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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Real-time Ethernet Vnet/IP™ specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all |national electrotechnical committees (IEC National Committees). The object is to promote
intefnational co-operation on all questions concerning standardization in the electrical/and etectronic’figlds. To

this| end and in addition to other actlvmes echnicakSpecifigations,
Technical Reports, s “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IE C i interested
in fhe subject dealt with may participate in this preparatory work. al, \g arj]d non-
governmental organizations liaising with the IEC also participate in this preparati collaborates|closely
with the International Organization for Standardization (ISO) in accorflance cenditions Yetermined by

2) Thelformal decisions or agreements of IEC on technical matters expfess, as \weaktyas possible, an interpational

conpensus of opinion on the relevant subjects since each technjcakcommiftee 2 i rom all
inteested IEC National Committees

3) IEC| Publications have the form of recommendations for internatio S s accepted by IEC National
Committees in that sense. While all reasonable efforts are\made fo ens e technical contenf] of IEC
Publications is accurate, i 2 i hich they are used or for any
mis|nterpretation by any end user

4) In grder to promote international uniformi ati ittees uhdertake to apply IEC Publ|cations
transparently to the maximum extent possible in\thei 1 egional publications. Any divergence
betyeen any IEC Publication and the correspomting nation i icati indi¢ated in
the Jatter.

5) IEC| provides no marklng prcedure to ingicate i for any

6) All ysers should ensure that

7) No Jiability shall attach 3 i in 8 servants or agents including individual expdgrts and
merbers of its technical commi ommittees for any personal injury, property darhage or
oth¢r damage 3 2 whetherXdirect or indirect, or for costs (including legal fe¢s) and
expgnses arising or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attgntion is drawn
indippensable for

The Internationd e } \mission (IEC) draws attention to the fact that it is claimed that compliance

The Vngt/IP
PCT Applicatis

PCT/JP2004/011538.

IEC takles no’position concerning the evidence, validity and scope of this patent right.

PCT Application No.

The holder of this patent right has assured the IEC that he is willing to negotiate licences under reasonable and
non-discriminatory terms and conditions with applicants throughout the world. In this respect, the statement of the
holder of this patent right is registered with IEC. Information may be obtained from:

Yokogawa Electric Corporation

Intellectual Property & Standardization Center
2-9-32 Nakacho, Musashino-shi, 180-8750
Tokyo, Japan.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights
other than those identified above. IEC shall not be held responsible for identifying any or all such patent rights.

1 Vnet/IP is the trade name of Yokogawa Electric Corporation. This information is given for the convenience of
users of this PAS and does not constitute an endorsement by IEC of the trademark holder or any of its products.
Compliance to this profile does not require use of the trade name Vnet/IP. Use of the trade name Vnet/IP
requires permission of the Yokogawa Electric Corporation.
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A PAS is a technical specification not fulfilling the requirements for a standard but made

availa

ble to the public .

IEC-PAS 62405 has been processed by subcommittee 65C: Digital communications, of IEC

techni

cal committee 65: Industrial-process measurement and control.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in

the following document

Draft PAS Report on voting

Follow
transf

It is in
variou

This
2005-
be reV

65C/352/NP 65C/369/RVN

/Y

ing publication of this PAS, the technical committee or subgcom
brm it into an International Standard.

PAS shall remain valid for an initial maxi
D6. The validity may be extended.for a s'

itteeNconcerngd will

of the

from
t shall
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Real-time Ethernet Vnet/IP™ specification

Section 1: Overview

This PAS has been divided into five sections.

Section 1: Overview

Section 2: Application Layer Service definition

Section 3: Application Layer protocol specification

Sectid

n 4: Data Link Layer Service definition

Sectidn 5: Data Link Layer protocol specification

1 Introduction

The Vnet/IP is designed for highly reliable real-time co o the
operation of process control systems. The process many
contrdllers, human-machine interfaces, process moniters~a works
which bvices
is pert

It is r At the
same j-devices £an be connected to thel same
IP ne all handle operational signals for the
actuafo ate with other devices conneqted to
Ether e Wwformation such as files and images.

The V

2 S

This R
and th

3 S

Sectid

cation profile of the whole Vnet/IP, services of each
ofocols for each layer.

3 presents an overview of and guidance for the Vnet/IP Specifica

layer

ion. It

also gxplains the structure and content of the Vnet/IP Specification and shows how

each

O use

bection of the document. In addition, it specifies the communication profile of the net/IP.

Sections 2 and 3 present the Vnet/IP Specification for the Application Layer, and Sections 4
and 5 for the Data Link Layer. This PAS refers the appropriate international standards for the
specifications of other layers.

The Data Link and Application Layers are described in complementary ways, in terms of the

servic

es offered and the protocol which provides those services.

Table 1 shows 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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Table 1 — Concept of DL/AL to separate service and protocol parts

Layer user Oriented view Layer implementer Oriented view
AL Services (Section 2 of this PAS) AL Protocol (Section 3 of this PAS)
- Model and concepts - Syntax definition and coding

- Data type definitions - Application relationships procedures
- Application objects - Protocol machines (state machines)

- Service description
- Communication endpoint management.

DL Services (Section 4 of this PAS) DL Protocol (Section 5 of this PAS)
- Model and concepts - Coding
- Service description - Protocol machines (state machines)

- Management services

The Application Layer structure is as follows:

e “What” is described by Application Service Elements (ASE);/and
e “Hpw” is described by Application Relationships (AR).

The Djata Link Layer structure is as follows:

“What” is described by Data Link services and mopdels;)and

e “Hpw” is described by Data Link prg access principles.

4 Nprmative reference

The following referenced documents or the application of this document.
or all other undated references, the

dispensab
For d editiogn\citedCapplies
latest ¢ W includingnahy amendments) applies.

IEC 6 j uncations for measurement and control — FieldHus for
use in : érview and guidance for the IEC 61158 serles

IEC 6 -3: f ; 3 uaications for measurement and control — FieldHus for
use in|i j s.— Payt 3: Data link service definition

IEC 6 ommunications for measurement and control — FieldHQus for
use in — Part 4: Data link protocol specification

IEC 6 : Digital’data communications for measurement and control — FieldHQus for
use in mdustrl contrql systems — Part 5: Application layer service definition

IEC 6[1158-6:2003, Digital data communications for measurement and control — FieldHus for
use in| industrial control systems — Part 6: Application layer protocol specification

ISO/IEC 7498 (all parts), Information technology — Open Systems Interconnection — Basic
Reference Model

ISO/IEC 10731, Information technology — Open Systems Interconnection — Basic reference
model — Conventions for the definition of OSI services

ISO/IEC 9545:1994, Information technology — Open Systems Interconnection — Application
Layer structure

ISO/IEC 8824-2:2002, Information technology — Abstract Syntax Notation One (ASN.1):
Information object specification

ISO/IEC 8825-1:2002, Information technology — ASN.1 encoding rules: Specification of Basic
Encoding Rules (BER), Canonical Encoding RUles (CER) and Distinguished Encoding RUIles
(DER)
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ISO/IEC 8802-0:2000, Information technology — Telecommunications and information
exchange between systems — Local and metropolitan area networks - Specific requirements —
Part 3: Carrier sense multiple access with collision detection (CSMA/CD) access method and
physical layer specifications

Internet Engineering Task Force (IETF), Request for Comments (RFC):

RFC 768 User Datagram Protocol
(available at <http://www.ietf.org/rfc/rfc0768.txt>)
RFC 791 Internet Protocol
(available at <http://www.ietf.org/rfc/rfc0791.txt>)
RFC 792 Internet Control Message Protocol
tavatabteat<httpHwwwietforgfrfchfcO 792 txt>)
RFC 826 Ethernet Address Resolution Protocol
(available at <http://www.ietf.org/rfc/rfc0826.txt>)
RFC 894 A standard for the Transmission of IP Datagrams over E
(available at <http://www.ietf.org/rfc/rfc0894.txt>)
RFC 1112 Host Extensions for IP Multicasting
(available at <http://www.ietf.org/rfc/rfc1112.txt>)
RFC 2236 Internet Group Management Protocol Version 2
(available at <http://www.ietf.org/rfc/rfc2236.

5 Definitions
For the purposes of this document, the following

5.1 Terms and definitions

51.1 ISO/IEC 7498-1 terms

For the purposes of this d e ollc%ter s &s defined in ISO/IEC 7498-1 apply:

1) application entity
2) application protocal datas

3) application b

5.1.2 ISO/IEC 8824
For the purposse i e following terms as defined in ISO/IEC 8824 apply:
1) anyt
2) bifstring

3) Bqolean typ
4) choicetype
5) false

6) integer type

7) null type

8) octetstring type
9) sequence of type
10) sequence type
11) simple type

12) structured type
13) tagged type

14) true

15) type

16) value
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51.3 ISO/IEC 10731 terms

1) (N)-connection

2) (N)-entity

3) (N)-layer

4) (N)-service

5) (N)-service-access-point

6) application-service-object
7) confirm (primitive)

8) deahver{primitive)

9) indlication (primitive)

10) O$l-confirmed-facility

11) O$l-facility

12) O¥l-local view

13) O$l-mandatory-facility
14) O$l-non-confirmed-facility
15) O$l-provider-initiated-facility
16) O$l-provider-optional-facility
17) O¥l-service

18) O$l-service primitive; primitive
19) O$l-service-provider

20) O$l-service-user

21) O$l-user-optional-faci

23) regponse (pr{?j:%/e

9)

—14 -
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1 terms

nent, the following terms as defined in IEC 61158-3 and IEC

generic tag

link

MAC ID

network address

node address

10) node

11) tag

12) scheduled
13) unscheduled
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5.1.5 IEC 61158-5 terms
For the purposes of this document, the following terms as defined in IEC 61158-5 apply.

1) active connection control object
2) application

3) application objects

4) application process

5) application process identifier

6) application relationship

7) application relationship application service element
8) application relationship endpoint

9) atfribute

10) beghaviour

11) chiannel

12) class

13) client

14) connection

15) connection point
16) conveyance path
17) cylic

18) dedicated AR

19) dgvice
20) end node
21) endpoint

22) erfor Q

27) ingtantia
28) inferface
29) inyocation

30) management information

31) method
32) network
33) object
34) originator
35) peer

36) produce
37) producer
38) provider
39) publisher

40) resource
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41) server

42) service

43) slot

44) subscriber

45) sync

5.1.6 IEC 61158-6 terms

For the purposes of this document, the following terms as defined in IEC 61158-6 apply.

1) called

2) cdlling

3) regeiving

4) sehnding
5.1.7 Other terms and definitions
51.7.1 Vnet/IP Network

a network that is compliant with the Vnet/IP specjfication\w sists of one orl more

domains. The domains are connected to each other( b
network structure, the Vnet/IP network consistg : and a
secongdary network

NOTE [The primary network and the secondary ne a 4 br.

5.1.7.2 domain

a part|of the Vnet/IP netw

NOTE |Two subnetworks are\requixed to ¢omposexa dual-redundant Vnet/IP network, and each end nod¢ in the
domain|is connected to bot 3

5.1.7.8 subn r

a parf of a netwoyk in any routers. A subnetwork consists of end nodes,
bridggs and seg i

NOTE [Every ef e i pnetwork has the same IP network address.

5.1.7.4

intermediate €y
functipn

ent that connects two or more subnetworks using a network layef relay

5.1.7.6 " route

a logical communication channel between two communication end nodes

5.1.7.6 segment

a communication channel that connects two nodes directly without intervening bridges

5.1.7.7 bridge

intermediate equipment that connects two or more segments using a Data Link layer relay
function
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5.1.7.8 internal bridge

a bridge to which no routers, external bridges or nodes non-compliant with this specification
are connected directly

5.1.7.9 junction bridge

a bridge to which at least one router, external bridge or node non-compliant with this
specification, and to which at least one internal bridge or Vnet/IP station is connected

5.1.7.10 external bridge

a bridge to which neither internal bridges nor Vnet/IP stations are connecte

5.1.7.11 station

an endl node or a pair of end nodes that perform a specific applicatio

5.1.7.12 Vnet/IP station

a statijon compliant with this specification

5.1.7.13 redundant station

a station that consists of a pair of end

NOTE umber;ut has a different DL-address.

5.1.7.14

a station that consists of a

NOTE [‘non-redundant stati
5.1.7.05 link Q
a phyj i
5.1.7.

a logi

5.1.7.

a physical(connection point of an end node, which has an independent DL-address

5.1.7.18 redundant interface node

a node with two interface ports one of which is connected to a primary network, while the
other is connected to a secondary network

5.1.7.19 non-redundant interface node

a node whch has a single interface port

5.1.7.20 domain master

a station which performs diagnosis of routes to all other domains, distribution of network time
to nodes inside the domain, acquisition of absolute time from the network time master and
notification of status of the domain
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5.1.7.21 network time master

a station which distributes network time to domain masters

5.1.7.22 domain number

a numeric identifier which indicates a domain

5.1.7.23 station number

a numeric identifier which indicates a Vnet/IP station

5.2 |Abbreviations and symbols

5.2.1 ISO/IEC 10731 abbreviations

ASE application-service-element
AS0O application-service-object
(oL ]] Open Systems Interconnection

5.2.2 IEC 61158-3 abbreviations and symbols

DL- Data Link layer (as a prefix)
DLUE DL-entity (the local active ins e@ta hink layer)
DUL DL-layer
DYM DL-management
DUMS DL-management S¢
DL
DL
DL
DL
FIF
Qq
5.2.3
LL
M4
PH
PH
5.2.4
ACCO Active Connection Control Object
AE Application Entity
AL Application Layer
ALP Application Layer Protocol
AP Application Process
Ap_ Prefix for Data types defined for AP ASE
APDU Application Protocol Data Unit
API Application Process Identifier
APO Application Object

AR Application Relationship
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AREP Application Relationship End Point

ASN.1 Abstract Syntax Notation One

BCD Binary Coded Decimal

BER Basic Encoding Rule

CID Connection ID

CIM Computer Integrated Manufacturing

Cnf Confirmation

cnf confirmation primitive

DI Rrefbfor-Datatypes-definredforBatatirktayertypesBLDatatin
Dt| Prefix for Data types defined for Data Type ASE
Er| Prefix for Error types defined

Ery Error (used to indicate an APDU type)

EV_ Prefix for Data types defined for Event ASE
FAL Fieldbus Application Layer

Gn_ Prefix for Data Types defined for gene

ID Identifier

IEC International Electrotechnical

Ind Indication

ingd indication primitive

IP Internet Protocol

Internatignal Organizati ization

Service Data Unit

To

- OE Q. +
rypec Ul OTIVILT

5.2.5 Vnet/IP abbreviations and symbols

ARPM
ASS
AUS
FSPM
MSS
MSU-AR
MTU-AR
MUS

Application Relationship Protocol Machine

Acknowledged Sequence of unitdata transfer Service

Acknowledged Unitdata transfer Service

FAL Service Protocol Machine

Multipoint Sequence of unitdata transfer Service

Multipoint network-Scheduled Unconfirmed publisher/subscriber AREP
Multipoint user-Triggered Unconfirmed publisher/subscriber AREP
Multipoint Unitdata transfer Service
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PSU-AR Point-to-point network-Scheduled Unconfirmed client/server AREP
PTC-AR Point-to-point user-Triggered Confirmed client/server AREP
PTU-AR Point-to-point user-Triggered Unconfirmed client/server AREP
uus Unacknowledged Unitdata transfer Service
5.3 Conventions
5.3.1 General conventions

This PAS uses the descriptive conventions given in ISO/IEC 10731.

5.3.2

This

definifions.

5.3.3
This R

5.3.4
This R

5.3.5
This R

5.3.6

This P

5.3.7

The c

Conventions for communication profile definitions

AS uses the descriptive conventions given in IEC 61784 fo

Conventions for class definitions

AS uses the descriptive conventions given in IEC 6

Conventions for FAL service definitions

AS uses the descriptive conventjons

Conves fe

bnventions for

(3

nv

tions used for AE state machine definitions

profile

DNS.

itions.

Event / condition => action

Next state

< \ﬂ\\ (Eurre t state
N

Name hi T he edrrent
transition,

Events or conditions that trigger this state

always indented helow events or conditions

The next state

state to which transition. after the

is state => actions in this
transition The actions that are taken when the above transition are
applies. events or conditions are met. The actions are | taken.

The conventions used in the descriptions for the events, conditions and actions are as follows:

:= The value of an item on the left is replaced by the value of an item on the right. If an item
on the right is a parameter, it comes from the primitive shown as an input event.

XXX Parameter name.
Example:
Identifier := reason
means value of the ‘reason’ parameter is assigned to the parameter called
‘Identifier.’
“xxx” Indicates fixed value.

Example:
Identifier := “abc”

means value “abc” is assigned to a parameter named ‘ldentifier.’
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= A logical condition to indicate an item on the left is equal to an item on the right.

< Alogical condition to indicate an item on the left is less than the item on the right.

> A logical condition to indicate an item on the left is greater than the item on the right.
<> A logical condition to indicate an item on the left is not equal to an item on the right.
&& Logical “AND”

I| Logical “OR”

The sequence of actions and the alternative actions can be executed using the following
reserved words.

for
endfor

elge

elgeif

The following shows examples of description using
Example 1:
for (Identifier := start_value to end_value)
actions
endfor
Example 2:
If (condition)
actions
else

actions

endif

5.3.8 Conventions ffor D

This standard usses
definifions. @

5.3.9

The c

Event Condition Procedure
Eventd that trigger \9’6nditions Actions that are taken when the events and cor{ditions
these actions are met.

6 Communication Profile of Vnet/IP

6.1 General overview

The Vnet/IP protocol is described using the principles, methodology and model of ISO/IEC
7498. In addition, it also follows the three-layer basic fieldbus reference model described in
the IEC 61158-1.

The OSI model provides a layered approach to communication standards, whereby the layers
can be developed and modified independently. The Vnet/IP communication profile is based on
the three-layer structure, and each layer of OSI| seven layers is mapped onto these three
layers as follows.
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Functions of the intermediate OSI layers, layers 5 — 6, are consolidated into the Application

Layer.

Functions of the intermediate OSI layers, layers 3 — 4, are consolidated into the Data Link

Layer.

Likewise, some features common to users of the Fieldbus Application Layer are provided to
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simplify user operation.

Table 4 shows the OSI layers, their functions and the equivalent layers in the Vnet/IP layer

model.
Table 4 — OSI layers and Vnet/IP layers /\(\
(N
gsl layer Function /\ \}!\QtIIP ayer
7 Application Translates demands placed on the communication stack j a form Ap icM
understood by the lower layers and vice versa
6 Pfesentation | Converts data to/from standardized network forma}z/\\ \\
5 Sgssion Synchronizes and manages data \ \
4 Tgansport Provides transparent reliable data transfer/ \ \ Data link
3 Nptwork Performs message routing /\\ )/ /\
2 Dpta link Controls access to the corimyicati e ium. er rms
detection
1 Physical Encodes/decodes signals forfrans n/re eption form Physical
appropriate to the commu |cat|on medjunk, Spexifies communication
media characteristics.
Table|5 shows an overfrigw ication profile for Vnet/IP.
0 ryview of Vnet/IP profile
L%é\ \/\ Protocol
ApplicatiQn \ TWication of this PAS
Tr%(s}oak \ QTSC 768 and the specifications in this PAS
</N{t®<{rk N\ [RFe 791
~Rata b\ > | ISO/IEC 88023, -2, 10
th \ any of ISO/IEC 8802-3
6.2 |Physical Layer

ISO/IEC 8802-3 shall be used.

6.3
6.3.1

Data Link

Layer

MAC sublayer

ISO/IEC 8802-3 shall be used.

6.3.2

LLC sublayer

ISO/IEC 8802-3 shall be used.
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6.4 Network Layer

Internet standard RFC 791 (IP, Internet Protocol) and its amendments and successors shall

be used.

6.4.1 IP Address
Unicast address

IPv4 class C private address scope shall be used. Each subnetwork of a domain has

the respective IP network address as follows.

IP address for the interface connected to the primary network :

192.168.(192+Domain number).(Host address)
IP address for the interface connected to the secondary network s
192.168.(224+Domain number).(Host address)
Each node of a redundant station has a respective IP host addre

Host address: Station number or Station number + 64

Group address

To assign these group addre
224.0.23.33 may be used.

NOTE This group address is register

6.4.2 IGMP
IGMP|shall be used to

TOS Q

The fqllowing five

6.4.3

a) tinmhe synchron
b) h;l

Cc) medi
d) loy prio

e) ggneralpurpose

6.5 |Transport Layer

S lo

IPv4 class D Organization-Local Scope sha

multicasting. Both the primary network and th€ seco Qrk of Vnet/IP n
require two group addresses: one for multic ations in the dqd
and another for multicasting to all Vnet/IP i network.

s for
twork
main,

dress

Internet standard RFC 768 (UDP, User Datagram Protocol) and its amendments and
successors, and the Data Link Layer specified in Sections 4 and 5 of this PAS shall be used.

6.5.1 Port No

UDP port number 5313 shall be used.

NOTE This UDP port number is registered with the Internet Assigned Numbers Authority (IANA).
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6.5.2 Parameter selection

Table 6 shows the parameter selection.

