanism provided by the FAL returns the
response not just to the publishing manager, but also to all subscribers wishing to receive the
published information. This is accomplished by having the data-link layer transmit the
response to a group address, rather than to the individual address of the publishing manager.
Therefore, the response sent by the publisher contains the published data and is multicast to
the publishing manager and to all subscribers.

The second difference occurs in the behavior of the subscribers. Pull model subscribers,
referred to as pull subscribers, are capable of accepting published data in confirmed service
responses without having issued the corresponding request. Figure 13 illustrates these
concepts.
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9.3.3.3.3.4 Timeliness of published information

To support the perishable nature of published information, the FAL may support four types of
timeliness defined for publisher/subscriber interactions. Each make it possible for subscribers
of published data to determine if the data they are receiving is up-to-date or “stale”. These
types are realized through mechanisms within the data-link layer (DLL). Each is described
briefly below. For a more detailed description, refer to parts of the IEC 61158-3 series and
parts of the IEC 61158-4 series.

Type Description

Transparent This type of timeliness allows the user application process to determine the timeliness quality
of the data that it generates and have the timeliness quality accompany the information when
it is transferred across the network. In this type of timeliness, the network provides no

computation or measurement of timeliness. It merely conveys the tim ided
with the data by the user application process.
Regidence When the FAL submits data from the publishing AP to the DLL fo issien, the starts
K ffer as
Syrjchronized .|One is
tly,
qs
c mark

before the next sync|mark
Nt is onIy reset to TRUE if data is

SE at

Up
g timer

Jfa

9.3.3.

The ipternals of AP icati j APOs)
and ap i ication
capalhiliti re the

netwag
of an

jects)

9.3.3.

An AP class is a definition of the attributes and services of an AP. The standard|class
definifiohs for APs are deflned in the parts of the IEC 61158-5 series. User defined cl
also may-be-spec = = 158-5
senes) are assngned from a set reserved for this purpose.

9.3.3.6 AP type

As described above in the previous subclauses, APs are defined by instantiating an AP class.
Each AP definition is composed of the attributes and services selected for the AP from those
defined by its AP class. In addition, an AP definition contains values for one or more of the
attributes selected for it. When two APs share the same definition, that definition is referred to
as an AP type. Thus, an AP type is a generic specification of an AP that may be used to
define one or more APs.


https://iecnorm.com/api/?name=2fc57538de5b860ad5ecc874dea143b0

TR 61158-1 © IEC:2007(E) - 37 -

9.3.4 Application process objects
9.3.4.1 Definition of APO

An application process object (APO) is a network representation of a specific aspect of an AP.
Each APO represents a specific set of information and processing capabilities of an AP that
are accessible through services of the FAL. APOs are used to represent these capabilities to
other APs in a fieldbus system.

From the perspective of the FAL, an APO is modeled as a network accessible object
contained within an AP or within another APO (APOs may contain other APOs). APOs provide
the network definition for objects contained within an AP that are remotely accessible. The
definitfion of an APO includes an identification of the FAL services that ca used by\rémote
APs fpr remote access. The FAL services, as shown in Figure 15, are_provided by the FAL
communications entity of the AP, known as the FAL applications entity{FAL )-

Services for remote
access to APO

//// \

FAL
AE

User

request and
response
data
Y Requeste

W of reglobject

’
\A\%\e‘}ces conveyed by the FAL
In Fig ' uests

throug real object. Local aspects of the AP convert betwegn the
netwdrk vie aal object and the internal AP view of the real object.

To support the b her/siibscriber model of interaction, information about the real objegt can
be published\thrdughk its»APO. Remote APs acting as subscribers see the APO view pf the
instead of having to know any of the real object specific details.

9.3.4.2 <APO classes

An APO class is a generic specification for a set of APOs, each of which is described by the
same set of attributes and accessed using the same set of services.

APO classes provide the mechanism for standardizing network visible aspects of APs. Each
standard APO class definition specifies a particular set of network accessible AP attributes
and services. The IEC 61158-6 series specifies the syntax and the procedures used by the
FAL protocol to provide remote access to the attributes and services of an APO class.

Standard APO classes are specified by this report for the purpose of standardizing remote
access to APs. User-defined classes may also be specified.

