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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRECISION CLOCK SYNCHRONIZATION PROTOCOL
FOR NETWORKED MEASUREMENT AND CONTROL SYSTEMS

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide org andardization
compifising all national electrotechnical committees (IEC National Comm IEC is to
promdte international co-operation on all questions concerning standa d|z ion rical and
electrpnic fields. To this end and in addition to other activities, i Jtandards,
Technical SpeC|f|cat|ons Technical Reports, Publicly Available Spec |cat|o 3 des [hereafter
referrg¢d to as “IEC Publication(s)”). Their preparation is entrusted mittees;vany IEG National
Comnyittee interested in the subject dealt with may partlc:lp } e . rnational,
goverpmental and non-governmental organizations liaising w > icipate in this preparation.
IEC cpllaborates closely with the International Organizafion for Jardizatiog~(1SO) in accordhnce with

condifjons determined by agreement between the two organiza

sible, an
gach technical commjttee has

2) The fprmal decisions or agreements of IEC on
interngtional consensus of opinion
repregentation from all interested IEC K

3) IEC Ppublications have the form of recommgndations i /se and are accepted by IEG National
Comniittees in that sense. While all reason are wpadé)to’ensure that the technical contg¢nt of IEC
Publigations is accurate, IEC cannot b, S the way in which they are used qr for any
misinterpretation by any end user.

4) In order to promote inte ti tionaNCommittees undertake to apply IEC Publications
transgarently to the maxi et S i ifprational and regional publications. Any djvergence
betwepn any IEC R i national or regional publication shall he clearly
indicafed in the lattef.

5) IEC pfovides, marking proged re to |n'cate its approval and cannot be rendered responsible for any
equipment de 2 i EC Publication.

6) Attent i R R ibil \ e of the elements of this IEC Publication may be the pubject of
paten{ ri . ot be\held resppnsible for identifying any or all such patent rights.

Internat E SEEE 61588 has been processed through subcommittge 65C:
Digital icayj EC technical committee 65: Industrial-process measprement
and canitr
The tex is standard is based on the following documents:
IEEE Std FDIS Report on voting
1588 (2002) 65C/333/FDIS 65C/340/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The committee has decided that the contents of this publication will remain unchanged until
2007.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the |IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained j

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC isclaim liability for
any personal injury, property or other damage, of any nature whatsoev/e\ ial, indirect,
consequettral,” O compensatory, airecty or mafrecty resurtng rronr tne publ nce upon
this, or arjy other IEC or IEEE Standard document.

The IEC fand IEEE do not warrant or represent the accuracy or content/of i rein, and
expressly|disclaim any express or implied warranty, including any implie warra ility |or fitness
for a spqcific purpose, or that the use of the material containe ngement.
IEC/IEEE|Dual Logo International Standards documents are supplie

The existgnce of an IEC/IEEE Dual Logo International Stand
produce, [test, measure, purchase, market, or provide othe
IEC/IEEE| Dual Logo International Standard. Furthermore,

thére are no othgr ways to
fated to the scolpe of the
at the time a sfandard is

approved i i j 2 ents in the state of thp art and
comment i

Every IEEE Standard is subjected to revie S r revision or reaffirmation] When a
document i i e i gdsonable to conclude that its|contents,
although b s check to
determing

In publishing and making rendering
professional or other servicg ¢ or entity. Neither the IEC nor IEEE is urldertaking
to perforth any duty owed by any i @ another. Any person utilizing this, and pny other
IEC/IEEE|Dual Logo Inte ion 2 E dards document, should rely upon the advice of a

competentt professional |n dete i ise of feasonable care in any given circumstances.

Interpretations — O i
to specifi¢ applications,
initiate agtion to ptep
interests, >

iselr€garding the meaning of portions of standards as tphey relate
etations is brought to the attention of IEEE, the Ingtitute will
@s. Since |IEEE Standards represent a consensus of goncerned
nterpretation has also received the concurrence of a halance of

interests. embers of its societies and Standards Coordinating Commiittees are
not able § i i € 0 interpretation requests except in those cases where the matter has
previousl

Comme isi BEE Dual Logo International Standards are welcome from any interesfed party,
regardfes i filiation with the IEC or IEEE. Suggestions for changes in documents shuld be in
the for of text, together with appropriate supporting comments. Comments on ptandards
and requg

Secretaryj dards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, UBA and/or

General Jecretary, \EC, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

Authorizalion, to photocopy portions of any individual standard for internal or personal use is grantgd by the
Institute ¢f Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to [Copyright
Clearance_Center To arrange for payment of licensing fee please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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Precision Clock Synchronization Protocol (\(\
for Networked Measurement A (N

and Control Systems

Sponsd

=

TC9—[echnical Committee on S
of the
IEEE Instrumentation and Measure

Approved 12 Septe
IEEE-S

ize‘independent clocks running on separate nodes of a distributed
measuten a gm to a high degree of accuracy and precision is specified. The pro-
i orking technology, and the system topology is self-configufing.

buted system, master clock, measurement and control systems, r¢al-time

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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I[EEE Introduction

The objective of this standard is to specify a protocol to synchronize independent clocks running on separate
nodes of a distributed measurement and control system to a high degree of accuracy and precision. The
clocks communicate with each other over a communication network. In its basic form, this protocol is
intended to be administration free. The protocol generates a master slave relationship among the clocks in
the system. Within a given subnet of a network, there will be a single master clock. All clocks ultimately
derive their time from a clock known as the grandmaster clock. The communication path between any clock

and its grandmaster clock is part of a minimum spanning tree. (\(\
A (\

Patent notice

Attentior) is called to the possibility that implementation of this sta ay sequire use of)iSubject matter

covered | PIce or
validity d g pat-
ents for v 1 valid-
ity or scd

assuranc s and
nondiscr] The
IEEE mT( ense
agreeme

Department.

Informat{on on the patent de
(see Patgnt declaration

Y

hding
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PRECISION CLOCK SYNCHRONIZATION PROTOCOL
FOR NETWORKED MEASUREMENT
AND CONTROL SYSTEMS

1. Overview
This stapdard is divided into nine clauses. They are as follé\

Clause ( P@pose
1 Provides the scope and benefits of}h{s st\séhxk \/
2 Lists references to other standard that are re en d b hi€ standard
3 Provides deﬁmtlo that are elthew @ﬁl OKWMS or have been modified for use with this
standard
4 Provides copyentidgs f(Nhe notat1 d 1n this andard
5 Defines the Paﬁtxp&{\u\%d in hl\Qincﬁf\
6 Pro{ \\g }verwewgf ﬁ\h\pro\sg \sR /ﬁed by the standard
7 Definds t} n tithe protecol )
8 Deﬁyﬁ&ﬁﬁ%&};&;ﬁ%\(zrbetween participating clocks
9 Deﬁ@ re\;{l%&@en}m@r\coﬁaénance

Anné are\prov as follows:

Annex > Purpose
A Using the PTP

Defines time scales and epochs in PTP

Dennes subdomain_name to address mappings

Defines the Ethernet implementation of PTP

mo|lQw

Bibliography

Annexes defining communication-medium-specific implementation details for additional network imple-
mentations are expected to be provided in future revisions of this standard.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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1.1 Scope

This standard defines a protocol enabling precise synchronization of clocks in measurement and control sys-
tems implemented with technologies such as network communication, local computing, and distributed
objects. The protocol will be applicable to systems communicating by local area networks supporting multi-
cast messaging including, but not limited to, Ethernet. The protocol will enable heterogeneous systems that
include clocks of various inherent precision, resolution, and stability to synchronize. The protocol will sup-
port systemwide synchronization accuracy in the submicrosecond range with minimal network and local
clock computing resources. The default behavior of the protocol will allow simple systems to be installed
and operated without requiring the administrative attention of users.

1.2 Purpose

Measurgment and control applications are increasingly using distributéd s ies)such as net-
work communication, local computing, and distributed objects. Ma icat 1l be enhanced
by havirlg an accurate systemwide sense of time achieved by havi in eacksensor, actpator, or
other syptem device. Without a standardized protocol for sypchronizi it is unlikely| that the
benefits Isti ynchro-
nization pts large
distribuf posed in

this stan
[«
— M

— A

— low-end devices

2. Ref

This sta ith the standards listed in this clause. When the follow|ng stan-
dards arg rroved_revision, the revision shall apply.

IEEE Sj 3™ napion technology — Telecommunications and information exchange between
systezhs olitan area networks—Specific requirements—Part 3: Carrier sense [multiple

access Wi isi ecfion (CSMA/CD) access method and physical layer speciﬁcations.1

ISO 86(11:2000, Batg€lements and interchange formats —Information interchange — Representation|of dates

and timgs.2

ISO/IEQ_8859-1:1998. Information technology —8-bit single-byte coded graphic character sets4Part 1:
Latin alphabet No. 1

IEEE Publications are available from the Institute of Electrical and Electronics Engineers. 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA and <http://standards.ieee.org/sds/index.html>.

IS0 publications are available from the International Organization for Standardization, <http://www.iso.ch/iso/en/prods-ser-
vices/ISOstore/store.html>.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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3. Definitions
This clause defines terms that have specific meanings in the context of the PTP.

3.1 boundary clock: A clock with more than a single PTP port, with each PTP port providing access to a
separate PTP communication path.

3.2 clock: A node that is capable of providing a measurement of the passage of time since a defined epoch.
In this standard, the term clock is interpreted to mean either an ordinary clock or a PTP port of a boundary
clock unless otherwise stated or obvious from the context.

33 cloc k
ated for| Sync and Delay_Req messages sent or received by the
inbound| and outbound paths in the protocol stack.

3.4 dirert communication: A communication of PTP informatigr o inter-
vening Boundary clock.

3.5 epog

3.6 everlt: An abstraction of the mechanigs ik 3 ented.
3.7 exte ns other
than the

3.8 graijdmaster clock: i F TP ock that is the ultimate source of time for clock

synchropization using the F

3.9 inte
operatioj

ecifying

3.10 ma ‘rom the

path apyj

3.11 mefssage time ‘ » as a ref-
erenc int\ ' isses the
clock

3.14 ordinary clock: A PTP clock with a single PTP port.
3.15 ordinary communication: A communication of non-PTP information between two nodes.
3.16 port number: An index identifying a specific PTP port on a PTP clock.

3.17 preferred master clock set: A set of clocks that will be favored over those not so designated in the
selection of the grandmaster clock within a subdomain.

3The numbers in brackets correspond to those of the bibliography in Annex E.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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3.18 precision time protocol (PTP): The protocol defined by this standard. As an adjective, it indicates that
the modified noun is specified in or interpreted in the context of this standard.
3.19 PTP clock: A clock that participates in the PTP protocol.

3.20 PTP communication: Information used in the operation of the PTP protocol, transmitted in a PTP
message over a PTP communication path.

3.21 PTP communication path: A segment of a network enabling direct communication between two PTP
clocks.

3.22 PTP domain: A collection of one or more PTP subdomains.

ay_Req,

rfocessed
litomati-

b in any
mmuni-

subdomain: A lqgica d TP pro-
tocol buf that are not ng i h

[y or may
Linication

and the

ges and
regions

in a region communicate via one of these devices, and

A Il communication between regions is via one or more of these devices.

3.30 synchronized clocks: Two clocks are synchronized to a specified uncertainty if they have the same
epoch, and measurements of any time interval by both clocks differ by no more than the specified uncer-
tainty. The timestamps generated by two synchronized clocks for the same event will differ by no more than
the specified uncertainty.

3.31 timeout: A mechanism for terminating requested activity, at least from the requester’s perspective, that
does not complete within the time specified.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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3.32 universally unique identifier (UUID): An identifier that has a unique value within some defined uni-
verse. For purposes of this standard, the universe consists of all possible PTP artifacts having a UUID unless
otherwise stated.

4. Conventions

The specifications of this clause shall apply to all artifacts defined in this standard.

4.1 Descriptive syntax

A GAN

The synfax conventions specified in the following subclauses are used in thig/5t rd.

4.1.1 Lexical form syntax
A lexicdl form refers to:

— A name

— A datatype
The conl

ized)

rd sepa-

ord not

P1S capi-

rd needs
fion and

rm is to

The word shall, equivalent to is required to, is used to indicate mandatory requirements, strictly to be fol-
lowed in order to conform to the standard and from which no deviation is permitted.

4.2.2 Recommended
The word recommended is used to indicate flexibility of choice with a strong preference alternative.
4.2.3 Must

The use of the word must is deprecated and shall not be used when stating mandatory requirements. The
word must is only used to describe unavoidable situations.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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4.2.4 Should

The word should, equivalent to is recommended that, is used to indicate:

— Among several possibilities, one is recommended as particularly suitable, without mentioning or
excluding others.

— A certain course of action is preferred but not required.

— In the negative form, a certain course of action is deprecated but not prohibited.

4.2.5 May

The word TV spermitted T trrch T biew e limits
of the sthndard.

4.2.6 CaAn

The wo
physicall.

terial or

4.3 Be|

State tra hch state

transitio

Each tra

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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(i) State 1
EE— State 1 or
State 2

event_1 OR event_2

result_1

ptp_npeal
The not 2 tealy style, where actions are agsociated
with the
Events y 7 identify the inputs to the state machine. Thely can be

operatioj

Predicafes—for gxamg t,_] syent, 2 —identify enabling conditions for transitions. The ﬁ:ﬁt predi-
cate encountel ating frgm left to xightythat is TRUE selects the transition to execute and therefore

the next|state.

Transiti —are the actions that are executed before transitioning to|the next
state.

The <§ i i state for the state machine after the selected transition action complete$. As the
transiti te ‘grcurs, the value of the current state changes.

A bolii[ ox indicates that the box represents multiple states. Any transition shown that begins
and ternpinates<n:stch a state box indicates that there has been no change in state.

Transitipns~“for example, the transition resulting in result_3 —that have no indicated enabling conditions,
occur via unspecified mechanisms. Unless otherwise stated, in PTP these mechanisms are implementa-
tion-specific and outside the scope of the standard.

A transition into a state machine—for example, (i)—is indicated by a transition arrow that has no source
state. A transition out of a state machine —for example, (d)—is indicated by a transition arrow with no desti-
nation state.

Example: As a result of either event_1 or event_2 becoming TRUE, State 1 is replaced with the value of the
next state. In this example, the next state is State 2, which is specified as the name of the state box that is the
target of the transition arrow. Before the transition, result_1 occurs. event_3 can occur in either State 1 or
State 2. The state is unchanged but an action, result_2, occurs as the result of event_3.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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5. Datatypes in a PTP system

For every datatype defined in a PTP system there shall be a default value designated. Quantities declared as
having a type shall be instantiated with the default value unless otherwise specified.

The datatypes specified for the various PTP variables and message fields define logical properties, such as
rollover for integers, necessary for correct operation of the protocol or interpretation of PTP message con-

tent.

The definition of data of types defined in this standard shall be correctly represented/in theNocal system after

mapped to implementation language-dependent primitives

Implemg¢ntations are free to use any internal representation preserving t that the
internal frepresentation shall not change the semantics of any quantity visi i ns.

The mapping of datatypes into their on-the-wire format is network iffe na PTP

system, fan annex to this standard shall be required that incl cified in

this standard, the mapping in the network specific annexeq sha 5
\Mea{

D.
The follpwing normative definitions are ysed.in th'{bgl%.

Definition ing
IDL: typedef <datatype> An implementation o W of the datatype: <datatype>
<datatypeArray>| ];
IDL: typedef <datatype 1> Where xdatatypets/is apsitnitive or previously defined PTP datatype, shall
<datatyjpe2>; N me(agthat atype2>.Js a synonym for <datatypel>
5.1 Primitiv@l w
The datj shallbe defined in all PTP systems. All other datatypes shall be derived

from the

{

Table 1—Primitive PTP datatypes

Datatype Default value Definition
Booleap FALSE TRUE or FALSE
Integer 0 8-bit signed integer
Ulnteger8 0 8-bit unsigned integer
Integer16 0 16-bit signed integer
Ulnteger16 0 16-bit unsigned integer
Integer32 0 32-bit signed integer
Ulnteger32 0 32-bit unsigned integer
Integer64 0 64-bit signed integer
Ulnteger64 0 64-bit unsigned integer
Octet All bits set to 0 8-bit field not interpreted as a number
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5.2 Derived datatypes

The datatypes in this clause are based on the primitive datatypes. Only the primitive or derived datatypes
defined in this standard are allowed as part of a PTP message.

5.2.1 Specification of arrays of primitive types
All arrays defined by this standard shall be of fixed length. Any of the following array types may be used

provided the length is specified. Unless otherwise specified in this standard or network specific annexes, all
arrays shall be marshaled into an on-the-wire format with the member having the fowest numerical index

first.
A (\
IDL: typedef Boolean BooleanArray[];
IDL: typedef Integer8 Integer8Array|];

IDL: typedef Ulnteger8 Ulnteger8Array[];
IDL: typedef Integer16 Integer16Arrayl[];
IDL: typedef Ulnteger16 Ulnteger16Array[];
IDL: typedef Integer32 Integer32Arra
IDL: typedef Ulnteger32 Ulnteger32Array

IDL: typedef Integer64 Integer64 Array

IDL:

-

ypedef Ulnteger64

IDL: typedef Octet

5.2.2 Time ty@p

The Tim

IDL: stifju
{
Ulnteger32 seconds;
Intéger32 nanoseconds:
}s

The range of the absolute value of the nanoseconds member shall be restricted to:

0 < | nanoseconds | < 10°
The sign of the nanoseconds member shall be interpreted as the sign of the entire representation.

A negative timestamp shall indicate time prior to the epoch.
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A negative increment shall result for example from subtracting a timestamp A from a timestamp B, where A
is an instant later in time than B.

Example: A timestamp whose seconds member value is 10 and whose nanoseconds member value is —5x 108
represents an instant 10.5 seconds before the epoch.

5.2.3 Enumeration type specifications

An enumeration member of a PTP enumeration type shall be represented as a Ulnteger8. Unless otherwise
noted, the assignment of values to the enumeration members shall start at O (zero) for'thefirst member listed
of an enumeration and shall increment by +1 (one) for each succeeding membersUnless otherwise stated,
the default value of an enumeration member shall be 0.

Any enymeration used in a PTP system shall have members of the forpaPTR_<suffix>. A\PT\%numera-
tions shall be unique.

5.2.3.1 [Enumeration semantics

Enumerftions defined in this standard always appear in esforma Integer8 types. For epch enu-
meratiof, the value of the Ulnteger8 has been assigne eqbergfthe€numeration. Enunjerations
have no|print form specified. Implementatidons shallqpt in anerati al dependency on the|particu-
lar textyal description used in the definition 0 ion. A ual description of the s¢mantics

associatpd with the enumeration value shal afure Of any operation, or in the fprmat of

any PTH message, except for informationg
5.2.3.2|[Enumeration s

Most enumerations are \defin

in the clause Where they/are first used. This clause provides a list off all enu-
meratiops defined in this s i

nu}te{aén name Reference clause
Cor‘rﬁunicationld 6.2.4.1
ControlField 829
< ManagementMessage 712
PTPState 7.3.1

6. PTR Clock synchronization model

6.1 Overview
6.1.1 General overview

The PTP standard specifies a clock synchronization protocol. This protocol is applicable to distributed sys-
tems consisting of one or more nodes, communicating over some set of communication media. Nodes are
modeled as containing a real-time clock that may be used by applications within the node for various pur-
poses, such as generating timestamps for data or ordering events managed by the node. The PTP protocol
provides a mechanism for synchronizing the clocks of participating nodes to a high degree of accuracy.
Guidelines for the design and use of systems supporting PTP are given in Annex A.
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The standard specifies the following:

—  The PTP protocol
— The node and communication properties necessary to support PTP

A PTP system is a distributed system consisting of ordinary clocks, possibly boundary clocks, and possibly
administrative nodes. A boundary clock is a clock with a clock port for each of two or more distinct PTP
communication paths. There are two aspects of the PTP protocol: the synchronization aspect and the admin-
istrative aspect.

Externally, all ordinary clocks appear identical in all aspects of the protocol. Fu PTP port of

a bound; ack externa apnea o be an ording ack in ative node
is not re

6.1.2 Operational overview

A PTP ¢ommunication path supports the direct communication_am 3 prdinary
clocks ahd the PTP ports of any boundary clocks accessing the cominunisation pathThe general behavior of
the clocks accessing a given communication path follows(In tHiS)discussion;the e lude the

ports of Jany boundary clocks attached to the communicatio

A clock|containing one of these ports wi e ma echk for the path. This selection|is made
by each [port examining information containgd in i 8 ermied Sync messages. A Sync essage

is sent i ¢ to be the master clock. All port4 use the
same algorithm, termed the best master clock dlgoxithmN{f apopt of a master clock receives a Sync message
from a Hetter clock then th4 a master and the receiving port will asjume the
status off a slave. Likewise M i ROK acting.a§wslave determines that it would make a befter mas-
ter than fhe current maste i 3 he Status of master and begins to send Sync messages.

To provide mrl » behavior omes on line, a clock will listen for Sync messagejs from a
master ¢lock for\a”syStemnspeci pck will
assume 5 i support
more or lange or
connect ck port
behaves I classes
of mess ough to
allow 5 visible
from thd

Sync messages-from a port of the master also contain an estimate of the time the Sync messagg will be

placed dn the BTP communication path. This estimate is based on the time kept by the local clodk of the
master.

Master clock ports may also send Follow_Up messages. A Follow_Up message is always associated with a
specific Sync message and contains a more precise estimate of the time the Sync message was placed on the
PTP communication path.

Slave ports use the information contained in the Sync or Follow_Up messages to correct their local clock in
such a way as to synchronize the local clock to the clock of the master.

This correction may be improved by accounting for the propagation delay experienced by messages in trav-
eling from the master to the slave. This additional correction may be estimated by reversing the previous
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process. That is, the slave sends a message termed a Delay_Req message to the master. No Follow_Up mes-
sage is used for this procedure. The master then reports the time of receipt back to the slave in a Delay_Resp
message. This process is normally exercised infrequently to reduce network traffic.