Table 6 — Transport Layer Parameter selection

Parameter Parameter name Usage Value
Symbol

P(ND) max-domains M 31
P(HC) max-hop-count M 7
P(NS) max-stations M 64
P(GAia IP-group-address-1A M 239.192.24.0
P(GA1s IP-group-address-1B M 239.192.24 .1
P(GAza IP-group-address-2A M 239.192.24.4 (
P(GAzs IP-group-address-2B M 239.192.24.5
P(ABpa IP-base-address-domain-A M 192.168.0.0 K (
P(ABps IP-base-address-domain-B M 192.268.1284 \
P(MRClus) max-retry-count-AUS M 5 \ /
P(MRClss) max-retry-count-ASS M 5 \
P(MOS max-outstanding-number M 10\ N )
P(TNRJus) max-response-time-AUS M 505 \_ . Y\
P(TNR/Jss) max-response-time-ASS M 580 ms N\ _~\U \
P(TWTLus) wait-time-AUS M R0 s, N\
P(TWT]ss) wait-time-ASS M/ | 100 s \
P(T1Dads) inter-DTPDU-time M 1590 m8Y )
P(MC) macro-cycle-period M\ 100%ms
P(SDudk) starting-delay-UUS LM £5,85N\ms
P(SDauk) starting-delay-AUS { Y v Ji5,560 e
P(SDask) starting-delay-ASS M\ %0,20,30,40,60,70,80} ms
P(SDuds) starting-delay-MUS M X [ {12:32,62,82} ms
P(SDusk) starting-delay-MSS / Y {40} ms
P(TDuuk) time-duration-UUS { —~ M ms
P(TDaub) time-duration-AUS N\ N 35 ms
P(TDas}) time-duratior?ASS.  / ) MDS> [1ms
P(TDuuk) time-duration-MUS \ ™M [ 1ms
P(TDusk) time-duratien-MSS N\ M 5 ms
P(TOuuk) offset-time-UNS\ \ M 1 ms
P(TOauk) offgoktimecAUS S > M 1ms
P(TOash) offset-fimeLASS M 1 ms
P(TOwuks) offsef-tiiecMUS S M 1ms
P(TOwusk) offsettime-MSS N M 1 ms
P(DVyuk) divisoNfox-grotping ) M 5
P(DVauk) divisor-for-reuping M 5
P(DVash) dinisor-fokgrosping M 8
P(DVuds) divisoor-grouping / M 8
P(DVusk) divisor-for-ghouping M 1
P(KS) | S VS M 4
P(AS) authenication field size M 1
P(PN) Nprime-nymber M 0b01011001
P(BS) baSecnurber M 251
P(UD) key-update-time M 3600 s

6.6 Application Layer

The Application Layer specified in Parts 2 and 3 of this document shall be used. The
specifications of Layers 5 and 6 are included in the Application Layer’s specifications of this
document.
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Section 2: Application Layer Service definition

7 Concepts

7.1 General

This Fieldbus Application Layer (FAL) provides communication services to time-critical and

nontime-critical applications in fieldbus devices.

7.2 Relationships between ASEs

7.3 |FAL ASEs

object| class or for a related set of classes.

To sypport remote access to the AP, the Application
applicption relationship ASE provides services to the

communication relationships with other APs, and x i
conveling their service requests and responses.

is

defined

le FAL
pecific

This

and establishing
other ASks for

Each FAL ASE defines a set of servic hat operate on the ¢

that itrepresents. Only a subset of thé
applicption. Profiles may be used to define st

APDUES are sent and received between FAL /&%

asses
of an

shows

the FAL ASEs from the p
N D

»

ecti m
2 W
O SetVice Primitives
A
A A A A A

( V\ A A 4 A

ariabl évent % Inv Load Reg Time NWMNG |4 APO ASE
AS| W ASE ASE ASE ASE

. A A A AR ASE

? < Service

A v v A v v Primitives
AR
ASE

N J
Example FAL AE

Conveyance of APDUs by the AR ASE

v v v v

Figure 1 — FAL ASEs
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7.4 Common FAL service parameters

Many services have the following parameters. Instead of defining them for each service, the
following common definitions are provided:

Argument
This parameter carries the parameters of the service invocation.

AREP
This parameter contains information sufficient for local identification of the AREP to be used
to convey the service. This parameter may use a key attribute of the AREP to identify the
application relationship. When an AREP supports multiple contexts simultaneously, the AREP
parameterisextendedtoidentify-thecontextaswet=asthe AREP-

InvokelID
This garameter identifies this invocation of the service. InvokelD is rvice
requests with responses. Therefore, no two outstanding service iny tified

by thg same InvokelD value.

Resulit(+)
This slelection type parameter indicates that the service re§

Resulft(-)
This selection type parameter indicates that the request(fajled.

Error|info
This parameter provides error informa
response(-) primitives.

8 APBEs

8.1 Variable ASE
8.1.1 Overvi

In the| fieldbus enVigénier i d and
writtem by remote/s ions, tes of
applicption data and 5.

When|the .appropriate E may
be uged d the
publisher/sSubscribe cation
sending a readNQr wri
activity is stimulated by clients on the network; if there are no requests, the server gengrates
no regponses.

The publisher/subscriber model is different in that it is characterized by a data producer
publishing its data onto the network. Subscribers wishing to acquire the published data join
the application relationship used to publish it and listen for the data as it is transmitted. Two
models are provided to support this publisher/subscriber activity, i.e., the “pull” model and the
“push” model.

In the “pull” model, one of the subscribers requests that the publisher publishes a sequence of
variable data by issuing a publish request to it. The publisher distributes the variable data
periodically according to the remote request by multicasting. The publishing schedule is
controlled by the publisher itself.

In the “push” model, the publisher is requested to distribute a sequence of variable data by
the local FAL user. The publisher distributes a sequence of variable data by multicasting
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according to the local request. The publishing schedule is also controlled by the publisher
itself.

8.1.2 Variable class specification

8.1.2.1 Formal model

FAL ASE: VARIABLE ASE
CLASS: VARIABLE
CLASS ID: not used
PARENT CLASS: TOP
ATTRIBUTES:

1 (m) Key Attribute: Numeric Identifier
2 (m) Attribute: Data Type

3 (0) Attribute: Length

4 (o) Attribute: Read enable

5 (0) Attribute: Write enable
SERVICES:

1 (o) OpsService: Read

2 (o) OpsService: Write

3 (o) OpsService: Information Report
8.1.2.p Attributes

Numefric Identifier

This Key attribute identifies an instance

ct can

be redd via the f”@u \

Write|enable

ct can

VARIABLE ASE
VARIABLE LIST

not used

TOP
ATTRIBUTES:
1 (m) Key Attribute: Numeric Identifier
2 (m) Attribute: Number of Entries
3 (m) Attribute: List Of Variables
SERVICES:
1 (o) OpsService: Read
2 (o) OpsService: Write
3 (0) OpsService: Information Report

8.1.3.2 Attributes

Numeric Identifier
This key attribute identifies an instance of this object class.

Number of Entries
This attribute contains the number of variables in the list.
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List of Variables
This attribute identifies the variables by key attribute that are contained in the list.

8.1.4 Variable ASE service specification
8.1.4.1 Supported services

This subclause contains the definition of services that are unique to this ASE. The services
defined for this ASE are:

e Read
o Write
. InIeration Report

8.1.4.2 Read service

8.1.4.2.1 Service overview

This dqonfirmed service may be used to read the value of a variable list

object. It is not used with the publisher/subscriber model.

8.1.4.2.2 Service primitives

The service parameters for each primi are w
Table 7 — Rea ice'parame

d'se
Parameter name \ (\ ke\ >Ind Rsp Cnf

q

Argument \3 M M(=)
AREP \)\> M(=)
InvokelD M M(=)
Re M M(=)

S(=)
M(=)

M(=)
S(=)
M(=)
M(=)
M(=)

<Q

=T 2 =2 »nmn 2 =2 20

Error Info

Variable Specifier
This parameter specifies a variable object or a variable list object to be read by the key
attribute.

Value

This parameter contains the value read. For each of the variables, this parameter contains the value of the variable.
For variable lists, this parameter contains the values of each of the variables in the list concatenated together in
the order in which they appear in the list.

NOTE If any of the variables in a variable list could not be read, the service fails.
8.1.4.3 Write service
8.1.4.3.1 Service overview

This confirmed service is used to write the value of a variable object or a variable list object. It
is not used with the publisher/subscriber model.
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8.1.4.3.2 Service primitives

The service parameters for each primitive are shown in Table 8.

Table 8 — Write service parameters

Parameter name Req Ind Rsp Cnf
Argument M M(=)
AREP M M(=)
InvokelD M M(=)
Vartapte-Spectifrer v =)
Value M M(=)
Result(+) S <
AREP
InvokelD M
Result(-) S
AREP Q&w =)
InvokelD /\ (=)
Error Info (7 \M\/ M(=)

Variable Specifier

This parameter specifies a variable obj

attribdte.

Value
This parameter contains the va
the vgriable. For variahle lists,
the list concatenated togs i

NOTE |If any variak a
will be ppdated and the xrj

8.1.4.4

8.1.4.4.1

This gptiomal serwicelis an unconfirmed service that may be used to report the valu
variable ohjec e list object. This service may be used in the publisher/subs

push model.

8.1.4.

1.2

Service primitives

e key

lue of

object

e of a
criber

The service parameters foreactrprimitive are shownmim Tabte$:

Table 9 — Information Report service parameters

Parameter name Req Ind

Argument M M(=)
AREP M M(=)
Variable Specifier M M(=)
Value M M(=)

Variable Specifier

This parameter specifies a variable object or a variable list object to be reported by the key

attribute.
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Value

This parameter contains the value to be reported. For variables, this parameter contains the
value of the variable. For variable lists, this parameter contains the value of each variable in
the list concatenated together in the order that they appear in the list.

NOTE If any of the variables in a variable list could not be read, the service fails.
8.2 Event ASE
8.2.1 Overview

Event objects are used to define messages reporting event occurrences. Event messages
contain_information that identifies and describes event occurrences

Notifigrs are responsible for collecting event messages from event obje S pbuting
one of more event message(s) in a single invocation of the FAL eveninotifi 2. The
numbeér of event messages that may be submitted in a single service \invocation\is limifed by
the maximum APDU size that can be transferred by the AR.

If an |application process fails to receive one or more event nglificati ification

In thi$ model, application processes are responsi event
objects and event list objects, and the FAL [is\resg cation
services designed specifically for thepr. Xhe application{pr & event
' gated

8.2.2 Event class specification

8.2.2. Formal model

FAL ASE:

CLASS:

CLASS$ ID:

PARENT CLASS:

ATTRIBUTES:

1 (m) eric Identifier

2 (m) P

3 (o) Last Notification Sequence Number
4 List Of Events
SERVIC

1 Event Notification

2 Notification Recovery

8.2.2.2 Attributes

8.2.2.2.1 Numeric Identifier

This key attribute identifies an instance of this object class.

8.2.2.2.2 AREP

This attribute identifies the AREP configured to convey event notifications. This AREP is also
used for reporting the event notifications generated by an event recovery request.

8.2.2.2.3 Last Notification Sequence Number

The conditional attribute contains the last sequence number used. It is incremented for each
event notification service invocation.
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8.2.2.2.4 List of Events

This optional attribute identifies the events that are configured.

8.2.3 Event ASE service specification

8.2.3.1 Supported services

This subclause contains the definition of services that are unique to this ASE. The services

defined for this ASE are:

e Event Notification

e Ngqtification Recovery
8.2.3.2 Event Notification service

8.2.3.2.1 Service overview

This ynconfirmed service is used by the notifier of an FAL AP\
more gvents have occurred.

8.2.3.2.2 Service primitives

The sgrvice parameters for each primitive are s i

Table 10 - Ever@li\ tionséryi

Paramet(r na

me
N

CcCcoEcczg &
—_ A~ ~ zﬁﬁ
e BN U

Event Data

NotifieriD
This parameter identifies the notifier issuing the event notification.

that

bne or

Sequence Number

This optional parameter is the sequence number for the event notification. It may be used for

notification recovery purposes.

Notification Time
This optional parameter is the time tag for event notification.

List of Event Messages

This parameter contains the list of event messages that are to be reported. It may contain
messages from one or more event objects. The contents of each message are specified by its

event object and shall be consistent with that specified for the notifier object.

Event Key Attribute

This parameter identifies each of the specific events being acknowledged by this

service.
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Event Data Type

This conditional parameter indicates the data type of each of the event data
parameters. This parameter may be present only if the event data parameter is
present. If the event data parameter is present, this parameter shall be present.

Event Detection Time

This optional parameter reports the time of the event detection. This parameter is
present only if it is defined for the specified event object and is supported by the
specified notifier.

Event Data

This optional parameter contains user data to be included in an event message in
gadition o 0Sed to tdentify the event OCCUTTence parametel presentionly if
ied notifier.

it is defined for the specified event object and is supported by the §

B Notification Recovery service

B.1 Service overview

inconfirmed service is used to request that a spé&cii of r&tained |event
ations be returned. Notifications are returned using tF service.

B.2 Service primitives

brvice parameters for each primiti

Table 11 — Event Notifi

ParametL\r na@

Arggmen \) M M(=)
RE \)\) M(=)
Notifie (=)
equen€e Number (=)

\%

NotifiprlD

This parameter_identifies\the noti o which this service is directed.

Sequénc

This dptionakpararyeier specifies the sequence number of the event notification to be rg-sent.
If not pres ~ nQtjfication sent is being requested.

8.3 |LoadRegio

8.3.1 Overview

A load region represents an unstructured memory area whose contents is to be uploaded

(read)

or downloaded (written). In this context, “unstructured” means that the memory area is

represented only as an ordered sequence of octets. No other structure is apparent.

A load region may represent an unnamed volatile memory area, such as that implemented by
dynamic computer memory, or a named non-volatile memory object, such as a file. The
contents of a load region are referred to as a load image and can contain programs or data.

The tr

This |
downl

ansfer of a load image to or from a load region is performed using the load process.

oad region model provides services that permit an application process to initiate the
oading or uploading of specified load regions.
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8.3.2 Load Region class specification

8.3.2.1 Formal model

FAL ASE: LOAD REGION ASE
CLASS: LOAD REGION
CLASS ID: not used

PARENT CLASS: TOP
ATTRIBUTES:

1 (m) Attribute: Load Region Size
2 (m) Attribute: Local Address

3 (o) Attribute: Load Image Name
SERVICES:

1 (m) QpsService: Download Services
2 (m) OpsService: Upload Services

8.3.2.2 Attributes

Load Region Size
This attribute specifies the maximum size of the load region in §

Local|Address
This attribute is a locally significant address of the load

Load fmage Name

This gptional attribute specifies the name of the e@nta ned in the load region

8.3.3 Load Region ASE service specificat
8.3.3.1 Supported services

This qubclause contains
defingd for this ASE are:

e Dg
e Uf
8.3.3.
8.3.3.p.
This

primit
of the

8.3.3.2. g primitives

The service parameters for each primitive are shown in Table 12.

nat’are unique to this ASE. The segrvices

ication
failure
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Table 12 — Download service parameters

Parameter name Req Ind Rsp Cnf

Argument M M(=)

AREP M M(=)
InvokelD M M(=)
Load Region M M(=)
Load Data M M(=)

Result(+) S S(=)
AREP M =)
InvokelD M M(=)

Result(-) S < (=
AREP
InvokelD
Error Info

Load Region

This parameter specifies the load region into which the i

Load Pata

This parameter contains the data to be.dowqlog

8.3.3.8 Upload service

8.3.3.3.1

This donfirmed service\is used ) i nitives
convely an upload request by the
load image of th@ [

8.3.3.3.2 ice

The service paramete

Table 13 — Upload service parameters

Q\ \Meter name Req Ind Rsp Cnf

Argument M M(=)
AREP M M(=)
InvokelD M M(=)
Load Region M M(=)

Result(+) S S(=)
AREP M M(=)
InvokelD M M(=)
Load Data M M(=)

Result(-) S S(=)
AREP M M(=)
InvokelD M M(=)
Error Info M M(=)
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Load Region
This parameter specifies the load region from which the image is to be uploaded.

Load Data
This parameter contains the data uploaded.

8.4 Function Invocation ASE

8.4.1 Overview

The function invocation class models the state-oriented function invocation. It may be used to

model software processes or user functions the operation of which may be controlled.

8.4.2 Function Invocation class specification

8.4.2. Formal model

FAL ASE: FUNCTION INVOCATION ASE
CLASS: FUNCTION INVOCATION
CLASS$ ID: not used

PARENT CLASS: TOP

ATTRIBUTES:

1 (m) Key Attribute: Identifier

2 (m) Attribute: Function Invocatio ate
SERVICES:

1 (o) OpsService:

2 (0) OpsService:

3 (0) OpsService:

8.4.2.2 Attributes

8.4.2.2.1 Identifier

This kK tifierand a function identifier.

8.4.2.2.

This ate of the function invocation. An enumerated

UNRUNNA i ¢ indicates that the function invocation is not executing
d can not be executed.

his state indicates that the function invocation is not
executing, but is capable of being executed.

RUNNING
STOPPED This state indicates that the execution of a function invocation

This state indicates that the function invocation is executing.

set of

has been suspended.
8.4.3 Function Invocation ASE service specification

8.4.3.1 Supported services

This subclause contains the definition of services that are unique to this ASE. The services

defined for this ASE are:

e Start
e Stop

¢ Resume
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8.4.3.2 Start service

8.4.3.2.1 Service overview

This confirmed service is used to start a function invocation from the initial condition.

8.4.3.2.2 Service primitives

The service parameters for each primitive are shown in Table 14.

Table 14 — Start service parameters

Parameter name Req Ind R

sp
FunctionID /Q
Result N
AREP Q N&
InvokelD /\N/ =(M)
AL K

Argument
AREP

InvokelD

= 2 £ £
o
<

Error Info

FunctionlD
This parameter specifies one of the key at es\of the function invocation object.

8.4.3.8 Stop service
8.4.3.8.1 Service ¢

This donfirmed seryice
be requmed. 6
8.4.3.8.2

The sérvice

it may

g \Parameter name Req Ind Rsp Cnf

Argument” M =(M)

AREP M =(M)
InvokelD M =(M)
FunctionID M =(M)

Result M =(M)
AREP M =(M)
InvokelD M =(M)
Error Info M =(M)

FunctionID
This parameter specifies one of the key attributes of the function invocation object.
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8.4.3.4 Resume service

8.4.3.4.1 Service overview

This confirmed service is used to request to start a function invocation from the suspended
condition.

8.4.3.4.2 Service primitives

The service parameters for this service are shown in Table 16.

T - rs

Parameter name Req Ind Rsp (Cnf

Argument M =(M) A

AREP M =(M)

InvokelD M =(M)

FunctionID M =(

Result &N =(M)
\'\/ =(M)

AREP /\
InvokelD /7

Error Info

FunctionlD

This parameter specifies one of the key attribute theNunction invocation object.

8.5 |Time ASE

8.5.1 Overview

The Tjme ASE ifie ation mechanism to synchronize the time among
network stations: 8 > S od to add a time value to alert information and to
sequence messages

A system consi or more time master(s) and several time slaves. |Clock
synchfonization i »the communication system. Adjustment and management of
the clgc

The network at least one network time master which may be one of the domain
time masters'selected /automatically or may be a fixed station.

The netwerk time master has the master clock of the network. The master clock may be the

local clock of the network time master itself or it may be synchronized with a clock source
outside the network.

The domain time master of each domain obtains network time from the network time master

and it

distributes the network time value to stations in the domain.
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8.5.2 Time class specification

8.5.2.1 Formal model

FAL ASE: Time ASE
CLASS: Time

CLASS ID: not used
PARENT CLASS: TOP
ATTRIBUTES:

1 (m) Attribute: Implicit

2 (m) Attribute: Role

3 (o) Attribute: Stratum

4 (o) Attribute: Poll Interval

5 (0) Attribute: Precision
SERVICES:

1 (m) OpsService: Get Network Time
2 (m) OpsService: Set Network Time
3 (m) OpsService: Tick Notification service

et
a
N

2 Attributes

8.5.2.2.1 Role

This attribute specifies the role of the Time ASE with va

NETWORK TIME MASTER A ng i hich responds to

DOMAIN TIME MASTER

TIME SLAVE

8.5.2.2.2 Stratum

This attribute indicates

8.5.2.2.

8.5.3

nterval between successive time messages.

8.5.3.1 Supported services

time
time

by the

This subclause contains the definitions of services that are unique to this ASE. The services

defined for this ASE are:

e Get Network Time
e Set Network Time

e Tick Notification

8.5.3.2 Get Network Time service

8.5.3.2.1 Service overview

This local service shall be used to obtain the network time value that is distributed from the
network. If Time ASE is the network time master, the local time value of the master clock is

returned.
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8.5.3.2.2 Service primitives

The service parameters for each primitive are shown in Table 17.

Table 17 — Get Network Time service parameters

Parameter name Req Cnf
Argument M
InvokelD M
Result M
IMVOKeETD W'
Network Time M
Status M <
Error info 6\

Network Time
This parameter is the value of the network time.

Statu
This parameter indicates the states of time synchro o & possib

¢ Nqt synchronized
e Syinchronized to the domain time ma

e Syinchronized to the network time master as\the \ain time master

e Synchronized to an external time surc ne

8.5.3. Set Network Tin !

time master

8.5.3.8.1 Service overvdiew

Table 18 — Set Network Time service parameters

states are;

bnized

Parameter mame Req LAl RsSp cnf
Argument M M(=)
InvokelD M M(=)
Network Time M M(=)
Result M M(=)
InvokelD M M(=)
Error Info C C(=)

Network Time
This parameter is the value of the network time to be set.
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8.5.3.4 Tick Notification service
8.5.3.4.1 Service overview

This local service shall be used to recognize tick timing synchronized to the network time. The
tick interval is configurable.

8.5.3.4.2 Service primitives

The service parameters for each primitive are shown in Table 19.

T —

Parameter name Ind

Result M
Tick M

Tick \

This parameter indicates tick timing.

NOTE [This service may be implemented by means of a hard-wiréd interruption:
8.6 |Network Management ASE

8.6.1 Overview

These

ndary

them
birs of
. This
send
pde is

Network Management

Network Management
not used
PARENT CLASS: TOP
ATTRIBUTES:
1 (m) Attribute: Number of Network Interfaces
2 (m) Attribute: Diagnostic Message Interval
3 (m) Attribute: Aging Time
4 (m) Attribute: List of Network Interface Status
SERVICES:
1 (m) OpsService: Get Network Status
2 (m) OpsService: Get Station Status
3 (m) OpsService: Network Status Change Report
4 (m) OpsService: Station Status Change Report
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8.6.2.2 Attributes

8.6.2.2.1 Number of Network Interfaces

This attribute specifies the number of network interfaces on this end node. An end node may

have one or two network interfaces.

8.6.2.2.2 Diagnostic Message Interval

This attribute specifies the time interval between successive invocations of the diagnostic

messages in milliseconds.

8.6.2.2.3 Aging Time

This attribute specifies the time interval used to remove silent end
Netwdrk Interface Status.

8.6.2.2.4 List of Network Interface Status

This gttribute is a list of the path status representing the
statiop from which the Network Management ASE mgay
Messages. The status is bi-directional for a path and’indicat

a faul{ state.

8.6.3 Network Management ASE st

8.6.3.1 Supported services

This g initton 0 thices hat is unique to this ASE.

The s

o Gg
o Gog
e Nsg
o St

8.6.3.
8.6.3.2.

nostic
%iages
are bging received successfully at each end of the path(or) whether either end of the path is in

the List of

path to a remote

This Ipcal service iSNused to obtain the status of the network.
8.6.3.[.—2—&ervi=e-priwh+va

The service parameters for each primitive are shown in Table 20.