User defined classes are defined as subclasses of standardized APO classes or of other user-
defined classes. They may be defined by identifying new attributes or by indicating that
optional attributes for the parent class are mandatory for the subclass. The conventions for
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defining classes, specified in Clauses 3 and 4 of the parts of IEC 61158-5 series, may be
used for this purpose. The method for registering or otherwise making these new class
definitions available for public use is beyond the scope of this report.

9.3.4.3 APOs as instances of APO classes

APOQO classes are defined in this report using templates. These templates are used not only to
define APO classes, but also to specify the instances of a class.

Each APO defined for an AP is an instance of an APO class. Each APO provides the network
view of a real object contained in an AP. An APO is defined by

a) sdlecting the attributes from its APO class template that are to be acce e from thle real
ohject;

b) agsigning values to one or more attributes indicated as key in the\ butes

are used to identify the APO;

c) agsigning values to zero, one, or more non-key attributes for : : butes
are used to characterize the APO;

d) sdlecting the services from the template that may be ‘used™ 5s the
regl object.

Clauses 3 and 4 of the parts of the IEC 61158- class
templates. These conventions provide for t and
condifional attributes and services.

Mandatory attributes and services arg [ »e present in all APOs of the [lass.

Optional attributes and services may APO-by-APO basis, for inclugion in
an ARO. Conditional attributes and servi ‘ d with an accompanying constraint
statement. Constraint st& < ; djtions that indicate whether or no¢t the
attribyte is to be present in"a

9.3.44 APO ty

APO fypes provide’tp deftning standard APOs.

As dgscribed [ subclauses, APOs are defined by instantiating anf APO
class.| Each ¢ initi gmposed of the attributes and services selected for thg APO

from fhose [ o'\ ¢lass. In addition, an APO definition contains values for ¢ne or
more |ofdhe attxi ected for it. When two APOs share the same definition, excgpt for
the kqy attni iNYs at definition is referred to as an APO type. Thus, an APO tygde is a

generjc speci |t|on of an APO that may used to define one or more APOs.

9.3.5 | Application entities

9.3.5.1 Definition of FAL AE

An application entity provides the communication capabilities for a single AP. An FAL AE
provides a set of services and the supporting protocols to enable communications between
APs in a fieldbus environment. The services provided by FAL AEs are grouped into
application service elements (ASE), such that the FAL services provided to an AP are defined
by the ASEs its FAL AE contains. Figure 16 illustrates this concept.
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service primitives

A

—FAL AE

FAL ASE ‘

service conveyance to remote AEs

Figure 16 — Application entity structuré

9.3.5.2 AE type

Appligation entities that provide the same set of ASEs are ©

pe. Two AHEs that
sharela common set of ASEs are capable of communije :

9.3.6 | Fieldbus application service elements
9.3.6.1 General

An af
funct|

SO/IEC 9545, is a set of appligation
f application-entity-invocations| for a
ornveying requests and responses fo and
as defined above, are represented by a

quests/responses between APs. Each FAL serv|ce is

ed and unconfirmed services. Confirmed service requesfs are

invied service request may specify an AL-user supplied InvokelD. |When

kelD ispreturned in the resulting local service confirmation to that AL-user. Confirmed

ice request APDUS and associated reply APDUs carry a RequestID that permits the correlgtion of

the two APDUS In some |mplementat|ons the AL user-prowded InvokeID may serve ap that

Reque b carry

a Iocally-formed IndicationID that permits the correlation of the two primitives. In some

implementations the received RequestID, coupled with the FAL address of the requesting FAL AE,
may serve as that IndicationID.

Unconfirmed services may be sent from the AP containing the real object to send information
about the object. They also may be sent to the AP containing the real object to access the
real object. Both types of unconfirmed services may be defined for the FAL.

9.3.6.3 Definition of FAL ASEs
9.3.6.3.1 General

A modular approach has been taken in the definition of FAL ASEs. The ASEs defined for the
FAL are also object-oriented. In general, ASEs provide a set of services designed for one
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specific object class or for a related set of classes. Common object management ASEs, when
present, provide a common set of management services applicable to all classes of objects.

To support remote access to the AP, the Application Relationship ASE is defined. It provides
services to the AP for defining and establishing communication relationships with other APs,
and it provides services to the other ASEs for conveying their service requests and
responses.