In addition to issuing Sync messages, a master clock, and only a master clock, may also provide an external
timing signal. These external timing signals shall be issued on the seconds’ transition of the local clock. The
external timing signal is transmitted only to slaves in the same subdomain, preferably in the same PTP com-
munication path, and is transmitted on a medium other than the medium communicating the Sync messages.
The behavior of systems where external timing signals are propagated to clocks on PTP communication

Boundary clocks serve to implement a time distribution tree (or set of trees). Aboundarircloc

wherevdr there is a change of communication technology or a network elemént Follow_
Up, Del herever
there is the path
containi e bound-
ary clog the best
clock it in a sys-
tem with boundary clocks, there may be several masters, One fox eachhcommunmicgti . st clock
of all is i i [low the
best ma

6.1.3 A

The PT] 3 3 llowing
assumptiions must be met to'e

1tdin asymmetric delays in its timestamping mechanism or protocol path.|If these
not negligible, they must be correctly accounted for (see 6.2.4.9).

— INetwork-delay between master and slave on a subnet must be constant over a PTP_DELAY_REQ_
INTERVAL.

— Boundary clocks must be used to synchronize across subnets (see 6.2.1).

— Delay fluctuation due to network components and due to the protocol stack within clocks must be
reduced by two techniques:

1) The timestamps used in PTP are generated as close to the physical layer as practical for a given
clock implementation. In cases where the most accurate timestamps can be generated only after
a message has actually been transmitted, the actual value is communicated in the Follow_Up
message from the master clock (see 8.4.1 and Annex A). See [B4], [B7], [B8] for mechanisms
to aid in generating these timestamps.

2) Remaining delay fluctuation introduced by the protocol stack and by network components not
isolated by a boundary clock can be reduced by averaging (see A.5.2). The averaging algo-
rithms are outside the scope of this standard.
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— The computing power of clocks implementing the protocol must be great enough, and the number of
clocks per subnet must be small enough, to meet the constraints of 7.11.

— The inherent stability of a clock’s oscillator must be adequate (see A.4 and A.5.4).

6.2 PTP systems

A diagram of a typical distributed system of nodes containing clocks is shown in Figure 2.

node 9 node 10 node 11 node 12 (\(\
A (\

PTP communication path C

oc@ node15 }

nodg 5 node 6 node 7 node 8

(\ AN >
N\
PTP communication path B @;>
PTP communication path D

node

ptp_sys
| system of synchronized clocks
In Figur rectangles\epresent nodes each containing a clock; rounded rectangles represent nofles each
containi ) e clocks communicate PTP messages with each other via the communica-

tion
6.2.1C

There afle two types of clocks in a PTP system:

—  @ndinary clocks: Ordinary clocks shall communicate with other clocks over a single commynication
path. For example in Figure 2, clocks in nodes T through 4 communicate over a single communica-
tion path, path A.

— Boundary clocks: Boundary clocks, such as node 13 in Figure 2, may communicate with multiple
sets of clocks (for example, node set 1,2, 3, and 4 via A, set 5,6, 7, 8, and 14 via B, and 15 via D).
Each set may contain a mixture of ordinary and boundary clocks. A boundary clock shall communi-
cate with each set using a distinct communication path. Communication between clocks (for
example, 9 and 5) in these disjoint sets shall only occur via the boundary clock mechanisms specified
in the protocol. Boundary clock to boundary clock communication is illustrated in Figure 2 by path B
between boundary clocks 13 and 14 and path D between 13 and 15.
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The logical communication access point of a clock to a PTP communication path is termed a PTP port. Ordi-
nary clocks have a single PTP port while boundary clocks have two or more PTP ports.

6.2.2 PTP communications

6.2.2.1 PTP communication topology

The operation of the PTP protocol generates a topology of PTP communication paths forming an acyclic
graph structure. That is, there will be no alternate PTP communication paths between any pair of PTP

clocks. An example of prohibited path topology is the cyclic path that includes esN3, 14, and 15 in
Figure 3. Again, rectangles represent nodes each containing a clock; rounded pedtangles tepresent nodes
(@AN

each containing a boundary clock. A

nodq 9 node 10 node 11 node 12

PTP communication path C

5 e
nodg 5 node 6 node 7 MOdE\Q
(d .

PTP communicatio w
/\ { nodegi
PTP communication path D

B
nodd 1 %ﬂé\a hege 3 ode 4

Y

(¢ rﬁ@th A ptp_sys2
< Figure 3—Prohibited topology

m
The PTP protocokdetects such cyclic PTP communication paths. The PTP protocol changes cyclif graphs
into acyflic graphs by changing the state of ports on the involved boundary clocks. In this example |the pro-
tocol hak disabled the communication between nodes 14 and 154 These state changes result in actial com-
municatjon.being over an acyclic topology even though the physical connection topology is cyclic.

The operation of the PTP protocol to produce this topology follows techniques described by Perlman [B2].

There is no requirement that all of the PTP communication paths use the same underlying communication
media or technology. However, if different communication media or technologies are present, a set of clocks
communicating with each other using a given communication medium or technology shall be separated from
a set using a different communication medium or technology by a boundary clock.

“More precisely, it has put the appropriate port on node 14 or 15 into the PTP_PASSIVE state. Which node is put into that state depends
on details of the network configuration and properties of the clocks and cannot be determined in this simplified example.
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Boundary clocks separate PTP subdomains into distinct PTP communication paths. Communications
involving boundary clocks shall be restricted as follows.

— PTP messages of type Sync, Delay_Req, Follow_Up, and Delay_Resp shall not be propagated
between PTP communication paths separated by a boundary clock. This restriction applies to bound-
ary clocks and any communication technology specific components enabling ordinary communica-
tion between devices on the separate PTP communication paths.

— PTP Management messages shall be communicated between PTP communication paths separated by
a boundary clock. These PTP Management messages shall be communicated by the boundary clocks
but shall not be communicated by any communication technology spe01 ponents enabling
ordinary communication between devices on the separate PTP commu i The absolute

va

i

4 nessage
ghall be retransmitted only via boundary clock ports not in the PTP_I l\ ' _HAULTY,

r PTP_DISABLED states. If the boundaryHops field valy€ i i retrans-
tpitted only via boundary clock ports not in the PTP_I he mes-

dage be retransmitted on the port on which it wag received, Oxdi transmit
nanagement messages.

NOTE —Management messages will beretransmitte y thus be
delivered to some clocks more tha fact into
dccount.
6.2.2.2|PTP communication protocg
All PTP|non-management ssha icatet as multicast communications. A multicpst com-
municatjon results in a sing ¢missi F ianagement message being received by all clocks
and only those clocks i smunication path. Management messages may be commpnicated
using either a multicas | int v wmication. All clocks shall be capable of receiving Manage-
ment m¢ssage } icati

It is recq
protocol
point-to

dse a true multicast implementation as the actual commynication
ungcations. The behavior of systems building multicast| out of

PTP copmunicationstake place in PTP domains characterized by a subdomain name and a port fategory
(see 6.2(3, 6.2.5:15 and 6.2.5.3). Each message contains this information and each clock maintains yalues of
these quantities' that pertain to it. A clock shall accept and process a message if and only if the supdomain
name arjd'peft category associated with the message are identical to the corresponding values pertgining to
the receiving clock.

6.2.2.3 PTP message model, message timestamp point, and clock timestamp point

PTP communications are implemented with PTP messages. In all communication technologies, PTP com-
munication paths are modeled to contain distinguishing locations known as the clock timestamp points, and
certain messages are modeled to contain a distinguishing feature known as the message timestamp point (see
6.2.4.9). The precise definition of these terms shall be defined in this standard or its revisions for each net-
work protocol supporting PTP. All PTP time stamps shall refer to the time at which the message timestamp
point of either a Sync or a Delay_Req message passes a clock timestamp point. This time shall be corrected
for latency (see 7.8.1.3).
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6.2.3 PTP domains

A PTP domain, hereafter referred to as simply a domain, is a set of one or more PTP subdomains. A PTP
subdomain, hereafter referred to as simply a subdomain, consists of one or more clocks communicating with
each other, as defined by the PTP protocol, in order to synchronize these clocks. Except for certain PTP
Management messages, the nodes in one subdomain shall not communicate with the nodes in another subdo-
main for purposes related to PTP. Multiple subdomains may be used to create independent collections of
synchronized clocks sharing common PTP communication paths. The clocks within a subdomain will syn-
chronize with each other, but there is no requirement that the clocks in one subdomain be synchronized with
the clocks in another subdomain. The purpose of subdomains is to allow users to Create localized sets of
i of the rest of

the domain. A

There anIe four subdomains defined by this standard. These subdomains

e subdo-
lified by
(e.g., a

— 1
1

9

b

— omains.

— omains.

— omains.
A doma
optionall
containi

ly. Such
Homains

Exampl

and 15.

hodes.

ging to
P system

technol-
h subdo-
main, the clockS\in the subdomain must consist of two or more disjoint sets, each with its own PTP

commurjication)path, communicating via one or more boundary clocks.

Boundary clocks shall be capable of implementing all aspects of the PIP protocol for the DefaultPTPdomain.
Boundary clocks may in addition be capable of implementing the PTP protocol for additional PTP subdomains.

Within a subdomain a master clock, in addition to issuing a Sync message, may issue an external timing sig-
nal to any or all of clocks within the subdomain having ports in the PTP_SLAVE state, slave clocks. This
external timing signal shall be transmitted on a medium other than the medium communicating the Sync
messages. This external timing signal shall be issued on the seconds’ transition of the local clock. Slave
clocks receiving the external timing signals may use this information to synchronize to the master. It is
recommended that slave clocks be configured to accept external timing signals only from a master clock
sharing the PTP communication path with the slave clock. Because the external timing signal uses
communication media other than the media used for PTP communications, such configuration is outside of

the scope of this standard. The behavior of systems allowing the external timing signal to be delivered to
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clocks outside of the subdomain or not on the same PTP communication path of the issuing master clock is
outside the scope of this standard.

6.2.4 Clock properties
The clocks in a PTP system are characterized as defined in the following subclauses.

6.2.4.1 UUID

Each clock and each port in a PTP system shall have an identifier, called a UUID._A port’s identifier is
termed the Port-UUID, and a clock’s identifier is termed the Clock-UUID. UUIDs fghall beximplemented as
three fields, as follows:

— ¢ommunication_technology_field: This field shall specify the comm
ysed in PTP communications of the port. The values shall be sé
g¢numeration.

— yYuid_field: This field shall consist of an OctetArray of 1
this field for a given clock shall be unique within the
d /

9

— 1

There if
given in

The def:

The thrg
Port-UU

For an drdinary clock, the Clock-UUID shall be the Port-UUID of its single PTP port, but with a port_id_
field valpe.of zero.

For a boundary clock C, the Clock-UUID shall be constructed as follows:

— Find the smallest Port-UUID of C’s ports, using the comparison algorithm of this clause (note that
these ports may have different communication_technology_fields). Call this smallest Port-UUID S.

— C’s Clock-UUID shall consist of:

1) A communication_technology_field equal to that of S
2) Auuid_field equal to that of S
3) A port_id_field of zero

It is recommended that all clocks in a PTP domain using a given technology use the same specification for
determining the Clock-UUID. The behavior of systems where this recommendation is not followed is out-
side the scope of this standard.
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It is expected that the organization responsible for standardizing each network technology will provide a
method for choosing a uuid_field meeting the requirements of this clause. The method for Ethernet is given
in D.2. If a UUID meeting the requirements of this clause is not specified by the organization responsible for
standardizing a network technology, then the specification of the uuid_field shall be as specified in D.2, and

—25_

the communication_technology_field shall be PTP_ETHER.

IDL: enumeration Communicationld;

Table 2— Communicationld enumeration

Enumeration Value Communicaﬁ(ﬁl pltot((cﬁl\
PTP_CLOSED 0 Closed system outside the sco}sg o\f\\h}&itan d
PTP_E[HER 1 IEEE 802.3™ (Ethemezf \ ‘3
reservefl 2 Reserved \ \\ \
reservefl 3 Reserved \ \ )
PTP_FFBUS 4 FOUNDA/'PfON ﬁelﬁb{s \
PTP_PROFIBUS 5 PROF LK } /

PTP_LDON 6 L alkgp}/to{ol"( \ >
PTP_DNET 5\ vice \ )
PTP_SPS 8 /\ W?Qstﬁbx{tedSMMc
PTP_CPNTROLNET 9( (\Q)nt}&kw d§
PTP_CANOPEN N\ /\Q\ CA\Iope\

reservefl N \41 -242 Reserv%‘&/

PTP_IHEE1394 I TEEE 1394™

PTP_IHEES02 A x

BEEE 802.11a™

PTP_IHEE_WIRELESS \

IEEE 802.11b™

PTP_INFINIBAW\

InfiniBand™ ©

PTP_B LUETO&QH\

Bluetooth™ wireless

PTP_IHERSOX: \\ \ 248 IEEE 802.15.1™
PTP 7,HEEE\\<51 {\\ \ 249 IEEE 1451 3™
PTPXNEEENSI 5\ > 250 IEEE 1451.5™
PTP_URB N \ 251 USB bus
PTP_IJA 252 ISA bus
PTP_P{I 253 PCI bus
PTP_V[Xi 254 VXI bus
PTP_DEFAULT 255 Default value

#The IEEE products referred to in Table 2 are trademarks owned by the Institute of Electrical and Electronics Engineers,

Incorporated

PLonTalk is a registered trademark of Echelon Corporation.
CSmartDlstrlbutedSystem is a trademark owned by Honeywell, Inc.
dControlNet is a trademark owned by ControlNet International, Ltd.
eInfmlBamd is a trademark owned by the InfiniBand Trade Association.
fBluetooth is a trademark owned by Bluetooth SIG, Inc.

NOTE 1

The IEEE products referred to in Table 2 are trademarks owned by the IEEE.

NOTE 2 LonTalk, SmartDistributedSystem, ControlNet, InfiniBand and BlueTooth are trade marks and
are examples of suitable products available commercially. This information is given for the convenience of
users of this International Standard and does not constitute an endorsement by IEC of these products.
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The following algorithm shall define the ordering properties of all UUIDs:

— communication_technology_field and port_id_field values shall be treated as unsigned integers.
— uuid_fields shall be compared as follows:

1) Let X and Y be two uuid_fields.

2) If every octet in X is equal to the corresponding octet in ¥, X =Y.

3) Otherwise, consider the most significant position in which the octets differ, and treat the octets
in that position as unsigned integers. If the octet belonging to X is smaller than the octet belong-
ing to ¥, X <Y; otherwise X > Y.

Now, given UUIDs A and B: (\(\
£ L O\

— ]Ifthe communication_technology_field of A is less than the communicatipn\tech
A<B.

—  (therwise, if the communication_technology_field of i mmurjication_
technology_field of B, A > B.

— therwise, if the uuid_field of A is greater than the

tld of B,

— therwise, A = B.
6.2.4.2|Clock type
Each clqck shall be typed a aboundary clock (see 7.4.2.11).
6.2.4.3|Clock strat
The clogk strat (O

characte
quality

mberydescribes one measure of the quality of a clock. Each clock|shall be
ed by the best master clock algorithm as one parameter [of clock

The inte lues of stratum numbers shall be as defined in Table 3. The clock] stratum

shall

Unless 4
the clock sha

y designed to maintain clock accuracy in the face of power loss, a power cycle on
assigning stratum numbers less than 3 on powerup.

If the inherent characteristics of a clock degrade such that the clock stratum number and clock ident{fier des-
ignationp.1i@’longer apply, the clock shall either:

— Degrade its stratum numbers and clock identifiers in such a way as to correctly specify the current
clock characteristics, or

— Be placed in the PTP_FAULTY state.

If the inherent characteristics of a clock improve such that the clock stratum and clock identifier designations
no longer apply, the clock may upgrade its stratum numbers and clock identifiers. Such upgrades shall
remain consistent with all requirements of this standard. Improved characteristics may result from a variety
of causes. For example, the clock becomes directly (not via PTP) synchronized to a primary reference clock
that is traceable to a recognized standard source of time.
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Table 3—Stratum number definitions

Stratum Specification
number

0 May be used temporarily for special purposes by PTP implementations to force a clock to be deemed
better than other clocks in the system.

1 Designates the clock as a primary reference standard traceable to a recognized standard source of time. A
stratum 1 clock may be either a boundary clock or an ordinary clock. (NOTE—GPS clocks, calibrated
atomic clocks, etc. fall into this stratum). A stratum 1 clock shall not be synchromized~uging the PTP pro-
tocol to another clock in a PTP system.

2 npcignah:c the clock as a secondary standard reference clock - The clock Ihg{] be: (_\

—  Directly (not via PTP) synchronized to a stratum 1 clock or a med.tobe a cor-
rect source of time for the PTP subdomain or

—  Previously directly synchronized to a stratum 1 clock or snother d 40 be ajcorrect
source of time for the PTP subdomain and is still providing time\ consistent with this
clock or source as specified by the clock_iderﬁﬁm{ i clock (see 6.2.4.5).

3 The lowest possible clock_stratum value if not 1 or 2 for acloc Wof issuing external|timing
signals and possibly setting the PTP_EXT_SY/N{: ag ﬁRUE e 8.2,y

AN
4 The lowest possible clock_strat alue if, 1 or2 forfa cl@lat does not have the capability |of issu-
ing external timing signals and‘theretoge $ets the RTP_EXT ag to FALSE (see 8.2.10).
5-254 Reserved. > \-/
255 The default value. A clock with ‘{ﬁs st(irmg nwe ha@ever be the best master clock.
For boupdary clocks, t
While n| humbers
less thaj stratum
number.
6.2.4.4
A clo a set of
clocKs.¢l domain.
The pur] sence of
disconng¢
6.2.4.5 Clock jdentifier
The clo l\_idClltiﬁCL shatt-mdicatethe mature—and: CAPCLtCL‘I absotute accuracy ant Cyuuh of o 5iv n clock.

The datatype of the clock_identifier shall be an OctetArray of length PTP_CODE_STRING_LENGTH.
Each octet of the field shall be interpreted as an ASCII character, with the most significant octet the leading
character. The interpretation and allowed values of clock identifiers shall be in accordance with Table 4. For
clock identifiers of less than PTP_CODE_STRING_LENGTH characters, the clock_identifier is left justi-
fied (toward the most significant octet) in the field, with the unused octets having value \0, (hex value 0x0).
Clock identifiers shall be used to establish which of several clocks with identical clock stratum numbers is

selected

as the best master clock.

Clock identifiers indicating that the time scale is universal coordinated time (UTC) (see B.2) may become
invalid for clocks with clock stratum values of 2 or greater under the following conditions:
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— The possible drift of the clock since last synchronized to a UTC source of time exceeds the given
specification, or

— The time interval since last synchronized to a UTC source of time includes times when possible leap
second adjustments occur (see Annex B), or

— A fault potentially degrading these specifications occurs.

The ordering of clock identifiers used in the selection of the best master clock (see 7.6) is summarized in
Table 5.

Unless specifically designed to maintain clock accuracy, a power cycle on a clock shall preslude clock iden-
tifiers other than DFLT on powerup.

For bouLdary clocks, the clock identifier shall be the same for each PTP port)

In Table4, the listed accuracy specifications shall be interpreted as n a andaid devia-

(\ AN
Clock Applicable to U
identiffer | clock_stratum Specification
(ASCID) number
1 Time is derived froma cali Wic clock maintaining a UTC time base]accu-
/ rate t ter ¥han 23 ns
~—
1 TN is derivel m a corregty operating GPS receiver maintaining a UTC fime
/\ \b{se atho tterthan 400 ns.
ATOM 2 i (}Q@\:k is such that it is accurate to within 100 ns of the UT|C time
se established the/last time it was synchronized directly to a stratum 1 clodk with
/\ clo i(}g ifiet ATOM. A power cycle may preclude this designation.

GPS 2 W of the clock is such that it is accurate to within 100 ns of the UTC time
ase ished the last time it was synchronized directly to a stratum 1 clodk with

ATOM

GPS

=

clock: identifier GPS. A power cycle may preclude this designation.

—  The clock is correctly and actively participating in a suite of clocks uping the
NTP or equivalent protocol to maintain a UTC time base accurate tp better
than 15 ms, or

NT1< & \ \F‘l(eclock shall meet one of the following specifications:

—  The stability of the clock is such that it is consistent to within 50ms of the
time base established the last time it was correctly and actively parti¢ipating
in a suite of clocks using the NTP or equivalent protocol to maintgin time

. PRNNILYL R & ia 2V
conststent-witiro ¢

A power cycle may preclude this designation. Examples of protocols providing time
bases and accuracies equivalent to NTP are SNTP, link to NIST time server, etc.

HAND 2 or greater The clock has been set to the correct UTC time to accuracy better than 10 seconds by
an administrative procedure and is consistent with that time except for normal drift
of this clock. A power cycle may preclude this designation.

INIT 2 or greater The clock has been set with unspecified accuracy to an arbitrary or user-defined time
by an administrative procedure and is consistent with that time except for normal
drift of this clock. A power cycle may preclude this designation.

DFLT 3 or greater Applicable if none of the other clock_identifiers apply.
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Table 5—Clock identifier precedence

Stratum

Clock identifier ordering

ATOM equivalent to GPS

ATOM equivalent to GPS takes precedence over NTP takes precedence over HAND takes precedence
over INIT.

3 or greater

HAND takes precedence over INIT takes precedence over DFLT.

6.2.4.6 Fottow—bp-capabitity

Each clgck shall be designated as either supporting or not supporting i royviding, [for each

Sync message

namely the preciseOriginTimestamp (see 8.3.1.2 and 8.4.1.3).

issued, a Follow_Up message conveying a more accurate value\fon\the eriginTimpestamp,

For boupdary clocks, this capability shall be separately spgcified foreachPTP p&it potentially used by the

clock. Iffis recommended that all PTP ports for a boundary clogk tarry ecifications.