Table 20 — Get Network Status service parameters

Parameter name Req Cnf
Argument M
InvokelD M
Result M
InvokelD M
Network Status M
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Network Status
This parameter indicates consistency of the primary and secondary networks. Possible values
are:

e HEALTHY
e FAILED

8.6.3.3 Get Station Status service
8.6.3.3.1 Service overview

This local service is used to obtain the status of the specified station.

8.6.3.3.2 Service primitives

The sg¢rvice parameters for each primitive are shown in Table 21.

Table 21 — Get Station Status service pgram

Parameter name ém

Argument W\
Station Identifier M

InvokelD NG

Result

InvokelD

Station Status >
Roy?e\Status Q
N7

£ 2 £ £ /A

Statign Identifier

This Tarameter indica
domain number :@:

Statign Status
This parameter i
includes the fog

5 of a

[, and

a) exist
the station exists

the station does not exist
b) rgdundancy
SINGLE the station is not redundant
DUAL-REDUNDANT the station is redundant

c) AREP of the end node which is on service

Route Status
This parameter indicates the status of route for the station, and includes the following
information.
a) status of the route on the primary network
REACHABLE
UNREACHABLE
b) status of the route on the secondary network
REACHABLE
UNREACHABLE
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8.6.3.4 Network Status Change Report service
8.6.3.4.1 Service overview

This local service is used to inform of changes in network status.

8.6.3.4.2 Service primitives

The service parameters for each primitive are shown in Table 22.

Table 22 — Network Status Change Report service parameters

Parameter name Ind
Result M
Network Status M

Network Status
This parameter indicates consistency of the primary and ond tworksy’and has the

follow|ng possible values:

o HBALTHY
e FAILED

8.6.3.p Station Status Change Re

8.6.3.5.1 Service overview

8.6.3.p.

The s

8§ Change Report service parameters

\P{rameter name Ind

sult M
Station Identifier M
Station Status M
Route Status M

Statign\ldentifier
This parameter indicates the station of which the status has changed.

Station Status
This parameter indicates the status of the end node specified in/by the request primitive and

includes the following information:

a) existence
TRUE the station exists
FALSE the station does not exist
b) redundancy
SINGLE the station is not redundant
DUAL-REDUNDANT  the station is redundant
c) AREP of the end node which is on service
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Route Status
This parameter indicates the status of the route for the station, and includes the following
information:
a) status of the route on the primary network
REACHABLE
UNREACHABLE
b) status of the route on the secondary network
REACHABLE
UNREACHABLE

8.7 |Application Relationship ASE

8.7.1 Overview

8.7.1.1 General

In a distributed system, application processes communicate with c Notker exchanging

Appligation Layer messages across well-defined Application els.
Thesd communication channels are modeled in the ication
relatignships (ARs).

ARs are responsible for conveying )ecific
commpnication characteristics required ime ns of
these i i lics of

The ervice requests and responses. Epch is
submi ¢ Y Application Service Element (ASH) that
repreg evARO\being accessed. Figure 2 illustrates this concept.

Deper hnay be sent to one or more destination application
proces aracteristics of the AR determine how APDUs|are to

be tra . S 3 are described below.
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8.7.1.

Each

within
other
endpo

These
opera

Endpqi

These
conte
of the

p

FAL AP
APO Service Primitives
A
FALAE —
A 4
[ FAL APO ASE ]
A A
AR Confirmed AR Unconfirmed
Send Sernvice Senq S.(.EI’ViCG
Primitives Primitives LA
A 4 A 4
N
AR ASE
a
A N
Conveyance of APDUs \
By the AR ASE

Figure 2 - The A

Endpoint context

the AE of the AP.
endpoints, define

nts, each endpo

characte@%

efined
of the

AR to

e AR.

ration
dpoint

Table 24 and Table 25 summarize the characteristics and combinations of each of the AREP
roles.

Table 24 — Conveyance of service primitives by AREP role

Client Server Peer Publisher Subscriber
Send Service Req X X
Recv Service Req X X X
Send Service Rsp X
Recv Service Rsp X X
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Table 25 — Valid combinations of AREP roles involved in an AR

Client Server Peer Publisher Subscriber
Client X X
Server X X
Peer X X X
Publisher X
Subscriber X

8.7.1.2.2 Dedicated AR endpoints

1q their
tain no

Dedicated AR endpoints provide their services directly to the
behaviour is the same as that of non-dedicated endpoints, the APDUs t
service specific protocol control information other than the AR ¢ontrel field.

FAL Users configured for dedicated ARs construct and t data Without using the
services of the other FAL ASEs. The format and cor
dedicated ARs are known only through configuration

8.7.1.2.3 Cardinality

It, how
essed

The cardinality of an AR specifies, fromt
many [remote application processes aye
from t

When
Client
from t

r endpoint, ARs are always one-tp-one.
ultiple servers and waiting for responses

When ' iewpoi a publisher endpoint, the cardinality indicatels that
multip| i s ] € one-to-many ARs provide communications between

one a a group.offone oy more) applications. They are often referred to as|multi-
party icast

In on 9 . publisher endpoint identifies the remote endpoints using a|group
identifie 2\ ifying each one individually as is done with one-to-one ARY. This

permi{s subsetibers Yo joih and leave ARs without disrupting the publisher endpoint cpntext
because theit.individpal identities are not known to the publisher endpoint. Howevgr, the
publisher application”/may be aware of their participation, but that information is not part|of the
AR endpeint context.

8.7.1.2.4 Conveyance model

The conveyance model defines how APDUs are sent between endpoints of an AR. Three
characteristics are used to define these transfers:

e conveyance paths,

e trigger policy, and

e conveyance policy.

Conveyance paths

The purpose of AR ASEs is to transfer information between AR endpoints. This information
transfer occurs over the conveyance paths of an AR. A conveyance path represents a one-
way communication path used by an endpoint for input or output.
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To support the role of the application process, the endpoint is configured with either one or
two conveyance paths. Endpoints that only send or only receive are configured with either a
send or receive conveyance path, respectively, and those that do both are configured with
both. ARs with a single conveyance path are called unidirectional, and those with two
conveyance paths are called bi-directional.

Unidirectional ARs are capable of conveying service requests only. To convey service
responses, a bi-directional AR is necessary. Therefore, unidirectional ARs support the
transfer of unconfirmed services in one direction only, while bi-directional ARs support the
transfer of unconfirmed and confirmed services initiated by only one endpoint, or by both
endpoints.

Trigg€Tr policy
Trigggr policy indicates when APDUs are transmitted over the network by | ayer.
The fifst type is referred to as user-triggered. User-triggered AREPs g to the
Data Link Layer for transmission at the earliest opportunity.
The sgcond type is referred to as network-scheduled. Networ R ubmiit FAL
APDUs to the Data Link Layer for transmission according » onfigured by
management.
Conveyance policy
icy i | or a
to the
recei
dates

the with new data. In buffered| ARs,

are lost. In additional data contained

>. Queued ARs are not overwritten, meaning that

e used by an application process, the corresponding AR shall be

First, g
created when the AP is connected to the network In thls case, commumcatlons among the
applications involved in the AR may take place without first having to explicitly establish the
AR. Any AR may be defined as being pre-established.

Second, ARs can be pre-defined, but not pre-established. Pre-defined means that the
characteristics of the AR are known to each endpoint, but that their contexts have not been
synchronized for operation. In this case, the use of the FAL Establish service is required to
synchronize them and open them for data transfer.

Third, ARs can require dynamic definition and establishment. In this case, definitions shall be
created for each of the AREPs using the Create service. After creation, they are established
using the Establish service if they were not created as “established”.
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8.7.2  Application Relationship Class specification
8.7.21 Formal model

The AR endpoint formal model defines the characteristics common to all AR endpoints. This
class is not capable of being instantiated. It is present only for the inheritance of its attributes
and services by its subclasses, each specified in a separate subclause of this PAS.

All AR endpoint attributes are accessible through system Management.

FAL ASE: AR ASE

CLASS: AR ENDPOINT

CLASS$ 1D~ nmotused

PAREET CLASS: TOP

ATTRIBUTES:

1 (m) Attribute: FAL Revision

2 (m) Attribute: Dedicated (TRUE, FALSE)

3 (m) Attribute: Cardinality (one-to-one, one-to-man

4 (m) Attribute: Conveyance policy (Queued, Buffe

5 (m) Attribute: Conveyance path (Unidirectional, Bj-directi
6 (m) Attribute: Trigger policy (User-trigge etworscheduled)
7 (o) Attribute: Transfer Syntax

SERVICES:

1 (o) OpsService: AR-Unconfirmed Se

2 (o) OpsService: AR-Confirmed Send

3 (o) OpsService: AR-Egtablish

4 (o) OpsService:

8.7.2.2 Attributes

FAL Revision

This gpecifies the revisiog
is in the AR header of

)sed by this endpoint. The revision level

Dediclated
This gttribute sp@ ¢ il is dedicated or not. When TRUE, the services of
the AR ASE are asees t

Cardinality
This attribute

Conveyance policy
This attrj ifies’conveyance policy of the AR described in subclause 2.7.1.

Conveyance p

This gttribute.specgifieg conveyance path of the AR described in subclause 2.7.1.

Triggef policy
This i

Transfer Syntax
This optional attribute identifies the encoding rules to be used on the AR. When not present,
the default FAL Transfer Syntax of this standard is used.

8.7.2.3 Services

All services defined for this class are optional. When an instance of the class is defined, at
least one shall be selected.

AR-Unconfirmed Send
This optional service is used to send an unconfirmed service.

AR-Confirmed Send
This optional service is used to send a confirmed service.
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AR-Establish
This optional service is used to establish (open) an AR.

AR-Abort
This optional service is used to abort (abruptly terminate) an AR.

8.7.3 Application Relationship ASE service specification

8.7.3.1 Supported services

This subclause contains the definitions of services that are unique to this ASE. The services

defined for this ASE are:

e AR-Unconfirmed Send
e AR-Confirmed Send

e AR-Establish

e AR-Abort

The services AR-Confirmed Send contain the FAL PDU beg dmeter
in the response and confirmation primitives. The FA br the
positiye response or negative response returned by the FAL R ASE.
Therefore, these services have a single Result paraméte sult(+)
and Result(-) parameters that are commonly gative
responses returned by the FAL User.

8.7.3.2

8.7.3.2.1

This dervice is used to s 5. The
AR-Unconfirmed Send 3 -ohe bi-
directional AR, at the |serv intQf a“Qne-to-one unidirectional AR, or at the publisher

endpdint of a on

8.7.3.2.2

The service pata

Yable 26 — AR-Unconfirmed Send

Parameter name Req
Argument M
AREP M
FAL Service Type M
FAL APDU Body M

Remote DL Address

This parameter contains the destination DLSAP address in the request and the source DLSAP

address in the indication.

FAL Service Type
This parameter contains the type of service being conveyed.

FAL APDU Body

This parameter contains the service-dependent body for the APDU.
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8.7.3.2.3 Service procedure

The AR-Unconfirmed Send service is a service that operates through a queue.

The requesting FAL ASE submits an AR-Unconfirmed Send request primitive to its AR ASE.

The AR ASE builds an AR-Unconfirmed Send request APDU.

The AR ASE queues the APDU for submission to the lower layer.

If the AREP is user-triggered, the AR ASE immediately requests the lower layer to transfer the
APDU. If the AR is network-scheduled, the AR ASE requests the DL to transfer the data at the

schedpled time. The Data
transmit the data with the Data Link Layer.

Upon [receipt of the AR-Unconfirmed Send request APDU, the receiVing
AR-Unconfirmed Send indication primitive to the appropriate FAL
FAL Service Type Parameter.

8.7.3.8 AR-Confirmed Send service
8.7.3.3.1 Service overview

This service is used to send confirmed request

AR-Confirmed Send service may be rg i r endpoints of one-to-g

directional ARs.

8.7.3.8.
The s

@sts to

ivers an

by the

5. The
ne bi-

Cnf

Argume M M(=)

M M(=)

M M(=)

M M(=)

M M(=)

M M(=)
M M(=)
AREP M M(=)
InvakelD M M(=)
Client DL-Address M M(=)
FAL Service Type M M(=)
FAL APDU Body M M(=)

Server DL-Address
This parameter contains the DL-address of the server.

FAL Service Type
This parameter contains the type of service being conveyed.

FAL APDU Body
This parameter contains the service-dependent body for the APDU.
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Result
This parameter indicates that the service request succeeded or failed.

Client DL-Address
This parameter contains the DL-address of the client.

8.7.3.3.3 Service procedure

The AR-Confirmed Send service is a service that operates through a queue.

The requesting FAL ASE submits an AR-Confirmed Send request primitive to its AR ASE. The

AR ASE creates a transaction state machine to control the invocation of the service

The £
submi
transf

Upon
Confin
Servid

The reg
ASE b

The A
immeq

Upon
contai
cance|
Send

If the |timer exp@o

cancel]s the associd

8.7.3.4
8.7.3.4.1

This fonfirmed

synchfonizestheir sqontéxts and activate them for the transfer of APDUs.

service operates in a pair-wise manner between two AR endpoi

U for
er to

n AR-
b FAL

he AR

R ASE

okelD
5t and
firmed

sendingMAR”ASE receives the response APDU, the AR ASE
ion \state machine and delivers an AR-Confirmed

Send

nts to

The 4@ndpoint context may be created during or prior to establishment through System

Management. Once defined, the Set Attributes and Get Attributes services can be used to

update and further coordinate endpoint contexts.

8.7.3.4.2 Service primitives

The service parameters for each primitive are shown in Table 28
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Table 28 — AR-Establish service

Parameter name Req Cnf
Argument M
AREP M
Remote DL-Address M
Result M(=)
AREP M(=)
Error Info C

ARE

This parameter contains sufficient information to locally identify the AR

Rem
This p

Result

This p

8.7.3.
8.7.3.
The A

Upon
Estab
to est
AREP
a) th
b) re

c) fo

8.7.3.
8.7.3.
The s

receiv
AREP,

e DL-address
arameter identifies the remote DL-address.

arameter indicates whether the service request su

1.3 Service procedure
1.3.1 AR establishment

d’independently.

ish confirmation seg¥ice prir i indicating whether or not it wa
bblish the AREP. If spe of{the folowing tasés/is found, it was not able to establi

arequeste@ ;
Sources are Wb}/

brvice iswused by the FAL User to terminate an AR abruptly. It is always successf
er of-an Abort¢fequest always aborts the AR. This service may be used on any
regardless of whether the AR was pre-established or established dynamically

ned.

receipt of an AR-Establish request e, the calling FAL issues aph AR-

S able
5h the

Lil; the
open
using

the edtablish service

The AR-Abort service is used to instruct the AR ASE to abruptly terminate all activity on an
AREP and place it in the closed state. Receipt of an AR-Abort request primitive causes the
AR ASE to close the AREP context immediately. The immediate close of each endpoint
context causes all outstanding service requests to be cleared. All subsequent service
primitives and APDUs received by the AR ASE for the aborted AR are discarded except those

of the

AR-Establish service.

The AR ASE may also initiate the Abort service if it detects unrecoverable communication
failures. In this case, the AR ASE delivers an AR-Abort indication primitive informing the user

of the

failure and closes the endpoint context.
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8.7.3.5.2 Service primitives

The service parameters for each primitive are shown in Table 29.

Table 29 — AR-Abort

Parameter name Req Ind

Argument M M(=)
AREP M M(=)
Originator M M(=)
Reasormr code M V(=)
Additional Detail u u(=)

Originator
This garameter identifies the originator of the AR-Abort. Possible
“FAL-USER”. The value DLL cannot be used in the request pririitive:

Reaso¢n Code
This parameter indicates the reason for the Abort. It
the uder. One reason is defined: AR ASE error. Othe
the Data Link Layer or by the user.

Addit
This d

onal Detail

value Ve e 3 d’in the indication primitive.

8.7.3.p.
The A

If the
an AR
abort

The F

9 A

9.1

Applidation_Relationships provided are:

ither the prov
s may be suppl

L”, or

der or
ied by

d, the

SE. If
Brs an

o Point-to-point user-Triggered Confirmed client/server AREP (PTC-AR)
e Point-to-point user-Triggered Unconfirmed client/server AREP (PTU-AR)

e Point-to-point network-Scheduled Unconfirmed publisher/subscriber AREP (PSU-AR)

e Multipoint user-Triggered Unconfirmed publisher/subscriber AREP (MTU-AR)

e Multipoint network-Scheduled Unconfirmed publisher/subscriber AREP (MSU-AR)

9.2 Point-to-point user-Triggered Confirmed client/server AREP (PTC-AR)

9.2.1 Overview

This class is defined to support the on-demand exchange of confirmed services between two
application processes. Unconfirmed services are not supported by this type of AR. It uses
connectionless-mode Data Link Services for the exchanges. The Data Link Layer transfers
may be either acknowledged or unacknowledged. The behaviour of this class is described as
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follows. An AR ASE user wishing to convey a request APDU submits it as an AR ASE Service
Data Unit to its AREP and the AREP sending the request APDU queues it to its underlying

layer for transfer at the next available opportunity.

The AREP receiving the request APDU from its underlying layer queues it for delivery to its

AR ASE user in the order in which it was received.

The AREP receiving the request APDU accepts the corresponding response APDU from its

AR ASE user and queues it to the underlying layer for transfer.

The AREP that issued the request APDU receives the response APDU from its underlying

layer pnd queues it for delivery to its AR ASE user in the order in whic
also sfops its associated service response timer.

The characteristics of this AREP class are summarized as follows:

Rqles Client
Server

Peer

Cqrdinality one-to-one
Cgnveyance paths Bi-directional
Trjgger policy User-trigge
Cagnveyance policy  Queued

9.2.2 Formal model

FAL ASE:
CLASS:

CLASS$ ID:
PARENT CLASS:
ATTRIBUTES:
1

mdm Outstanding Requests Calling
xsimum Outstanding Requests Called
ansmit DL Mapping Reference
Receive DL Mapping Reference
ERVI

S~poOhwWN

Confirmed Send

9.2.3

Role
This aittribute specifies the role of the AREP. Possible values are:

was recel

ed. It

PEER (CLIENT/SERVER) Endpoints of this type may perform as either clients or

servers, or as both simultaneously.

CLIENT Endpoints of this type issue confirmed service Request-
APDUs to servers and receive confirmed service Response-
APDUs.

SERVER Endpoints of this type receive confirmed service Request-

APDUs from clients and issue confirmed service Response-

APDUs to them.

AREP State

This attribute specifies the state of the AREP. The values for this attribute are specified in

part 3 of this document.
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Max Outstanding Requests Calling
This conditional attribute indicates the maximum number of responses that the AREP may be
expecting from the remote AREP.

Max Outstanding Requests Called
This conditional attribute indicates the maximum number of responses that the AR endpoint
may be expecting from its local user.

Transmit DL Mapping Reference
This attribute provides a reference to the underlying Data Link Layer mapping for the transmit
conveyance path for this AREP. DL mappings for the Data Link Layer are specified in part 3

of this document.

Receille DL Mapping Refe

This gttribute provides a reference to the underlying Data Link Layer mapping
convelyance path for this AREP. DL mappings for the Data Link La

of thisl document.

9.2.4 Services
Confifrmed Send

This dptional service is used to send a confirmed service

9.3 |Point-to-point user-Triggered Unconfir

9.3.1 Overview

This d

The [Data Link Layer tra

rence

behavjiour of this class is deseri

An AR ASE user wishjng. t
Unit t¢ its AREP._h

transfer at the n i
AR A9

The c

Rd

Cardinality

Server
Peer

one-to-one

pceive
part 3

tween
nges.
The

Data
er for

to its

Conveyance paths
Trigger policy
Conveyance policy

Unidirectional
User-triggered
Queued
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9.3.2 Formal model

FAL ASE: AR ASE

CLASS: Point-to-point user-Triggered Unconfirmed client/server AREP
CLASS ID: not used

PARENT CLASS: AR ENDPOINT

ATTRIBUTES:

1 (m) Attribute: Role (CLIENT, SERVER, PEER)
2 (m) Attribute: AREP State

3 (m) Attribute: Transmit DL Mapping Reference
4 (m) Attribute: Receive DL Mapping Reference
SERVICES:

1 (m) OpsService: Unconfirmed Send

9.3.3 Attributes
Role

This attribute specifies the role of the AREP. Possible values ares

as, either cliepts or
ndpuaints of thig type
hre_initiator of the AR

PHER (CLIENT/SERVER) Endpoints of this type
servers, or as both sim
shall indicate whethe
establishment proc

CUHIENT Endpoints of thi ig neonfirmed service Repuest-
APDUs

SERVER 3 i confirmed and unconfirmed

AREP| State
This 3ttribute specifies thesstate of th e_valdes for this attribute are specified in
Sectign 3 of this PAS.

Transmit DL Mapping

This dttribute provides r;msmit
convelyance pak@ p ed in
Sectidn 3 of this

Receive DL Mapginyg

This gttribute provides a\tefe t6 the underlying Data Link Layer mapping for the r¢ceive
convelyance {patf i . DL mappings for the Data Link Layer are specified in

9.3.4
UncoD]\firmed Se

This dptiohal service is used to send an unconfirmed service on an AR.

9.4 Point-to-point network-Scheduled Unconfirmed publisher/subscriber AREP (PSU-
AR)

9.4.1 Overview

This class is defined to support the “push” model for scheduled and buffered distribution of
unconfirmed services to one application process.

The behaviour of this type of AR can be described as follows.

An AR ASE user wishing to convey a request APDU submits it as an AR ASE Service Data
Unit to its AREP for distribution. Sending AREP writes the APDU into the internal buffer,
completely replacing the existing contents of the buffer. The AR ASE transfers the buffer
contents at the next scheduled transfer opportunity.
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If the AREP receives another APDU before the buffer contents are transmitted, the buffer
contents will be replaced with the new APDU, and the previous APDU will be lost. When the
buffer contents are transmitted, the AR ASE notifies the user of transmission.

At the receiving endpoint, the APDU is received from the network and is written immediately
into the buffer, completely overwriting the existing contents of the buffer. The endpoint notifies
the user that the APDU has arrived and delivers it to the user according to the local user
interface. If the APDU has not been delivered before the next APDU arrives, it will be
overwritten by the next APDU and lost.