Each FAL ASE defines a set of services, APDUs, and procedures that operate on the classes
that it represents. Only a subset of the ASE services may be provided to meet the needs of an
application. Profiles may be used to define such subsets. Definition of profiles is beyond the
scopgof this Teport.

APDUs are sent and received between FAL ASEs that support the san
AE cqgntains, at a minimum, the AR ASE and at least one other ASE\Kigure 1R illus{rafes an
example set of the FAL ASEs and their architectural relationships\Al

example.
< N \
FAL AP
\ \/
ASE Requests and Responses

by

i P e A K g
RV

AN J
Example FAL AF, \A,\ \A\> A A

AN N
@onv ance of APDUs by the AR ASE

Figure 17 — Example FAL ASEs

7

9.3.6.3.2 Object-management ASE

A special object-management ASE may be specified for the FAL to provide services for the
management of objects. Its services are used to access object attributes, and create and
delete object instances. These services are used to manage network visible AP objects
accessed though the FAL. The specific operational services that apply to each object type are
specified in the definition of the ASE for the object type. Figure 18 illustrates the integration of
management and operational services for an object within an AP.
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Application Process
MGT ¢ . | Target
ASE mgt services Object Attributes
describe
FAL AE l
| APO | < ops services N Target
ASE P Object

Figure 18 — FAL management of objects

9.3.6.3.3 AP ASE

An AP ASE may be specified for the identification ane i . The attr|butes
defingd by the AP ASE specify characteristics of thé anufacturer and list its
contepts and capabilities.

9.3.6.3.4 APO ASEs

The F
APO

¢ssing the APOs of an AR. The
unication model.

9.3.6.8.

An A i ifi f aintain application relationships (ARs) that are

used ARs represent application |layer
communicati 3 5 Es are responsible for providing services jat the
endpqi SNARA i be defined for establishing, terminating, and abjorting
ARs, i ‘ AE arid for indicating the local status of the AR to thel user.
In addition, i defined for accessing certain aspects of AR endpoints

users

jvities
. At the

i c , they
select the type of FAL APDU that will be used to convey the request or response and encode
the service parameters into its body portion. Then they submit the encoded APDU body to the
AR ASE for conveyance.

At the receiving user, they receive encoded APDU bodies from the AR ASE. They decode the
APDU bodies and extract the service parameters conveyed by them. To conclude the
conveyance, they deliver the service request or response to the user. Figure 19 illustrates
these concepts.
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Service parameters
/ FAL APDU Body \
— FAL AE FAL AE

FAL l FAL
. FAL FAL
Service APO «—>| AR < FAL > AR | «—» APO «—> Real
user ASE ASE APDUs ASE ASE object
K N\ Z j

Service primitives

Figure 19 — ASE service conveyance

9.3.6.6 FAL presentation context

from another, and to identify the transfer syntax rules ! ¢ vever,

the figldbus communications architecture does not [nclyde i . efore,
an alternate mechanism is provided for th s of
communication models.

9.3.7 | Application relationships

9.3.7.1 Definition of AR

ARs on is
comm ervice
reque ow.
9.3.7.

ARs ¢ point
of the by the
AR A$

9.3.7.

ARs dre composed of\a set of endpoints of compatible classes. AR endpoint classes arg used
to represent;AR endpoints that convey APDUs in the same way. Through the standardigation
of endpgint-classes, ARs for different models of interaction can be defined.

9.3.7.4 AR cardinality

ARs characterize communications between APs. One of the characteristics of an AR is the
number of AR endpoints in the AR. ARs that convey services between two APs have a
cardinality of 1-to-1. Those that convey services from one AP to a number of APs have a
cardinality of 1-to-many. Those that convey services from/to multiple APs have a cardinality of
many-to-many.

9.3.7.5 Accessing objects through ARs

ARs provide access to APs and the objects within them through the services of one or more
ASEs. Therefore, one characteristic is the set of ASE services that may be conveyed to and
from these objects by the AR. The list of services that can be conveyed by the AR are
selected from those defined for the AE.
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9.3.7.6 AR conveyance paths

ARs are modeled as one or two conveyance paths between AR endpoints. Each conveyance
path conveys APDUs in one direction between one or more AR endpoints. Each receiving AR
endpoint for a conveyance path receives all APDUs transmitting on the AR by the sending AR
endpoint.