This dedignation shall be encoded into th¢ flags field of or a lk€q messages issued by the clock

(see 8.2]10) as follows:

— IIf the PTP port supports the issuing of
—  (therwise the PTP

ages, the PTP_ASSIST flag shall be [TRUE.

lelow_

6.2.4.7 |[State

For each ordin clos 2 of a boundary clock, the state machine of 7.3 |shall be
supportgd.

6.2.4.8 [Varian

6.2.4.9 Latency

all majntain an estimate, the clock_variance (see 7.4.2.6) of its inherent stabil{ty prop-
ility when it is not synchronized to another PTP clock using the PTP pjotocol).

k is¢Synchronized to another using the PTP protocol, it may maintain an estinjate, the

bservedi vatiance (see 7.4.4.9) of the stability properties of the clock to which it is synchropized.

Each PTP port shall be characterized by two constants known as outbound_latency and inbound_latency,
used in the delay correction process specified in 7.8.1.3. In a clock, Sync and Delay_Req messages shall be
assigned a timestamp on both issuance and receipt. These timestamps are instantiated at a point, the clock
timestamp point, in the path between the code executing the PTP protocol and the communication media, as
shown in Figure 4.

The outbound_latency constant shall be the propagation time between the clock timestamp point and the
communication medium for outbound Sync or Delay_Req messages. The inbound_latency constant shall be
the propagation time between the communication medium and the clock timestamp point for inbound Sync
or Delay_Req messages.
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The variance in these values contributes to the variance of the clock and shall be included in the computed
clock variance (see 7.7).

Note that in general, the values of outbound_latency and inbound_latency will not be identical. For both
inbound and outbound Sync and Delay_Req messages, timestamps are generated at the instant the message
timestamp point passes the corresponding clock timestamp point.

PTP clock port

PTP code
clock timestamp point I (\
foroutbound messages +
> x
outbound Clock timestamp pdint
protocol or inbound messages

stack \(\

!

inbound_

Q\l \ (\\\/\ A latency
PR SN O \)\/ l —

]

I

communication medium I

XXXXXXXXX |
Syn¢ or Delay”

outbound_
latency

010101

ptp_latn
The g point shall be a distinguished feature of both Sync and Delay_Req messdges that
can be 1 ized asyeach passes the clock timestamp point. Figure 4 shows a typical Sync or Delay_Req

messagq enteringdhierinbound protocol stack (dashed arrow) such that the message timestamp poirft (in the
examplq the first*‘11” after a series of leading “10” patterns) passes the clock timestamp point ihbound_
latency $econds after leaving the communication medium and entering the bottom of the stack. Thd mecha-
nisms fdr génerating these timestamps are outside the scope of this standard.

Clause 6.2.2.3 requires that all timestamps reflect the time at which a message timestamp point passes a
clock timestamp point. If an implementation detects Sync or Delay_Req messages at a point other than the
message timestamp point, then the generated timestamps shall be appropriately corrected by the time inter-
val between the time of detection and the time the message timestamp point passed a clock timestamp point.

6.2.5 PTP subdomain properties

A PTP subdomain is characterized as defined in the following subclauses.
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6.2.5.1 Subdomain name

Each subdomain shall be characterized by a name recognized by all PTP clocks in the subdomain as the
basis for sending and receiving PTP communications. The subdomains shall be as defined in 6.2.3. The com-
bination of the subdomain name and the port category shall specify the end points for a PTP communication.
All PTP clocks in the subdomain shall use this name as the basis for all PTP communications.

The value of subdomain name member shall be of type OctetArray [PTP_SUBDOMAIN_NAME _
LENGTH]. The actual value shall be restricted as follows:

The default values of the octets shall correspond to the hex values of five ASCII characters
_DFLT followed by (PTP_SUBDOMAIN_NAME_LENGTH - 5) nu}l characferd, 0x08, This shall

Modifichtion of this

7.4, Notp 1 appl:' .
Two sujdomain nam
NAME | 3

6.2.5.2

o
theN

specific

Eac
and

fesult in the clock operating in the subdomain DefaultPTPdomain (se¢ 62.

.

dnd _ALT3 followed by (PTP_SUBDOMAIN_NAME_LENG
ysed and shall result in the clock operating in
AlternatePTPdomain2, and AlternatePTPdomain3 respe

q
desired characters for a subdomai
desired characters shall be augme
x00 octets to bring the total to I
qubdomain name shall result in the
4

)

6.2.5.3 [Port category

PTP corhmunications shall be characterized by two port categories recognized by all PTP clocks in
domain as the basis for specifying the contents of PTP communications. The names shall be:

_ALT2,
may be
omainl,

le ASCII

mber of
TH, the

ignt value

f such a
omainl,
Xist in a
as spec-

hibclause

MAIN_

address
hnology

the sub-

EventPort: This name shall designate the access point for communication of PTP Sync or Delay_Req

messages.

GeneralPort: This name shall designate the access point for communication of PTP Follow_Up,

Delay_Resp and Management messages.

The combination of the subdomain name and the port category shall specify the end points for a PTP com-
munication. All PTP clocks shall use these names as the basis for all PTP communications.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=71ae9f34738d6afa4f87b6e88558cfea

-32 - IEC 61588:2004(E)
IEEE 1588-2002(E)

6.2.5.4 Port address
Each communication technology shall have an address corresponding to each port category. The representa-
tion of these addresses and the implementation of PTP communication based on these addresses are
communication technology specific.
6.2.5.5 Sync interval
The sync interval shall be the interval in seconds between successive Sync messages issued by master
clocks. It shall have the same value for all clocks in a subdomain. ‘(\(\
The value of sync interval is a compromise between the inherent stability of the.&locks, fhe\esponsiveness of

the clocks in a subdomain to change, and the communication load imposed

The valyes of sync interval shall be taken from the set {1, 2, 8, 16, and &4 sec . i nication
technolqgies may designate a subset of these values for use in ) i logy, all
clocks shall be capable of correct PTP operation in a system with i vals.

The behhvior of PTP subdomains where clocks do not all have the e [side the
scope of this standard.

6.2.5.6 [Epoch

The epoch is the origin of the timescale ain."The timescale of a subdomain(shall be
measurgd in cumulative seconds and nangsec ince the ch. Since all times within a subdomain are
ultimate]ly derived from t 4in, the subdomain epoch is the epogh of the
grandmgster clock.

The clogk_identifier of the Ibspecify the value of the epoch as follows:
Clogk idenMASé{),\ > Epoch specification
N
ATOM /\ PTP¢poth

GPS \ PTP¢poch

NTP \ \ \ SPTP epoch
HAXD \\\ \ PTP epoch
PN

INIT The epoch shall be as defined by the initialization procedure.

DFLT \/ The epoch is unknown.

Where theepoch is the PTP epoch, the cumulative seconds and nanoseconds supported by the PTP lprotocol
may be converted into UTC current month, day, year, time of day format by utilizing the current_utc_offset
field value of the global time properties data set. The PTP epoch began at O hours on 1 January 1970. See
Annex B for information on how to convert times measured from the PTP epoch to UTC and other com-
monly used time scales.

6.2.5.7 Epoch number

When the epoch is the PTP epoch, the value of the epoch number shall be the current number of times the
32-bit seconds clock has rolled over since the PTP epoch. For any epoch, the epoch number may be treated
as the most significant part of the total number of seconds since the epoch where the least significant part is
the 32-bit integer seconds portion of the TimeRepresentation of PTP timestamps.
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7. PTP protocol specification

7.1 Protocol model of a clock

The model of an ordinary clock and of a boundary clock used in the definition of the protocol is illustrated in
Figure 5 and Figure 6, respectively.

Figure 5 illustrates an ordinary clock. This clock is presumably one of several using a communication path
implemented using communication technology g. The clock has two access point e communication
path modeled by the event and general ports with their associated addresses, together termed\the PTP port or
more simply, port. This port communicates with the protocol engine of the 91 ck. Tl(e\pqoto i
turn has[access to port-specific information as well as the general informatiQi akouf theclodk. The Jprotocol
engine dan also read the clock’s current time as well as adjust the time behaviqr of thaJoca L&s&/

For all dlocks, both ordinary and boundary:

For ordi-
clocks,

g 1id_field

al clock
pd as the
al clock
scillator

— Vi

1

— 1

Figure § und ing” several PTP ports {p}, each port being one of sevefal using
commuijicati i emented

— A\ sé S intained

—  A’set oftcony afion information is maintained for the boundary clock itself. Any PTP port may
i . If each port maintains a local copy of the clock datasets, implementatiqns shall
such copies are consistent whenever protocol decisions are made at any port.

A1l ports can read a single, common local clock.
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Ordinary Clock Data Sets

Default data set

Current data set

Parent data set

Global time properties and data set

A
protocol engine < /\(\
protocol computations | Port confiquration data |
local clock [€——T— clock correction computation 4—* Foreign ma<er B@aset \J’.L

P message computations

! !

event port:
general port
message, ) F{

receipt,
transmission, and
timestamping on
event port
address EA-q
and subdomain
address SA-q

%

ptp| ord1
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Boundary Clock(ports {p}, with communication technology {q})
Clock Data Sets

Default data set
Current data set
Parent data set

local clock Global time properties data set

; * PORT-j, communication technology r -

€——f——PTP communication path-j, technology r ¢

ort}ﬂﬁor onfiguration Data Set
t.p.Foreign Master Data Set

~
\( PORT-p, communication technology q

N

essage receipt
a ansmission
n general port
address MA-q
and subdomain
address SA-q

Y

~ %
Wnication path-p, technology q

[ ]
: ptp_tydy1

Figure 6—Boundary clock protocol model

7.2 Protocol model of a subdomain of PTP clocks

In a subdomain, the PTP protocol recognizes clocks with five categories of ports. Excluded from this
discussion are clock ports in the PTP_INITIALIZING, PTP_DISABLED, or PTP_FAULTY states. These
categories are as follows:

— Slave ports: These may be the ports of ordinary clocks or the external view of a single PTP port of a
boundary clock that synchronize to a particular master port. A master port to which a slave is syn-
chronized is termed the slave’s parent clock port. A slave port must be in the PTP_SLAVE state
specified in 7.3.
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— Master ports: These may be the ports of ordinary clocks or the external view of a single PTP port of a
boundary clock that serve as the parent clock port to zero or more slave ports sharing a PTP commu-
nication path with the master. A master port must be in the PTP_MASTER or PTP_PRE_MASTER
states specified in 7.3.

— Grandmaster ports: These may be the ports of an ordinary clock or the external view of all PTP mas-
ter ports of a boundary clock. There is a single set of grandmaster ports, all on the same clock in a
subdomain. This set serves as the master clock ports to zero or more slave ports sharing the PTP
subdomain with the grandmaster. A grandmaster port must be in the PTP_MASTER state specified

in7.3.
— Uncalibrated ports: These may be the ports of an ordinary clock or the exterpal viewof a single PTP
port of a boundary clock. These are ports for which the protocol has not i master or des-

PO as—a T Pr PTP_
LIBRATED state speci

— PTP port
cted the
has been
ssive by
pecified

Every sfable subdomain forms a parent<Child\ai . The termed
the grarldmaster clock. At each branch poi sS4 e parent
and madter port for all clock ports on the bra 8 ort syn-
chroniz the hier-
archy must be a slave or passi . ¢’a boundary clock. A stable subdomain is a
subdompin in which all p artiCipating Pha eh designated by the protocol as either g master,
passive,|or a slave and a e ee

For subflomains’Cantaini i 3 L. op2 clocks, the protocol will segment the subdonjain into
multiplg disjoi@ ¢ ies, eagh)tontaining a single stratum 1 or 2 clock.

Exampl¢ i 5 i ave configurations are illustrated in Figure 7 and Figure 8} In both
figures, tsindicated by a M, S, or P for master, slave, and passive, respedtively.

Figure which one of the ordinary clocks, node-5, is designated as the grandmas-

ter clQck. the other clock ports will form an acyclic parent-child relationship with node-5
as the rd
node- node-5 node-7 node-9 npde-11
S M S S S
M
M node2 S S node-6 M S node-8 M S node-10 M

M <—-port state: master, slave, or passive
M nodek S

A
L nodename

ptp_topa

Figure 7—Master-slave configuration, example 1
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Figure 8 illustrates a subdomain in which two of the clocks; C-1 and BC-9 are both stratum 1 clocks. In this
case the system will segment into two disjoint subdomains, one with C-1 as grandmaster the other with
BC-9 as grandmaster, as shown. Within each of the subdomains, the clock ports form an acyclic parent-child
hierarchy. Where multiple paths occur, all but one of the paths will be cut by a port in the passive state, for
example, between BC-11 and BC-12.

port state: master, slave, or

M «
M node-k S

f— node name — 0 — ptp_topb

Figure 8—Master-slave configuration, example 2

O PasSSIve

The allowed possibilities for ordinary clocks and for each PTP port of a boundary clock are summarized in
Table 6. The clock numbers refer to clocks in Figure 8 as an example.
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Table 6— Allowed combinations of port categories

Port State

Ordinary clock

Boundary clock port

potentially a parent)

Grandmaster (and therefore a master and

Possible (C-1)

Possible only if no port is a slave
(BC-9)

Master (and therefore potentially a parent)

Possible and if so it is also a
grandmaster (C-1)

Possible if one (BC-6) or no (BC-9)

port is a slave.

Slave

Possible, (C-10)

Possible on
but BC—SD\

single port, (all

Uncalibrated

Possible (not shown)

Possik g\(n:)t sﬁo}n)

Passive

Possible (not shown)

The profocol determines which of the ports in a system are maste£s, sla
clock is[the grandmaster. The transition from one stable configuratio

rules. Sych transitions may be caused by the introduction
ties, such as the clock identifier of one of the clocks. The §

clock mhay respectively join two subdomajqgs or seg

between two stable configurations.

7.3 State behavior of clocks

This subjclause describes the

7.3.1 Pyotocol engi

The profocol :
machindg illustrated iw i

When a
transitio
an INIT

steps <

The beh|
PTPStat

Pos 'ble\QS 11)

ibrated, passive, arjd which
is gaverned by the protocol

g1 removal\f aslock-oithe change in thg proper-

oundary
ansition

the state

uld after
hg those

bd in the
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IDL: enumeration PTPState;

Table 7—PTP State enumeration

State enumeration

Description

PTP_INITIALIZING

The associated port may initialize the data sets, hardware, and communication properties
of the clock.

PTP_FAULTY

The fault state of the protocol. The associated port shall not parficipatéNn the synchroni-
zation aspects of the protocol but may take 1mplementat10n— 1ﬁc measuges to clear
the fault.

PTP_DISABLED

fbound-
ht any

The associated port shall not place any messages on its spmryunicati
ary clock, no activity at the associated port shall \4 d to ffe
other port of the boundary clock.

PTP_LISTENING

The associated port is waiting for the Syn es

receive a Sync message from a master,
tion of clocks to a subdomain.

o
y addi-

PTP_PRE_MASTER

state except that if.shall not place emeng messages on its communjcation

The associated port shall beha Ws ects as though ttvere in the PTP_MASTER
n
path.

PTP_MASTER

o

mp

The associated is behav asteiNgorty Yhe local clock is used to times|
the receipt or de e of es assoeiated with the port.

PTP_PASSIVE

;1§<ssoc1ated p&s@ Wssages on its communication path unlegss oth-
se sp

PTP_UNCALIBRATE

<

s have'bpen detected in the subdomain. The appropriate master

al port is preparing to synchronize to the selectefl mas-
state to allow initialization of synchronization servos, updat-
master port has been selected, and other

PTP_SLLAVE /\\

\"{h\QogﬁWshall synchronize to the selected master port.
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POWERUP —p

—INITIALIZE PTP_INITIALIZING

> PTP_LISTENING

_ENABLED

FAU LT_ClL EARED

D TlD_DILABLED
‘ ANY STATE ’ DESIGNATED_ |

| EALLT I'{FZ‘F\TI:D \/\
STATE_CHXNGE_EVENT PTP_LISTENING or\ — FAULT _DETEC D

BEST_MASTER_CLOCK PTP_UNCALIBRATED or
PTP_SLAVE or

PTP_PRE_MASTER or ]
PTP_MASTER or Recommended PITP_PASSIVE

[ PTP_PASSIVE
Recommgnded State = PTP_MASTER

PTP_LISTENING or
<3TP_PRE_MASTER TP UNCQ'['/_'\B&{AT
PT PA

QUALIFIJATION_TIMEOUT_EXPIRES

PTP_DISABLED

DISABLED

PTP_LISTENING or
PTP_UNCALIBRATED or
PTP_PRE_MASTER or
PTP_MASTER|or

PTP_PASSIVE

SYNC_RECEIPT_TIMEO EXRIRE

Recommended State = PTP_SLAVE
PTP_MASTER \l/\
Q PTP_UNCALIBRATED <
SYNQHRONIZA FA
Recommended State = PTP_BLAVE &
ER_SLOCK-.SEYECTED NEW_MASTER = OLD_MASTER
Recommended State = PTP_SLAVE &
| NEW_MASTER = OLD_MASTER 1
< PTP_SLAVE —
—\_

\/ btp_ste

Figure 9—Protocol engine state machine

7.3.2 State machine constraints for boundary clocks

Boundary clocks shall be implemented such that the requirements of this clause are met independently for
each subdomain.

It is recommended that only the DefaultPTPdomain include boundary clocks.
A boundary clock consists of a single local clock and N PTP ports.

Each PTP port of a boundary clock shall have its own value for state. This state shall be governed by a copy
of the state machine of Figure 9 associated with each port.
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Only the combinations of states and behaviors for the PTP ports of a boundary clock shown in Table 8 shall
be allowed in a subdomain. For purposes of this clause, an active port is a port not in the PTP_INITIALIZ-
ING, PTP_FAULTY, PTP_DISABLED, or PTP_LISTENING states.

Table 8 —Boundary clock state constraints

Port state Constraints on a boundary clock with N ports

PTP_INITIALIZING If one port is in this state, all ports shall be in this state.

PTP_FAULTY A port in this state is considered inactive. \\O
No activity on this port shall affect the active ports of bounG-z}v\cloc of any
other port in the subdomain.
If fault activity on a port in this state cannot be on port) he orts
shall be in this state.

PTP_DISABLED A port in this state is considered inactiye’
No activity on this port shall affect the astive o boundgty clock or ¢f any
other port in the subdomain.

PTP_LJSTENING Any or all ports may be in this state(7

PTP_PRE_MASTER Same as for \ce/ at@ port shall not place any non-matgage-
ment mess ges 1ts ssotiated commu ath

PTP_MASTER
PT SLAVE state and the boundary clock is plso the
subdomain for all communication paths foy which

PTP_SLAVE state and the grandmaster clock of the
a.&lock communicating with the boundary clock dirgctly or

i iqthe slave port. The boundary clock will be the master {but not

Q the grandmagter) for all communication paths for which the boundaty clock

PTP_PASSIVE /\ nyg?éh\p)\ot’{may be in this state.

PTP UNC%B\RAT\E{) \Q{lway be in this state.

PTP_SLA\E \ Atynost, one port shall be in this state. The local clock of the boundary clock ghall be
< synchronized to the master port in the communication path associated with the port

in the PTP_SLAVE state.

The evepts shown.Figure 9 shall be applied to the state machine’s ports of the boundary clock as spdcified in
Table 9.
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Table 9—State machine event applicability

Event name Applicability
POWERUP State machines of all ports.
INITIALIZE State machine of all ports.
FAULT_DETECTED State machine of all ports affected by the fault.
FAULT_CLEARED State machine of all ports affected by the fault.
STATE_CHANGE_EVENT State machine associated with the port signalj e event. The infor-

mation may affect all state machines due to(other constraints of this
clause.

BEST_MASTER—CEOCEK FieexeTTtomot-the-bestTmasterthgek forTh uuu\ as ualc /ith a
port directly affects only that port. Rhe exec tion pqten ally hffects
the states of other ports if req by he dtheiconstrgi flthis
clause.

SYNC |RECEIPT_TIMEOUT_EXPIRES State machine assomat mg timgoutmechanisin.

QUALIFICATION_TIMEOUT_EXPIRES

DESIGNATED_ENABLED State machine s eciﬁed b he tlatmg anagement message.

DESIGNATED_DISABLED

MASTER_CLOCK_SELECTED State m\@z{ ZA bes\i&ﬁster clock algorithm makng this

ecisi

SYNCHRONIZATION_FAULT Stat \ac{nne soma\KWHh )he port experiencing the fault

7.4 Clock data set

For eacl dintained

locally 4

— 1

— ]

Each da mberyspecification includes the following:

—  The formal name for the member

—  Jemantics associated with the member

—  The value assigned at initialization
In these data sets, the following notes apply:

NOTES

1—These values may change infrequently as a result of management messages or degradation of the clock implementa-
tion, for example, degradation in the stability of the local clock over time or changes in subdomain topology.

2—These values change frequently during the normal operation of the protocol.

3 —This information does not directly affect the PTP protocol but may be used by services built on top of the protocol.
This information is typically derived either from management messages or from a stratum 1 clock in the system, for
example, a clock synchronized to a GPS receiver or participating in the NTP protocol with other computers with access
to standard UTC time sources.
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7.4.1 Clock data set initialization properties
There are two kinds of members for the clock data sets: fixed and modifiable.

The values of fixed members are inherent properties of the clock. These members shall have the values as
specified in the defining subclause.