An FAL user receiving the buffered transmission may request to receive the currently buffered
APDUrtater:

The characteristics of this AREP class are summarized as follows:

Rqles Publisher
Subscriber
Cdrdinality one-to-one

Cgnveyance paths Unidirectional
Trjgger policy Network-scheduled
Cagnveyance policy  Buffered

9.4.2 Formal model

FAL ASE:
CLASS: -Scheduled Unconfirmed
REP
CLASS$ ID:
PARENT CLASS:
ATTRIBUTES:
1 (m) Attribute € R, SUBSCRIBER)
2 (m Atiribut
3 . Transmik Dk’ Mapping Reference
4 Receive DL Mapping Reference
SERVI
1 onfirmed Send
9.4.3
Role
This attrib estherole of the AREP. Possible values are:
PUBLISHER dpoints of this type issue unconfirmed service Request-APDUs to
subscribers.
SUBSCRIBER Fndpninfc of this ’rypp receive unconfirmed service RpﬁlllDQf-APDUs
issued by the publisher.
AREP State

This attribute specifies the state of the AREP. The values for this attribute are specified in
Section 3 of this PAS.

Transmit DL Mapping Reference

This attribute provides a reference to the underlying Data Link Layer mapping for the transmit
conveyance path for this AREP. DL mappings for the Data Link Layer are specified in
Section 3 of this PAS.

Receive DL Mapping Reference

This attribute provides a reference to the underlying Data Link Layer mapping for the receive
conveyance path for this AREP. DL mappings for the Data Link Layer are specified in
Section 3 of this PASt.
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9.4.4 Services

Unconfirmed Send
This optional service is used to send an unconfirmed service on an AR.

9.5 Multipoint user-Triggered Unconfirmed publisher/subscriber AREP (MTU-AR)
9.5.1 Overview

This class is defined to support the on-demand exchange of unconfirmed services between
two or more application processes. This class uses connectionless Data Link Services for the
exchanges. The behaviour of this class is as follows.

An AR ASE user wishing to convey a request APDU submits it as an AR
Unit tp its AREP. The AREP sending the request APDU queues it to i
transfer at the next available opportunity.

R _Servicg Data
ing layer for

The AREP receiving the request APDU from its underlying layé S i elivery| to its
AR ASE user in the order in which it was received.

The characteristics of this AREP class are summarized.a

Rales Publisher
Subscriber
Cdrdinality one-to-ma

Cgnveyance paths Unidirectionag
Trjgger policy User-trigge
Cgnveyance policy

9.5.2 Formal mode

FAL ASE:
CLASS: triber
CLASS ID:

PARENT CLASS:
ATTRIBUTES:
Role (PUBLISHER, SUBSCRIBER)

2 AREP State

3 Transmit DL Mapping Reference
4 Receive DL Mapping Reference
SERVICES

Unconfirmed Send

9.5.3 Attributes

Role
This attribute specifies the role of the AREP. Possible values are:

PUBLISHER Endpoints of this type issue unconfirmed service Request-APDUs to
subscribers.

SUBSCRIBER Endpoints of this type receive unconfirmed service Request-APDUs
issued by the publisher.
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AREP State
This attribute specifies the state of the AREP. The values for this attribute are specified in
Section 3 of this PAS.

Transmit DL Mapping Reference
This attribute provides a reference to the underlying Data Link Layer mapping for the transmit
conveyance path for this AREP. DL mappings for the Data Link Layer are specified in
Section 3 of this PAS.

Recei

ve DL Mapping Reference

This attribute provides a reference to the underlying Data Link Layer mapping for the receive
conveyance path for this AREP. DL mappings for the Data Link Layer are specified in

Secti

9.5.4

Unconfirmed Send
This gptional service is used to send an unconfirmed service on 3

9.6
9.6.1

This dlass is defined to support the “push” mode

uncon,

The bg

An AR

Unit t
complt

The A

n o or this FAS.

Services

Multipoint network-Scheduled Unconfirmed publis

Overview

[firmed services to one or more applicatio

J-AR)

ion of

Data
puffer,

buffer
en the

If the AN \ ,
contents will be repla itk APDU, and the previous APDU will be lost. Wh
buffer S R ASE notifies the user of transmission.

At the XPDU is received from the network and is written immediately
into th overwriting the existing contents of the buffer. The endpoint

the us as arrived and delivers it to the user according to the loc
interfgce. If as not been delivered before the next APDU arrives, it v
overwritten by.thesnext APDU and lost.

An FADRMiser receiving the buffered transmission may request to receive the cu

otifies
| user
ill be

rently

buffered APDU later.

The characteristics of this AREP class are summarized as follows:

Roles Publisher
Subscriber
Cardinality one-to-many

Conveyance paths Unidirectional

Trigger policy Network-scheduled

Conveyance policy  Buffered
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9.6.2 Formal model

FAL ASE: AR ASE
CLASS: Multipoint network-Scheduled Unconfirmed
publisher/subscriber AREP
CLASS ID: not used
PARENT CLASS: AR ENDPOINT
ATTRIBUTES:
1 (m) Attribute: Role (PUBLISHER, SUBSCRIBER)
2 (m) Attribute: AREP State
3 (m) Attribute: Transmit DL Mapping Reference
4 (m) Attribute: Receive DL Mapping Reference
SERVICES:
1 (0) OpSSErvice: Unconfirmed Send
9.6.3 Attributes
Role
This attribute specifies the role of the AREP. Possible values age
PUBLISHER Endpoints of this type publish theijr onfirmed service
Request-APDUs.
SUBSCRIBER Endpoints of this type recei irin vice Request-APDUs
issued by publishers.
AREP]| State
This gttribute specifies the state of his attribute are specified in
Sectign 3 of this PAS.
Transmit DL Mapping Reference
This q:tribute provides a reference to the exlyin rTfnsmit
convelyance path for thig ed in
Sectign 3 of this PAS.
Receive DL Mappin :
This gttribute pr@ \nderlying Data Link Layer mapping for the rgceive
convelyance path\for~thi = appings for the Data Link Layer are specifijed in
Sectign 3 of this PA
9.6.4
Unconfirmed
This gpti0 3 ed to send an unconfirmed service on an AR.
10 Sjummary o classes
This qubelause contains a summary of the defined FAL Classes. The Class ID valueg have

been assigned to be compatible with existing standards.

Table 30 provides a summary of the classes.


https://iecnorm.com/api/?name=ad83bb3bc1ff7997c6602bffbb054919

PAS 62405 © IEC:2005(E)

- 61—

Table 30 — FAL class summary

FAL ASE

Class

Variable

Event
Load region

Time

Function invocation

Network Management
Application relationship

Variable

Variable List
Notifier

Load region
Function invocation
Time

Network Manager
AREP

11 P

Table

the se

PTC-AREP
PTU-AREP
PSU-AREP
MTU-AREP
MSU-AREP

ermitted FAL services by AREP role

PDUs
hether

Unc

Publisher

Subsc

Fiber

FAL Sqrvices

req rcv

req

rcv

Variable ASE

\

Read

Write

Inform|

ation Report/\

Event 4

Event

Notification

ASE
RS

Notifig

ation Recove

7/><

Load Region ASEN_

Downl

\
\N

bad

Uploa

I

x X

Functid

N
n%ﬂqca\tri\@;A\sk

Start

Stop

\
7

Resun|

e

X |[X|X

X |[X (X

X |[X (X

Time A

SE

Get Network Time

Set Network Time

Tick Notification service

NW Management ASE

Get Network Status

Get Station Status

NW Status Report

Station Status Report

X |[x

AR ASE

PTC-AR

PTU-AR

PSU-AR

MTU-AR

MSU-AR

XXX |X
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Section 3: Application Layer protocol specification

12 Abstract syntax

12.1 FAL PDU abstract syntax
12.1.1 Top level definition
FalArPDU ::=
ConfirmedSend-CommandPDU
” ConfirmedSend-ResponsePDI]
|| UnconfirmedSend-CommandPDU
12.1.4 FalArHeader

FalArHg¢ader ::= Unsigned8{

-- bit 8-7 ProtocolVersion
-- bit 6-4 Protocolldentifier
-- bit 3-1 PDUldentifier

12.1.3 Confirmed send service

FalArHeader,
ServiceType

InvokelD,
ConfirmedServiceRequest

ConfirmedSend-ResponsePPU ::=
FalArHeader,

ServiceType
InvokelD,
ConfirmedS

12.1.4

Unconf

ConfirmedSend-CommandPDU ::= SEQUENC} @

12.2

12.2.1
ConfirmedServiceRequest ::= CHOICE {

Read-Request [0]
Write-Request [1]
DownlLoad-Request [2]
UpLoad-Request [3]
Start-Request [4]
Stop-Request [5]
Resume- Request [6]
DelayCheck-Request [7]

ConfirmedServiceRequest PDUs

IMPLICIT Read-RequestPDU,
IMPLICIT  Write-RequestPDU,
IMPLICIT DownLoad-RequestPDU,
IMPLICIT  UpLoad-RequestPDU,
IMPLICIT  Start-RequestPDU,
IMPLICIT  Stop-RequestPDU,
IMPLICIT Resume-RequestPDU,
IMPLICIT  Time- RequestPDU,
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12.2.2 ConfirmedServiceResponse PDUs
ConfirmedServiceResponse ::= CHOICE {

12.2.3

Unconf

12.2. Error type

ErrorType ::= SEQUENCE {
errorClass
additionalCode
additionalDescription
additionallnfo

}

12.2.] Error information
1

Read-Response [0] IMPLICIT Read-ResponsePDU,
Write-Response [1] IMPLICIT  Write-ResponsePDU,
DownLoad-Response [2] IMPLICIT DownLoad-ResponsePDU,
UpLoad-Response [3] IMPLICIT  UpLoad-ResponsePDU,
Start-Response [4] IMPLICIT  Start-ResponsePDU,
Stop-Response [5] IMPLICIT  Stop-ResponsePDU,
Resume-Response [6] IMPLICIT Resume-ResponsePDU,
DelayCheck-Response [7] IMPLICIT  Time-ResponsePDU

— Unconfirmed PDUS

rmedServiceRequest ::= CHOICE {

InformationReport-Request [0] IMPLICIT
EventNotification-Request [1] IMPLICIT
EventRecovery-Request [2] IMPLICIT
TimeDistribution-Request [3] IMPLICIT
SetTime-Request [4] IMPLICIT
InDiag-Request [5] IMPLICIT
ExDiag-Request [6] IMPLICIT

StationStatusReport-Request [71 IMPLICIT
DomainStatusReport-Request  [8] IMPLICIT

9
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12.2.4.2 Error class
ErrorClass ::= CHOICE {

noError [0] IMPLICIT Integer8 {
normal (0),
other (1)
applicationReference [1] IMPLICIT Integer8 {
other (0),
application-unreachable (1),
application-reference-invalid (2),
context-unsupported (3)
}
definition [2] IMPLICIT Integer8 {
other

object-undefined
object-attributes-inconsistent
name-already-exists
type-unsupported
type-inconsistent

esource [3] IMPLICIT Integer8
other
memory-unavailabl

bervice [4] IMPLICIT
other

object-st
pdu-size

hccess
(0),
(1),
(2),
(3),
(4),
c (3),
object-access-unsupported (6),
ject-non-existent (7),
type-conflict (8),
named-access-unsupported (9),
access-to-element-unsupported (10
conclude [6] IMPLICIT Integer8 {
other (0)
bther [71 IMPLICIT Integer8 {
other (0)
}
12.3 |PDUs for ASEs
12.3.1 PDUs for Variable ASE
12.3.1.1 Read service PDUs
Read-RequestPDU ::= SEQUENCE {
objectSpecifier CHOICE{
variableSpecifier Gn_KeyAttribute,
variableListSpecifier Gn_KeyAttribute,
listOfvariable SEQUENCE OF Gn_KeyAttribute
}
optionalParameters [0] IMPLICIT  ANY OPTIONAL
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Read-ResponsePDU ::= SEQUENCE {
result CHOICE({
accessStatus [0] IMPLICIT  ErrorType,
listOfAccessStatus [1] IMPLICIT  SEQUENCE OF ErrorType
!
value CHOICE({
data [0] IMPLICIT  ANY,
listOfData [1] IMPLICIT  SEQUENCE OF ANY
1
variableType CHOICE({
dataType [0] IMPLICIT  Gn_FullyNestedTypeDescription OPTIONAL,
listOfDataType [1] IMPLICIT  SEQUENCE OF Gn_FullyNestedTypeDescription
OPTIONAL
optionalParameters [0] IMPLICIT ANY OPTIONAL
}
12.3.1.2 Write service PDUs
Write-RequestPDU ::= SEQUENCE {
bbjectSpecifier CHOICE({
variableSpecifier Gn_KeyAttributé
variableListSpecifier Gn_KeyAttripute,
listOfVariable
ariableType CHOICE{
dataType [0] IMPLICIT
listOfDataType [11 IMPLICIT
alue CHOICE({
data [0]
listOfData [1]

bptionalParameters

Write-ResponsePDU ::= SEQUENGT
esult CHOICE({
accessStatus
listOfA Stat

bptionalParameter:

ErrorType,
SEQUENCE OF ErrorType

ANY OPTIONAL

}
12.3.1.3
Informdtiop
Lis
Gn_KeyAttribute,
SEQUENCE OF Gn_KeyAttribute
iétOfDataType [1] IMPLICIT  SEQUENCE OF Gn_FullyNestedTypeDescription
OPTIONAL
ist@fData [2] IMPLICIT  SEQUENCE OF ANY
optionalParameters [3] IMPLICIT ANY OPTIONAL
}

12.3.2 PDUs for Event ASE

12.3.2.1

Event Notification service

EventNotification-RequestPDU ::= SEQUENCE {

eventNotifierID
notificvationSequenceNumber

(1]

listOfEvent [2]
Notification Time [3]
optionalParameters [4]

IMPLICIT
IMPLICIT
IMPLICIT
IMPLICIT
IMPLICIT

Gn_ KeyAttribute,,
Ev_SequenceNumber,
SEQUENCE OF Ev_EventData,
Ev_TimeTag OPTIONAL

ANY OPTIONAL
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12.3.2.2 Notification Recovery service
EventRecovery-RequestPDU ::= SEQUENCE {

eventNotifierID IMPLICIT  Gn_ KeyAttribute,,

sequenceNumber [11 IMPLICIT

12.3.3 PDUs for Load region ASE

12.3.3.1 Download service

DownlLoad-RequestPDU ::= SEQUENCE {
loadRegionKeyAttribute
segmentldentifier [1]

Gn_KeyAttribute,
IMPI ICIT ANY

PAS 62405 © IEC:2005(E)

Ev_SequenceNumber OPTIONAL

oadData [2] IMPLICIT  OctetString,

DownL¢ad-ResponsePDU ::= SEQUENCE {

oadRegionKeyAttribute Gn_KeyAttribute,

esult [1] IMPLICIT  ErrorType,

}

12.3.3.2 Upload service

UpLoad-RequestPDU ::= SEQUENCE {
oadRegionKeyAttribute Gn_KeyAt te,
Eegmentldentifier [1] IMPLICIT  ANY,

UpLoad-ResponsePDU ::= SEQUENCE {
oadRegionKeyAttribute
esult

oadData

12.3.] PDUs for Fu
1

12.3. Start i

Start-RpquestPDU ::=
eyAttribute
bptionalParamete

Gn_KeyAttribute,
ICIT  ANY OPTIONAL

}
Start-RpspoOnse X Re
12.3.4.2

Stop-RéquestPDU ::= SEQUENCE {

keyAdtribute Gn_KeyAttribute,

ANY OPTIONAL

tiohalParameters
OF

[1] IMPLICIT

Stop-ResponsePDU ::= ErrorType

12.3.4.3 Resume services

Resume-RequestPDU ::= SEQUENCE {
keyAttribute
optionalParameters [1]

Gn_KeyAttribute,

IMPLICIT  ANY OPTIONAL

Resume-ResponsePDU ::= ErrorType
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12.3.5 PDUs for Time ASE

12.3.5.1 Time service
Time-RequestPDU ::= Time-PDU

Time-ResponsePDU ::= Time-PDU
TimeDistribute-RequestPDU ::= Time-PDU

Time-PDU ::= SEQUENCE {

timeControl [0] IMPLICIT Tm_TimeControl,
Stret——HH— ARG —Ynsigreds
Ppllinterval [2] IMPLICIT Tm_TimeValue1,
Pfecision [3] IMPLICIT Tm_TimeValue1,
rgotDelay [4] IMPLICIT Tm_TimeValue2,
rgotDispersion [5] IMPLICIT Tm_TimeValue2,
referenceldentifier [6] IMPLICIT Tm_ReferencelD,
rg¢ferenceTimestamp [7] IMPLICIT Tm_Time,
ofiginateTimestamp [8] IMPLICIT Tm_Time,
rgceiveTimestamp [9] IMPLICIT Tm_Time,
transmitTimestamp [10] IMPLICIT Tm_Time,

SetTimg-RequestPDU ::= SEQUENCE {
timeValue [0] IMPLICIT
optionalParameters [1] IMPLICIT

12.3.4§ PDUs for Network Manageme

12.3.4.1 Network Manage

InDiag-RequestPDU ::= SEQUENCE
npdelnformation
npdeStatus
bdePublicKe

y
li{stOfPathSta
}

=]

stOfPathStatus

ExDiag

d Nm_DoaminInformation,

d Nm_DoaminStatus,

d Nm_PublicKey,

n Unsigned8,

Il IMPLICIT  Nm_ListOfPathStatus,

lig IMPLICIT SEQUENCE OF Nm_NodeStatus
}

StationptatusReport-RequestPDU ::= SEQUENCE {

npdednformation [0] IMPLICIT Nm_Nodelnformation,
n-\rh:Qfahn: [1] IMPLICIT I\Im_l\lnranfoh:e

}

DomainStatusReport-RequestPDU ::= SEQUENCE {
doaminlnformation [0] IMPLICIT Nm_Doaminlnformation,
domainStatus [11 IMPLICIT Nm_DomainStatus

12.4 Type definitions
12.4.1 Variable ASE types

There are no types special for the Variable ASE.
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12.4.2 Event ASE types

Ev_SequenceNumber ::= Unsigned8
Ev_EventData ::= ANY
En_EventCount ::= Unsigned8

Ev_TimeTag ::= Unsigned16

12.4.3 Load Region ASE types

There|are no types special for the Load Region ASE.

12.4.4 Function Invocation ASE types

There|are no types special for the function Invocation ASE.

12.4.5 Time ASE types
Tm_TinpeControl ::= BitString8 {

-- bit 8,7 Leaplndidator
-- bit 6-4 ProtocolVersion
-- bit 3-1 TimeMode

Tm_TinmeValue1 ::= Unsigned32

Tm_TinmeValue2 ::= Unsigned32 -- 32-bjit sighet\fixed<poin
-- with fractign point b

Tm_ReferencelD ::= Visible

¢ to the nearest power of two

mber, in seconds
bits 15 and 16

Tm_Tinpe ::= SEQU
Skeconds
condsFraction

Unsigned32
Unsigned32

SE types

[0] IMPLICIT Nm_Nodeldentifier,
[1] IMPLICIT Integer8,
[2] IMPLICIT Unsigned8,

[11] IMPLICIT  Unsigneds,

TransmissionClass [12] IMPLICIT Unsigned8,
ResponseClass [13] IMPLICIT Unsigned8,
TimePrecisionLevel [14] IMPLICIT Unsigned8,
}
configurationSUM [4] IMPLICIT Unsigned32,
localNodeTime [5] IMPLICIT Tm_Time,
diaglnterval [6] IMPLICIT BinaryTime2,
stationCoefficeincy [7] IMPLICIT Unsigned16
}
Nm_NodeStatus ::= BitString8 {
-- bit 8 CPU-Status -- True: ready, False: not ready
-- bit7 communication-status -- True: ready, False: not ready
-- bit 6 reserved-status -- True: reserved, False: not reserved
-- bit5 redundancy-status -- True: on-service, False: stand-by
-- bit 4 linkStatusOfnterfaceB -- True: linked, False: not linked
-- bit 3 linkStatusOfnterfaceA -- True: linked, False: not linked
-- bit 2 statusOfNetworkB -- True: healthy, False: failed
-- bit 1 statusOfNetworkA -- True: healthy, False: failed
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Nm_PublicKey ::= Unsigned64

Nm_ListOfPathStatus ::= CompactBooleanArray

- 69

-- True: healthy, False: failed

Nm_DoaminInformation ::= SEQUENCE {
Nodeldentifier [0] IMPLICIT Nm_Nodeldentifier,
NoOfinterfaces [1] IMPLICIT Integer8,
InterfacelD [21 IMPLICIT Unsigned8,
localNodeTime [3] IMPLICIT Tm_Time,
diaginterval [4] IMPLICIT BinaryTime2,
}
Nm_DojmainStatus ::= BitString8 {
-- bit 8 statusOfNetworkB -- True: healthy, False: failed
-- bit 7 statusOfNetworkA -- True: healthy, False: failed
-- bit 6,5 StatusOfTimeSynchronization -- 00: not synchronized
-- 01: synchronized with
-- 10: synchronized er
-- 11: synchronized . th 2 e\source
-- bit 4-1 TimeGroup
}
Nm_Noldeldentifier ::= SEQUENCE {
DomainNumber [0] IMPLICIT Infegey8
StationNumber [1] IMPLICIT _Integek8
}
12.4.71 General types
12.4.71.1 Gn_KeyAttribute
Gn_KeyAttribute ::= CHOICE {
-- When this type is specified, only the eferenced are valid.
numericlD n_NumericlD,
name Gn_Name,
listName Gn_Name,
numericAdd Gn_NumericAddress,
symbolicAddress Gn_SymbolicAddress
}
12.4.7.2
Gn_Namne :
12.4.7.3 ddress
Gn_NumericAddress D QUENCE {
startAddress [0] IMPLICIT Unsigned32, -- physical address of the starting Iqcation
length [1] IMPLICIT  Unsigned16 -- octet length of a memory block
}
12.4.7.4 Gn_NumericlD

Gn_NumericID ::= Unsigned16

12.4.7.5 Gn_SymbolicAddress
Gn_SymbolicAddress ::= VisibleString

-- The values of this parameter are unique within an AP.
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Gn_FullyNestedTypeDescription ::= CHOICE {

12.5.2 Notation for the Integer type

boolean [1] Unsigned8,
integer8 [2] Unsigned8,
integer16 [3] Unsigned8,
integer32 [4] Unsigned8,
unsigned8 [5] Unsigned8,
unsigned16 [6] Unsigned8,
unsigned32 [7] Unsigned8,
float32 [8] Unsigned8,
float64 [9] Unsigneds,
binaryDate [10] Unsigned8,
timeOfDay [11] Unsigned8,
imeDifference [1 ’)] lIn:ignndR
iniversalTime [13] Unsigned8,
ieldbusTime [14] Unsigned8,
ime [15] Unsigned8,
pitstring8 [16] Unsigned8,
pitstring16 [17] Unsigned8,
bitstring32 [18] Unsigned8,
isiblestring1 [19] Unsigned8,
isiblestring2 [20] Unsigneds,
isiblestring4 [21] Unsigned8,
isiblestring8 [22] Unsigned8,
isiblestring16 [23] Unsigneds,
bctetstring 1 [24] Unsigned$,
bctetstring2 [25] Unsigned8,
betetstring4 [26]
bctetstring8 [27]
bctetstring16 [28]
bcd [29]
so10646char [30]
binarytime0 [31]
binarytime1 [32]
binarytime2
binarytime3
binarytime4
binarytime5
binarytime6
binarytime7
binarytime8 Onsigned8,
binarytime9 Q nsigneds,
isiblestring Unsigned8,
bctetstring Unsigned8,
pitstring Unsigned8,
compactBooles Unsigned8,
compactB2E Unsigneds,
506465t Unsigneds,
5truc IMPLICIT SEQUENCE OF Gn_FullyNestedTypeDescription
}
12.5 [Data.types
12.5.1 .<Notation for the Boolean type
Boolean ::= BOOLCEAN -- TRUE'1T the value is non-zero.