9.3.7.7 AREP roles

Because APs interact with each other through endpoints, a basic determinant of their
compatibility is the role that they play in the AR. The role defines how an AREP interacts with
other AREPs in the AR

For example, an AREP may operate as a client, a server, a publisher, . When

an AREP interacts with another AREP on a single AR as both a , it is
defindd to have the role of “peer”.

Certa|n roles may be capable of initiating service requests, w ' e only
of regponding to service requests. This part of the ies the
requinement for an AR to be capable of conveying reques in one

direct|on.

9.3.7.8 AREP buffers and queues

AREHs may be modeled as a queue ferred over a queued AREP
are delivered in the order received for fer of APDUs over a buffered
AREH is different. In this case, an APDUY ed by the AR ASE is placed in aeFvuffer
for trgnsfer. When the data-link layer gain te_thexnetwork, it transmits the contents of
the buffer.

When[the AR ASE recégi anot eyance request, it replaces the previous contents of
the buyffer whether or < i . Once an APDU is wrltten into a buf er for

transfer, it is pr ed
in the buffer, anN\APD S : 1ore’ than once without deleting it from the bu fer or
chanding its contents

At thg receiving end, atior similar. The receiving endpoint places a received APDU
into a| buffercfor a AR ASE. When a subsequent APDU is received, it overwrites
the prievios e whether or not it was read. Reading the APDU from the puffer
is nof d WUt does not destroy or change the contents of the buffer, allowing the
contepts tok wtHe buffer one or more times.

9.3.7.9 User-triggered and scheduled conveyance

Anothervcharacteristic of an AREP is when they convey service requests and respanses.
AREPs that convey them upon submission by the user are called user-triggered. Their
conveyance is asynchronous with respect to network operation.

AREPs that convey requests and responses at predefined intervals, regardless of when they
are received for transfer are termed scheduled. Scheduled AREPs may be capable of
indicating when transferred data was submitted late for transmission, or when it was
submitted on time, but transmitted late.

9.3.7.10 AREP timeliness

AREPs convey APDUs between applications using the services of the data-link layer. When
the timeliness capabilities are defined for an AREP and supported by the data-link layer, the
AREP forwards the timeliness indicators provided by the data-link layer. These timeliness
indicators make it possible for subscribers of published data to determine if the data they are
receiving is up-to-date or “stale”.


https://iecnorm.com/api/?name=2fc57538de5b860ad5ecc874dea143b0

_ 44 TR 61158-1 © IEC:2007(E)

To support these types of timeliness, the publishing AREP establishes a publisher data-link
connection reflecting the type of timeliness configured for it by management. After connection
establishment, the AREP receives user data and submits it to the DLL for transmission, where
timeliness procedures are performed. When the data-link layer has the opportunity to transmit
the data, it transmits the current timeliness status with the data.

At the subscriber AREP, a data-link connection is opened to receive published data that
reflects the type of timeliness configured for it by management. The data-link layer computes
the timeliness of received data and then delivers it to the AREP. The data is then delivered to
the user AP through the appropriate ASE.

9.3.7 [FM—Detimition and creation of AREPS

AREH definitions specify instances of AREP classes. AREPs may be p y may
be defined using a “create” service if their AE supports this capability

AREHs may be pre-defined and pre-established, or they may b ine¢ dywianpically
established. Figure 20 depicts these two cases. AREPs also m ire namic
definifion and establishment or they may be dynamically defi i y may

be us

9.3.7.

ARs may be established either before the operational phase of the AP or during its opefnation.
When| established during the operation of an AP, the AR is established through the exchange
of ARAPBUs-

Once an AR has been established, an AR may be terminated gracefully or it may be aborted,
depending on the capabilities of the AR.

9.4 Fieldbus application layer naming and addressing
9.4.1 General

This subclause refines the principles defined in ISO 7498-3 that involve the identification
(naming) and location (addressing) of APOs referenced through the fieldbus application layer.

This subclause defines how names and numeric identifiers are used to identify APOs
accessible through the FAL. This subclause also indicates how addresses from underlying
layers are used to locate APs in the fieldbus environment.
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9.4.2 Identifying objects accessed through the FAL
9.4.2.1 General

APOs accessed though the FAL are identified independent of their location. That is, if the
location of the AP that contains the APO changes, the APO may still be referenced using the

same

set of identifiers.