The modifiable members may change as a result of management messages, changes in internal properties of
the clock resulting, for example, from local synchronization to a standard clock, parametric changes due to

aging or temperature, or fault detection and recovery. (\(\
Modifiable members shall be initialized to one of the following values: A N

value is
| This set

essages,
hgement
e of the

he local
e for the

— A\ local'oseillator

The members of this data set are:

— clock_communication_technology
— clock_uuid_field

— clock_port_field

— clock_stratum

— clock_identifier

— clock_variance

— clock_followup_capable

— preferred
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— initializable

— external_timing

— is_boundary_clock
— sync_interval

— subdomain_name
— number_ports

— number_foreign_records

7.4.2.1 clock_communication_technology (\(\
SRR Rt

This member:s—vatoe—shatt-bethe uuuuuuui\.aﬁuu_tcuhuulugy_ﬁclu‘l of-the of<theTscpl clock.
The datatype shall be as specified in 6.2.4.1. This is a static property of t \1\519’1 not be
modifiable.

7.4.2.2 clock_uuid_field

This me hll be as

specifie
7.4.23

This me al clock

74.24
This me) pe shall
be as sp y not be
modifial
7.4.25
This me k of the
system, I on the
natugg o pending
on the | Note 1
applies.

7.4.2.6 [clock=variance

This mejmber’s value shall be the variance of the local clock when it is the grandmaster clock of th¢ system
(see 6.2.4.8). The datatype and computation of variances shall be as specified in 7.7. The initialization value
shall reflect the inherent characteristics of the clock. Depending on the implementation of the local clock this
value may or may not be modifiable. Subclause 7.4, Note 1 applies.

7.4.2.7 clock_followup_capable

This member’s value shall indicate whether the clock is capable of providing Follow_Up messages. The
datatype shall be Boolean. The value shall be TRUE if the local clock supports the issuing of Follow_Up
messages per 6.2.4.6, and FALSE otherwise. This is a static property of the local clock and shall not be
modifiable.
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7.4.2.8 preferred

This member’s value shall indicate whether the clock is to be preferred in the selection of the grandmaster
clock. The datatype shall be Boolean. The value shall be TRUE if the local clock is a member of the
preferred master clock set and FALSE if it is not a member of this set (see 6.2.4.4). This value shall be
modifiable by the user. The default value shall be TRUE if the clock clock_stratum is 1 or 2 and FALSE
otherwise. Subclause 7.4, Note 1 applies.

7.4.2.9 initializable

This member’s value shall indicate whether the receipt of a management messtentMes—
sageKey field value PTP_MM_INITIALIZE_CLOCK (see 7.12.4) causes the cfock tolexscute the behavior

normally executed on a reboot or power cycle of the node containing the clgck (ges 7.3)) Tl%%t;\bj pe shall
1 na.

be Boolkan. The value shall be TRUE if the receipt of a managemen entMes-
sageKey field value PTP_MM_INITIALIZE_CLOCK (see 7.12 4) causes th behavior
normally executed on a reboot or power cycle of the node contai B3)Y ise, the

value shpll be FALSE. This is a static property of the local clock a Higble.

This mdmber’s value shall indicate wheth \ po als. The
datatypq shall be Boolean. The value shal be E S i s i iming signals
when it has a port in the master state. Othe S y of the
local clgck and shall not be modifiable.

7.4.21

This me S i3 Boolean.
The val it th i . This is a

This membe . i e i 2.5.5). er8. The
value shplKbe theJogarithmbase'2,0f the current sync interval in seconds. This value may be defined admin-

3 ement message. The default sync interval shall be two seconds, that {s, sync_
interva oct the communication technology. The sync_interval value shall be th¢ default

value may be the name of the last PTP subdomain defined admlnlstratlvely In the absence of prior modifica-
tion by means of a management message or by implementation-specific reset means, the default shall be the
default value defined in 6.2.5.1.

7.4.2.14 number_ports
This member’s value shall specify the number of ports on the device. For an ordinary clock this shall be the

value 1. The datatype shall be Ulnteger16. This is a static property of the local clock and shall not be modifi-
able.
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7.4.2.15 number_foreign_records

This member’s value shall specify the maximum number of records maintained in the foreign master data set
of each port. The datatype shall be Ulnteger16. This is a static property of the local clock and shall not be
modifiable.

7.4.3 Current data set

This data set defines members whose values characterize the current properties of the local clock that
describe the source and quality of the local time. These values depend on the specifi¢ sousce of time for the
local clock and whether it is the grandmaster. Various possibilities for the source 1me are ot an exhaus-
tive list):

— lLocally synchronized (not via PTP) to an atomic clock, a GPS re¢
— lLocally synchronized (not via PTP) to a clock participating in
— A local oscillator

— Another PTP clock in the subdomain

The members of this data set are:

— {teps_removed
— ffset_from_master

— ne_way_delay
7.4.3.1 |steps_removed
and the

path as
ype shall

This member

grandmgster clock. F
the grandmast
be Ulntq .

7.4.3.2
When tH 11 be the
local <;l; which is
direct nixeth If the'local clock is not slaved to another PTP clock using the PTP protocol, the value
shall be i entation.
Subclauy|

7.4.3.3onel way_delay

When the Tocal clock 1s slaved to another PTP clock using the PTP protocol, this member’s value shall be the
local clock’s estimate of the current one-way propagation delay between the local clock and the PTP clock to
which it is synchronized via PTP. Otherwise, the value shall be 0. This value shall be computed as specified
in 7.8.1.2. The datatype shall be TimeRepresentation. Subclause 7.4, Note 2 applies.

7.4.4 Parent data set

This data set defines quantities whose values characterize the current properties of the PTP port, the parent
or parent port, serving as the source for the time for a PTP slave port via the PTP protocol.
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The members of this data set are:

— parent_communication_technology

—  parent_uuid

— parent_port_id

— parent_last_sync_sequence_number

— parent_followup_capable

—  parent_external_timing

— parent_variance (\(\
—  parent_stats N N

— @bserved_variance

—  @bserved_drift

— ytc_reasonable
randmaster_communication_technology
randmaster_uuid_field
randmaster_port_id_field

randmaster_stratum

randmaster_variance
randmaster_preferred

§
§
§
§

— grandmaster_identifier
§
§
grandmaster_is_boundary_clock
§

The fielgls described i

A4). A klock 0
set to their defa

ended for use in detecting a false-ticking mater (see
H compute all of them. If it does not, these values|shall be

7.4.41
When thje e\PTP_SLAVE state, this member’s value shall be the value of thed source-
Commuhi y Aielgrof the last Sync message received from the parent of the slave poft. When

the lgca aster clock of a subdomain, this value shall be the value of the member clock_
commuipeatio of the default data set. The initialization value shall be the value of the jmember
clock_c icatiOntechnology of the default data set. The datatype shall be as specified in 6.2.4.1. Sub-
clause 7,

7.4.4.2 |parent_uuid

When the clock has a port in the PTP_SLAVE state, this member’s value shall be the value of the source-
Uuid field of the last Sync message received from the parent of the slave port. When the local clock is the
grandmaster clock of a subdomain, this value shall be the value of the member clock_uuid_field of the
default data set. The initialization value shall be the value of the member clock_uuid_field of the default data
set. The datatype shall be as specified in 6.2.4.1. Subclause 7.4, Note 1 applies.

7.4.4.3 parent_port_id
When the clock has a port in the PTP_SLAVE state, this member’s value shall be the value of the source-

Portld field of the last Sync message received from the parent of the slave port. When the local clock is the
grandmaster clock of a subdomain, this value shall be the value of the member clock_port_field of the
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default data set. The initialization value shall be the value of the member clock_port_field of the default data
set. The datatype shall be as specified in 6.2.4.1. Subclause 7.4, Note 1 applies.

7.4.4.4 parent_last_sync_sequence_number

When the clock has a port in the PTP_SLAVE state, this member’s value shall be the value of the sequenceld
field of the last Sync message received from the parent of the slave port. When the local clock is the grand-
master clock of a subdomain, this value shall be 0. The datatype shall be Ulnteger16. Subclause 7.4, Note 2
applies.

7.4.4.5 parent_followup_capable (\(\
A (@AN

When the clock has a port in the PTP_SLAVE state, this member’s value §ha of the PTP_

ASSIST] bit of the flags field of the last Sync message received from th Vhen the
local clpck is the grandmaster clock of a subdomain, this value s - clock_
followup_capable of the default data set. The datatype shall be Bo es.

7.4.4.6
When tlf this mempbers value<shall be the value of the PTP_
EXT_S { e e 't. When
the local xternal
timing g
7.4.4.7
When tH Variance
field of the last Sync e grand-

master dlock of a subd hult data

set. The dataty

7.4.4.8

If all of

7449

then the|value.of this field shall be TRUE. Otherwise the value shall be FALSE. The data type shall [pe bool-
ean. Suljclause 7.4, Note 3 applies.

How a clock makes the estimates, determines their validity, and decides the reasonableness of the UTC
information is outside the scope of this standard.

7.4.4.9 observed_variance

If the value of the parent_stats field in the Parent data set is FALSE, the value of this field shall be 0. Other-
wise, this member’s value shall be an estimate of the parent clock’s variance as observed by the slave clock,
computed and represented as described in 7.7. The datatype shall be as specified in 7.7. Subclause 7.4,
Note 3 applies.
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7.4.4.10 observed_drift

If the value of the parent_stats field in the Parent data set is FALSE, the value of this field shall be 0. Other-
wise, this member’s value shall be an estimate of the parent clock’s drift rate as observed by the slave clock,
in nanoseconds per second. If the estimate exceeds the capacity of its datatype, this value shall be set to the
largest or smallest allowable value, as appropriate. The datatype shall be Integer32. Subclause 7.4, Note 3
applies.

7.4.4.11 utc_reasonable
If the value of the parent_stats field in the Parent data set is TRUE and all of thw are deter-
mined by the slave clock to be reasonable, the value of this field shall be TRUE! N

he local

received

l clock

Otherwi A2 Note 3
applies.

7.4.41

hndmas-
ve port.
member
4.1. The

hndmas-
al clock
ld of the

When tHe clockchas a port in the PTP_SLAVE state, this member’s value shall be the value of the grandmas-
terPortld field-.of the last Sync message received from the parent of the slave port. When the local cldck is the
grandmgster’clock of a subdomain, this value shall be the value of the member clock port_field of the
default data set. The datatype shall be as specified in 6.2.4.1. Clause 7.4, Note 1 applies.

7.4.4.15 grandmaster_stratum

When the clock has a port in the PTP_SLAVE state, this member’s value shall be the value of the grandmas-
terClockStratum field of the last Sync message received from the parent of the slave port. When the local
clock is the grandmaster clock of a subdomain, this value shall be the value of the member clock_stratum of
the default data set. The datatype shall be as specified in 6.2.4.3. The initialization value shall be 255.
Subclause 7.4, Note 1 applies.
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7.4.4.16 grandmaster_identifier

When the clock has a port in the PTP_SLAVE state, this member’s value shall be the value of the grandmas-
terClockldentifier field of the last Sync message received from the parent of the slave port. When the local
clock is the grandmaster clock of a subdomain, this value shall be the value of the member clock_identifier
of the default data set. The datatype shall be as specified in 6.2.4.5. The initialization value shall be the clock
identifier DFLT (see 6.2.4.5). Subclause 7.4, Note 1 applies.

7.4.4.17 grandmaster_variance

When the clock has a port in the PTP_SLAVE state, this member’s value shall ngrandmas-
terClock Variance field of the last Sync message received from the parent of thé. slave (poxt. When the local
clock is fthe grandmaster clock of a subdomain, this value shall be the value k_v\d{iance of

the defgult database. The datatype shall be as specified in 7.7. T value [l be 0.
Subclauge 7.4, Note 1 applies.

7.4.4.18 grandmaster_preferred

When tHe clock has a port in the PTP_SLAVE state, this nfembers value shall be the value of the grandmas-
terIsPreferred field of the last Sync message received fre ef the slay€ port. When the lo¢al clock
SX \ q
1

is the graindmaster clock of a subdomain, of the member preferred of the default
data set] The datatype shall be Boolean.

7.4.4.19 grandmaster_is_boundary

hndmas-
he local
undary_

When tH
terIsBou
clock is
clock of

When tH hndmas-
terSequg =Ssage received from the parent of the slave port. When the lo¢al clock
is the ghariddmaste 3 slomain, this value shall be the last_sync_event_sequence_numbg¢r of the
e port with the lowest value of port_id_field that is also in the PTP_MAS-
¥ 1s the grandmaster clock of a subdomain if it has no ports in the PTP|SLAVE

This dath.Sef defines members needed to interpret the time provided in PTP messages.

The members of this data set are:

— current_utc_offset
— leap_59

— leap_61

— epoch_number
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7.4.5.1 current_utc_offset

This member’s value shall be as specified in Table 10. The datatype shall be Integer16. Subclause 7.4, Note
3 applies.

Table 10—current_utc_offset values

Condition current_utc_offset value
Ordinary clock in PTP_SLAVE state or Value of the currentUTC et field oRthe last Sync
Boundary clock with one port in PTP_SLAVE state message received from e pareQ“c(the cal clock

The lodal clock is of stratum 1 or 2, or has a clock_identifier | The value shall be the offsetNn sec Wm the
= HAND UTC and TAI t scales, ecu ber of
leap seconds. {See A e B)

No clogk port is in PTP_SLAVE state and the local clockis | 0
not of dtratum 1 or 2, nor has a clock_identifier = HAND
Otherwjise f ~ B

atype Shall be Boolean. Subclause 7.4, Note 3

7.4.5.2]leap_59

This member’s value shall be as specified

applies.
/\/\ eap_59 values
%ﬂditio{ \) Current leap_59 value
Ordinafy clock in P{P_S tate \/ Value of the PTP_LI_59 bit of the flags field of fhe last
Bounddry clock #i e portin PTP_SLAVE state Sync message received from the parent of the lgcal

clock

The lodal lock 1 tral m@r has a clock_identi- | The value shall be TRUE when the last minute ¢f the
fier 7H current day will contain 59 seconds. (See Annej B).

No %’c \Ik WE state and the local clock FALSE
is not of stratum 1 or)X,'nor has a clock_identifier =

HAND

Otherwljise FALSE

7.4.5.3 leap_61

This member’s value shall be as specified in Table 12.The datatype shall be Boolean. Subclause 7.4, note 3
applies.

7.4.5.4 epoch_number

This member’s value shall be as specified in Table 13.The datatype shall be Ulnteger16. Subclause 7.4, Note
3 applies.
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Table 12—Current leap_61 values

Condition Current leap_61 value
Ordinary clock in PTP_SLAVE state or Value of the PTP_LI_61 bit of the flags field of the
Boundary clock with one port in PTP_SLAVE state last Sync message received from the parent of the

local clock

The local clock is of stratum 1 or 2, or has a clock_identi- The value shall be TRUE when the last minute of the
fier = HAND current day will contain 61 seconds. (See Annex B)
No clock port is in PTP_SLAVE state and the local clock is | FALSE
not of stratum 1 or 2, nor has a clock_identifier = HAND (\

Otherwjise FALSE

Table 13—Current epoch_ num&é&e\w

Condition / }u{ epoch umber value
AN

Ordinaty clock in PTP_SLAVE state or kv}t mber eld of the last Sync njessage

Bounddry clock with one port in PTP_ SLAV tate | reser ed r{%? arent of the local clock

The logal clock is of stratum 1 or 2, or has a &lock % \ value\shall\be as defined in 6.2.5.7

tifier = HAND

No clodk port is in PTP_ SLAVE state and the local unless.agother value is known to be correct for the time
is not of stratum 1 or 2, nor a clock identifier scalé se

HAND

Otherwjise [\

7.4.6 Pprt co@ ation dask\>

For the $i iparyscloek and for each port of a boundary clock, the following port cdnfigura-

A

tion dat asis for protocol decisions and providing values for message fields.
The nun be the value of number_ports of the default data set.
The é

— 1

— last_syncxevent_sequence_number

— lhstz general_event_sequence_number

— ubdomain address

— event_port_address

— general_port_address

— port_communication_technology
— port_uuid_field

— port_id_field

— burst_enabled
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7.4.6.1 port_state

This member’s value shall be the value of the current state of the protocol engine associated with this port
(see 7.3). The datatype shall be Ulnteger8. The initialization value shall be PTP_INITIALIZING.
Subclause 7.4, Note 2 applies.

7.4.6.2 last_sync_event_sequence_number

This member’s value shall be the value of the sequenceld field of the last PTP Sync or Delay_Req message
sent from this port. The datatype shall be Ulnteger16. Subclause 7.4, Note 2 appl(iei(\

7.4.6.3 last_general_event_sequence_number A N

This member’s value shall be the value of the sequenceld field of the 1 v_Up or
Manage hpplies.

7.4.6.4|subdomain_address

This member’s value shall be the communication technolggy specific a 2.5. nding to
the valug of the member subdomain_name of the defaul e e 74 2¢13)? i i is mem-

ber’s value shall not take effect until the cfock ente ] . shall be
OctetArfay[k] where k is the length in og 1 y of the
port.

7.4.6.5 levent_port_address

This md

ports. Thi DctetAr-
ray[k] W ort.
7.4.6.6

This me) general
ports. This i DetetAr-
ray[k] W ort.
7.4.&

This mg N ort (see
6.2.4.1)] This is astafic property of the local clock and shall not be modifiable. The datatype shall be|as spec-
ified in ¢.2.4(T.

7.4.6.8 ‘port—tuid—fietd

This member’s value is the uuid_field of the Port-UUID of the local port (see 6.2.4.1). This is a static prop-
erty of the local clock and shall not be modifiable. The datatype shall be as specified in 6.2.4.1.

7.4.6.9 port_id_field

This member’s value is the port_id_field of the Port-UUID of the local port (see 6.2.4.1). This is a static
property of the local clock and shall not be modifiable. The datatype shall be as specified in 6.2.4.1.
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7.4.6.10 burst_enabled

This member’s value shall indicate whether the clock is capable of requesting and providing a burst of Sync
messages (see 7.5.5). The datatype shall be Boolean. The default value shall be FALSE.

7.4.7 Foreign master data set

For the single port of an ordinary clock and for each port of a boundary clock, the following foreign master
data set shall be maintained as the basis for protocol decisions and providing values for message fields. The

number of such data sets shall be the value of number_ports of the default data 2.\(\@
This data set is used to qualify messages from foreign master clocks received fy the port. A Separate data

record (
identifie]
implemg
implemg

d. The capacity, initialization, and overflow properties
ntation-specific. The maximum number of records in
ntation shall be the value of number_foreign_records

master
rds are
by the
y, these

records pppear to be numbered from 1 to number_foreign_records:

The members of this data set are:

— reign_master_communication_te¢hnolog
— reign_master_uuid_field
— reign_master_port_id_field

— reign_master_syncs
7.4.71

This me from the

foreign
7.4.7.2

This me ter. The

datatypd

7.4.z€

This mg
datatypd

ter. The

7.4.7 4 foreigh_master_syncs

This member’s value shall be the number of Sync messages received from the foreign master within a time
window PTP_FOREIGN_MASTER_TIME_WINDOW. The datatype shall be Ulnteger16.

7.5 Messaging and internal event behavior of clocks

This subclause specifies the behavior for the following events that may occur in an ordinary clock or for each
PTP port of a boundary clock:

— Initialization

— Receipt of any message
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—  Occurrence of the STATE_CHANGE_EVENT

— Transmission of messages

— Expiration of the sync-event receipt timeout mechanism

— Expiration of the sync-event interval timeout mechanism

—  Expiration of the qualification-timeout mechanism

— Completion of the best master clock algorithm

— Detection of an internal fault

— Synchronization changes of the local clock

— Events related to an external timing signal

The beh
clock or

The PTI
the follg

Any staf
qualifyi
an instaj
to a diff
within tl

If state

shall be
shall be
irrespec

All even

No rece
octet-byj

nication|
responss

Where t

boundary clock PTP port as specified in 7.3.

protocol shall not result in any communication on the ¢
wing subclauses.

e or data changes or data set updates of the local
g sequence of events defined in this clause sha

a’message request is queued, the message shall b

r data change or the occurrence of an ¢vent results
i ¢ O)\qrdex, by m
geNOnce

s to PTR me¢ssages while in the PTP_INITIALIZATION state.

hefe are dependencies in the initialization, the independent values shall be initialized prior t

tializati

¥l 1 1 - 1
11 UL au_y UCPCIIUCIIL valiucs.

7.5.2 Receipt by a clock of any message from itself

avior resulting from these events may depend on the current state Qf the\PTP ‘port\of anNprdinary

cified in

event or
ng from
nges due

prent instance. The only qualifying seq e g nessages

pquest to issue a PTP message, the requests
age type. A logically separate FIFO prdering

e issued

Hentical,

bck is in
commu-

facilities néeded for the execution of the PTP protocol shall occur. There shall be no issuing of or

the ini-

The PTP protocol makes no use of messages received by the same clock that sent them, and implementations
should prevent messages from being delivered to the sender. This clause specifies what to do when such
messages are received.
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7.5.2.1 Ordinary clocks and any single port of a boundary clock

A message received at a port that was previously issued by the same port shall be ignored. An exception may
be made for implementation-specific diagnostic purposes beyond the scope of this standard.

This situation may be identified by comparing the sourceCommunicationTechnology, sourceUuid, and sour-
cePortld fields of the received message and the port_communication_technology, port_uuid_field, and port_
id_field of the port configuration data set of the receiving port. The possibilities and interpretations are
shown in Table 14.

NOTE—This condition may occur due to normal or abnormal properties of communicatioppaths.