Integer ::= INTEGER

Integer8 ::= INTEGER (-128..+127)
Integer16 ::= INTEGER (-32768..+32767)
Integer32 ::= INTEGER

-- FALSE if the value is zero.

-- any integer

-- range -27 <= <= 27-1

-- range -215 <=j <= 215-1
-- range -231 <=i <= 231-1

12.5.3 Notation for the Unsigned type

Unsigned ::= INTEGER

Unsigned8 ::= INTEGER (0..255)
Unsigned16 ::= INTEGER (0..65535)
Unsigned32 ::= INTEGER

-- any non-negative integer
--range 0 <= i <= 28-1
--range 0 <= <= 216-1
--range 0 <= <= 232-1
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12.5.4 Notation for the Floating Point type

Floating32 ::= BIT STRING SIZE (4)
Floating64 ::= BIT STRING SIZE ( 8)

-- [IEC-60559Single precision
-- IEC-60559Double precision

12.5.5 Notation for the BitString type

BitString ::= BIT STRING

BitString4 ::= BIT STRING SIZE (4)
BitString8 ::= BIT STRING SIZE (8)
BitString16 ::= BIT STRING SIZE (16)
BitString32 ::= BIT STRING SIZE (32)

-- For generic use

-- Fixed four bits bitstring

-- Fixed eight bits bitstring
-- Fixed 16 bits bitstring

-- Fixed 32 two bits bitstring

12.5.4 Notation for the OctetString type

OctetS{ring ::= OCTET STRING -- For generic use

OctetSfring2 ::= OCTET STRING SIZE (2) -- Fixed two-octet octet string
OctetS{ring4 ::= OCTET STRING SIZE (4) -- Fixed four-octet octet string
OctetS{ring6 ::= OCTET STRING SIZE (6) -- Fixed six-octet octet string
OctetString7 ::= OCTET STRING SIZE (7) -- Fixed seven-octet octet, strikg
OctetS{ring8 ::= OCTET STRING SIZE (8) -- Fixed eight-octet octe Qg
OctetS{ring16 ::= OCTET STRING SIZE (16) -- Fixed 16 octet octet s

12.5.7
Visible
Visible
Visible
Visible

12.5.8
UNICO

Notation for VisibleString type

btring2 ::= VisibleString SIZE (2)
btring4 ::=VisibleString SIZE (4)
btring8 ::= VisibleString SIZE (8)
btring16 ::= VisibleString SIZE (16)

Notation for the U
DEString ::= UNICODES

ICODE

12.5.9

BinaryTimeO :: 0 ps resolution
BinaryTime1 :: 0.1 ms resolution
BinaryTime2 :: -- 1 ms resolution
BinaryTime3 :: -- 10 ms resolution
BinaryTime4 :: -- 0.1 s resolution
BinaryTime5 :: -- 1 s resolution
BinaryTime6.;: -- 10 ps resolution
BinaryTimg7 :: -- 0.1 ms resolution
BinaryTime8.: -- 1 ms resolution
BinaryTime9 :: -- 10 ms resolution
12.5.10 /Notation for BCD type

BCD ::4

Unsianed8-(0-9)
I VT

L ower four-bits—are-useod-to-exoress—one-BCDhD value
P g

12.5.11 Notation for Compact Boolean Array type
CompactBooleanArray ::= BitString

-- Each zero bit representing Boolean value FALSE.

-- Each one bit representing Boolean value TRUE.
-- Unused bits, if any, shall be placed in bits 7-1 of the last octet.

12.5.12 Notation for Compact BCD Array type
CompactBCDArray ::= OctetString

-- One BCD value is represented by four bits, an unused

-- nibble, if any, shall be placed in bits 4-1 of the last octet,

-- and shall be set to 1111F.
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13 Transfer syntax

13.1 Overview of encoding

The FAL-PDUs encoded shall have a uniform format. The FAL-PDUs shall consist of two
major parts, the “APDU Header” part and the “APDU Body” part as shown in Figure 3.

(1) (1) (1) (n) --- Octets
FalArHeader Field Type Field (InvokelD) Service Specific Parameters
mmmmmmmeemeeeneeaee APDU Header ----------=----- > Smmmmmmmemmeeeeee APDU Body ---------==------ >

NOTE [The presence of the InvokelD Field depends on the APDU type.

Figure 3 — APDU overview

To reilize an efficient APDU while maintaining flexible encoding, diffe i bS are
used

NOTE |The Data Link Layer service provides a DLSDU parameter that irplie eNg us, the
APDU length information is not included in the APDU.

13.2 [APDU Header encoding

The APDU Header part is always prése it all A ard. [t
consigts of three fields: the FalArHeads S Field.

They a@re shown in Figure 3.

13.2.1 Encoding of Fa
All the FAL PDUs shall

identgies abstracirsyntax,
header shall be @»
coding of FalArHeader Field

eader
w this

Bit position of
FglArHeadé&r x PDU type Protocol Versjion
87 54~] 321,

01 084 |™N0B0. \NGonfirmedSend-CommandPDU Version 1
01 001 108 \\ConfirmédSend-ResponsePDU Version 1
01 010 0 UnconfirmedSend-CommandPDU Version 1

NOTE JAll other codW are reserved for additional protocols and future revisions.

13.2. Encoding of Type Field

a) The service type of an APDU is encoded in the Type Field that is always the second octet
of the APDUs.

b) All bits of the Type Field are used to encode the service type.

1) The service types shall be encoded in bits 8 to 1 of the Type Field, with bit 8 the most
significant bit and bit 1 the least significant bit. The range of service type shall be
between 0 (zero) and 254, inclusive.

2) The value of 255 is reserved for future extensions to this specification.
3) The service type is specified in the abstract syntax as a positive integer value.
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c) Figure 4 illustrates the encoding of the Type Field.

13.2.3

s 7 & | 5 a4 3 2 1
Service Type

Figure 4 — Type Field

Encoding of InvokelD Field

The InvokelD Field shall be present if it is indicated in the abstract syntax. Otherwise, this
field shall not be present. If present, the InvokelD parameter supplied by a service primitive

shall

13.3
13.3.1

The FAL encoding rules are based on the terms and conventio
The epcoding consists of three components in the following

13.3.2

The Id
of ong

It con

e placea In tnis rield.

APDU Body encoding

General

Identifier Octet
Length Octet(s)
Contents Octet(s)

Identifier Octet

entifier Octet shall encode the tag \ gtract Syntax and shall @

“Tag field _

i }r\e} - Identifier Octet

B25-1.

onsist

The P nts Octet(s) is either a simple component (primitive| types,
such d component (constructed, such as SEQUENCE, SEQUENCE
OF tyI
3 th€ Contents Octet(s) is a simple component.
P/C Flagy=1 means the Contents Octet(s) is a structured component.
The Thgfield identifies the semantics of the Contents Octet(s).

13.3.3 Length Octet(s)

The Length Octet(s) shall consist of one or three octets.

a) If the value of the first Length Octet is other than 255, there shall be no subsequent
Length Octet(s) and the first octet shall contain the value for the Length Octet defined
later.

b) If the value of the first Length Octet is 255, there shall be two subsequent Length Octet(s)
that shall contain the values for the Length Octets defined later. In this case, the length
information of the Contents Octet(s) shall be represented by the last two octets of the
Length Octets, where the most significant bit of the second of three Length Octets shall be
the most significant bit of the length value and the least significant bit of the third of the
three Length Octets shall be the least significant bit of the length value.
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The sender shall have the option of using either the one-octet format or three-octet format.
For example, the three-octet format may be used to convey a length value of one.

The meaning of the Length Octet(s) depends on the type of value being encoded. If the
encoding of the Contents Octet(s) is primitive, the Length Octet(s) shall contain the number of
octets in the Contents Octets. If the encoding of the Contents Octets is constructed, the
Length Octet(s) shall contain the number of the first level components of the Contents Octets.

Figure 6 and Figure 7 depict encoding examples of the Length Octet(s):

8 7 6 5 4 3 2 — 1
(msb) value of the Length Octet as defined above ( (1sk)
N

Figure 6 — Length octet (one-octet format

first octet 15 second and third octet<\ 1

~N)
11111111 (msb) value of the Length Octets as dqﬁn}d\a\ovk \ (Isb)

Figure 7 — Length octets (thre

13.3.4 Contents Octet(s)

The Contents Octet(s) shall encode t ed for

its type.

The Gontents Octet(s) shall have either folle ng or
constiucted encoding.

a) If the Contents Oc bf one

vaflue.
b) If the Conte@)
erlcoding of

13.4 |Data type &

erated

13.4.1
13.4.1.1
A Boolean va be~encoded as follows:

a) THe Identifier Ottet and the Length Octet(s) shall not be present.

b) THe.Contents Octet(s) component always consists of one octet. If the Boolean|value
equals FALSE, all bits of the octet are U. If the Boolean value equals TRUE, the octet can
contain any combination of bits other than the encoding for FALSE.

13.4.1.2 Integer
An Integer value shall be encoded as follows:

a) The Identifier Octet shall not be present.

b) The Length Octet(s) shall not be present if the size of the Integer value is invariable. An
integer with invariable size is created by constraining the possible value. The Length
Octet(s) shall be present if the size of the Integer value is variable.

c) The Contents Octet(s) shall contain the two’s complement binary number equal to the
Integer value. The most significant eight bits of the Integer value are encoded in bit 8 to
bit 1 of the first octet, the next eight bits in bit 8 to bit 1 of the next octet and so on. If the
values of an Integer type are restricted to negative and non-negative numbers, bit 8 of the


https://iecnorm.com/api/?name=ad83bb3bc1ff7997c6602bffbb054919

PAS 62405 © IEC:2005(E) - 75—

first octet gives the sign of the value if the values are restricted to non-negative numbers
only, no sign bit is needed.

13.4.1.3 Unsigned Value
An Unsigned Value shall be encoded as follows:

a) The Identifier Octet shall not be present.

b) The Length Octet(s) shall not be present if the size of the Unsigned Value is invariable.
The length of an Unsigned Value with invariable depends on the specified range of the
value. The Length Octet(s) shall be present if the size of the UnS|gned Value is variable.

c)

13.4.1.4 Floating Point

A Floating Point value shall be encoded as follows:

a) THe Identifier Octet shall not be present.

b) THe Length Octet(s) shall not be present.

c) THe Contents Octet(s) shall contain floating point va i th the
IE[C-60559 Standard. The sign is encoded b ' ' ed by
the exponent starting from bit 7 of the fi n bit 7
of|the second octet for Floating32°e

13.4.1.5 Bit String

A Bit $tring value shall be

a) THe Identifier Octet sha

b) THe Length Octet(s) igble. A
Bit String wit i l/ one
value on the e Bit

C) ‘ of the

-1) div 8 + 1. The Bit String value commencing with the

he trailing bit shall be placed in bits 8 to 1 of the first|octet,

second octet and so on. If the number of bits is not a mlultiple

of|(8 8.3 Q- d unused bits, which are located in the least significant bits [of the
he-value-gf'the unused bits may be zero (0) or one (1) and carry no meaning.

13.4.1.6 _Octet S

An Oqgtei‘String value shall be encoded as follows:

a) The Identifier Octet shall not be present.

b) The Length Octet(s) shall not be present if the size of the Octet String value is invariable.
An Octet String with invariable size is created by applying a size constraint containing
only one value on the Octet String type. The Length Octet(s) shall be present if the size of
the Octet String value is variable.

c) The Contents Octet(s) shall be equal in value to the octets in the data value.
13.4.1.7 Visible String
A Visible String value shall be encoded as follows:

a) The Identifier Octet shall not be present.

b) The Length Octet(s) shall not be present if the size of the Visible String value is invariable.
A Visible String with invariable size is created by applying a size constraint containing
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only one value on the Visible String type. The Length Octet(s) shall be present if the size
of the Visible String value is variable.

The Contents Octet(s) shall be equal in value to the octets in the data value.

13.4.1.8 UNICODE String (ISO 10646 String)

A UNICODE String value shall be encoded as follows:

a)
b)

13.4.1.9 Binary Time

The Identifier Octet shall not be present.

The Length Octet(s) shall indicate the number of octets in the Contents Octet(s) as a
binary number.

Egch 1SO10646 character shall be placed in two octets in the Contents—Qctet(s), w|th the
i bsequent|octet,

and with the most significant bit of an octet of the data value aligng the most

octet,
of the

value.

ber.

If the Aumber of BCD values is zero, there shall be no subsequent octets, and the Length
Og¢tét(s) shall be zero.

The first BCD value shall be placed as a binary number in bits 8 to 5 of the first Contents
Octet(s), and the second BCD value shall be placed in bits 4 to 1 of the first Contents
Octet(s). This will be repeated for the remaining BCD values and Contents Octet(s) up to
and including the last octet of the Contents Octet(s). The values of any unused bits in the
last Contents Octet shall be set to 1.

13.4.1.13 SEQUENCE type

A value of a SEQUENCE type shall be encoded as follows:

a)
b)

The Identifier Octet shall not be present.

The Length Octet(s) shall be present and specify the number of the first level components
of the Contents Octet(s). However, for the first Keyword “SEQUENCE” of FalArPDU, this
length shall not be encoded.
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c)

The Contents Octet(s) shall consist of the encodings of all the element types in the same
order as they are specified in the ASN.1 description of the SEQUENCE type.

13.4.1.14 SEQUENCE OF type

A value of a SEQUENCE OF type shall be encoded as follows:

a)
b)

c)

13.4.1.15 CHOICE type

A valye of a CHOICE type shall be encoded as follows:

a)
b)
c)

13.4.1.16 Null

A valye of a NULL type shall be enco

a)
b)
c)

13.4.1.17 Tagged type

A valde of a Ta y o
a) THe ldentifier O

13.4.1.18

A vall

a)

c)

The Identifier Octet shall not be present.

The Length Octet(s) shall be present and specify the number of the first level components
of the Contents Octet(s).

The Contents Octet(s) shall consist of the encodmgs of all the element types in the same
Or-lnv- ac thov ara oA~ fiad in -I-Inn I\Ql\l 4 doceorin I-inn n-F +Inn QE{'\I IENCE O fvyno

CToo Ty arc—op T oo T T oTTTo O O TINOT- Ot types

THe Identifier Octet shall not be present.
THe Length Octet(s) shall not be present.

THe Contents Octet(s) shall consist of the encodin of the altennative

type list.

ed as 4

THe Identifier Octet shall not be present.
TH
THe Contents Octet(s

ive type
list i
TH
TH

THe ddentifier Octet shall not be present.

Tll (5] Lcugtil ObtUt(b) bild“ IIUt IUC plb‘bUIlt.
The Contents Octet(s) shall consist of the encoding of the type being referenced by the
IMPLICIT construct, except for the case when the referenced type is a SEQUENCE type.

In this case, the Contents Octet(s) consist only of the Contents Octet(s) of the referenced
SEQUENCE type, and the Length Octet(s) of this SEQUENCE type shall not be present.

13.4.1.19 OPTIONAL and DEFAULT types

A value of an OPTIONAL or DEFAULT type shall be encoded as follows:

a)
b)

c)

The Identifier Octet shall not be present.

The Length Octet(s) shall be present. If there is no value for this type, the Length Octet(s)
contain the value 0.

The Contents Octet(s) shall consist of the encoding of the referenced type if there is a
value for this type, otherwise no Contents Octets exist.
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.20 ANY type

An ANY type is used for the definition of complex types, whose structure is described
informally rather than in ASN.1.

A value of an ANY type shall be encoded as follows:

a) The Identifier Octet shall not be present.

b) The Length Octet(s) shall not be present.

c) The Contents Octets shall consist of the encoding of all implicit types that constitute the
ANY type.

14 FAL protocol state machines structure

This sjubclause specifies protocol machines of the FAL and the Intefface

NOTE
protoco

The b
of pr
Relati
Machi
relatio
are dq

ehaviour of the FAL is described by three integrate achines? The three
btocol machines are: FAL Service Protocol” Machines the Appli
bnship Protocol Machines (ARPMs), and ink r Mapping P

hes (DMPMs). Specific protocol machine
nships among these protocol ines

néd for différent AREP types
8 exchanged among
picted in Figure 8.

e

FAL Ser\Ex\Re/qi) Primi@\ )\:AL Service Ind/Cnf Primitives
AR

A
> FSPM
AN
SP Wtives FSPM Ind/Cnf Primitives

< #in ARPM J
s\ #1 ARPM

fine the

kinds
cation
otocol
. The
them

ARPM Reg/Rsp Primitives x ARPM Ind/Cnf Primitives
DMPM
DL Reg/Rsp Primitives DL Ind/Cnf Primitives
A 4
Data Link Layer

Figure 8 — Relationships among protocol machines and adjacent layers

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;
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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) to deliver the FAL service primitives to the AP-Context based on the AREP Identifier
parameter associated with the primitives.

The A

RPM is responsible for the following activities:

a) to accept FAL internal primitives from the FSPM and create and send other FAL internal
primitives to either the FSPM or the DMPM, based on the AREP and primitive types;

b) to
co

c) iff
sp

The O
AREP,
activit

a) to
se

b) to
AR

There

16 F

16.1
There

General

are FAL Seg

Function’tayvocation ASE Protocol Machine (FNIM)

Time’ ASE Protocol Machine (TIMM)

16.2

accept FAL internal primitives from the DMPM and send them the FSPM in a
nverted form for the FSPM;

he primitives are for the Establish or Abort service, it shall try to<e se the
ecified AR.

MPM describes the mapping between the FAL and the DLk bl the
types and does not have any state changes. The DMR owing
es:

accept FAL internal primitives from the ARP 5, and
nd them to the DLL;

receive DLL indication or confirmation pu to the

Network-Management-ASEProtocol-Machine(NAWMMY—— |

Common parameters of the primitives

Many services have the following parameters. Instead of defining them with each service, the
following common definitions are provided.

AREP

This parameter contains sufficient information to identify the AREP to be used to convey the
service. This parameter may use a key attribute of the AREP to identify the application
relationship. When an AREP supports multiple contexts (established using the Initiate service)
at the same time, the AREP parameter is extended to identify the context as well as the AREP.
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identifies this invocation of the service. It is used to associate a service

request with its response. Therefore, no two outstanding service invocations can be identified
by the same InvokelD value.

Error Info

This parameter provides error information for service errors. It is returned in confirmed service
primitives and response primitives.

16.3 Variable ASE Protocol Machine (VARM)

16.3.1 Primitive definitions

16.3.1.1 Primitives exchanged

Table| 33 shows the service primitives, including their associate
between the FAL user and the VARM.

Table 33 — Primitives exchanged between}& ser

Anged

AN
Source Associated nc lbns\)
parameters \% \

Arimitive
name
Redd.req FAL VariableSpecifier Thisa(drlm e |S\§Walues from remotd
User vari Iesﬁ
Write.req

FAL VariableSpecifier o write values to remote
User Ies

InfReport.req

FAL VariableSpecHijer, Th| primitive is-Gs o publish variables.
User Value,

RemoteArep

Redd.rsp FAL VariableSpecifier, his\primitjve is used to convey values of variables
User Value, (\ reguested.
Excorinfo
Wrife.rsp FAL Vanapl Speﬁﬂi _)Th'g?mitive is used to report result of writing
User x.[rorl requésted.
Redd.ind VARM] Va\\ableSp(\m(er This primitive is used to convey a read request.
Write.ind

VARMK \b\Spém\é\ \> This primitive is used to convey a write request.
Valu

InfReport.ind

VA VariableSpeeifi This primitive is used to report values of variablels
Nalue published.

Redd.cnf \Y Vabiable This primitive is used to convey values of variables
\iq requested and result of reading.
rin
Write.cnf VARM ariableSpecifier, This primitive is used to report result of writing
Erxorl requested.

16.3.1.2

The pprameters us
listed in/Table 34.

primitives

with the primitives exchanged between the FAL user and the VARM are

Table 34 — Parameters used with primitives exchanged FAL user and VARM

Parameter name

Description

VariableSpecifier

This parameter specifies a variable or a variable list.

RemoteArep This parameter specifies a remote AREP to which APDU is to be transferred.
Value This parameter contains the value of variable to be read/write.
Errorinfo This parameter provides error information for service errors.

16.3.2 State machine

16.3.2.1 General

The VARM State Machine has only one possible state: ACTIVE.
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Q All transitions

Figure 9 — State transition diagram of VARM

16.3.2.2 State tables
The V| ;
Table 35 — VARM state table — Sender transitioris
A\ (\
# Current Event or condition w
state i (\
=> action
s1 || ACTIVE Read.req o\ ACTIVE
=>
AreplD := GetArep(VariableSpecifier
SelectArep(AreplD, “PTC-AR”),
CS_req{
user_data := Read-Ref_L\e tP
} AN\
s2 || ACTIVE Write.req U ACTIVE
=>
AreplID := GetArep(Vari
SelectArep(Arepl
CS_req{
user_dat
S3 || ACTIVE InfRefort.reg ACTIVE
=>
SelestArep(
reqf
S4 || ACTIVE ACTIVE
S5 || AGTIV ACTIVE
user_data := Write-ResponsePDU
}
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Table 36 — VARM state table — Receiver transitions

# Current Event or condition Next state
state )
=> action
R1 ACTIVE CS_ind ACTIVE

&& PDU_Type = Read_RequestPDU
=>
Read.ind{
AreplD := arep_id
Data := user_data

}
R2 ACTIVE CS_ind ACTIVE

QL. DPNOLL _Tyvng — \Wreita Daoaiioc 1D
pA i <

=>
Write.ind{
AreplID := arep_id

Data := user_data, /\ Q

}
R3 ACTIVE CS_ind CTWE
&& PDU_Type = Read_ResponsePDU W
&& GetErrorinfo() = “success”
=>
Read.cnf(+){
Data := user_data

}
R4 ACTIVE CS_ind ACTIVE
&& PDU_Type = Read_Response \/

&& GetErrorinfo() <> “ g C>
=>

Read.cnf(-){

Errorinfo : fo()
R5 ACTIVE ACTIVE
R6 ACTIVE ACTIVE
R7 ACTIME ACTIVE
Report.ind{
Data := user_data
}
R8 || ACTIVE “CS_cnf ACTIVE
&& Status = “success”
=>

(no actions taken)

R9 ACTIVE CS_cnf ACTIVE
&& Status <> “success”
&& GetService(lnvokelD) = “Read”
=>
Read.cnf(-){
Errorinfo := Status

}

R10 | ACTIVE CS_cnf ACTIVE
&& Status <> “success”
&& GetService(lnvokelD) = “Write”
=>

Write.cnf(-){

Errorinfo := Status
}
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Functions

Table 37 lists the functions used by the VARM, their arguments and their descriptions.