Identifiers for APs and APOs within the FAL are defined as key attributes in the class
definitions for APOs. Within these APO definitions, two types of key attributes are commonly

used, names and numeric identifiers.
9.4.2.2 Names
Nameis are string-oriented identifiers. They are defined to permit APs @n stobe n

within| the system where they are used. Therefore, although the scope\of the\nammge ofar
is spdcific to the AP in which it resides, the assignment of the name\s admjnistered with

syste

Names may be descriptive, although they do not have s
possible to provide meaningful information, such as it

Nameis may also be coded. Coded names make

comp
easy

9.4.2.

Numerric identifiers are ide A
use wlithin the fieldbus syStem ed for efficient access to APOs by the

9.4.3

are th

9.5 4

Addressing AP
FieldQus addres@r

in which it is configured.

n object using a
essed form of a name. They arg
o understand as descriptive na

3 Numeric identifiers

that are used to locate the AREPs of an AP.

amed
APO
in the

ake it

short,

and process, but not as

ficient
r AP.

k“ocations of APs. Addresses relevant to th¢ FAL

s the
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AP
FAL AE
—— AR ASE —
from . I A
ASE ~ \
remote input conveyance path - - ; P /-\
) Real
AREP(s) \ / ~—— L | Object
AR < AREP )\
to /
remote e AQD A
S '
AREP(S)  output conveyance path - 2 P Real
~ | | I— 0 L\ Object
Figure 21 — FAL architectural c
Figur¢ 21 depicts an AP that communicates thro ts its
internpl real objects as APOs for remote acces emote
accesfs services to their related APOs /are showy P that
conveys service requests and responses fo cated
in remote APs
9.6 Notional FAL service procedure's
9.6.1 [ Notional FAL con
The requesting AL-seryice u . The
appropriate FAL )f the
servide, assigns blated
confirmed-service-f n the
specified AR.
Uponreceipt/of the t. If a
protog¢ol errordid noRQedur, hnage
the expe 3 Chine,
then delive cond)
InstanjcelD as’™a
If the respending AL-service user is able to successfully process the request, the user r¢turns
a corfirmed-service response (+) primitive, identifying the transaction by the InstahcelD

presented as part of the stimulating indication primitive.

If the responding user is unable to successfully process the request, the service fails and the
user issues a confirmed-service response () primitive indicating the reason for failure, again
identifying the transaction by the InstancelD presented as part of the stimulating indication
primitive.

Whichever response the AL-service users chooses, the receiving ASE has available both the
information from the response primitive and that from the associated indication primitive when
it forms the APDU to be returned to the initiating ASE.

The responding ASE builds a confirmed-service-response APDU body for a confirmed-service
response (+) primitive or a confirmed-service-error APDU body for a confirmed-service
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response (—) primitive, either of which contains the (first) InstancelD of the original requesting
APDU, and conveys it on the specified AR.

Upon receipt of the response or error APDU body, the initiating ASE uses the (first)
InstancelD contained in the response or error APDU to associate the APDU with the
appropriate state machine and request. Once that association has been made, the initiating
ASE has available both the information from the received APDU and that from the associated
request primitive. It delivers a confirmed-service confirmation primitive to the requesting FAL
ASE which specifies success or failure, reports the reason for failure if a failure occurred, and
cancels the associated transaction state machine.

primit

9.6.2 | Notional FAL unconfirmed service procedures

The requesting user invokes an unconfirmed-service reques . The
appropriate FAL ASE builds the related unconfirmed-service hveys
it on the specified AR.

Upon receipt of the unconfirmed-request APDU bod in the
AR deglivers the appropriate unconfirmed-service iness
paranjeters are included in the indica ipr body
suppdrts timeliness.

9.7 GCommon FAL attributes

In the ibutes.
Ther of the
ATTRIBUTES

1

2

3

4

Numeg

This thand
referegnce b i i ject. ibilities for
identification\purposes: numeric identifier or name or both. This attribute is required for the
data typemodel.

Nam

This optional key attribute specifies the name of the object. There are three possibilities for
identification purposes: numeric identifier or name or both.

User description

This optional attribute specifies user defined descriptive information about the object.

Object revision

This optional attribute specifies the revision level of the object. It is a structured attribute
composed of major and minor revision numbers. If Object Revision is supported, it contains
both a Major Revision and a Minor Revision with a value range 0 to 15 for each. The use of
major/minor fields is intended to provide the following features:
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