7.5.2.2 |Additional constraints for boundary clocks

A port i on a boundary clock may directly receive messages issued by 4 diff port mQf ¢theysam¢ bound-
ary clock. This occurs if both ports #n and m communicate to the sa ication path-This is an abnor-
mal situption not detected by the best master clock algorithm and‘must independently. When this
conditi i ved ports ejcept the
port wit| _id_ 24. n)i state §ntil such time as|port n is
no longg A

This sity Pechnology, sourceUuid, gnd sour-
cePortld nology, port_uuid_field, apd port_
id_field i i eceiying ‘porf,) The possibilities and interpretafions are

shown i

ockcy here n has port_communication_technology a and port_
uuid_field b:

The interpretation is:

m was sent from port n on clock c.

m was sent from a port on a clock other than c.

sourceommunicationTechnology a, m was sent from clock ¢, but from a port other than|n.
sourceuid b;
sourceRortld’ o = n
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7.5.3 Receipt of a Sync message from another clock

The logic for processing a Sync message shall be as defined in Figure 10. The states indicated in this figure
refer to the current state of the port receiving the Sync message.

If the port receiving a Sync message is in the PTP_INITIALIZING or PTP_DISABLED states, the message
shall be disregarded. If the port receiving a Sync message is in the PTP_FAULTY state, the message shall be
disregarded except for implementation-specific purposes meeting the requirements of 7.3.

If the PTP_SYNC_BURST flag in the Sync message is TRUE, the port may disregard the message. If the
flag is FALSE, or the port does not disregard the message, the rest of this clause shall apply.

A
T 1 T%S}( uld exer-

If the so ne sage qre iden-
tical wit] field fields| respec-
tively, o

NOTE—An implementation which makes use of Sync messages with the PTP_SYN
cise cautfon, since the interarrival interval of these messages is shorter than no: .

When a ¢ icaftert path associated With N, F
is designated as a foreign master clock if an i

.

.

8 sCommunicationTechnology, sourceUuid, and
S ¢ ith the respective parent_commurlication_
1
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Sync message
received

PTP_INITIALIZING or
PTP_DISABLED?

No
implementation A\ (-\
PITFP_FAULTY?Y YES—P . exit
specific
No \

PTP_SYNC_

BURST flag set? ves

Y
implementation ‘es !
allg » ‘

No

No

PTP_SLAVE?

nown foreign

2
master? No

exit - create new forpign
update existing master data pet

foreign master
(implementatjon
data set
specific)

v
update parent
data set exit exit
No synchronize local exit
clock
ptp_evntz

Figure 10—Receipt of Sync message logic

messageN(o
@‘- r?

PTP_ASSIS
flag set?
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If a Sync message is received from a foreign master clock, the foreign master data set of the receiving port

shall be

updated as follows:

If the sourceCommunicationTechnology, sourceUuid, and sourcePortld fields of the message are
identical with the foreign_master_communication_technology, foreign_master_uuid_field, and
foreign_master_port_id_field fields respectively of a record in the foreign master data set then the
foreign_master_syncs field of that record shall be incremented.

If the sourceCommunicationTechnology, sourceUuid, and sourcePortld fields of the message are not
identical with the foreign_master_communication_technology, foreign_master_uuid_field, and

foreign_ master _port_id_ ﬁeld fields respectively of a record in the foreign m4

q

ata set then a new

If a Synp pceiving
port shal ield shall\be the receifed Sync
messagd in ‘“ ationfrom this message
beyond require-
ments o
If a Syn al clock shall be synchronized
based th itions jare met
Otherwij

a)

b) ed Sync message is FALSE (indicating that a
7.5.4 R
The log d in this
figure rq
If the p htes, the
messagg tate, the

SS%

4 of 7.3.

If the PT RST flag in the Follow_Up message is TRUE, the port may disregard the megsage. If
the flag s FAL e port does not disregard the message, the rest of this clause shall apply.
NOTE —An/implementation which makes use of Follow_Up messages with the PTP_SYNC_BURST flag TRUE should

exercise

dutioh, since the interarrival interval of these messages is shorter than normal.

If the sourceCommunicationTechnology, sourceUuid, and sourcePortld fields of the Follow_Up message are
identical with the parent_communication_technology, parent_uuid_field, and parent_port_id_field fields,
respectively, of the parent data set, then the message is from the current master clock. Follow_Up messages
not from the current master clock shall be disregarded.

A Follow_Up message from the current master clock shall be qualified if all of the following conditions are

met:

c¢)  The port receiving the Follow_Up message is in the PTP_SLAVE state.
d) The associatedSequenceld field of the Follow_Up message is identical to the parent_last_sync_
sequence_number field of the parent data set.
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The receipt of a qualified Follow_Up message shall cause the local clock to be synchronized. When so indi-
cated, the local clock shall synchronize to the current master clock based on information in the qualified
Follow_Up message and the Sync message designated by parent_communication_technology, parent_uuid_
field, parent_port_id_field, and parent_last_sync_sequence_number fields of the parent data set. Synchroni-
zation shall be based on the fields in a Follow_Up message and the matching Sync message from the current
master clock. Synchronization shall be in accordance with 7.8.

Follow_Up
message received

PTP_INITIALIZING or

PTP_DISABLED2

No

PTP_SYNC_BURST
flag set?

atédSequenceld=
last_sync_sequence?

Yes

synchronize local

clock

Figure 11—Receipt of Follow_Up message logic

7.5.5 Receipt of a Delay_Req message from another clock

The logic for processing a Delay_Req message shall be as defined in Figure 12. The states indicated in this
figure refer to the current state of the port receiving the Delay_Req message.
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Delay_Req
message received

PTP_FAULTY or
PTP_DISABLED

v implementation exit
es —» specific

No

PTP_MASTER? NO
Yjs

g

Get message
receipt timestamp

:

issue Delay_Resp
message

o @@

N exit

No exit

isSue Sync burst
(including
Follow_Ups if
TequiTed)

exit
ptp_dlyreq

Figure 12—Receipt of Delay_Req message logic

If the port receiving the Delay_Req message is in the PTP_INITIALIZING or PTP_DISABLED states, the
message shall be disregarded. If the port receiving a Delay_Req message is in the PTP_FAULTY state, the
message shall be disregarded except for implementation-specific purposes meeting the requirements of 7.3.
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Otherwise, if the port receiving the Delay_Req message is not in the PTP_MASTER state, the message shall
not result in any change in an active port (see 7.3.2). Otherwise, the following behavior shall be imple-
mented by the receiving port.

The receiving port shall capture the time, as measured by the local clock, at which the message timestamp
point passed the inbound clock timestamp point (see Figure 4). It shall correct this value for latency (see
7.8.1.3) and retain the result for use as delayReceiptTimestamp (see 8.5.1.2).

The receiving master clock shall issue a Delay_Resp message on the receiving port (see 7.5.12).

If the PTP_SYNC_BURST flag in the Delay_Req message is TRUE and the recMe of burst_
enabled is TRUE, it is recommended that the receiving master clock issue a.$equenée of Sy messages
(hereaft¢r called a burst) on the receiving port. The Sync messages in a bur§t a clu d\ﬁ%}i; defini-
tion of sjync interval in 6.2.5.5.If issued, a burst shall have these propertj

— It shall consist of Sync messages (and possibly Follow_U W.9)3 nessages
1 ent (see
1.5.15).

— The messages shall be sent at approximately evenly-spdce &S. than the

dync_interval (see 6.2.5.5).

|

— IIf a message in the burst is being S8
gvent, the PTP_SYNC_BURST flag

XPIRES
RUE.

If a port
is in the
in respo

while it
1 a burst

If burst |

7.5.6 R

The log essage shall be as defined in Figure 13. The states indicatdd in this
figure rq e port receiving the Delay_Resp message.

If th ~Resp message is in the PTP_INITIALIZING or PTP_DISABLED states, the
messagd d. If the port receiving a Delay_Resp message is in the PTP_FAULTY {tate, the

messagd e disrégarded except for implementation-specific purposes meeting the requirementg of 7.3.

If the squrce€ommunicationTechnology, sourceUuid, and sourcePortld fields of the Delay_Resp message
are idenficdl-with the parent_communication_technology, parent_uuid_field, and parent_port_id_fie|d fields,

respecti‘ ely of the parent data set _then the message is from the current master clack
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__PTP_INITIALIZING or_ Ves 4 exit N
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“~_PTP_DISABLED? — /
T~ //// \\; /
-
O
implnmpnfnfinn //\ (\

FPTP_FAULTY?

ves—l specific “ >‘\/

PTP_SLAVE?

T
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~__ clock? _—
. glock?

J
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om & iOﬂ\)

NS X
J ptp_calb

N

Figure 13—Receipt of Delay_Resp message logic

If a Delay_Resp message is not from the current master clock, it shall be disregarded. Otherwise, delay com-
putations in accordance with 7.8 shall be executed if and only if the values of the requestingCommunication-
Technology, requestingClockUuid, requestingPortld and requestingSequenceld fields of the Delay_Resp
message are identical with the respective values of the sourceCommunicationTechnology, sourceUuid, sour-
cePortld, and sequenceld fields of the last Delay_Req message sent from the clock.

7.5.7 Receipt of a Management message from another node

If the port receiving the Management message is in the PTP_INITIALIZING state, the message shall not
result in any change in an active port (see 7.3.2).
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A received Management message shall be accepted if one of the following conditions is met:

— The targetCommunicationTechnology and targetUuid fields of the received Management message
respectively are identical to the clock_communication_technology and clock_uuid_field of the
default data set of the receiving clock, or

— The targetCommunicationTechnology and targetUuid fields of the received Management message
are identical to the respective default values for the respective fields of a Clock-UUID (see 6.2.4.1).

For accepted management Messages, the behavior specified in 7.12 shall be implemented.

7.5.8 Occurrence of a STATE_ CHANGE_EVENT
A (N

The ST;tTE_CHANGE_EVENT is the mechanism for using the data in resgiv nc %sxg;s/ia deter-
mine wlhich is the best master clock, and whether the clock receiving t ndmessage needs to*Change its
state.

Every clock shall implement a mechanism generating the STATE-XCHANGE NTyand the ocfurrence

of one shall implement the logic of Figure 14.

The STATE_CHANGE_EVENT shall:

— 1

— 1 ate.
Prior to 1 3 3 <ENVENT logic, each port N, not in the PTP_DIS-
ABLED or PTP_FAUISTY states, & ed value of E . (see 7.6), reflecting the r¢ceipt of

Sync m¢ssages since t

Following the @! ¢ Ofor all ports, the clock shall complete the following fasks, in
the ordef given:

a)
b)
c)
d)

These tg 11 belcarried out atomically —that is, all tasks and updates shall complete before any {nforma-
tion seryi to these tasks is changed. This input information shall include the set of E ;.4 values.
These tgsks shall be executed as defined in 7.6.

NOTE LThe arrival of a Svnc message is a convenient time to Qig‘nn] a STATE CHANGE EVENIT. How-
ever, implementations must assure that STATE_ CHANGE_EVENTSs occur frequently enough, even if no
Sync messages arrive, and should operate efficiently in the presence of Sync message bursts. The SYNC_
INTERVAL_TIMEOUT_EXPIRES event is also a convenient time to signal a STATE_CHANGE_EVENT,
but it useful only when a clock is in the PTP_MASTER state.
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— 65—

/

/
|

\_

occurs

STATE_CHANGE_EVENT\\‘

Y,

.

N

/// \\\
" haveallports

< computed E

rbest

since No
~last such event? \
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|
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rbest
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algorithm: compute
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A

fk

updat

e set a\{\
po
N

N

I

>na e required state ‘,/
in all po ‘\\

a\

N\

exit

N

\
)
/

//

essage on a port if:

— Required'by a Management message if specified in 7.12, or

— The’pert is in the PTP_MASTER state and the port’s SYNC_INTERVAL_TIMEOUT_E

gvent occurs

(see 7.5.15).

Fl\r\e14j— STATE_CHANGE_EVENT logic

ion of a Sync message

ptp_stecng

XPIRES

It is recommended that a clock issue a Sync message on a port in the PTP_MASTER state if the port has
received a Delay_Req message in which the PTP_SYNC_BURST flag is TRUE (see 7.5.5), and the port’s
value of burst_enabled is TRUE.

A clock shall not issue a Sync message under any circumstances not mentioned in this clause.

The fields of the issued Sync message shall conform to 8.3.1.

The value of port configuration data set member last_sync_event_sequence_number shall be incremented by
+1 before transmission of a Sync message by the port.
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The port shall update the value of grandmaster_sequence_number of the parent data set to the incremented
value of the last_sync_event_sequence_number of the port data set if and only if the following constraints
are met:

— The clock is a grandmaster clock. Note that a clock is the grandmaster clock of a subdomain if it has
no ports in the PTP_SLAVE state (see 7.2).

— The port is the port with the lowest value of port_id_field that is also in the PTP_MASTER state
(see 7.4.4.20).

ing Follow_Up message with fields conforming to 8.4.1, and with the timing confeixning 1. In this case
the port 2 e se e essag i
of the Fpllow_Up message. The mechanism for obtaining the value for the p
the assofiated Follow_Up message shall be started.

7.5.10 Transmission of a Follow_Up message
A port shall issue a Follow_Up message if and only if:

— 1
— 1 3 e pable is

|

The fiel to 7.11.
The valye of port configurdtiomdata emented
by +1 bg i

7.5.11 'I'rans$o
A clock|shall issué€ gDe

Sp mes-
sflance of
I1e value
Delay_

NOTE —[T'he behavior with the PTP_SYNC_BURST flag set to TRUE is useful if the clock needs to get its|statistics
establish¢d gurekly if it is starting up and the sync_interval is long. However, it consumes network bandwidth and master
clock cydles and should be used with caution.

A clock may issue a Delay_Req message on a port at any time if the port is in the PTP_SLAVE state and the
value of burst_enabled for the port is TRUE. The value of the PTP_SYNC_BURST flag for a Delay_Req
message issued under this condition shall be FALSE.

NOTE —Sending several Delay_Req messages in quick succession is a way for the clock to get its statistics established
quickly if it is starting up and the sync_interval is long. However, this behavior consumes network bandwidth and master
clock cycles and should be used with caution.

A clock shall not issue a Delay_Req message on a port under any circumstances not mentioned in this
clause.
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The value of port configuration data set member last_sync_event_sequence_number shall be incremented by
+1 before transmission of a Delay_Req message by the port.

The fields of the issued Delay_Req message shall conform to 8.3.1. The timing shall conform to 7.11.
7.5.12 Transmission of a Delay_Resp message

A port shall issue a Delay_Resp message if and only if:
— Required by a Management message if specified in 7.12, or
— The port is in the PTP_MASTER state and has received a Delay_Req mesSage (see 7.3.5).

2\
ing ¢ n%@ to7.11.

r shall be incremented

The fieldls of the issued Delay_Resp message shall conform to 8.5.1, and with the\ti

The valge of port configuration data set member last_general_event_sequence
by +1 b¢fore transmission of a Delay_Resp message by the port.

7.5.13 Transmission of a Management message
A port shall issue a Management message if and only/

— Required by a received Managems

— Required by implementation-specifics

The fielfls of the issued Mg , : ming to
7.11.

general_event_sequence_number shall be incrpmented

The valye of port configiy ot M
by +1 b¢fore t@ Si ) 4ge by the port.
7.5.14 $ync-ev eipt time mechanism events

Each pr i I K 4 timeout mechanism known as the sync-event receipt timeout.

This tim

— e syng-event receipt timeout timer expires after an interval PTP_SYNC_RECEIPT| TIME-

— hen'leaving the PTP_PRE_MASTER (except when the next state is PTP_MASTER), or the PTP_
ASTER states, or

— When entering the PIP_LISTENING state

This timeout mechanism for a port shall be set to zero and not restarted when entering the PTP_INITIALIZ-
ING, PTP_PRE_MASTER, PTP_FAULTY, PTP_DISABLED, or the PTP_MASTER states.

The expiration of the sync-event receipt timeout mechanism after an interval PTP_SYNC_RECEIPT_TIM-
EOUT seconds defines the SYNC_RECEIPT_TIMEOUT_EXPIRES event specified in the protocol engine
state machine (see 7.3).

The logic for processing a SYNC_RECEIPT_TIMEOUT_EXPIRES event on a port shall be as defined in
Table 15.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=71ae9f34738d6afa4f87b6e88558cfea

—- 68— IEC 61588:2004(E)
|EEE 1588-2002(E)

Table 15—SYNC_RECEIPT_TIMEOUT_EXPIRES logic

7.5.15 Sync-event interval timeout mechanism eve

State SYNC_RECEIPT_TIMEOUT_EXPIRES event: resulting actions based on state
PTP_INITIALIZING Does not occur per this clause.
PTP_FAULTY Does not occur per this clause.
PTP_DISABLED Does not occur per this clause.
PTP_PRE_MASTER Does not occur per this clause. /TN
PTP_MASTER Does not occur per this clause. /\& —~
PTP_LJSTENING Tn order. A :
PTP_PASSIVE a)  Update the port’s data sets to the PTP_MASTER state’confi er 7.6.5)
PTP_UNCALIBRATED as specified for decision M1.
PTP_SLAVE b)  Set the port’s state to PTP_MASTER.

N\

Each pr¢tocol engine shall support a timeout mechan wevent interval timeout.[Nothing
in this dlause shall prevent implementations \of b, y sipg a common mechanisin for all
ports.

This timeout mechanism for a port shall be set tq zeroNand arted when any of the following ocd
— When the sync-event i ime ti fter an interval PTP_SYNC_INTERVA
EOUT seconds, or
—
This tim 1SR 3 d.$etto zero and not restarted when leaving the PTP_M
state.
This tin may be set to zero and (re)started when entering the PTP_PRI
TER staj ut mechanism for a port shall be set to zero and not restarted wher
the PT ess the next state is PTP_MASTER.
The exp ~event interval timeout mechanism after an interval PTP_SYNC_INT]
TIMEO fines the SYNC_INTERVAL_TIMEOUT_EXPIRES event. The effects of a

INTERYAL_TI

T_EXPIRES event are specified in 7.5.8 and 7.5.9.

7.5.16 Qualification-timeout mechanism events

[_TIM-

ASTER

i MAS-
leaving

ERVAL_
SYNC_

The expiration of the qualification-timeout mechanism defines the QUALIFICATION_TIMEOUT_
EXPIRES event of Figure 9.

The Qualification-Timeout mechanism shall start when the port enters the PTP_PRE_MASTER state. The
expiration shall occur after a delay computed as follows:

— The delay shall be for N multiplied by PTP_SYNC_INTERVAL_TIMEOUT seconds.

— If the BEST_MASTER_CLOCK = PTP_MASTER event of Figure 9 was based on decision points
M1 or M2 of Figure 16, N shall be 0.
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— If the BEST_MASTER_CLOCK = PTP_MASTER event of Figure 9 was based on decision point
M3 of Figure 16, N shall be the value incremented by 1 (one) of the steps_removed field of the cur-
rent data set.

7.5.17 Execution of the best master clock algorithm
The best master clock algorithm shall be executed once for each occurrence specified in 7.5.8. The execution

of the best master clock algorithm may result in a change of protocol engine clock state as specified in the
protocol engine state machine (see 7.3).

7.5.18 Detection of an internal fault

An internal fault shall be any condition that if persistent will:

— 1

— 1

— 1
The eny of this
standard.
It is rec 5 of this
clause:

— Tconsistency betwee ¢ - inte 3 Interval

e

The detection of suc FAULT
DETEC[TED ev:}t sha 7.3).
The cledring of all d¢ 1 proce-
dures, defines the’RA result in
the state)
7.5.19
The perf th other
clocks vji
7.5.19.1 Changes in the local clock due to PTP messages
Changeq in.internal state resulting from the exchange of non-Management PTP messages shall be governed

by the operation of the protocol engine state machine (see 7.3), and the specifications for the best master
clock selection (see 7.6).

Any changes in internal state resulting from the exchange of PTP Management messages are specified for
each such message.

7.5.19.2 Changes in the local clock due to other causes
Changes due to internal properties of the local clock (for example, a drift of a local oscillator or changes in

information received from a GPS receiver to which the local clock is directly synchronized) may result in
updates to the data sets.
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All resulting changes to data sets shall be treated atomically with respect to any other activity accessing the
data sets including the activity specified in 7.5.8.

Any changes in the performance of the local clock that affect the default data set shall cause the default data
set to be updated to reflect the current properties of the local clock.

For clocks that are the grandmaster clock of a subdomain, any changes in the performance of the local clock
that affect the global time properties data set shall cause the global time properties data set to be updated to
reflect the current properties of the local clock.

7.5.20 Events related to an external timing signal (\(\
A BN

A clock|may have an external timing signal (see 6.2.3). This subsection spec{fies\the events %&/\{0 such a
signal.

7.5.20.1 Transition on the seconds boundary of the loca

If the PIP_EXT_SYNC flag is TRUE for the local clock afid these in the PTP_MASTER
state, th¢ clock shall issue an external timing signal on eaq of thie local clock (thg instant
when thf nanoseconds portion of the local clock transiig br due to
normal gdvancing of the local clock).

7.5.20.]
The rec time of
the loca that this
correcti [ £ X al clock
is FALSE. The behavipx of gms in W s ck other
than the eeeivi R

Note th: bt of the

externallti b correc-
tion for of this
standard.

7.5.20:

The extq [ pattern
with a d signal
shall be pure 15.
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beginning of distinguished signal
Tl L LT TT L LT LI
—————————— —0 0 0 0 0 0 0 0 0—-
bit time >
local clock time (seconds) >
-(X-1).999999900... T ALX.000000100... — /\(\( (\
X.0000000... P‘Bim/"\
|
Figure 15—External timing signal specificat
It is recpmmended that whatever medium is used to convey this e i i at the signjal levels

and phygical characteristics conform to those for 10BaseT

7.6 Best master clock algorithm

This clase specifies the way that a local clo
is the bdst. From that it determines what sta

he clocks it can see (including itself)
able 7). The algorithm runs independently on

each cldck in a PTP system. That is, clodks d A sich should be master and which should be
slave—instead, each compufe i it avoids configurations with two mdsters, or

none, orf which oscillate.

7.6.1 Overview and

The bes

ith two
bck (see
ed from

terms of
¥ shall be as specified in 7.6.3. The recommendation is called Recommended State

ure 14, and Figure 16.