Table 37 - Functions used by the VARM

Function name Parameter Description
SelectArep AreplD, Looks for the AREP entry that is specified by the ArepID and
ARtype AR type.
GetArep VariableSpecifier Look for the ArepID based on the specified VariableSpecifier.

GetErrorinfo

Gets error information from the APDU.

GetService InvokelD Gets service name from the InvokelD.
16.4 [Event ASE Protocol Machine (EVTM)
16.4.1 Primitive definitions
16.4.1.1 Primitives exchanged
Table| 38 shows the service primitives, including their eters exchpnged
betwegen the FAL user and the EVTM.
Table 38 — Primitives exchanged(biwe FAL tser arid EVTM
Primitive name Source Associatéd p\&{m ers Functions
Notifidation.req FAL AREP hIS les used to request publishing|of
User NotifierID nt messages.
Sequence Number
ListOfEventNess ge
EventRecovery.req | FAL REP h"{ primitive is used to request retransmisjsion
User NotifierID event notification.
A Seq nceNum e
Notifigation.ind EVT] This primitive is used to inform event notifi¢ation.
mb
ent essdges
EventRecovery.ind E AR This primitive is used to inform request of
tifie retransmission of event notification.
Se enceN mber
16.4.1. f primitives
The p4g h the primitives exchanged between the FAL user and the EVTM arelisted
in Tab|
Parameters used with primitives exchanged FAL user and EVTM
Parameter name Description
NotifieiJ:D Th;b bUIId;t;UIIﬂ: pdldlllUtCl ;dcllt;ﬁcb thU IIUt;f;UI iaauilly thU CVUIIt IIUt;f;\ldt; 1. It iS
present if the AP has more than one notifier defined for it.
SequenceNumber This optional parameter is the sequence number for the event notification. It may be
used for notification recovery purposes.
NotificationTime This optional parameter is the time tag for the event notification.
ListOfEventMessages This parameter contains the list of event messages that are to be reported. It may
contain messages from one or more event objects, and each object contains the same
set of parameters.

16.4.2 State machine

16.4.2.1

General

The EVTM State Machine has only one possible state: ACTIVE.
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Q All transitions

Figure 10 — State transition diagram of EVTM

16.4.2.2 State tables
The E ;
Table 40 — EVTM state table — Sender transitioxs
N\ (\
# Current Event or condition W
state i (\
=> action
s1 || ACTIVE Notification.req o\ ACTIVE
=>
SelectArep(RemoteArep, “MTU-AR”),
UCS_req{
user_data := Event-Notification
}
S2 || ACTIVE EventRecovery.req ACTIVE
=>
SelectArep(Re
UCS_req{
arep =
user_dat
}
able Receiver transitions
# CurrentQ r condition Next sta
state
—> action
R1 || ACTIVE ACTIVE
< TyPe = Evept_NotifiationPDU
O
R2 CTI NRUCS_ind ACTIVE
& DMd_Type = EventRecovery-RequestPDU
>
EventRecovery.ind {
Data := user_data
}
16.4.2.3 Functions

Table 42 lists the function used by the EVTM, their arguments, and their description.

Table 42 - Functions used by the EVTM

Function name

Parameter Description

SelectArep

ARtype AR type.

AreplD, Looks for the AREP entry that is specified by the AreplD and
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16.5 Load Region ASE Protocol Machine (LDRM)

16.5.1 Primitive definitions

16.5.1.1 Primitives exchanged

Table 43 shows the service primitives,

between the FAL user and the LDRM.

Table 43 - Primitives exchanged between FAL user and LDRM

including their associated parameters exchanged

Primitive Source Associated Functions
name parameters
Download.req FAL AREP This primitive is used to requedt downlead data-tp
User InvokelD the region.
LoadRegion
LoadData /\ %
Uplpad.req FAL AREP This primitive is used hﬁhﬁtxp\a\d\k/from
User InvokelD the region.
LoadRegion
Download.rsp | FAL AREP This primitiv used tQ repert Xesultvof download
User InvokelD requested. \
Error Info
Uplpad.rsp FAL AREP This primitiveN\is sed convey data to| be
User InvokelD uplo ded
LoadData
Errorinfo
Download.ind LDRM AREP rimi |ve convey data downloaded.
InvokelD
LoadRegion
LoadData
Uplpad.ind LDRM AREP r|m| ive is used to convey an upload requept.
InvokelD Q
/(éad region,
Download.cnf LDRM rimitive is used to convey a resulf] of
download.
/\ Err Info
Uplpad.cnf LDRM This primitive is used to convey data uploaded.
Invo
Loa
rorln
16.5.1.
The p M are
listed
Table-44.— Parameters used with primitives exchanged FAL user and LDRM
Parjameter name Description
LoadRdgion This parameter specifies the region from/to which the image is to be loaded
LoadData This parameter contains the data to be loaded.
Errorinfo This parameter provides error information for service errors.

16.5.2 State machine

16.5.2.1 General

The LDRM State Machine has only one possible state: ACTIVE.
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Q All transitions

Figure 11 — State transition diagram of LDRM

16.5.2.2 State tables

The L e i i ;
Table 45 — LDRM state table — Sender transitiors
N\ (\
# Current Event or condition W e
state i (\
=> action
S1|[ ACTIVE Download.req o\ ACTIVE
=>
SelectArep(RemoteArep, “PTC-AR”),
CS_req{
user_data := DownLoad-RéquestPDU
}
S2 || ACTIVE Upload.req ACTIVE
=>
SelectArep(Re
CS_req{
}
S3 || ACTIVE ACTIVE
S4 || ACTIVE \/ ACTIVE
< ser_.data := UpLoad-ResponsePDU
}
N
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Table 46 — LDRM state table — Receiver transitions

# Current Event or condition Next state
state )
=> action
R1 | ACTIVE CS_ind ACTIVE
&& PDU_Type = DownlLoad-RequestPDU
=>
Download.ind {
AreplID := arep_id
Data := user_data
}
R2 | ACTIVE CS_ind ACTIVE
L. DN T/ =llnload Poauoc tDOLI
— I L
=>
Upload.ind {
AreplID := arep_id
Data := user_data (
} N\
R3 || ACTIVE CS_ind CTNE/
&& PDU_Type = DownLoad-ResponsePDU
=>
Download.cnf(+) {
Data := user_data
}
R4 || ACTIVE CS_ind ACTIVE
&& PDU_Type = UpLoad-ResponseP
=>
Upload.cnf(+) {
Data := yser_data
}
R5 [[ ACTIVE CS_cnf N_ ACTIVE
&& Status <> “success’
&& GetService(InvokdID) = “Downioatk
=>
D load, <) {
rforinfoxs Statu
N
R6 || ACTIVE C$ snf ~—_" ACTIVE
S\<A\sucoess
Q && GetSeryiceflnvokelD) s “Upload”
=>
</Status

16.5.2.
Table

Table 47 - Functions used by the LDRM

Fuhction name Parameter Description
SelectArep AreplD, LCooks for the AREP entry that is specified by the AreplD
ARtype and AR type.
GetErrorinfo Gets error information from the APDU.
GetService InvokelD Gets service name from the InvokelD.

16.6 Function Invocation ASE Protocol Machine (FNIM)

16.6.1 Primitive definitions

16.6.1.1 Primitives exchanged

Table 48 shows the service primitives, including their associated parameters exchanged

between the FAL user and the FNIM.
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Table 48 — Primitives exchanged between FAL user and FNIM

Primitive Source Associated Functions
name parameters
Start.req FAL AREP This primitive is used to request start of the
User InvokelD function.
FunctionID
Stop.req FAL AREP This primitive is used to request stop of the
User InvokelD function.
FunctionID
Resume.req FAL AREP This primitive is used to request resume of the
User InvokelD function.
FunctionID
Stagt rSp. EAL AREP This primifi\ln isusedto rnpr\rf result of start
User InvokelD requested.
Error Info
Stop.rsp FAL AREP This primitive is used to repgrt\esult of stop
User InvokelD requested.
Error Info /\ K
Redume.rsp FAL AREP This primitive is use to\?\t\r\%?ﬂ%és\uyfé
User InvokelD requested.
Error Info &
Staft.ind FNIM AREP This primitive/3\ysed tocohvey astartrequest.
InvokelD \
FunctionID

Stop.ind FNIM AREP This pfimitive is\used to convey a stop request.
InvokelD
FunctionID A\ Q ¢

Redume.ind FNIM AREP ,\th primitive(fs used te_convey a resume requeq
InvokelD <\
FunctionID

—

Staft.cnf FNIM AREP his primitivesis us€d to convey a result of start.
InvokelD
Error Info
Stop.cnf FNIM AREP \\ Thi pWe is used to convey a result of stop.
nwQkel )
NErro n?o/\ N

Requme.cnf FNIM [\ AREP N ﬁ primitive is used to convey a result of resunje.

Npkein. (N
N

16.6.1.
The p ives exchanged between the FAL user and the FNIM is
listed
arameters used with primitives exchanged FAL user and FNIM
Parameter name_ \ Description
FunctignID /This parameter specifies one of the key attributes of the function invocation objedt.

16.6.2— State machine
16.6.2.1 General

The FNIM State Machine has only one possible state: ACTIVE.

’ All transitions

Figure 12 — State transition diagram of FNIM
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State tables

The FNIM state machine is described in Figure 12, and in Table 50 and Table 51.

Table 50 — FNIM state table — Sender transitions

# Current Event or condition Next state
state )
=> action
S1 | ACTIVE Start.req ACTIVE
=>
SelectArep(RemoteArep, “PTC-AR”),
CS _req{
user_data := Start-RequestPDU
}
S2 || ACTIVE Stop.req.req ACTIVE
=>
SelectArep(RemoteArep, “PTC-AR”),
CS_req{
user_data := Stop-RequestPDU
}
s3 || ACTIVE Resume.req X\ ACTIVE
=>
SelectArep(RemoteArep, “PTC-AR”),
CS_req{
user_data := Resume-ResponsgRDU
!
S4 || ACTIVE Start.rsp \\Z G ACTIVE
=>
SelectArep(AreplD, “RT R”),
CS_rsp{
user_data := onsePDU
!
S5 || ACTIVE Stop rsp ACTIVE
S6 || ACTIVE Q ACTIVE
<\ WNIM state table — Receiver transitions
# nt Event or condition Next state
state
=> action
R1 ACTIVE CS_md ACTIVE
&& PDU_Type = Start-RequestPDU
Start.ind {
Data := user_data
}
R2 ACTIVE CS_ind ACTIVE
&& PDU_Type = Stop-RequestPDU
=>
Stop.ind {
Data := user_data
}
R3 ACTIVE CS_ind ACTIVE
&& PDU_Type = Resume-RequestPDU
=>
Resume.ind {
Data := user_data
}
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# Current Event or condition Next state
state )
=> action
R4 ACTIVE CS_ind ACTIVE

&& PDU_Type = Start-ResponsePDU
=>
Start.cnf(+) {
Data := user_data

}

R5 ACTIVE CS_ind ACTIVE
&& PDU_Type = Start-ResponsePDU
&& GetErrorinfo() <> “success”
=>

Start.cnf(-){

EIIUI:IIfU . CU:EIIUI:IIfU()

} /)
R6 ACTIVE CS_ind TINE
&& PDU_Type = Stop-ResponsePDU

=>
Stop.cnf(+) { & Q
Data := user_data
) AN

R7 || ACTIVE CS_ind \ CTIVE
&& PDU_Type = Stop-ResponsePDU

&& GetErrorinfo() <> “success”

=>

Stop.cnf(-){

Errorinfo := GetErrorinfo( Q
} 7\ X,
R8 || ACTIVE CS_ind N\ ACTIVE
&& PDU_Type = RegumexResponseRDU
=>
Resume.cnf(+) {
Data := usgr_data
}
R9 ACTIVE i ACTIVE
R10| | ACTIVE ACTIVE
R11| | ACTIV ACTIVE
= “Start”
Errorinfo := Status
}
R12| | ACTIVE /Os_cnf ACTIVE
&& Status <> “success”
&& GetService(lnvokelD) = “Stop”
=>
Stop.cnf(-) {
Errorinfo := Status
}
R13 | ACTIVE CS_cnf ACTIVE

&& Status <> “success”
&& GetService(InvokelD) = “Resume”
=>
Resume.cnf(-) {
Errorinfo := Status
}

16.6.2.3 Functions

Table 52 lists the functions used by the FNIM, their arguments, and their descriptions.
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Table 52 - Functions used by the FNIM

Function name Parameter Description
SelectArep AREPId, Looks for the AREP entry that is specified by the AREPid and
ARtype AR type.
GetErrorinfo Gets error information from the APDU.
GetService InvokelD Gets service name from the InvokelD.

16.7 Time ASE Protocol Machine (TIMM)

16.7.1 Primitive definitions

16.7. 11T Primitives exchanged

Table| 53 shows the service primitives, including their associated meters\(exchanged
betwegen the FAL user and the TIMM.

Table 53 — Primitives exchanged between FA raand THIM
Arimitive Source Associated ijons
name parameters N
Gef[Time.req FAL AREP This p m|t|ve to req est network time.
User InvokelD
Setflim.req FAL AREP T SWI e is Us&d to r\qa'est setting of time t
User InvokelD \62\3
NetworkTime
Setflim.ind TIMM AREP Thi pr|m| e |s us d to report setting of network
InvokelD ime.
Network-time
Tick.ind TIMM Tick ( mml ive is used to report periodical trigger
synchrenized to network time.
GetlTim.cnf TIMM This primitive is used to convey a result of gettinp of
Invo etwork time.
\Ne{v(o Time
l\ Info
Setflim.cnf TIMM This primitive is used to convey a result of setting of
<§ Invo network time.
Erro nfo

16.7.1.2 Parameteys of primitive

The pprame \ e primitives exchanged between the FAL user and the TIMM are
listed jin

arameters used with primitives exchanged FAL user and TIMM

Parametér name Description
NetworkTime This parameter is the value of the network time.
Errorinig This parameter provides error information for service errors
Tick This parameter indicates tick timing.

16.7.2 State machine
16.7.2.1 General

The TIMM State Machine has four possible states. The defined states and their descriptions
are shown in Table 55 and Figure 13.
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Table 55 — TIMM states

State Description
TIM_MST TIMM is acting as network time master.
DOM_MST TIMM is acting as domain time master.
SLAVE TIMM is synchronized with domain time master.
IDLE TIMM is not synchronized with network time.

16.7.2.2 State tables
The T|MM state

| state table — Sender transitions

=> action

s1(]1 \ tTime.req IDLE
=>

GetTime.cnf {
Error info := “not synchronized”

# Cuirent \\\> Event or condition Next state
AR

!
S2 | |\SLAVE GetTime.req SAME
BOM—MSF =
TIM_MST GetTime.cnf {
NetworkTime := GetLocalTime()
}
S3 | ANY SetTim.req SAME
=>
SelectArep(“NET”, “MTU-AR”),
UCS_req {
user_data := SetTime-RequestPDU
}
S4 | SLAVE CheckTimer(Timer1) = “Expired” SLAVE

=>
SelectArep (“DOM-MST”, “PTC-AR”),
CS_req {
user_data := Time-RequestPDU
}

StartTimer(Timer1)
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# Current Event or condition Next state
state )
=> action
S5 | DOM-MST CheckTimer(Timer2) = “Expired” DOM-MST
=>
SelectArep(“DOM”, “MTU-AR”"),
UCS_req {
user_data := TimeDistribute-RequestPDU
b
StartTimer(Timer2)
S6 | DOM-MST CheckTimer(Timer3) = “Expired” DOM-MST
=>
SelectArep(“TIM-MST”, “PTC-AR"),
CS_req {
uocl_dc\ta . T;IIIU RU\{UUOtPDU
b
StartTimer(Timer3)
N
Table 57 — TIMM state table — Receiver transitions
# Current Event or condition \ state|
state
=> action <\ \
R1 IDLE UCS_ind N SLAVE
&& PDU _Type = TimeDistribute-Requ tPDU
=>
R2 || SLAVE CheckTimer(Tick) = “Explred“ \/ SAME
DOM_MST | => G
TIM_MST Tick.ind {}
StartTimer( T|ck)
R3 SLAVE UCS_ind SLAVE
&& PDU_Type = TimeDistribute-Re
=>
UpdateLocalTim (Degy}actor)
R4 SLAVE CS_ipd SLAVE
&& PDU_T pons
e,la actor(—%alcur e
R5 SLAVE eck DO DOM-MST
(no actions-i en
R6 DOM- MST DOM-MST
\ ser_data := Time-ResponsePDU
AN }
R7 M- N S_in DOM-MST
&& U_Type = Time-ResponsePDU
>
DelayFactor = CalcurateDelay(),
UpdateLocalTime(DelayFactor)
R8 DOM-MST CheckNW() == SLAVE SLAVE
=>
(no actions taken)
R9 DOM-MST CheckNW() == TIM-MST TIM-MST
=>
(no actions taken)
R10 | TIM-MST CS_ind TIM-MST
&& PDU_Type = Time-RequestPDU
=>
SelectArep(CallingAREP, “PTC-AR”),
CS_rsp {
user_data := Time-ResponsePDU
!
R11 | TIM-MST CheckNW() == DOM-MST DOM-MST
=>
(no actions taken)
R12 | TIM-MST CheckNW() == SLAVE SLAVE
=>
(no actions taken)
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Table 58 lists the functions used by the TIMM, their arguments, and their descriptions.

Table 58 - Functions used by the TIMM

Function name Parameter Description
SelectArep AreplD, Looks for the AREP entry that is specified by the ArepID
ARtype and AR type.

The value “DOM” for AreplD specifies all stations of the
domain to which the NWMM is belong.

The value “NET” for AreplID specifies all station of the
network.

The value DOM-MSTTor ATepID Specities AREP, 0] the
domain time master of the domain the NWMM is
belong.

The value “TIM-MST” for Arep s AREP of the
network time master. /\

GetLochITime Gets local time from the intgrnakchack.

Updatel.ocalTime DelayFactor Updates local clock wNe\v\eB\Q \\\t»tye’d blay
factor.

CalcurdteDelay Calculate the delay factor from\@:e\(ed ArPDU

CheckTlimer TimerlD Checks status ofthe ifiegtimer. Ik the tlmer has|been
expired, the valuexXExpiredis rned

StartTither TimerlD Starts the jifner Specifigd: & \

16.8 |Network Management ASE Protocol M I@)

16.8.1 Primitive definitions

16.8.1.1 Primitives exchanged

Table| 59 shows the ser r associated parameters exchpnged

betwegen the FAL user an

%59‘

Arimitive SSO ate Functions
name p eter,
/\
GetNW.req gé\l_\ In okw This primitive is used to request network status.
er
GetSTN.req N IW This primitive is used to request station status.
en )
<\ h& \§t3t|on|D
NWStatuﬁu\\lW M NetworkStatus This primitive is used to report changes of netwofk
status.
STNStats’ind NMA StationID This primitive is used to report changes of statio
. status.

StationStatus
RouteStatus

GetNW.cnf NWMM InvokelD This primitive is used to convey network status.
NetworkStatus

GetSTN.cnf NWMM InvokelD This primitive is used to convey station status

) requested.
StationStatus
RouteStatus
16.8.1.2 Parameters of primitives

The parameters used with the primitives exchanged between the FAL user and the NWMM
are listed in Table 60.
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Table 60 — Parameters used with primitives exchanged FAL user and NWMM

Parameter name Description
StationID This parameter indicates a station.
StationStatus This parameter indicates status of station which is specified in the request primitive.
RouteStatus This parameter indicates status of routes for the station which is specified in the request
primitive.
NetworkStatus This parameter indicates consistency of the primary network and the secondary network.

16.8.2 State machine
16.8.2.1 General

The NWMM State Machine has three possible states. The defined staies and| their
descriptions are shown in Table 61 and Figure 14.

Table 61 - NWMM states

State Descripti&K \\ )
MST NWMM is acting as a domain master.ﬁ \ \ \
SLAVE NWMM is acting as a slave. /\ X \

$1,82,S3
R1,R2

$1,82, S4
R1,R2

diagram of NWMM
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16.8.2.2 State tables

The NWMM state machine is described in Figure 14, and in Table 62 and Table 63.