The purpose ©Of the BMC is to determine the state of each port of a PTP system. This determination|is based
on information contained in Sync messages received at the ports of a given clock and on the defaulf data set

values of The given clock.

Given a

PTP subdomain in which the network and clock configurations do not change with time, the BMC is

designed to produce the following characteristics:

a)

b)

If the subdomain has O or 1 stratum-1 or stratum-2 clocks, whether or not designated as preferred,
and no clocks with stratum >2 that are designated as preferred, there will be exactly one grandmaster
clock (see 6.2.4.4).

If the subdomain has N>1 stratum-1 or stratum-2 clocks, whether or not designated as preferred, and
no clocks with stratum >2 that are designated as preferred, the subdomain will be partitioned into N
disjoint subdomains, each with exactly one of the stratum-1 or stratum-2 clocks as the grandmaster.
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¢) If the subdomain has N>0 stratum-1 or stratum-2 clocks, and additional clocks with stratum >2 that
are designated as preferred, the subdomain will be partitioned into at least N disjoint subdomains,
each with exactly one of the stratum-1 or stratum-2 clocks as the grandmaster. Depending on the
details of the topology and whether any of the stratum-1 or stratum-2 clocks is designated as pre-
ferred, there may be additional disjoint subdomains, each with exactly one of the preferred stratum
>2 clocks as the grandmaster.

d) Within each of the disjoint subdomains described in items b) and c), the parent-child hierarchy
between the grandmaster and all of the other clocks will be a spanning tree with the grandmaster as
root and a minimum number of segments (separated by boundary clocks) between any clock and its
grandmaster.

The BMC algorithm is run locally on all ports of every clock in a subdomajif\and rdsults in the previous

propertigs a) through d). Since it runs continually, it continually readapts tgf changes inNthe etw?){k or the
clocks
7.6.2 BMC algorithm
The BMC algorithm on a typical clock C characterized by xdefa all be as
follows.
— d to the
— hparison
— m the N
— shall be
chine of
Each pdrt may dete hest 1 ! ivi . inati best> the
applicatfon of t e ion'a ithny, i iati i applica-
tion of tatiens shall be atomic. That is, during this process the set of Jalues of
E pest fT nts of the default data set being used shall not be updated.
In c@
— ¢ r only\qualified Sync messages received on port r, and only the most recent one frpm each
dendi he definition of more recent follows.
— Include the results of the previous computation of E .. on port ». However, if there is a mofe recent
qualified Sync message from the same sending port, the values from that message shall be copsidered
instead—H—a—SYINE RECEIPT THIMEOYT EXPIRES cvent—occurs—(see F5- L-r) for—the clock

selected during the previous computation of E ., on port r, then the previous computation of E .
on port r shall not be included.

— Include at least one qualified Sync message from a foreign master clock if such a message exists. In
this case, r shall delete from its foreign master data set all such records that were considered but not
selected as Epeq-

NOTE—It is recommended that Sync messages be included from as many foreign master clocks as port
resources permit.
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message S received by a port r shall be qualified for consideration by the BMC algorithm as follows:

If S was sent from port r or from any other port on the clock containing port r (see 7.5.2), S shall not
be qualified.

If S is not the most recent Sync message received from a given clock, S shall not be qualified.
If port r is in the PTP_DISABLED or PTP_FAULTY states, S shall not be qualified.

If r is in the PTP_SLAVE state, and S is from the current master clock, and § is not the most recent
Sync message from the current master clock, S shall not be qualified. The most recent Sync message
from the current master clock shall be identified by the parent_communicati chnology, parent_

LD nonidentical Sync messages from F have been received vi it PTP_
FOREIGN_MASTER_TIME_WINDOW, S shall not be qualifiegh

INOTE —The purpose of this window and threshold is to disqualify a potential i hot heard
from it in too long, without requiring us to receive every one of i

therwise, S shall be qualified.

In comp best PTO-
vided th| EOUT if
a qualifi lifferent
sources
A Sync

—  The grandmasterS¢ ‘ ] is\gred , B appro-

and the
ount the

Jequenceld\field
follover\propertis

7.6.3S

The stat .Aftera
decision i cified in
7.6.5<

D repryg D, rela-
tive to H all be made using the data set comparison algorithm. Determinations of Ej{ relative
to E p./shall-be.made using the data set comparison algorithm. The determination of whether Dy, if stratum
1 or 2 shall’ be-made based on the value of the clock_stratum value of Dy,.

The values for Recommended State used in the protocol engine state machine of Figure 9 shall be the values
for Recommended State given in Figure 16.
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The best master clock algorithm compares one clock to another by comparing data sets that represent those
clocks. The data set comparison algorithm shall be as defined by Figure 17, Figure 18, Figure 19, and
Figure 20. The data sets are indicated in these figures as set A and set B. The sources for data set values are

given in Table 16.

NOTE—The general process followed in this comparison is as follows:

which is the better

grandmaster,

a)  Find which clock derives its time from the better grandmaster. Choosing this, rath
clock, is essential for the stability of the algorithm.
b)  If the grandmasters are equal or equivalent, choose the clock which is nearer i
Twirclr trastreardfromnT its gramdnraster more Tecemtly- -
c) f those properties are equivalent, use tie-breaking techniques.

\ clock C,

/ i State Decision
\ Algorithm for port R on |

~

/ D, better or
better by path length

than Ebes(
‘/ PTP_MASTER \ R}
{ ) o
o ©o) /
M2
/\No
PTP_SLAVE \J
(Ebest = Erbesl) //’ ~_
- hest DELEETS
- _~~  thanE, \ -
L S 1 ,,,,,, Yes\ determined by >—No
KEY \pa\th lengt
‘s’/ Recommended State \ P 4 . - N J .
‘Gource of dataset update information}‘ ‘/ PTP_PASSIVE \) ‘/ PTP_MASTER \)
i - \ (Erbest) // \ (Ebest) //
P2 M3 bmes

Figure 16 —State decision algorithm
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Compare dataset A to B >

.
GMUUID of A~ —
same as yYes*

GMUUID of/B/ .

No

MStratum of\k
same as

MStratum of
less than
MStratum of

Mof:Ais, Bi
not a Preferre

Ty ek
Yes

Order Identlﬂers ‘ //GWdentlﬂer M

better than
No
»5/ o
Identifier m\
]

Midentifier of
same as

Mldentifiero/fB/

Yes

<@mm

is>2

B AN
Return

\_ A better than B

Yes
v

Order Variances ‘
N

s

/ GM of
\Q|s BoundaryClo

No*\BD

Yes—M/A><—Yes

less than
GMUUID of B

GMofAisa (e
™ \ ~._Preferred Clock No%\?D
N \ /

T—Yes—NCAD

N

]/

Figure 17—Data set comparison algorithm, part 1
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N
(x)
\\ g
“No »/B1)
Steps Removed o5
of B?
No
teps Removed
of A within 1 of
Steps Removed A
of B? Yes A

Steps Removed
of A=
Steps Removed
of B?

UUID of
Sender of A

Return
7 AbetterthanB & A2
\\by path length / N

J/ " Retum 7\\ o
L » BbetterthanA ¢———

‘\\by path length /” —

cmp6b

Figure 18 —Data set comparison algorithm, part 2
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Port Number Receiving A

Port Number Receiving B?

- 77 —

Port Number Receiving A
<

Port Number Receiving B?

Yes
) 4

GM sequenceld of A

GM sequenceld of B?

Yes

]

sequenceld of A
>

sequenceld of B?

/ Return A same
“\ message as B

BiBetter than A by ‘: No Yes
update /
cmp6c

Figure 19—Data set comparison algorithm. part 3
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UUID o
Receiver of B
= UUID of

Receiver of A
= UUID of

Receiving B =
Port Number
Sending B?

Port Numbe
Receiving A
< Port Number
Sending A?

Yes

"/ 1\9 ( )

| B2
N/
fcaturn message from self,\]

\\, ignore /

cmp6d

Figure 20—Data set comparison algorithm, part 4
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Table 16 —Information sources for data set comparison algorithm

When considering this

If the data set is Ejog; Or Ep)eqp, use these

If the data set is Dy, use these fields of

property: fields of the associated message the local clock

GMUUID grandmasterCommunicationTechnology, clock_communication_technology,
grandmasterClockUuid, clock_uuid_field,
grandmasterPortld clock_port_field

GMStratum grandmasterClockStratum clock_stratum

GMldentifier grandmasterClockIdentifier clock iden}ﬁﬁ

GM Variance grandmasterClockVariance clock_y ngnnp (N

GM is Boundary Clock grandmasterIsBoundaryClock 1%}{ &\\X\

GM is Preferred Clock grandmasterPreferred %Keferre \ \)

Steps Removed stepsRemoved d X

S \re
A

UUID ¢f Sender sourceCommunicationTechnology k_commumication_technology,
sourceClockUuid, lock_ id, freld,
sourcePortld cl k {port” field

Port Nymber port_id_field gt poct daj ofport )cl ck/port_field

Receiving receiving message)

GM sequenceld

grandmasterSe?a%
(@N

grandmaster_sequence_number
parent data set

sequengeld grandmaster_sequence_number jof
parent data set
UUID ¢f Receiver clock_communication_technology,
clock_uuid_field,
clock_port_field
Port Ny clock_port_field
Sendin
7.6.@
The upqg rrent, parent, and global time data sets shall be as defined in Table 18, Table 19,
Table 2(] for the state decision codes, which are indicated by Code in Figure 16. The squrces of

update informatien are summarized in Table 17.

aple —oource or data set updates associated wi

state decision algori

State decision code

Source of update information

M1, M2 Default data set
M3 Epest
P1,P2,S1 E

rbest
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Member port_state of the port configuration data set shall be updated as changes are made by the protocol
engine of Figure 9 associated with each port in accordance with 7.5.8.

Data set fields which are not included in Table 18, Table 19, Table 20, and Table 21 are not updated due to
requirements of this clause.

Table 18 —Updates for state decision code M1 and M2

Update this field

From the indicated field of the default data se(t/mNherwise stated

Current data set

L O

steps_r

bmoved

setto 0 \ \

offset_from_master

ONUNNS

one_wdy_delay setto 0 <\\ \\ \
Parent {lata set N\ \
parent_lcommunication_technology clock_commun/i(\:a(i{)n/_@no‘l(%)\ \)
parent_juuid },K)c{(_uuid ldx / ( \\ : >
parent_port_id ck}){{t\_%ld \ )
parent_[last_sync_sequence_number sefto 0

parent_[followup_capable A\ock_@\(up}ﬁwﬁb\lg)
parent_external_timing & ( E\é&{al_u ing \\)

parent_|[variance I ) C\@C&M

grandm aster_c@gni%ion_te%n}h&y \@N@munication_technology

grandm aster_uu\ia_/@z'f(x clo>_uuid_ﬁeld

grandm aster_p@ﬁl< 1d lock_port_field

grandm as%ef}tqtkw \ clock_stratum

gran}m

e\

clock_identifier

grarhhi

N

clock_variance

grandmlaster_preferte; preferred
grandmiaster_issboundary_clock is_boundary_clock
grandmaster_sequence_number see 7.4.4.20

Port configuration data set

port_state see 7.3.1
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Table 19— Updates for state decision code M3

Update this field

From the indicated source

Port configuration data set

port_state

see 7.3.1

Table 20— Updates for state decision code P1 and P

Update this field

< N
From the indicated sourc\

Port configuration data set

\

port_state

NI

see 7.3.1

Table 21 —Updates for stat(eéﬁn\xde S1
D

Update this field /Qv /Fr{nk{he\iﬁ?'cated source
Currenf data set \ \ \ )
steps_rg¢moved /‘ 1 +N}Q{lo\c\a§tepsRemoved of Bpegt
Parent {lata set

parent_|

communication tecﬂ@l%(

S()}ce%owznicationTechnology of Epeg

parent_|

N

Wd of Ebest

parent_|

s&cePortId of Bpegt

parent_|

last syng\s{g{e\%\m{‘b\

sequenceld of By

parent_|

followué&s@b@ >

logical value of PTP_ASSIST bit of flags field of By,

parent_|

EXt n

logical value of PTP_EXT_SYNC bit of flags field of Ey,,

parey

2
RN

localClock Variance of Eyq

grarhhi

tiopY’ technology

e R

grandmasterCommunicationTechnology of Ej

grandm

aster 'd_ﬁe\y

grandmasterClockUuid of Ejq

grandm

aster_port>id_field

grandmasterPortld of Ey .

grandm

astefr _stratum

grandmasterClockStratum of Ejp

grandmaster_identifier

grandmasterClockIdentifier of Ejpg

grandmaster_variance

grandmasterClock Variance of Ej.q

grandmaster_preferred

grandmasterPreferred of Ey

grandmaster_is_boundary_clock

grandmasterIsBoundaryClock of Ej

grandmaster_sequence_number

grandmasterSequenceld of By

Global time properties data set

current_utc_offset

currentUTCOffset of Eyq

leap_59

logical value of PTP_LI_59 bit of flags field of Ejq
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Table 21 —Updates for state decision code S1 (continued)

Update this field From the indicated source
leap_61 logical value of PTP_LI_61 bit of flags field of Eyq;
epoch_number epochNumber of Ey .

Port configuration data set

port_state see 7.3.1

7.6.6 Opdering Inthe data set comparison aigorithm

The ordgring of two UUIDs shall be as specified in 6.2.4.1.

The ordpring of two clock_identifiers shall be as specified in Figure i i cified in
Figure 21 are the only clock_identifiers allowed by 6.2.4.5 hr entifiers
shall asdign an order number of 4 (see Figure 21). The behdvi on-con-

formant|clock_identifiers is outside the scope of this standard.

N\
‘/ Order Identifier of
A with respect to B
N /

!

Assigr] order to Identifiers of
and Bfas:
1=ATOM or GPS

2=NTP
3=HAND

g o <>(\ b\

T B

Yes :,' Return
Asame as B

<, / Order of A \ VT

Yes S S Return

No—— )

Order of B? S \ Abetter than|B /,
/ \\b

\/ ptp_iden

Figure 21—Ordering of clock_identifiers

The ordering of two variances shall be as specified in Figure 22. Note that the ordering algorithm operates
on the scaled, logarithmic representations of the variances (see 7.7.2).
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Order Variance of
A with respect to B

- 2%Log,(Variance of A) > Ve Return ™
< PTP_LOG_VARIANCE_THRESHOLD —Yes—» B better than A
. +2%Log,(Variance of B)? /7
=
No
~ ’\
_— B 28xLog,(Variance of B) > ™~
< PTP_LOG_VARIANCE_THRESHOLD
- + 28%xLog,(Variance of A)?

Return
AsimilartoB

ptp_var

of variances

uting the statistical properties of PTP clocks used in certhin mes-

ing the performance of the appropriate clock shall be computed based on the the-

where x; , x;,,,and x;,, aretime residual measurements made at times #; , , + T, and f, + 2t and 7T is
the sample period between measurements. The term residual implies that any consistent systematic effects
have been removed from the data.

The Allan deviation as stated gives a statistic on the variation of the frequency of the oscillator used as the
basis of the time base. PTP algorithms are based on statistics of the time differences as measured against a
reference clock, rather than Allan frequency statistics.
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The PTP variance, o,,, = v x 30‘ , shall be as follows:

—_—

1 N 2
Oprp _XI\E (X2 = 25041+ Xp)

3[2(N-2) ¥
where x; , x, .| ,and x, ., are time residual measurements, made at times ¢, , #;, + T, and 7, + 27,

between the time provided by the measured clock and a local reference clock. For PTPvariances t , the sam-
ple period shall be the sync interval.

Implemq
value gi
Iresource

NOTE —[T'he dependence of the Allan deviation on the sample period pra 1des info i ¢ hderlying
noise pracesses. The Allan deviation is not sensitive to systematic offsets i in freqlre € hose off-
sets may|be important in some applications of this standard. In ad 1t10n h iaty id¢ a useful
diagnostic when the noise spectrum contains bright lines—pg i fati s example.
Finally, the Allan deviation is computed as an average over the ¢ exyati and it i when the
data are $tatistically stationary. The deviation dQes not pr ide\a \gdod/me; i of occa-
sional glitches, even though those sorts of eve i g

7.7.2 Variance representation
Variancgs shall be represented as follows:

— An estimate of the vari 3 2 Y™ shall be computed.

.

—  The value of the ith 5 tis-Computed estimate shall be computed. The computa-

tion of theNog JOb prestse than the precision of the estimate of the variapce.
— This va 3 pli tq produce a scaled value.

ified per the hysteresis specification of this clause to progluce the

— i S presented as an Integer16, shall be the value of the variances spefified in

implemgq ions. is.ednnot be guaranteed with a floating-point representation).

Since vgriancewvaltes are used in the selection of the best master clock (see 7.6.6), implementatigns shall
include hysteresis in the estimation of the variance to preclude thrashing in the process of selecting fhe mas-
ter clock.NThe magnitude of this hysteresis shall be PTP_LOG_VARIANCE_HYSTERESIS and [shall be
applied to the scaled values of the logarithm of the estimate to generate the reported scaled values of the log-
arithm of the estimate as shown in Figure 23. Sufficient local state shall be maintained to allow correct
implementations of the hysteresis properties for both increasing and decreasing trends in the actual variance
estimate.
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A
— <
B)
(0] v
£ A
(2]
m <l | .
o | L
£
A4
2 A
(0]
=
d | .
o~ < »
g
> Y A
N

773C

The conpputation of the value of clock_variance for the de t teristics
of the g

]

K and its

6
The valye of cloc
The valge clock\variante shall be™a me scale
when it i e in this
case m; ized via
NTPé .
If the cl e clock_
variance

The Vahf clock_variance shall be the variance applicable to an ensemble of measurements that inch[de error
contribultion§ from:

— Synchronization to its primary source of time
— Drift and noise characteristics of the local oscillator

— Sampling quantization errors, fluctuations in inbound and outbound latency, etc. of the local clock

This field value may be a static value determined by the manufacturer based on measurements or analysis of
the specific implementation when the local clock is not synchronized to some external source of time via a
non-PTP protocol. If the local clock is synchronized to some external source of time via a non-PTP protocol,
then the value may be static or dynamic depending on the implementation, but in any case shall represent the
current statistical performance of the clock.
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7.8 Local clock synchronization

This clause discusses synchronization of the local clock, either via PTP or by other means.

7.8.1 Local clock synchronized via PTP to another PTP clock

When an ordinary clock or a port of a boundary clock is in the PTP_SLAVE state, the local clock of the slave

shall be synchronized to the local clock of the slave’s master by minimizing the offset_from_master value of
the current data set. The time and rate characteristics of the local clock shall be modified for purposes of syn-

chronization upon receipt of either a Sync message or a Follow_Up message as spegifieda 7.5.3 and 7.5.4.
The techniques used to modify the time and rate characteristics of the locMsed on the
offset_from master and one_way_delay fields of the current data set but are rwisd outside the scope of
this standard.

The off§et_from_master and one_way_delay fields of the current data set s
values of these fields are computed as required by this clause.

be\updategd) whendver new

Note thdt many factors may affect the accuracy in synchronj C lock to\igs.pafent including:

hoice’ rgpri nt a‘trade-off between network and
C 4 §

.

, arent clocks. This stability [may be
4 S evacceleration and possibly other envi-
7.8.1.1
The off§
If the cq
offset_fi
If the cq 10M\i ; aresult of the receipt of a Follow_Up message (see 7.5.4), then
offse@ \receipt_time) — (preciseOriginTimestamp) — (one_way_delay).

Where:

—  (sync_receipt_time) shall be the time at which the Sync message was received by the slave clock as
neasured by the local clock of the slave at the designated point in the inbound protocol stack (see
Figure 4). T

— (originTimestamp) shall be the value of the originTimestamp field in the received Sync message (see
8.3.1.2).

— (preciseOriginTimestamp) shall be the value of the field with that name in the received Follow_Up
message (see 8.4.1.3).

— (one_way_delay) shall be as specified in 7.8.1.2.
7.8.1.2 Computation of one_way_delay
The one_way_delay value shall be computed as follows.

(one_way_delay) = {(master_to_slave_delay) + (slave_to_master_delay)}/2.
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This computation assumes that the path lengths are identical in the two directions. If additional knowledge is
available concerning any possible path asymmetry, this computation shall be corrected so that the value of
(one_way_delay) more accurately represents the time of propagation of a Sync message from the master to
the slave clock.

7.8.1.2.1 Computation of master_to_slave_delay

The master_to_slave_delay value shall be computed as follows.

If the computation is caused as a result of the receipt of a Sync message (see 7.5.3), then
master_to_slave_delay = (sync_receipt_time) — (originTimestamp). ,\(\({(\\

If the cgmputation is caused as a result of the receipt of a Follow_Up megssage\(see\7.54), then

master_{o_slave_delay = (sync_receipt_time) — (preciseOriginTi

Where:

—  (sync_receipt_time) shall be the time at whic clock as
measured by the local clock of the e de 3 int in The inbound protocol stack (see
Figure 4).

age (see

low_Up
1

7.8.1.2

The slay

hy_Resp

¢lock as measured by the local clock of the slave at the designated point in the outbound protocol

dtack (see. Fignrr—- 4)

— (delay-req_sending_time) shall be the time at which the Delay_Req message was sent by Fe slave

7.8.1.2.3 Example computation of one_way_delay

The computation of one_way_delay is illustrated in Figure 24 and Table 22 with the assumption that the
PTP communication path delay is the same in both directions.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=71ae9f34738d6afa4f87b6e88558cfea

- 88— IEC 61588:2004(E)
|EEE 1588-2002(E)

Slave Clock
Tsi = Tmi +O = time at event i
(O = offset from master clock)

Master Clock
Tmi = time at event i

PTP communication path

master sends Sync message at time Tm1 = . 1+0 >

preciseOriginTimestamp A
A (-\

——
| master sends Follow-Up message containing the value of preciseOriginTimesta

«—Tml —be—

e_del

A
[}
A
o
3
-1
_|
o
N
N

slave_to

¢ Tm2 = delayReceiptTimestamp

4 Tm2 =Ts2 - O + slave_to_master_delay

Tim

[ime
(master (slaye clock)
v v

Surrent delay to master computation example

C

7.8.1.3 corrections

All timgstamps,associated with outbound Sync or Delay_Req messages shall be corrected for outbound_
latency (s€e/6.2.4.9). These timestamps are:

— originTimestamp (see 8.3.1.2)
— preciseOriginTimestamp (see 8.4.1.3)
— delay_req_sending_time (see 7.8.1.2.2)

The reported value for these timestamps shall be computed as follows.

— The Sync or Delay_Req sending timestamp measured by the local clock at the clock timestamp point
of the outbound protocol stack shall be recorded as <measured value>.

— The reported value of the timestamp shall be <measured value> + outbound_latency.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=71ae9f34738d6afa4f87b6e88558cfea

IEC 61588:2004(E)
|EEE 1588-2002(E)

— 89 —

Table 22— Current delay to master computation example

Term

Value

sync_receipt_time = Ts1

Tsl =Tm1+O+master_to_slave_delay

preciseOriginTimestamp = Tm1 Tml
master_to_slave_delay (computed) Ts1-Tml
delay_req_sending_time = Ts2 Ts2 ST

delayReceiptTimestamp = Tm2

Tm?2 =Ts2 — O + slave_to_master_delay /\& —~

>

slave_t¢_master_delay (computed)

=1ms—- 182 ( \

one_wgy_delay

= {(master_to_slave_delay as com
computed)}/2
= {(Ts1-Tm1) + (Tm2-Ts2)}

y as

All timgstamps associated with inbound S
latency (see 6.2.4.9). These timestamps arg

NOTE— ¢

latency’c if two clock implementations do not have the same values of the latency constan|
ence Wi en the two clocks.

7.8.2L ck'synchronized directly to another clock

A local plock with no ports in the PTP_SLAVE state may synchronize directly with an external cl

)

lay \Req Ssagés shall be corrected for ipbound_

ind pro-

Es for the
s, differ-

pck (see

7.1 and [/.43). If such external synchronization is in effect, the data set updates shall be accomplis}red as in

T bl 2/‘ e, 1 . — 1 .
able Iy ddS yau Ul uIc DyllblllUlllLaLlUll ITICCITAalIisSInn.

7.9 Values for system and clock constants.

The several PTP defined constants shall have values indicated in Table 24.

Note that the value of sync_interval may be modified (see 7.4.2.12 and 6.2.5.5). The values of PTP_SYNC_
INTERVAL_TIMEOUT, PTP_SYNC_RECEIPT TIMEOUT, and PTP_FOREIGN_MASTER_TIME_
WINDOW shall be updated whenever the underlying value of sync_interval is changed or set to the default
value. From 7.4.2.12, sync_interval is the logarithm to the base 2 of the sync interval when the sync interval

is measured in seconds.
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Table 23— External synchronization updates

Update the indicated fields

Comment

Default data set

clock_stratum

To reflect the characteristics of the external clock and synchronization mechanism

clock_identifier

clock_variance

/\

Global time properties data set
current[utC_oIIset IT available, update based on mlformation provided xrer 1 CIQ&/
leap_59
leap_6
epoch_humber
Table 24 m@mt\

PTP constant Value Units Referepce(s)
PTP_UUID_LENGTH (_A \ octets 6241
PTP_CPDE_STRING_LENGTH \ \ 4 \ 24.

_CPDE_S G_ W T~ ) octets 6245
PTP_SPUBDOMAIN N,QMEEENTH 16)\/ octets 6.25.1
PTP_MAX MANAGEﬂw\NI\%XLOA\Q\gQE S0 octets 8.6.1.8
PTP_SYNC 1@ Q\TIME§ \ psyne_interval seconds 75.15
PTP_S {NC_RWMB({\% 10 x 2synetnterval | geconds 75.14
PTP_DE N%\}R{%\ 30 n/a 7.11
PTPZFQ\E\QN M Tlﬁz\ TRRESHOLD 2 n/a 762
PTP_F )@WIME_WINDOW 4 x psyneinterval | gec0nds 762
PTP_R ANDM@_SLOTS 18 N/A 7.11
PTP_LOG_VARIANCE_THRESHOLD 28 28log,(second?) | 7.6.6
PTP_LOGSVARIANCE_HYSTERESIS 27 28log,(second?) | 7.7.2

The behavior of PTP systems with constant values other than those specified in Table 24 is outside the scope
of this standard. The following constraints on these constants shall be observed even in systems with con-

stant values other than those specified in Table 24.

— PTP_FOREIGN_MASTER_TIME_WINDOW = PTP_FOREIGN_MASTER_THRESHOLD x
PTP_SYNC_INTERVAL_TIMEOUT

— PTP_SYNC_RECEIPT_TIMEOUT = (PTP_FOREIGN_MASTER_TIME_WINDOW) + 2(PTP_
SYNC_INTERVAL_TIMEOUT)

— PTP_MAX_MANAGEMENT_PAYLOAD_SIZE = 32
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7.10 Physical requirements for PTP implementations

A clock participating in the PTP protocol shall meet the physical constraints specified in the subclauses of
this clause.

7.10.1 Oscillator frequency
The oscillator serving as the time base for a PTP clock shall have an accuracy and stability such that a sec-

ond measured in the time base of the PTP clock is within + 0.01% of the SI second (see Annex B). This
specification shall apply over the rated temperature range of the PTP clock.

The stability of the oscillator shall be consistent with the values of clock ident ce of the

PTP clofk.
7.10.2 Time adjustment range

A PTP ¢ tk meet-

A clock|participating in the PTP protocol ghall he i auses of
this clayse.

7.11.1 Processing

Receivefl Sync message
SYNC_ NTE

When 1
INTER\
issuance

7.11{

Receive ow_Upymessages shall be processed under the terms of 7.5.4, at a rate no less than|one per
PTP_SY

er PTP_

29, a clock shall issue a Sync message within PTP|SYNC_
DOMIZING_SLOTS) seconds after the event requifing the

When r¢quired’under the terms of 7.5.10, a clock shall issue a Follow_Up message within PTP_|SYNC_
INTERYALYTIMEOUT / PTP_RANDOMIZING_SLOTS seconds after the issuance of the corregponding
Sync message.

7.11.3 Processing of Delay_Req messages

Received Delay_Req messages shall be processed under the terms of 7.5.5, at an average rate no less than
(PTP_RANDOMIZING_SLOTS-2) messages per PTP_SYNC_INTERVAL_TIMEOUT seconds. The aver-
aging interval shall be PTP_DELAY_REQ_INTERVAL x PTP_SYNC_INTERVAL_TIMEOUT seconds.

Note that this rate may be a limiting factor in the performance within a single PTP communication path of a
PTP system.
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A system of (PTP_RANDOMIZING_SLOTS-2) x PTP_DELAY_REQ_INTERVAL clocks within a single
PTP communication path, implementing all of the functionality specified by this standard, will together gen-
erate Delay_Req messages at this average rate.

When required by a Management message under the terms of 7.5.11, a clock shall issue a Delay_Req mes-
sage within PTP_SYNC_INTERVAL_TIMEOUT / PTP_RANDOMIZING_SLOTS seconds after the event
requiring the issuance of the Delay_Req message.

When required for the delay computation under the terms of 7.5.11, a clock shall issue a Delay_Req mes-

sage within a time window T, specified as follows: <\(\$
— A clock shall generate two integer random numbers R and O at entry int.the PTPNSLAVE state and

dfter issuing a Delay_Req message.
— R shall be in the closed interval 2 to PTP_DELAY_REQ_INTE
¢

D shall be in the closed interval 2 to PTP_RANDOMIZING,_ SLOTS.

— The window shall occur in the time interval P beginning
f a Sync message from the current master clock.

—  VWithin the time interval P, the window T shall be tle clgsed inte JIEVM

on of R,

— The time window width Delta7 shall PTP_
|

7114
Receive S ess than
(PTP_RANDOMIZING_ e o \ he aver-
aging inferval shall be PTPADE onds.
Note thdt this ratg m path of a
PTP system. <>
A system of (PT a single
PTP cor i er result
in the m e rate.

equiring
the issu3

7.11.5 Processing of Management messages

Receivefl Mahagement messages shall be processed under the terms of 7.5.7, at a rate no less than one per
PTP_SYNC_INTERVAL_TIMEOUT seconds.

7.11.6 Timing and ordering summary (informative)

The time and order constraints of 7.11 are illustrated in Figure 25, Figure 26, and Figure 27.
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Slave Clock Time

master clock slave clock receives
Sync message, restarts

“issues —
Sync message < sync-event-receipt

Master Clock Time

master clock’s sync-event-interval
timeout expires and is restarted <DeltaT/2

’ timeout
PTP_SYNC_INTERVAL_TIMEOUT ~— master clock issues .
3 Follow_Up message— | slave clock receives
¢ Follow_Up message

~

y master clock’s sync-event-interval
timeout expires and is restarted <DeltaT/2

i Sync message

DeitaT | —————master clock issues
. Follow_Up message——

master clock

—v

(] KEY N\
DejtaT = PTP_SYNC_INTERVAL_TIMEOUT/PTP_RANDOMIZING
—f—message——p
vent > ptp_timg-1
5.0 andFollow_Up messages

Figure 25—Timing and QO

o
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Master Clock Time Slave Clock Time

a Delay_Req message required
' based on earlier computation

of R and Q,, computes new

R... Q

n+1’ “n+1

f Delay_Req message///

master clock receives

Delay_Req message ) P <
<DeltaT/2|

v "~ Delay_Resp message (R,.)X(PTP_SYNC_INTERVAL_TIMEOUTS)

R;’l 1Sync message

>

h 4
X

master clock receives . «— DeltaT]

Delay_Req messaae
<DeltaT/2 .

randomization slot boundary-- - Yy

]

DdltaT = PTz ;

igu Jiming\and ordering of Delay_Req and Delay_Resp messages

ptp_timg-2
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Clock Time |
~management
message = _ management message
T — requires a Sync or a
¢ 2 Delay_Resp message
| <DeltaT/2  to be issued
~_issued message = |—Y —
«—
__—management

message -
—

~_issued message

pagement message
equires a Managemen t————
message to be issued

N

TP_SYNC_INTERVAL

DeItaT:=

ptp_timg}3

Figure 27—Timing and ordering of management messages

7.12 Management message semantics

This clause defines the management messages that shall be supported in a PTP clock. Management message
syntax is specified in 8.6. Management messages are distinguished by the value of the managementMes-
sageKey field, 8.6.1.7, which is taken from the following enumeration.
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Table 25— ManagementMessage enumeration

Enumeration Value (decimal)
PTP_MM_NULL 0
PTP_MM_OBTAIN_IDENTITY /\l
PTP_MM_CLOCK_IDENTITY /\( 2
- S (o
PP IVIMINIHAHEZE-CEOCEK 7
PTP_MM_SET_SUBDOMAIN \ 4
PTP_MM_CLEAR_DESIGNATED_PREFERRED_MASTER \ x \ }\)
PTP_MM_SET_DESIGNATED_PREFERRED_MASTER & \ >6
PTP_MM_GET_DEFAULT_DATA SET / b \ 7
PTP_MM_DEFAULT_DATA SET K\\ ) / A 8
PTP_MM_UPDATE_DEFAULT DA SE{\ % O ‘\) 9
PTP_MM_GET_CURRENT_DATAET \ 10
PTP_MM_CURRENT_DATA SE( —~ 11
PTP_MM_GET _/PKRENT7DAQ§€T \\/ \ 12
PTP_MM_PA&ENT\DA SET )\/ 13
PTP_MM_GET}OR{{\_QATA\{]}T\ 14
PTP _@h@PO{F_DA@S]}T\ \/ 15
PTP_M%@Q\E‘I}@QAL\_IB@QKTA SET 16
PTP_@M}QR@NWA SET 17
(F mhA}KG@AL_TIME_PROPERTIES 18
< \{}P\_NW[‘%T&KFAULTY_STATE 19
\QﬁdM\_g}T\_Ff)REIGN_DATA SET 20
PTWREIGN_DATA SET 21
PTP_MM_SET_SYNC_INTERVAL 22
PPP_MM_DISABLE_PORT 23
PTP_MM_ENABLE_PORT 24
PTP_MM_DISABLE_BURST 25
PTP_MM_ENABLE_BURST 26
PTP_MM_SET _TIME 27
Reserved 28-127
Implementation-specific 128-255
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Management messages may be directed to all clocks or a specific clock within a subdomain by setting appro-
priate values for the targetUuid and targetCommunicationTechnology fields of the Management message. In
the following subclauses the term receipt shall be interpreted to mean that the receiving clock act on the
message provided that the requirements of 7.5.7 are met.

The interpretation, if required, of the targetPortld field of the Management message shall be as defined in the
following subclauses.

The interpretation of the boundaryHops field of the Management message shall be as specified in 6.2.2.1.

The semantics of management messages are defined in the following subclauses(\(\
A (\

7.12.1 PTP_MM_NULL

The rec¢ipt of a management message with a managementMessageKdéy fiel ue\PTPAMMyNULL shall
have noleffect on a clock.

7.12.2 PTP_MM_OBTAIN_IDENTITY
The rec¢ipt of a management message with a managemgntMeg BTAIN_
IDENTITY shall cause the clock to issue4 e / A field of
PTP_MM_CLOCK_IDENTITY.
7.12.3 PTP_MM_CLOCK_IDENTITY

The res
CLOCK_

7124 |
Ent mes-

clock to
bck (see

If the in
sage wi
execute
7.3). 0Ot

The

_ > j shall be

—  VYalues>1: implementation specific

tion ini-

tialization set shall be used.
7.12.5 PTP_MM_SET_SUBDOMAIN

The receipt of a management message with a managementMessageKey field value PTP_MM_SET_SUB-
DOMALIN shall cause the clock to update the value of the subdomain_name in its default data set to the value
given in the messageParameters field, subdomainName. The update of the value of subdomain_name shall
not take effect until one of the following events occurs:

— Receipt of a management message with a managementMessageKey field value PTP_MM_
INITIALIZE_CLOCK
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— A reboot or power cycle of the node containing the clock.

7.12.6 PTP_MM_CLEAR_DESIGNATED_PREFERRED_MASTER
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The receipt of a management message with a managementMessageKey field value PTP_MM_CLEAR _
DESIGNATED_PREFERRED_MASTER shall cause the clock to set the value of preferred in the default

data set to FALSE.
7.12.7 PTP_MM_SET_DESIGNATED_PREFERRED_MASTER

The receipt of a management message with a managementMessageKey

i i ﬁMMM_SET_
DESIGNATED PREFERRED MASTER shall cause the clock to set the valué of préférced mthe default

data set fo TRUE.

7.12.8 PTP_MM_GET_DEFAULT_DATA_SET
The receipt of a management message with a management
DEFAULT_DATA_SET shall cause the clock to issue a mranage
sageKey field of PTP_MM_DEFAULT_DATA_SET.
7.12.9 PTP_MM_DEFAULT_DATA_SE?

The res
DEFAU

7.12.10
The recgi

DEFAU
Table 24.

Table 2

PTP_MM_GET_
a managementMes-

PDATE_
fined in

fields for PTP_MM_UPDATE_DEFAULT_DATA_SET

<U[h%f}\t data-set member Using messageParameters field

cloc@ﬁ&ﬁ% \ clockStratum

clock_ifenti clockldentifier
clock_variance clockVariance
preferr¢d preferred

S Y 1 ) N 1
SyncC_1tervar Symemtervar
subdomain_name subdomainName

The update of the value of subdomain_name and sync_interval shall not take effect until one of the following

events occur:

— Receipt of a management message with a managementMessageKey field value PTP_MM_

INITIALIZE_CLOCK
— A reboot or power cycle of the node containing the clock.
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7.12.11 PTP_MM_GET_CURRENT_DATA_SET
The receipt of a management message with a managementMessageKey field value PTP_MM_GET_
CURRENT_DATA_SET shall cause the clock to issue a management message with a managementMes-

sageKey field of PTP_MM_CURRENT_DATA_SET.

7.12.12 PTP_MM_CURRENT_DATA_SET

The result of receiving a management message with a managementMessageKey field value PTP_MM_
CURRENT_DATA_SET is implementation dependent.

7.12.13 PTP_MM_GET_PARENT_DATA_SET

The receipt of a management message with a managementMessag value \P}M/Kk_GET_
PAREN[_DATA_SET shall cause the clock to issue a management mes \ entMes-
sageKey| field of PTP_MM_PARENT_DATA_SET.

7.12.14 PTP_MM_PARENT_DATA_SET

The resplt of receiving a management message with—¢
PAREN[_DATA_SET is implementation dspendent

essageKey field value PTP_

7.12.18 PTP_MM_GET_PORT_DATA_SET

The recq | PORT _
DATA _ field of
PTP_M number
identify | DATA_
SET me| hult data
set, or z

7.12.16

The res P MM
PORT_]

7.12§

The redei yagement message with a managementMessageKey field value PTP_MMNI_GET_
GLOBAL_DATASSET shall cause the clock to issue a management message with a managementMes-
sageKey field of PTP_MM_GLOBAL_TIME_DATA_SET.

71218 PP MM—GLOBALFHMEBDATASEF—

The result of receiving a management message with a managementMessageKey field value PTP_MM_
GLOBAL_TIME_DATA_SET is implementation dependent.

7.12.19 PTP_MM_UPDATE_GLOBAL_TIME_PROPERTIES

The receipt a management message with a managementMessageKey field value PTP_MM_UPDATE_
GLOBAL_TIME_PROPERTIES shall cause the receiving clock to update the global time properties data set
fields as defined in Table 27.
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Table 27 —messageParameters fields for PTP_MM_UPDATE_GLOBAL_TIME_PROPERTIES

Update global time properties data set member Using messageParameters field

current_utc_offset currentUtcOffset

leap_59 leap59

leap_61 leap61

epoch_number epochNumber TN
NOTE— t may be
sent to ai i i in, i 3 3 andmster will
be over X t bsequent
synchronjization cycles.

7.12.20 PTP_MM_GOTO_FAULTY_STATE

The recpipt of a management message with a managerentMessage {GOTO_
FAULTY_STATE shall cause the port whose port_id_feld\of the po;t co the tar-

getPortId of the received Management me DETECTED event transitign in the
state machine associated with the port (sg of}®”shall cause all ports of alclock to
respond|to the message.

J_field val

7.12.21PTP_MM_GET_FOREIGN_D

The receipt of a management npessage wi entMessageKey field value PTP_MMN_GET_
FOREIGN_DATA_SER shalkcause the clock te_issu¢/a management message with a managementMes-

sageKey

The val rgetPe & ) interpreted as the port number identifying the specifiq foreign
master ¢ e ( equengt’ PTP_MM_FOREIGN_DATA_SET message. Values df target-
Portld greater than the her-of ports, number_ports of the default data set, or zero shall cguse this
messagg i

The v acters field, recordKey, shall be interpreted as the record number identifying
the s{i' reign master data set of the identified port to be sent in the subsequept PTP_
MM_F( T message. Values of recordKey greater than the total number of |records,
number | forei s of the default data set, or zero shall cause this message to be ignored.

7.12.22 PTP_MM_FOREIGN_DATA_SET

Th h DR —— - el e ) Ll 1 np MM
€ resurt-or ICLClVlllé a lllallaéclllCllL lllCDDasC wIill a lllallaéclllCllLlVlCDDaéCl\U)’ IICIU vVaiac 1 10 __ _

FOREIGN_DATA_SET is implementation dependent.
7.12.23 PTP_MM_SET_SYNC_INTERVAL
The receipt of a management message with a managementMessageKey field value PTP_MM_ SET_SYNC_

INTERVAL shall cause the sync_interval in the default data set of the receiving clock to be updated to the
value of the synclnterval field of this message.
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The update of the value of sync_interval shall not take effect until one of the following events occur:

— Receipt of a management message with a managementMessageKey field value PTP_MM_
INITIALIZE_CLOCK

— A reboot or power cycle of the node containing the clock
7.12.24 PTP_MM_DISABLE_PORT

The receipt of a management message with a managementMessageKey field value PTP_MM_DISABLE_
PORT shall cause the port whose port_id_field of the port configuration data set ma he targetPortld of

the received Management message to process a DESIGNATED_DISABLED g¢xex in the state
machine_a 1ated with the port ee A_port id field value g all a_clock to
respond|to the message.

7.12.25 PTP_MM_ENABLE_PORT

The rec [ABLE _
PORT s ortld of
the recej he state
maching clock to
respond

7.12.26

The rec ABLE_
BURST ose port_id_field of the port configurafion data

set matd tMmessage to be set to FALSE. If the port|id_field
value is MrSt_e 2 ettt FAVSE for all ports of the receiving clock.

7.12.27

The recg¢i rgWith a managementMessageKey field value PTP_MM_ENABLE_
BURST & S abled for the port whose port_id_field of the port configurafion data
set matd e received Management message to be set to TRUE. If the port|id_field

value is 0, enabked shall be set to TRUE for all ports of the receiving clock.
71 ZQ

The recgipt of ahggement message with a managementMessageKey field value PTP_MM_SET_TIME
shall cayse thetinie of the receiver’s local clock to be set to the value defined by the localTimeSecdnds and
localTinheNanoseconds fields of the received management message.

NOTE —Normally this message 1s designated to be acted on by the grandmaster clock of a subdomain. While 1t may be
sent to and received by any clock in the subdomain, any changes in the local time of a clock that is not the grandmaster
will be overwritten as the information from the grandmaster clock is propagated down the clock hierarchy on subsequent
synchronization cycles.