Table 62 — NWMM state table — Sender transitions

# Current Event or condition Next state
state )
=> action
S1 | ANY GetNW.req SAME
=>
GetNW.cnf{
thvvullr\statuc al \JCtI“l“V‘VDtatUD\)
}
S2 || ANY GetSTN.req S E
=>
GetSTN.cnf{
StationStatus = GetSTNstatus(StationlD)
RouteStatus := GetRoutestatus(Stationl
}
S3 || SLAVE CheckTimer(DiagTimer) LAVE

=>
SelectArep(“DOM”, “MTU-AR”),
UCS_req{
user_data := InDiag-RequestPDU

h

StartTimer(DiagTimer) 1\ X
S4 || MST CheckTimer(DiagTime MST

=>
SelectArep(“DOM
UCS_req{
user_data /=T
}
Mte table — Receiver transitions

# Current Event or condition Next state

sta
/’e\ => action
R1[[ ANY %‘g indv SAME
w && (PDU_Type = InDiag-RequestPDU

|| PDU_Type = ExDiag-RequestPDU)

UpdateNWstatus()

CheckNWstatus(NWstatus-table) = “True”
=>
NWStatus.ind{
NetworkStatus := GetNWstatus()
}

(changedSTN := CheckSTNstatus(NWstatus-table)) <> “None”
=>
STNStats.ind {
StationID := changed-station,
StationStatus := GetSTNstatus(StationID)
RouteStatus := GetRouteStatus(StationID)
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# Current Event or condition Next state
state )
=> action
R2 | ANY CheckTimer(AgingTimer) = “Expired” SAME
=>
UpdateNWstatus()
(changedSTN := CheckSTNstatus(NWstatus-table)) <> “None”
=>
STNStats.ind {
StationID := changed-station,
StationStatus := GetSTNstatus(StationID)
RouteStatus := GetRouteStatus(StationID)
}(\’t + T LA H i AY
StartHmerAgrgHmen
R3 || SLAVE CheckMaster(NWstatus-table) = “True” ST
=>
(no actions taken) A
R4 || MST CheckMaster (NWstatus-table) = “False” AY
=>
(no actions taken)
16.8.2.3 Functions
Table|64 lists the functions used by the NWMM, their ts<and their descriptions.
Table 64 /Fﬂctloy@
Function name Parameter \ }Descrlptlon
GetNWhtatus NWstatus-table A \G\eY\netWQrk status from the network status table.
GetSTNstatus NWstatus- tatus of the specified station from the
table StationID table.
GetRoytestatus atus- ts ro e\étatus to the specified station from the fpetwork
atlo D tug t
SelectArep ArépID, N Looks Yor the AREP entry that is specified by the ArepID
Rt R type.
The value “DOM” for AreplD specifies all stations pf the
domain to which the NWMM is belong.
The value “NET” for AreplD specifies all station of|the
network.
CheckTlimer imenD Checks status of the specified timer. If the timer hgs been
/\ expired, the value “Expired” is returned.
StartTither \ N\ZimexD Starts the timer specified.
UpdateNWstatu \ W—table Updates the network status table according to recedived
APDU,
If aging time of each entry of the network status table has
\ been expired, then updates the entry as not valid.
CheckNWstatug() 2\ \N)Nstatus-table Checks the network status table. If any change of petwork
status is detected, the value “True” is returned.
CheckYTNstatus() \/ NWstatus-table Checks the network status table. If any change of gtation
status is detected, the StationID of the detected station is
returned.
CheckNiaster NWstatus-table Check the network status table. If the NWMM of owyn
station is recognized as master of the domain according
to the predefined rules, the value “True” is returned.

17 Application Relationship Protocol Machines (ARPMs)

17.1 General

This fieldbus has Application Relationship Protocol Machines (ARPMs) for:

Point-to-point user-Triggered Confirmed client/server AREP (PTC-AR)
Point-to-point user-Triggered Unconfirmed client/server AREP (PTU-AR)
Point-to-point network-Scheduled Unconfirmed client/server AREP (PSU-AR)
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Multipoint user-Triggered Unconfirmed publisher/subscriber AREP (MTU-AR)
Multipoint network-Scheduled Unconfirmed publisher/subscriber AREP (MSU-AR)

17.2 Primitive definitions

17.2.1

Primitives exchanged

Table 65 lists the primitives, including their associated parameters exchanged between the FSPM
and the ARPM.

Table 65 — Primitives exchanged between FSPM and ARPM

17.2.2

The p
listed

Primitive Source Associated parameters Functi
hame
EST| req FSPM Remote_dlsap_address This primitive is Wreq%\s\
establishment of

ABT| req FSPM Reason_code This primitive is ux {\\e% %\\e{t/ol he

CS_feq FSPM Destination_dlsap_address, Th|s pr|m|t|v is us o'request sending pf
InvokelD, the Confj -CommandP
User_data, d\

ucs| req FSPM Remote_dlIsap_address, Thi eis &\:\W’ést sending pf
User_data m Send-GommandPDU.

CS_fsp FSPM Source_dlsap_address, .(.hls |t|0\|ss\ﬁs.$i;2request sending pf
User data f|r edSend- ponsePDU.

CS_|nd ARPM Source dlsap ddress, his pfimitive is used to report the receivéd
InvokelD, onfitmedS¢nd-CoOmmandPDU.
User_ data

UCSl ind ARPM Remote_dIsap_addre is ers used to report the received
InvokelD, UncqnfirmedSend-CommandPDU.
User_data

EST|cnf ARPM InvokelD, \ \\ This primitive is used to convey a result df

'\Result(-\ XR eStablishment. (1
CS_gnf ARPM elID, N \\Ws primitive is used to convey a result df
N \R t, confirmed sending.
~—"

ssed with primitives exchanged FSPM user and ARPM

exchanged between the FSPM and the ARPM are

AN
Pafameter nama,_«.\ Description
Invokelp oS This‘parameter is locally used and defined by the user to identify the request.
Remote| disap_add Jhis parameter contains the destination DLSAP-address in the request and the|source
LSAP-address in the indication.
Destinafion_dlsap_address | This parameter contains the Destination DLSAP-address.
Source_|dISap,address This parameter contains the Source DLSAP-address.
User dbta Thisparametercontainsthe servicedependentbody for the ARPDLL
Result This parameter indicates that the service request succeeded or failed.

Reason_Code

This parameter indicates the reason for the Abort.

17.3 State machine

17.3.1
17.3.1

Point-to-point user-Triggered Confirmed client/server ARPM (PTC-ARPM)

.1 General

The PTC-ARPM State Machine has two possible states. The defined states and their
descriptions are shown in Table 67 and Figure 15.
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Table 67 - PTC-ARPM states

State Description
CLOSED The AREP is defined, but not capable of sending or receiving FAL-PDUs.
OPEN The AREP is defined and capable of sending or receiving FAL-PDUs.

S3,54,R2
CLOSED R3, R4, R5
R6, R7, R8
R9, R10
Figure 15 — State transition diagram of the PTC-
17.3.1.2 States
The PITC-ARPM state machine is described in Figure 15, an e 69.
Table 68 — PTC-ARPM state table
# Current Next state
state
S1 || CLOSED CLOSED
S2 || OPEN CLOSED
S3 || OPEN OPEN
\ led_address := Destination _dlsap_address,
disdu := BuildFAL-PDU (
w fal_pdu_name := “CS_PDU”,
fal_data := user_data)
s4 || OPEN \?_rsp OPEN
& Role = “Server” || “Peer”
=>
FAL-PDU_req {
ttsap—id—=DtSAPD;
called_address := Destination _dlsap_address,
dIsdu := BuildFAL-PDU (
fal_pdu_name := “CS_RspPDU”,
fal_data := user_data)
}
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# Current Event or condition Next state
state )
=> action
R1 CLOSED Establish_cnf OPEN
&& status = “Success”
=>
DLSAP_ID := dIsap_id
EST_cnf {
Status := status
}
R2 OPEN FAL-PDU ind OPEN
22 EAL Drl T:n IFnI Pavail \—“f"Q B thII“
-
&& Role = Peer" Il “Server
=>
CS_ind{
Source _dlsap_address := calling_address,
user _data := fal_pdu
}
R3 OPEN FAL-PDU_ind OREN
&& FAL_Pdu_Type (fal_pdu) = “CS_RspPDU”
&& Role = “Client” || “Peer”
=>
CS_cnf{
user_data := fal_pdu
}
R4 OPEN FAL-PDU_ind OPEN
&& FAL_Pdu_Type (fal_pdu) <> *“C Re
&& Role = “Server”
=>
(no actions taken)
R5 OPEN FAL-PDU_ind OPEN
&& FAL_| Pdu _Type (fal{ pdu) <> “CS DU’
&& Role = “Client”
no at |om
R6 OPEN OPEN
R7 OPEN OPEN
\ user_data := null,
result := status
}
R8 OPEN FAL-PDU_cnf OPEN
& Role = “Client” || “Peer”
&& status = “success”
=>
(no actions faken)
R9 OPEN FAL-PDU_Ind OPEN
&& FALPdu_Type(fal-pdu) = “CS_Rsp PDU”
&& Role = “Server” || “Peer”
=>
(no actions taken)
R10 | OPEN ErrorTOARPM OPEN
=>
(No actions taken. See note.)
R11 | OPEN Abort_ind CLOSED

=>

ABT _ind{}
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17.3.2 Point-to-point user-Triggered Unconfirmed client/server ARPM (PTU-ARPM)
17.3.2.1 General

The PTU-ARPM State Machine has two possible states. The defined states and their
descriptions are shown in Table 70 and Figure 16.

Table 70 - PTU-ARPM states

State Description
CLOSED The AREP is defined, but not capable of sending or receiving FAL-PDUs.
OPEN The AREP is defined and capable of sending or receiving FAL-PDUs.

$1

17.3.4.2 State tables

The PITU-ARPM state machine is desefibad i
Table 71 — PTU-ARP tate t

# Current Event o con iW Next state
state <\(\ N aetion

S1 || CLOSED E req CLOSED

CLOSED

(%
s2 [[ OPEN
/\Q T ind {§
s3 || OREN UQSR;r(éq OPEN
w & Refe = “Client” || “Peer”
FAL-PDU_req {

disap_id := DLSAP_ID,
called_address := Remote_dIsap_address,
dlsdu——=BuildEAL-PDLUI (
fal_pdu_name := “UCS_PDU”,
fal_data := user_data)

}
S4 | OPEN UCS_req OPEN
&& Role = “Server”

=>

(no actions taken)
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Table 72 — PTU-ARPM state table — Receiver transitions

# Current Event or condition Next state
state )
=> action
R1 | CLOSED Establish_cnf OPEN

&& status = “Success”
=>
DLSAP_ID :=dlsap_id
EST_cnf {
Status := status
}

R2 | OPEN FAL-PDU_ind OPEN

QQ AL Do T P7 I R TR PoY o Sl =Y =Y N L]
X au_ryperar_paty OCTOo_T DU

&& Role = “Server” || “Peer”
=>

CS_ind{

remote_dlsap_address := calling_address, (
user_data := fal_pdu <\

}
R3[| OPEN FAL-PDU_ind OPEN
&& FAL_Pdu_Type (fal_pdu) <> “UCS_PDU”
&& Role = “Client” || “Peer”
=>
(no actions taken) \
R4 || OPEN FAL-PDU_ind OPEN
&& Role = “Client”
=>
(no actions taken) (\ /\
R5 [| OPEN ErrorToOARPM N\ N\ OPEN
=>
(No actions taken. See not

R6 [[ OPEN Abort_ind CLOSED
=>
ABT ind{} (N

17.3.3 Point-to-poi

eduled Unconfirmed client/server ARMP (PSU-ARPM)
17.3.3.1 Gene

The PSU-ARPM
descriptions are

wo possible states. The defined states and their
nd Figure 17.

able 73 - PSU-ARPM states

\Qat& \ Description
CLQSED > The AREP is defined, but not capable of sending or receiving FAL-PDUs.
OPEN The AREP is defined and capable of sending or receiving FAL-PDUs.
R1
s1 ‘ ‘ S3, 54,85
R2, R3, R4
S2,R5

Figure 17 — State transition diagram of the PSU-ARPM

17.3.3.2 State tables
The PSU-ARPM state machine is described in Figure 17, and in Table 74 and Table 75.
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Table 74 — PSU-ARPM state table — Sender transitions

# Current Event or condition Next state
state )
=> action
81 | CLOSED EST_req CLOSED
=>
Establish_req{
cardinality := “one-to-one”,
remote_confirm := “False”,
sequence_control := “False”
conveyance_policy := “Buffer”
S2 | OPEN ABT _req CLOSED
=>
Abort_req {}
ABT ind {}
s3 || OPEN UCS_req N OP
&& Role =“PushPublisher”
=>
LoadBuffer(Remote dlsap_address, user_data)
S4 || OPEN StartTransmitCycleTimer expired OP
&& Role =“PushPublisher”
=>
FAL-PDU_req {
disap_id := DLSAP_ID,
called_address := Remote_dléap_addres
dIsdu := BuildFAL-PDU (
StartTransmitCycﬁ%(we
S5 || OPEN UCS_req OPEN
&& Role = “Subscriber”
=>
(ngoactlons taken)
Tabl e — Receiver transitions
# Curren</ or condition Next state
state /\ => acti
/\ action
R1 || CLOSED OPEN
/\ StartTransmitCycleTimer(arep_id)
R2 [| OPEN W_ind OPEN
\ & Refe = “Subscriber”
&& FAL_Pdu_Type (fal_pdu) = “UCS_PDU”
UCS_ind{
remote_dlsap_address := calling_address,
usar datg — fal ndi
RN SR S ]
}
R3 | OPEN FAL-PDU_ind OPEN
&& FAL_Pdu_Type (fal_pdu) <> “UCS_PDU”
=>
(no actions taken)
R4 | OPEN FAL-PDU_ind OPEN
&& Role = “Publisher”
=>
(no actions taken)
R5 | OPEN Abort_ind CLOSED
=>
ABT_ind{}
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17.3.4 Multipoint user-Triggered Unconfirmed publisher/subscriber ARPM (MTU-ARPM)
17.3.4.1 General

The MTU-ARPM State Machine has two possible states. The defined states and their
descriptions are shown in Table 76 and Figure 18.

Table 76 - MTU-ARPM states

State Description
CLOSED The AREP is defined, but not capable of sending or receiving FAL-PDUs.
OPEN The AREP is defined and capable of sending or receiving FAL-N

17.3.4.2 State tables

The MTU-ARPM state machine is described\ able 77 and Table 78.

Table 77 - MTU-ARPM ender transitions

# Current or condition Next state
state => actl

S1 || CLOSED CLOSED

{ % —
s2 || OPEN AT_Vﬁ\} CLOSED
Qx bort\eq {}

T ind

s3 || OREN UQSR;r(éq OPEN
w & Refe = “Publisher”
FAL-PDU_req {

disap_id := DLSAP_ID,
called_address := Remote_dIsap_address,
dlsdu——=BuildEAL-PDLUI (
fal_pdu_name := “UCS_PDU”,
fal_data := user_data)

}
S4 | OPEN UCS_req OPEN
&& Role = “Subscriber”

=>

(no actions taken)
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Table 78 — MTU-ARPM state table — Receiver transitions

# Current Event or condition Next state
state )
=> action
R1 | CLOSED Establish_cnf OPEN
&& status = “Success”
=>
DLSAP_ID :=dlsap_id
EST cnf {}
R2 | OPEN FAL-PDU_ind OPEN
&& FAL_Pdu_Type (fal_pdu) = “UCS_PDU”
&& Role = “Subscriber”
CS_ind{
remote_dlsap_address := calling_address,
user_data := fal_pdu
} 4
R3 || OPEN FAL-PDU_ind OPEN
&& FAL_| Pdu _Type (fal_pdu) <> “UCS_PDU”
=>
(no actions taken)
R4 || OPEN FAL-PDU_ind OPEN
&& Role = “Publisher”
=>
(no actions taken)
R5 || OPEN ErrorTOARPM OPEN
=>
(No actions taken. See note.) (\
R6 || OPEN Abort_ind CLOSED
=>
ABT_ind{}
17.3.8 Multipoint netw¢ SuU-
ARPM)
17.3.j.1 Gener.
The /ISU-ARPMi; their
descriptions are sh
/\%&\e \\ Description
CLOPSED~_ \ The AREP is defined, but not capable of sending or receiving FAL-PDUs.
OPEN o~ \ The AREP is defined and capable of sending or receiving FAL-PDUs.

17.3.5.2

CLOSED

Figure 19 — State transition diagram of the MSU-ARPM

State tables

The MSU-ARPM state machine is described in Figure 19, and in Table 80 and Table 81.
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Table 80 — MSU-ARPM state table — Sender transitions

# Current Event or condition Next state
state )
=> action
S1 | CLOSED EST_req CLOSED
=>
Establish_req{
cardinality := “one-to-many”,
remote_confirm := “False”,
sequence_control := “False”
conveyance_policy := “Buffer”
sz ODREN ART Pr\q ClLOSED
=> -
Abort_req {}
ABT _ind {}
S3 || OPEN UCS_req PE
&& Role =“Publisher”
=>
LoadBuffer(Remote dlsap_address, user_data) /\
S4 || OPEN StartTransmitCycleTimer expired P
&& Role =“Publisher”
=>
FAL-PDU_req {
disap_id := DLSAP_ID,
étartTransmitCycIe
S5 || OPEN UCS_req OPEN
&& Role = “Subscriber”
=>
(nd actions taken)
NN
Table 8 U-% te le — Receiver transitions
# Current t or condition Next state
state )
=> action
R1 || CLOSED OPEN
DESAE/ID := disap_id
EST enf {}
tartTransmitCycleTimer(arep_id)
R2 || OP N FAl _ind OPEN
& Role = “Subscriber”
FAL_Pdu_Type (fal_pdu) = “UCS_PDU”
=>
UCS_ind {
remote_dlsap_address := calling_address,
user_data := fal_pdu,
}
R3 | OPEN FAL-PDU_ind OPEN
&& || FAL_Pdu_Type (fal_pdu) <> “UCS_PDU”
=>
(no actions taken)
R4 | OPEN FAL-PDU_ind OPEN
&& Role = “Publisher”
=>
(no actions taken)
R5 | OPEN Abort_ind CLOSED
=>
ABT_ind{}

17.4 Functions

Table 82 lists the functions used by the ARPMs, their arguments, and their descriptions.
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Table 82 - Functions used by the ARPMs

Function name Parameter Description
BuildFAL-PDU fal_pdu_name, This function builds an FAL-PDU out of the parameters given as
fal_data input variables.
FAL_Pdu_Type fal_pdu This function decodes the FAL-PDU that is conveyed in the

dls_user_data parameter and retrieves one of the FALPDU types

LoadBuffer

Remote_dIsap_address, | This function loads user data into the local buffer.
user_data

StartTransmitCycleTimer

arep_id This function starts the timer specified by arep_id.

18

18.1 |General

The DLL Mapping Protocol Machine is common to all the AREP typé

S.

The primitives issued by ARPM to DMPM are passed to the\Data™ s th¢ DLS
primitives. The primitives issued to DMPM from the Dg ink hayer are notified |to an

appropriate ARPM out of the ARPMs.

DMPM adds and deletes parameters to/from the pri tween ARPM ahd the

Data link Layer if necessary.

Remafrks about DL-identifiers:
The Data Link Layer specification defines of

dentifiers to distinguish eagh DL

primitive or to match one DL outgoing e corresponding incoming priitive.

Thesq two identifiers are suffixed as
real implementation of an FAL-DLA
of a ppinter to a memory i

this reason, these ide
ARPM.

The :)L-identifie@ 3

assurrs that the vaf

Rema
It is gssumed th
establlishec

PS-user-identifier, respectivelyf In a
ifications may be achieved by fneans
e of a function call, or something elsg¢. For
uded as parameters of the primitives issued by the

usersidentifiers” are mandatory in the DL-services. The FAL

on between one ARPM instance and one DMPM instapce is
by means of a protocol. Therefore, DLS-user identification

paramet the primitives issued by the ARPM.
Rema bufferor queue identifiers:
The sses parameters to identify the queue or buffer shared between th¢ Data

Link Yayer._and the DLS-user. Although they are useful to clarify the operations of thg Data

Link [ayer, none of

them affects protocol behaviour of the FAL and DL. In & real

implementation, these parameters are implementation-dependent. Therefore, parameters that
correspond directly to these buffer or queue identifiers are not described. A means for
identifying the buffers and queues between the FAL and the DL is a local matter.

Remark about initialization of the Data Link Layer:

The Data Link Layer specification defines services to setup resources within the layer, such
as DL-Create or DL-Bind services. Although they are useful to clarify the operations of the
Data Link Layer, none of them affects protocol behavior of the FAL and DL. Therefore, the
FAL assumes that such initialization procedures have been executed prior to the operations of
the FAL state machines.
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Primitives exchanged between DMPM and ARPM

Table 83 lists the primitives exchanged between the DMPM and the ARPM.

Table 83 — Primitives exchanged between DMPM and ARPM

Primitive name Source Associated parameters Functions
Establish_req ARPM cardinality, This primitive is used to request establishment of a
remote_confirm, AR.
conveyance_policy,
%quenbe COntrol
Aborf req ARPM This primitive is used to reques abort.withput
transferring an FAL-PDLL.
FAL-PDU_req ARPM disap_id, This primitive is useddo requ
called_address, transfer an FAL-P
dll_priority, the DMPM as a
disdu the Data Lin
referenced¢here:
Estahlish_cnf DMPM disap_id This pfimitive ¥s u to.repoit completion of the
requested establishiient of a AR.
FAL-PDU_ind DMPM | calling_address, is PrMitive is USed o pass’an FAL-PDU
fal_pdu, received agra\Data Link\Layer service data uit to
a(desgignated ARPM.It dlso carries some of the
ta Lipk Layeg parameters that are referencgd in
/\ thelAl
FAL-PDU_cnf DMPM | status \/
Aborf ind DMPM reason is primitive is used to convey the indication| of
A~ aboxt of provider and its reason.
ErrorfoARPM DMPM originator, i$ primitive is used to convey selected
SO communication errors reported by the Data Lipk
W\ Layer to a designated ARPM.
N \J
18.2.2 Primitives.e e ata Link Layer and ARPM
Table|84 lists the primiti between the Data Link Layer and the ARPM.
Table @{ anged between Data Link Layer and DMPM
Primitiw%e S\v\urc\é\/ Associated parameters Functions
DL-UNIfQATA D PM dl_called address,
dl_dls_user_data
DL_( REATE_réq\ DMPM Maximum DLSDU size,
Maximum queue depth,
Queue DL-identifier
DL_BIND .req DMPM dl_service_subtype,
dl_dlsap_id
DL-DELETE_req DMPM Queue DL-identifier
DL-UNBIND_req DMPM DLSAP DL-identifier
DLM-SET_req DMPM DLM-object-identifier,
Desired-value,
dl_status
DLM-GET_req DMPM DLM-object-identifier,
Current-value,
Status
DLM-ACTION_req DMPM Desired-action

DL-UNITDATA_ind

Data Link Layer

dl_calling_address,
dl_dls_user_data

DL-UNITDATA_cnf

Data Link Layer

dl_status

DLM-AcTION_cnf

Data Link Layer

dl_status

DLM-EVENT_ind

Data Link Layer

DLM-event-identifier
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18.2.3 Parameters of DMPM/Data Link Layer primitives

The parameters used with the primitives exchanged between the DMPM and the Data Link

Layer are identical to those defined in Section 4 of this PAS. They are prefixed by “dl_

indicate that they are used by the FAL.

18.3 DMPM state machine
18.3.1 DMPM states

The DMPM_State Machine has nnly one Ir_\nr:cihln state

The defined state an

descriptions are shown in Table 85 and Figure 20.

Q All transitions

to

their

State cription

Daté Lin an heAR

ACTIVE /Q;e\DMPM in \{ IVESstate \&d{to transmit or receive primitives to or fron
th r

18.3.4 DMPM s:te 3
The DIMPM state es scribad inNI'able 86 and Table 87

state table — Sender transitions

Event or condition

=> action

Next sta

S1 |[ ACTR(E 2\ N\Estahligh_req
cardinality = “one-to-one”
remote_confirm = “True”

& sequence_control := “True”
=>

DL_BIND_req(inX

ACTIVE

dl_service_subtype := “ASS”
}

=>
Establish_cnf{
disap_id := dl_dlsap_id
}

DL_BIND_req(out) -- immediate response



https://iecnorm.com/api/?name=ad83bb3bc1ff7997c6602bffbb054919

- 110 -

PAS 62405 © IEC:2005(E)

# Current Event or condition Next state
state )
=> action
S§2 | ACTIVE Establish_req ACTIVE
&& cardinality = “one-to-one”
&& remote_confirm = “True”
&& sequence_control := “False”
=>
DL_BIND_req(in){
dl_service_subtype := “AUS”
}
DL_BIND_req(out) -- immediate response
=>
Establsh—ent(
disap_id := dl_disap_id (\
S3 || ACTIVE Establish_req N ACGNVE
&& cardinality = “one-to-one” (
&& remote_confirm = “False”
&& sequence_control := “False”
=>
DL_BIND_req(in){
dl_service_subtype := “UUS”
}
DL_BIND_req(out) te résp
=>
Establish_cnf{
disap_id := dl_dlsap_i
}
S4 || ACTIVE Establish_req ACTIVE
&& cardinality = “one-to
&& remote_confirm =
-- immediate response
S5 || ACTIVE ACTIVE
DL_BIND_req(in){
dl_service_subtype := “MSS”
L_BIND_req(out) -- immediate response
=>
Establish_cnf{
dfsap_td="di—disap_1d
!
S6 | ACTIVE Abort_req ACTIVE
=>
DL-UNBIND_req{},
Abort_ind{}
S7 | ACTIVE FAL-PDU_req ACTIVE
=>
PickDlsap (dlsap_id),
DL-UNITDATA _req{
dl_called_address := called_address,
dl_dIs_user_data := dIsdu
}
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Table 87 — DMPM state table — Receiver transitions

# Current Event or condition Next state
state )
=> action
R1 | ACTIVE DL_Unitdata.ind ACTIVE
&& FindAREP (dI_called_address) = “False”
=>
(no actions taken)
R2 | ACTIVE DL_Unitdata.ind ACTIVE
&& FindAREP (dI_called_address) = “True”
=>
FAL-PDU_ind {

calling_address := dI_calling_address,
fal_pdu :=dl_dIs_user_data

}
R3 || ACTIVE DL_Unitdata.cnf ACJIVE
&& dl_status <> “success” (
=>

ErrorToARPM {
originator := “local_dls”,
reason := dlI_status

}
FAL-PDU_cnf {
status := dI_status

}
R4 || ACTIVE DL_Unitdata.cnf ACTIVE
&& dl_status = “success”
=>
(no actions taken) C>
FAL-PDU_cnf {
status := dI_status
}

NS

Table|88 contains the fiunctions tUsed by MPM), their arguments and their descriptiops.

18.3.3 Functions used

s used by the DMPM

Function name /\< V\Earw Description

PickDlIsgp dis id\/ This function selects the DLSAP specified by the disap_id
parameter. After this function is executed, the attributes of|the
/\ selected DLSAP is available to the state machine.
FindAREP \ di_called /address This function identifies the AREP that shall be bound with pn

active DMPM. True means the AREP exists. After this fungtion is
executed, the attributes of the selected AREP are availablg to the
state machine.
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Section 4: Data Link Service definition

19 Overview

19.1 General

The Data Link Service (DLS) provides transparent and reliable data transfer between DLS-
users. It makes the way that supporting communication resources are utilized invisible to
DLS-users.

In pargicular, the DLS provides the following:

a) Inglependence from the underlying Physical Layer. The DLS relie s_frpm all
difect concerns regarding which configuration is available (for exam y¢ction,
or|indirect connection through one or more bridges) and whi€ ii re used
(fqr example, which of a set of diverse physical paths).

b) Transparency of transferred information. The DLS p«ovide extransparent trangfer of

DUS-user-data. It does not restrict the content, forma N e’ information, nor
ddes it ever need to interpret the structure or meahing i ation. It may, hgwever,
reptrict the amount of information that can be trapsferre ivi

c) Rgliable data transfer. The DLS rei ‘ m copcerns regarding ingertion
or[corruption of data, or, if requested)\os i isOrdering of data, whigh can

occur. In some cases of unrecovere S ink Layer, duplication or lpss of
DUSDUs can occur. In cases where pi against misordering of data |s not
employed, misordering can occur.

d) Qduality of Service (Qo3 ieq. widgs DLS-users with a means to rg¢quest
ar:[d to agree upon a quality icB ) transfer. QoS is specified by mepns of
QoS parameters rep i s h as/mode of operation, transit delay, accuracy,

reliability, security

e) Addressing.
toffrom which ddt

ger to identify itself and to specify the DUSAPs

f) Sgheduling. T allow et of DLS-users to provide some guidance on internal
scheduling o C i DLS-provider. This guidance supports the time-gritical

aslpects of ! - nitting the DLS-user some degree of management over| when
opportunities ation will be granted to various DLEs for various DLSAP-
addrgss

g) Common_tine e./The DLS can prowde the DLS-user with a sense of time fhat is
common 10 \

h) Queues, The D can provide the sending or receiving DLS-user with a FIFO queue,
whef€ each queue item can hold a single DLSDU.

19.2 Overview of network structure

Although the DLS conforms formally to the “three-layer” Fieldbus Reference Model, it actually
utilizes the Transport Layer Service and Network Layer Service in addition to the Data Link
Layer Service of the OSI Basic Reference Model. The DLS of this specification is actually a
Transport Layer Service in terms of the OSI Basic Reference Model. Thus the network may
consist of one or more subnetworks interconnected to each other by the Network Layer Relay
entities, known as routers.

A network may be redundant structure. A redundant network consists of two independent
networks making dual-redundancy; they are referred to as the primary network and secondary
network. Consequently, dual-redundant independent logical communication channels between
two communication end nodes can be implemented. This logical channel is called a route.
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A pair

of subnetworks comprising a dual-redundant network is called a domain.

A subnetwork consists of one or more segments interconnected by DL-relay entities, known
as bridges. The topology of a subnetwork may be a tree, a ring or a mesh consisting of
segments interconnected by bridges.

A segment consists of one or more DLEs, all of which are connected directly (i.e., without
intervening DL-relay entities) to a single shared logical communication channel, which is

called

a link.

A path (logical communication channel) consists of one or two physically independent and

logically parallel real communication channels, which are called links.

19.3 |Overview of addressing

domajn number

a numeric identifier that indicates a domain. Two subnetwork ndant
doma;iln have an identical domain number.

station number

a numeric identifier that indicates a Vnet/IP station: dual-
redun@lant station have an identical station number.

TSAP|address

the DIlL-entity actually provides Transport\.aye TSAP
is identified by a set of TSAP-address {P-A entifier (UDP Port Number).
IP addiress

a unique address for each end node. n and
a hos| address portion. THe\net mber,
while [the host address is dual-
redun@ant station has

MAC address

MAC address is hation
MAC pddress is resg on IP

addre

19.4
There

5S.
Type

are three\typ

DLSAP

connectionles ode data transfer service

DIL<management service

20 DLSAP management service

20.1

Overview

This clause provides a conceptual definition of the services provided by the DLS-provider to
the DLS-user(s). Nothing in this section shall be construed to constrain the
implementations of the interactions at the DLS-provider to DLS-user interface.

20.2
The D

Facilities of the DLSAP management service

LS provides the following facilities to the DLS-user:

a) a means for creating and deleting a FIFO queue of specified depth.
b) a means for assigning a DLSAP-address to the DLSAP.

actual
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c) a means for binding previously created FIFO queues to an each potential direction of
connectionless data transfer at the specified DLSAP.

d) a means for specifying QoS parameters of the specified DLSAP.

e) a means for releasing resources used previously

20.3 Model of the DLSAP management service

for the DLSAP.

This part of the PAS uses the abstract model for a layer service defined in ISO/IEC 10731,
Clause 5. The model defines interactions between the DLS-user and the DLS-provider that
take place at a DLSAP. Information is passed between the DLS-user and the DLS-provider by

DLS primitives that convey parameters.

The DLSAP management primitives are used to provide a local service
and the local DLE. Remote DLEs and remote DLS-users are not involyed

no nged for the other primitives of ISO/IEC 10731.

services are provided by request primitives with inpu

20.4 [Sequence of primitives at one DLSAP

Table|89 is a summary of the DLSAP management

Table 89 — Summary of DLSAP ma}a\gﬂg

5-user
ere is
ement

major

Servjce Primitive

PaPa\meter)

queule creation DL-CREATE request

A

Queue-BLS-user-identifier,
Maximum DLSDU size,
aximum queue depth,
tatus,

Queue DL-identifier)

I\
queule deletion DLDELETE requ\ei\ )\
N aN

in Queue DL-identifier,
out Status)

DLSAP activatio? D req es\\>

Sending queue DL-identifier
Receiving queue DL-identifier,
QoS parameters,

out Status,
DLSAP-address DL-identifier)

(in DLSAP-address DLS-user-identifier,

(in DLSAP-address DL-identifier

out Status)

DLSAP deam Dliuwwquest
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DL-CREATE request
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DL-BIND request

\ 4

DL-UNITDATA request

or

\ 4

20.5
20.5.1
The ¢

20.5.2
Table

PDt=oNToATA TTTdiTation

DL-UNBIND request

DL-DELETE request

Figure 21 — Sequence of primitives for

Create

Function

90 lists the primitive
Tabli

A\

\ 4

\K\w -CREATE | Request
Parameternname input

output

Quebie DLS user-identifier

MaximumRLSDU\size

44

Maximuig gueue depth
Statusw® \

Queue Di~identifier

20.5.271 —Queue DLS-user-identifier

r later

This parameter specifies a means of referring to the queue in output parameters of other local
DLS primitives that convey the name of the queue from the local DLE to the local DLS-user.

The naming-domain of the queue DLS-user-identifier is the DLS-user’s local-view.

20.5.2.2 Maximum DLSDU size

This parameter specifies an upper bound on the size (in octets) of DLSDUs that can be put

into th

e queue.

20.5.2.3 Maximum queue depth

This parameter specifies the maximum number of items in the associated queue.
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20.5.2.4 Status

This parameter allows the DLS-user to determine whether the requested DLS was provided
successfully, or failed for the reason specified. The possible value conveyed in this parameter
is as follows:

a) “success’;

b) “failure — insufficient resources”;

c) “failure — parameter violates management constraint”;

d) “failure — number of requests violates management constraint”; or

e “f Liira raacaontnaonacifiad’
grroTre LASA=SSAS A R RN R R ES) SASAC R R ASAS pur

NOTE | Addition to, or refinement of, this list of values, to convey more specific diag and manJgement

informdtion is permitted.
20.5.2.5 Queue DL-identifier

This garameter is present when the Status parameter indicatgs th EATE request
primitive was successful. ; - DLS-yser a
means of referring to the queue in input parameters of otker loga tives that donvey
the ngme of the queue from the local DLS-user to the Ipe

20.6 |Delete
20.6.1 Function

The delete queue DLS primitive may be ete a quse
queud DLS primitive.

de created by an earlier preate

20.6.4 Types of paramsgte

Table[91 lists the primitive a delete queue DLS.

Ta
\m\n{\ﬁg\ )b<DELETE | Request

(Ba me input output

Queué BL-identifier M
Status XX / M

t DELETE primitive and parameters

e DL-
r will

arameter specifies the local queue to be deleted. Its vaIue shall be the que

The DLS-user shall not delete a queue that is still associated with a DLSAP.

20.6.2.2 Status

This parameter allows the DLS-user to determine whether the requested DLS was provided
successfully, or failed for the reason specified. The value conveyed in this parameter is as
follows:

a) “success”;

b) “failure — resource in use”; or

c) “failure — reason unspecified”.

NOTE Addition to, or refinement of, this list of values, to convey more specific diagnostic and management
information is permitted.
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20.7 B
20.71

ind

Function

- 117 -

The bind DLSAP-address DLS primitive is used

ers of
DLE to

cessful

a) to associate a DLSAP-address with the DLSAP at which the primitive is invoked;
b) to associate previously created limited depth FIFO queues with the various priorities and
directions of potential data transfer at the specified DLSAP-address; and
c) to specify values for some Quality of Service (QoS) attributes for connectionless data
transfer services using the specified DLSAP-address.
20.7.2 Types of parameter
Table |92 lists the primitive and parameters of the Bind DLSAP-address DLS.
Table 92 —- DLSAP management BIND primitive?n@as er
DL-BIND | Request ~_ \ . 2\ \
Parameter name input K \ Wput\
DLSAP-address DLS-user-identifier N N\
Sending queue DL-identifier [ M D
Receiving queue DL-identifier ’\\ ) ,M K
QoS parameters \"7 £ P\
DL Service subtype N NI )
DLL maximum confirm delay N7 o0/
DLL priority /a U
Authentication level \ Ry
Maximum residudl etrorrate. \ NN T U
Transmission, Timing Window N U
Status | O\ L/ M
DLSAP-address DU-identifien, N C
20.7.21 identifier
This garamete referring to the DLSAP-address in output parame
other Jocal BDLS p onvey the name of the DLSAP-address from the local [}
the logal PL S->use
20.7.3.2 gueve DL-identifier
This pprameter specifi€s the local DL-identifier for sending, which has been returned by a suc
prior OL<CREATE request primitive that created a queue, which has not yet been deleted.

20.7.2.3

Receiving queue DL-identifier

This parameter specifies the local DL-identifier for receiving, which has been returned by a
successful prior DL-CREATE request primitive that created a queue, which has not yet been

deleted.

20.7.2.4

QoS parameters

The DLS-user may specify values for some of the QoS parameters that apply to
connectionless data transmission. If a value is not specified, the default value set by DL-
management is applied for the DLSAP
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20.7.2.5 DL Service subtype

This parameter specifies service subtype of the DLSAP, and the value conveyed in this
parameter is as follows:

a)
b)
c)
d)
e)

“UUS” -- Unacknowledged Unitdata transfer Service

“AUS” -- Acknowledged Unitdata transfer Service

“ASS” -- Acknowledged Sequence of unitdata transfer Service
“MUS” — Multipoint Unitdata transfer Service

“MSS” — Multipoint Sequence of unitdata transfer Service

The function of each service subtype is specified in clause 3.

20.7.24.6 DLL maximum confirm delay

This parameter specifies the value of the maximum confirm delay

20.7.4.7 DLL priority

This parameter specifies the value of the DLL priority.

20.7.2.8 Authentication level

This parameter specifies the level of the

20.7.2.9

This parameter specifies 3

20.7.2.10 Transmissjo

This garameter gpexifies
time ip the macro\cyc

DLPDUs.

20.7.2.

This parameter allows;tf -user to determine whether the requested DLS was pr
succepst c e reason specified. The possible value conveyed in this parz
is as fpllo

a) “syiccess’

b) “fgildre— insufficient resources”;

c) “failure — DCSAP-address invalid or unavailable

d) “failure — invalid queue binding”;

e) “failure — requested QoS attribute is not available”; or

f) “failure — reason unspecified”.

arting
TDATA

pvided
meter

NOTE Addition to, or refinement of, this list of values, to convey more specific diagnostic and management
information is permitted.

20.7.2.12 DLSAP-address DL-identifier

The DLSAP-address DL-identifier parameter is present when the status parameter indicates

that the DL-BIND request primitive was successful.

The DLSAP-address DL-identifier

parameter gives the local DLS-user a means of referring to the DLSAP-address in input
parameters of other local DLS primitives that convey the name of the DLSAP-address from
the local DLS-user to the local DLE.
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The naming-domain of the DLSAP-address DL-identifier is the DL-local-view.

20.8 Unbind

20.8.1 Function

The unbind DLSAP-address DLS primitive is used to unbind a DLSAP-address from the
invoking DLSAP. Any queues that were bound explicitly to the DLSAP-address are also

unbound from that DLSAP-address at the same time.

20.8.2 Types of parameter

Table|93 lists the primitive and parameter of the unbind DLSAP-address DL 3

Table 93 — DLSAP management UNBIND primitive an aran‘@lr\

DL-UNBIND | Request

DLSAP-address DL-identifier M\

Parameter name input < \Q\ltbut \>
N\
N

Status \ \ ]V'

20.8.2.1 DLSAP-address DL-identifier

This pgarameter specifies the local DL<dent(fie ssful prior DL-BIND r¢quest
primitive. The DLS-provider shall unbinttheNoca i ifier, ts associated DLSAP-address,
and any associated queues from the ir [ A terminate all outstandinlg DL-

UNITDATA requests associated with thaf DL

20.8.2.2 Status

This garameter allows

succepsfully, or failed
is as fpllows:

a) “sliccess”;
b) “fgilure — reasgn unsp

NOTE | Additio , © ine 3 his list of values, to convey more specific diagnostic and mang

informdtion j

the DLS-user(s). Nothing in this section shall
implementations of the interactions at the DLS-provider to DLS-user interface.

The DLS provides two types of data transfer services;

a) Point-to-point Data Transfer Services
b) Multipoint Data Transfer Services

There are three types of Point-to-point Data Transfer Services;

a) Unacknowledged Unitdata transfer Service (UUS)
b) Acknowledged Unitdata transfer Service (AUS)
c) Acknowledged Sequence of unitdata transfer Service (ASS)

iné whether the requested DLS was provided
The possible value conveyed in this pars

meter

gement

der to

be construed to constrain the actual
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There are two types of Multipoint Data Transfer Service;

a) Multipoint Unitdata transfer Service (MUS)
b) Multipoint Sequence of unitdata transfer Service (MSS)

21.2 Facilities of the Connectionless-mode Data Link Service
The DLS provides the following facilities to DLS-user:

a) a means of transferring DLSDUs with limited length from one source DLSAP to a
destination DLSAP or a group of DLSAPs, without establishing or later releasing a Data
Link connection. The transfer of DLSDUs is transparent, which means that the boundaries
of[DLSDUs and the contents of DLSDUs are preserved unchanged by there
arg no constraints on the DLSDU content (other than limited length) impos e DLS
prpvider. QoS for this transmission may be selected by the sending/DRS-

b) a means by which the status of delivery to that destination DL to the

source DLSAP.
21.3 |Model of the Data Link Service

21.3.1 General

This g ise 5.
The model defines local interactions between the\ DR t take
place y DLS

primitives that convey parameters.

A defining characteristic of Data Link gonnectiog|es sically
the in

21.3.2 DLS-instance

A locql identificatign
a confirmation o@

relate

DL-co ives may be used to transmit independent DYSDUs
from g other DLSAPs. Each DLSDU is transmitted in a|single
DLPDVU. ! endent in the sense that it bears no relationship to any| other
DLSD itted ihvocation of the DLS. The DLSDU is self-contained in that all
the inforpfation requirgd to deliver the DLSDU is presented to the DLS provider, together with
the us ¢ ransmifted, in a single service access.

21.3.3 dged Unitdata transfer Service (UUS)

efvice permits a local DLS-user to transfer a DLSDU to a single remote end nodé. The
> S€ scetves—a—confirmation—ac i omptetion— re—transfer;But not
whether the DLSDU was duly received. At the remote end node this DLSDU is delivered to a
single local DLS-user, if the respective DLPDU is received error-free. There is no confirmation
to the sending DLS-user that such an intended delivery has taken place.

T

21.3.4 Acknowledged Unitdata transfer Service (AUS)

This service permits the local DLS-user to send a DLSDU to a single remote end node. At the
remote end node, the DLSDU is delivered by the remote DLE to its local DLS-user, if the
respective DLPDU is transferred error-free. The originating local DLS-user receives a
confirmation that indicates whether the DLSDU was received by the remote DLS-user. If an
error occurred during the transfer, the originating DLE retransmits the DLSDU appropriately. If
the specified number of retransmissions fail, a confirmation with error status will be issued to
the local DLS-user.


https://iecnorm.com/api/?name=ad83bb3bc1ff7997c6602bffbb054919

PAS 62405 © IEC:2005(E) -121 -

21.3.5 Acknowledged Sequence of unitdata transfer Service (ASS)

This service permits the local DLS-user to send a sequence of DLSDUs to a single remote
end node. At the remote end node, the DLSDU are delivered in the original order requested
by the remote DLE to its local DLS-user. The originating local DLS-user receives confirmation
of completion of the transmission of each DLSDU, but does not receive confirmation of receipt
of the DLSDU by the remote DLS-user. If an error occurred during transfer, the originating
DLE retransmits the DLSDUs appropriately. A sequence of DLSDUs is formed from the
requested DLSDUs by originating DLE according to a preconfigured rule.

21.3.6 Multipoint Unitdata transfer Service (MUS)

on

This gervice permits a local DLS-user to transfer a DLSDU to the pre
remote end nodes at the same time. The local DLS-user receives confir
of the

igured group of

mote

DLS-yser. At each 7addressed remote end node, this DLSDU is deljver: DLS-
user, |f the respective DLPDU is received error-free. There is no ¢ i nding
DLS-dser that such an intended delivery has taken place.

21.3.71 Multipoint Sequence of unitdata transfer Servi

This slervice permits a local DLS-user to transfer a DKSDU to emote
end npdes at the same time. The local DLS-user recei i 7 of the
transmission, but does not receive conf|rmat|on acelp DLS-
user. At each remote addressed end 3 B-user
in theloriginal requested order.

21.4 [Quality of service

A DL§-user may select me [ - ious\Data Link Services. The term “Quality of
Servide” (QoS) refers to isti z ission
as observed between ht are

only be determined properly when DL$-user
mance of the DLS.

relatefd solely to the DL
behavjour does on

The gfer services apply conceptually to the connectipnless
operati S values for these attributes when binding a DLSAP-
addrep ; SEEs ; ; any unspecified attributes will assume the default yalues
set by %

21.4.1

The data delivery~feature depends on the type of service, as specified in Table 94.

Table 94 — Data delivery features of each type of service

Service Type | Action on Action on Action on Action on
lost DLSDUs duplicated misordered DLSDUs lack of receive buffer
DLSDUs
uus not detected delivered as | delivered as received | discarded
received
AUS recovered discarded delivered as received | wait & retransmitted
ASS recovered discarded delivered in order wait & retransmitted
conditionally
MUS not detected delivered as | delivered as received | discarded
received
MSS detected discarded delivered as received | discarded
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