The delay between the sending of this management message and the receipt and processing by the receiving
clock will depend on the network technology and the characteristics of the operating systems of the two
clocks. In general, the fluctuations in this delay time will limit the accuracy in the setting of system time by
use of this message.
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7.12.29 Unrecognized Management Messages

Receipt of a management message with a managementMessageKey field value which is reserved (see
Table 25) in the version of this standard to which the clock conforms shall not cause any action which influ-
ences the operation of the protocol.

Receipt of a management message with a managementMessageKey field value which is reserved for imple-
mentation-specific purposes (see Table 25) but which the clock does not recognize shall not cause any action
which influences the operation of the protocol.

8. PTP_inter-clock message formats

8.1 Intpr-clock messages
There afe five kinds of messages passed between clocks participati

—  Yync messages: The appearance of a Sync message at the i int i a clock
ghall be an event to which a local clock must as iine 3 i based on

— elay_Req messages: The appedsance Qf a Delay_Req the clock timestamp pojnt inter-
ce of a Clock shall be an event to ich s : ¢k must assign a timestajnp, the

ollow_Up messages: Follow_Up\mes

sages commiticate the local value of the sync-event-times-
S in the PTP system.

— eMent me ) ages communicate information used to manage individual
g

All timg ; hall be of type’TimeRepresentation. Unless otherwise specified, all fieldy defined
by this hall havethe datatype of the member or source from which the field|value is
obtained.

8261

The fiel for the first 11 fields of all PTP messages are identical. These fields shall|be mar-
shaled ifto their-on-the-wire format in the following order:

a)  persionPTP

b)  versionNetwork
¢) subdomain

d) messageType

e) sourceCommunicationTechnology
f)  sourceUuid

g)  sourcePortld

h)  sequenceld

i)  control

) flags

k) reserved

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |



https://iecnorm.com/api/?name=71ae9f34738d6afa4f87b6e88558cfea

IEC 61588:2004(E) —-103 -
IEEE 1588-2002(E)
These fields are specified in the following subclauses.
8.2.1 versionPTP
The versionPTP field shall be of type Ulnteger16. The value of the versionPTP field shall be the version
number of the PTP standard implemented by the clock issuing the message. For this edition of the standard,

the version number shall be 1.

8.2.2 versionNetwork
The versionNetwork field shall be of type Ulnteger16. The value of the VersMhall be the
version number of the network specific portions of the PTP standard implemeifted by (thexcloc issuing the

8.2.3 sibdomain

e field to

general

llows:

shall be

D . These

technol-

ogy of the port data set of the port issuing this message.

8.2.6 sourceUuid

The value of the sourceUuid field shall be the value of port_uuid_field of the port data set of the port issuing
this message.

8.2.7 sourcePortld

The value of the sourcePortld field shall be the value of port_id_field of the port data set of the port issuing
this message.
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8.2.8 sequenceld

The value of the sequenceld field shall be one of the following:
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— If the messageType indicates the message is of type Sync or Delay_Req, the value shall be last_
sync_event_sequence_number member of the port data set of the port issuing this message.

— If the messageType indicates the message is of type Delay_Resp, Follow_Up or Management, the
value shall be last_general_event_sequence_number member of the port data set of the port issuing

NN

this message.

8.2.9 control

The con}rol field shall be of type Ulnteger8. This value of this field shall be taken\{r

meratiof (see Table 28). The values shall be selected as follows:

For a Sync message, the value shall be PTP_SYNC_MES
for a Delay_Req message, the value shall be PTP_D

IDL: enumeration ControlField;

Y

- 3 2
\gl‘P_DELAY_RESP_MESSAGE 3
< PTP_MANAGEMENT_MESSAGE | 4
reserved 5-255

th C&m@eld enu-
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8.2.10 flags

105 -

The flag field shall be of type Octet[2]. The value of this field shall be interpreted bit wise with each bit inter-
preted as a Boolean as follows:

Bit position Name Interpretation
most significant (15) reserved
14 reserved S~
(13) reserved /\&
~
A, \
12 Teserved  \
(11) reserved /\ \
(10) reserved \ \\\ \ \/
&) reserved
®) reserv
@)
©6) PTP_SYNC_BUR hesting
bssage,
) PAR/BQT_STATS \ K VaWt_stats of Parent data set
(@) PTi’\EXNYNC "{/alw external_timing of default data set
N
3) / P ST \Va’l{le of clock_followup_capable of default data set
2) (x \%TP_B(QMRY\_C\LW Value of is_boundary_clock of default data set
1) MSN > Value of leap_59 of global time properties data set
least si rniﬁcant@)\\(ﬂ}k{_ ) Value of leap_61 of global time properties data set
8.2.1<
This fiel
8.3 Syhc and Delay_Req messages
In the pretecel-speetfientionevent-messages-appearin-twotormsdistinsaished-by-the—vatte-of-thett control
field.

Both forms shall share the same field specifications. Both forms shall communicate via the EventPort.
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8.3.1 Sync and Delay_Req message field specifications

The field specifications for both Sync and Delay_Req messages are identical except as noted in the follow-
ing subclauses. The fields of both Sync and Delay_Req messages shall be marshaled into their on-the-wire
format in the following order:

a)  versionPTP
b)  versionNetwork
¢) subdomain

d) messageType
e) sourceCommunicationTechnology
f)  sourceUuid A N

g)  pourcePortld

h)  pequenceld

1) Control

D fags

k)  reserved

1)  priginTimestamp

m) gpochNumber

n) fpurrentUTCOffset

0) prandmasterCommunicationTechpology
p) krandmasterClockUuid

q) prandmasterPortld

r)  prandmasterSequenceld

s)  prandmasterClockStratum
t)  prandmasterClock]dentifier
u) prandmasterCloc
v)  prandmasterls
w) prandmasterIsB
x)  pyncln
y)  JocalCl
z)
aa)
ab)
ac)
ad)
2K
af) pstimatedMastenVariance
ag) pstimatedMasterDrift
ah) ptcReasonable

8.3.1.1 |control

The value of the control field indicates that this message is a Sync or a Delay_Req message. The value of
this field shall be the value of the ControlField enumeration member:

— PTP_SYNC_MESSAGE for a Sync message.
— PTP_DELAY_REQ_MESSAGE for a Delay_Req message

8.3.1.2 originTimestamp

The originTimestamp field shall be of type TimeRepresentation. The value of the originTimestamp field
shall be the time, as estimated by the local clock of the clock issuing this Sync or Delay_Req message, at
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which the message timestamp point passed the outbound clock timestamp point (see 6.2.4.9), corrected for
any latency per 7.8.1.3. These timestamps are the sync-event-timestamp and delay-event-timestamps respec-
tively (see 8.1). The value of this field shall have an absolute error, relative to the local clock, of less than
0.25 seconds. The precise interpretation of this field shall depend on the value of the PTP_ASSIST bit of the
flags field as follows:

— PTP_ASSIST is FALSE. In this case, there will not be a Follow_Up message issued by the clock. The
originTimestamp field shall contain the latency corrected sync-event-timestamp or
delay-event-timestamp. A negative or zero value of the timestamp is an error.

— PTP_ASSIST is TRUE. In this case, there will be a Follow_Up message is§ued by the clock for a
Sync message (but not for a Delay_Req message). The originTimestamp Aisld shall coqtain a times-
ta imating the laten orrected nc-event-timestamp or delayvseXent-timeska A negative

yalue of the timestamp is an error. A zero value of the timestamp shal be \used i is avail-

dble at the time the Sync message is issued. The precise value ofAhe time i in-the [Follow_

Up message associated with the Sync message.

8.3.1.3 lepochNumber

The valyie of the epochNumber field shall be the value of{ epo¢h)ynumber of tije global time properties data
set of th clock issuing this message. G

8.3.1.4 [currentUTCOffset

The valye of the currentUTCOffset field sjall be the
data set pf the clock issuing this message.

alue nerent_utc_offset of the global time pfoperties

8.3.1.5grandmasterComm
The value of the gtandmasterCommunisationd€chnology field shall be the value of grandmaster_
communicatio d 3 datasgtof the clock issuing this message.

8.3.1.6

The valy ockUuid field shall be the value of grandmaster_uuid_field of the pafent data
set of th } >

83.4%

The valge of thesgrandmasterPortld field shall be the value of grandmaster_port_id of the parent ddta set of
the clock issuing'this message.

8.3.1.8 [grandmasterSequenceld

The value of the grandmasterSequenceld field shall be the value of grandmaster_sequence_number of the
parent data set of the clock issuing this message.

8.3.1.9 grandmasterClockStratum

The value of the grandmasterClockStratum field shall be the value of grandmaster_stratum of the parent data
set of the clock issuing this message.
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8.3.1.10 grandmasterClockldentifier

The value of the grandmasterClockldentifier field shall be the value of grandmaster_identifier of the parent
data set of the clock issuing this message.

8.3.1.11 grandmasterClockVariance

The value of the grandmasterClock Variance field shall be the value of grandmaster_variance of the parent
data set of the clock issuing this message.

8.3.1.12 grandmasterPreferred (\(\
A (@AN

The valge of the grandmasterClockPreferred field shall be the value of grandmastex_preferr of\tﬂe parent
data set pf the clock issuing this message.

8.3.1.13 grandmasterisBoundaryClock

The valye of the grandmasterIsBoundaryClock field shall be
the parent data set of the clock issuing this message.

{s_boundary_|clock of

8.3.1.14 syncinterval

The valye of the synclnterval field shall be th e default data set of the clgck issu-

ing this message.
8.3.1.1% localClockVaria

The vall
clock is

e the value of clock_variance of the default data sgt of the

The valje of the'lo ed-field shall be the value of steps_removed of the current data set of the

8.3.1.1

The valy
clock is§uing

8.3.1 .1I localClockldentifier
The val 1 i 1 et of the

clock issuing this packet. -

Stratum field shall be the value of clock_stratum of the default data sgt of the

8.3.1.19 parentCommunicationTechnology

The value of the parentCommunicationTechnology field shall be the value of parent_communication_tech-
nology of the parent data set of the clock issuing this packet.

8.3.1.20 parentUuid

The value of the parentUuid field shall be the value of parent_uuid of the parent data set of the clock issuing
this packet.
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8.3.1.21 parentPortField

The value of the parentPortField field shall be the value of parent_port_id of the parent data set of the clock
issuing this packet.

8.3.1.22 estimatedMasterVariance

The value of the estimatedMasterVariance field shall be the value of observed_variance of the parent data set
of the clock issuing this packet.

8.3.1.23 estimatedMasterDrift

The valyge of the estimatedMasterDrift field shall be the value of observed_
clock isguing this packet.

(@AN
ep eﬁ%z}spt of the

8.3.1.24 utcReasonable

The valge of the utcReasonable field shall be the value of data set of the clock

issuing this packet.
8.4 Fo|low_Up messages

In the g ol field.

Unless
8.4.1F

The fiel
Follow_|

ar¢ given in the following subclauses. The fields of
“the-wire format in the following order:

a)
b)
c)
d)
nology

Control
D fags
k)  fesérved

D hssociatedSequenceld
m) preciseOriginTimestamp

8.4.1.1 control

The value of the control field indicates that this message is a Follow_Up message. The value of this field
shall be the value of the ControlField enumeration member PTP_ FOLLOWUP_MESSAGE.
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8.4.1.2 associatedSequenceld
The value of the associatedSequenceld field shall be the value of the sequenceld field of the Sync message
associated with this Follow_Up message (see 7.5.9). The associatedSequenceld field shall have datatype
Ulnteger16.
8.4.1.3 preciseOriginTimestamp
The preciseOriginTimestamp field shall have datatype TimeRepresentation. The value of the preciseOrigin-
Timestamp field shall be the time, the sync-event-timestamp, at which the associat ¢ message times-
tamp point passed the outbound clock timestamp point, as measured by the local k of the'port that issued
the associated message, and corrected for latency per 7.8.1.3. The value of this{ield shalkhavéan absolute
error, rejative to the local clock, of less than 0.25 seconds. The precise interpfetation of this field d}j ends on

d by the

with the
shall contain {4 precise

¢ agsociated Sync message. This vajlue shall
eJreld of the associated Sync mes-

8.5 De

In the p ol field.
Unless

8.5.1D

The fiel Delay_
Resp mg

a)
b)

g)  pourcePortld

h)  pequenceld

1) tonitrol

) flags

k) reserved

1)  delayReceiptTimestamp

m) requestingSourceCommunicationTechnology
n) requestingSourceUuid

0) requestingSourcePortld

p) requestingSourceSequenceld

The associated Delay_Req message shall be the message providing the source for the requestingSource-
CommunicationTechnology, requestingSourceUuid, requestingSourcePortld, and requestingSourceSequen-
celd field values of this Delay_Resp message. The receipt of the associated Delay_Req message shall
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generate the delayReceiptTimestamp value (see 7.5.5). The combination of the requestingSourceCommuni-
cationTechnology, requestingSourceUuid, requestingSourcePortld, and requestingSourceSequenceld fields
shall uniquely distinguish the particular associated Delay_Req message using a particular PTP communica-
tion path modulo the rollover limitations of the datatype of the requestingSourceSequenceld.

8.5.1.1

control

The value of the control field indicates that this message is a Delay_Resp message. The value of this field

shall be

8.5.1.2

the value of the ControlField enumeration member PTP_DELAY_RESP_MESSAGE.

delayReceiptTimestamp (\(\
A (N

The valt
sending
the inbo

8.5.1.3

The valy evalue of the source
nication
8.5.14
The valpe of the requestingSourceUuid fi€ : é.0f the sourceUuid field of the af

Delay_HR

8.5.1.5

The valjie of the reque

Delay_R
8.5.1.6

The val
ated Del

8.6

In the p)
Unless

e of the delayReceiptTimestamp field shall be the time, as measured by the local chack (OF
this message, at which the message timestamp point of the asspejated Dglay\ Req\me
ind clock timestamp point, corrected for any latency (see 7.8.1.3).

requestingSourceCommunicationTechnology

be the value of the sourcePortld field of the af
beq mesSage.

rotocol Spegification, Management messages are distinguished by the value of their cont
therwise stated, the specification of the header fields shall be unchanged from 8.2.

8.6.1 Management message field specifications

the port
e passed

Commu-

sociated

sociated

P aSsOCi-

ol field.

The field specifications for Management messages are given in the following subclauses. The fields of Man-
agement messages shall be marshaled into its on-the-wire format in the following order:

a)  versionPTP
b)  versionNetwork
¢) subdomain
d) messageType
e) sourceCommunicationTechnology
f)  sourceUuid
g)  sourcePortld
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h) sequenceld

i)  control

) flags

k) reserved

1) targetCommunicationTechnology

m) targetUuid

n) targetPortld

0) startingBoundaryHops

p) boundaryHops

q) managementMessageKey

r)  parameterLength

s)  messageParameters A N
8.6.1.1control
The valge of the control field indicates that this message is a Ma t message. The'value of this field
shall be [the value of the ControlField enumeration member PTP_MAN. NMESSAGE.
8.6.1.2 targetCommunicationTechnology
The valpie of the targetCommunicationTechnolog ication_

technolqgy member of the default data s¢
municatjonTechnology field shall have the

6.24.1.

8.6.1.3

The targetUuid field shs

¢ C

targetUuid

petCom-
| field in

getUuid

field shdll be the cloc id el exnbex of theydefault data set of the clock in the subdomain that is to

receive

uuid_field in 6. .
cates that all cloc

8.6.1.4

agemen

for the g

8.6.1.5

ind ac is

|startingBoundaryHops

[l for the
Ids indi-

ouration

pecified

Th 1 el corpadons n 1 L addeloall £ A — el 1 1 L yal
€ valueortnestar uuguuuuual_ylu}ya IICTIU Sl CUTITULTIT TU UIC STUITIAIItICS UT UIv UUulanlyllUyD 1T

in6.22.1.

1d given

The value of the startingBoundaryHops field is implementation-dependent for messages that are not issued
in response to a request from another Management message. For Management messages that are issued in
response to a request from another Management message, the value of startingBoundaryHops shall be the
value computed from the startingBoundaryHops and boundaryHops fields of the requesting message as
startingBoundaryHops — boundaryHops. Note that when a Management message is received, the absolute
value of this difference indicates the number of retransmissions by boundary clocks that the message experi-
enced. The startingBoundaryHops field shall have datatype Integer16.
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8.6.1.6 boundaryHops

The value of the boundaryHops field shall indicate the remaining number of successive retransmissions of
the management message by boundary clocks receiving the message per 6.2.2.1. The value of boundaryHops
shall be identical to the value of the field startingBoundaryHops when first transmitted by the issuing clock.
The boundaryHops field shall have datatype Integer16.

8.6.1.7 managementMessageKey
The value of the managementMessageKey field shall indicate the purpose of the m€ssage and shall be the
key to interpreting the messageParameters field. The value of this field shall beslthe valus of a member
selected from the enumeration ManagementMessage. This enumeration and th&semar{tics.of each message
type are|specified in 7.12.

8.6.1.8 parameterLength

The valge of the parameterLength field shall specify the actual n
field as| defined in 8.6.1.10. The value of this field s i
MANAGEMENT_PAYLOAD_SIZE. The parameterLeng

essagePatameters
ual to PTPLMAX_

8.6.1.9 messageParameters
The megsageParameters field shall be an OgtetA Araniet h of this

field shqll be determined by the value of shall be
marshalgd as specified in 8.6.1.10.

The formats of the m¢
clauses [shall

anagement messages specified in the followjing sub-
érwise specified by communication technology|specific

restrictipns in a X 2 ks ofany other device accessing multiple communication paths for
which tlie formats wessages differ shall translate these messages into the format §pecified
for the i of tlie target communication path before transmission. For messages
where ppra ere,shatl be no messageParameters field.

8.6.1,

8.6.1.10.2 PTP.M1_OBTAIN_IDENTITY

The Vallre of the parameterLength field shall be 0.

8.6.1.10.3 PTP_MM_CLOCK_IDENTITY

The value of the parameterLength field is communication technology specific.
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Default data set values of the issuing clock shall be encoded into the corresponding messageParameters
fields in the order shown in Table 29.

Table 29—messageParameters fields for PTP_MM_CLOCK_IDENTITY

messageParameters field

messageParameters field type

Default data set value

clockCommunicationTechnology Ulnteger8 clock_communication_technology
clockUuidField Octet[6] clock_uuid_geid\

clockPortField Ulnteger16 clock_pMeld
manufagtareridentity Oetetts um.;pﬁ.}&u _S‘,\\

Where the manufacturer_identity field value shall be up to 48 Lati
packed ¢ne character per octet, left justified in the field, terminat
octets fijled with the null octet. The manufacturerldentity fieldst

a) [Che name of the manufacturer of the clock, foll
b)  [Fhe model number of the clock

8.6.1.10.4 PTP_MM_INITIALIZE_CLO

The valye of the parameterLength field is(com

Lol
all be a single metnberqf the me ae&

There sh
twWo ocCtg
ization \

The valye of the

8.6.1.1 1).7 PTP_MM_SET_DESIGNATED_PREFERRED_MASTER

eterLength field shall be 0.

885911:1998)
tet, OX00, and with unused

contain
f initial-

MAIN_

The value of the parameterLength field shall be 0.

8.6.1.10.8 PTP_MM_GET_DEFAULT_DATA_SET

The value of the parameterLength field shall be 0.

8.6.1.10.9 PTP_MM_DEFAULT_DATA_SET

The value of the parameterLength field is communication technology specific.
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Default data set values of the issuing clock shall be encoded into the corresponding messageParameters
fields in the order shown in the Table 30.

Table 30—messageParameters fields for PTP_MM_DEFAULT_DATA_SET

messageParameters field messageParameters field type Default data set value
clockCommunicationTechnology Ulnteger8 clock_communication_technology
clockUuidField Octet[6] clock_uuid_geid\
clockPortField Ulnteger16 clock_pweld
clockStrattm Hintegers blu\?ﬁ\lcQuu \

clockIdentifier Octet[4] ﬁ]{c&dé\t%&
clock Vdriance Integer16 ClOCl\(\_V%aIkg \)
clockFgllowupCapable Boolean & \%ck_ owu[égapable
preferr¢d Boolean / \pg\f\erre&\

initialiZable Boolean K\\ ) /

external Timing Boo@r\ (\\ % ( _
isBounglaryClock Boolt%}\ \ \/ is_boundary_clock
synclntprval Integfgﬁ —~ \ sync_interval

subdonjainName et[\i\6] \\ \ subdomain_name
/\ /@QK )
nurnbeIIPorts A \( UInteng{ )\/ number_ports

nurnbeJIForeignRecord{

number_foreign_records

ng mes-
in théyorder shown in Table 31.

sageParameters fields for PTP_MM_UPDATE_DEFAULT_DATA_SET

mess:1geParameters field messageParameters field type Update value fgzcc:‘f,?l?:c(llszi set member of
clockStratum Ulnteger8 clock_stratum
clockIdentifier Octet[4] clock_identifier
clockVariance Integer16 clock_variance
preferred Boolean preferred
synclnterval Integer8 sync_interval
subdomainName Octet[16] subdomain_name
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8.6.1.10.11 PTP_MM_GET_CURRENT_DATA_SET
The value of the parameterLength field shall be 0.
8.6.1.10.12 PTP_MM_CURRENT_DATA_SET
The value of the parameterLength field is communication technology specific.

Current data set values of the issuing clock shall be encoded into the corresponding messageParameters
fields in the order shown in Table 32.

Table 32—messageParameters fields for

njessageParameters field mess:}igee;fl’ail;lzll)r:eters \@Wlue

stepsRgmoved Ulnteger16 \sap%re o%{\/

offsetFfomMasterSeconds Ulnteger32 ( (7 O%ther (seconds)
offsetFfomMasterNanoseconds Int/ege{32 /\( \\// /}ﬁfset}\}m_master (nanoseconds)

N4
oneWayDelaySeconds 8) egt;%\ \ \ one%y_delay (seconds)

oneWayDelayNanoseconds Integer32 one_way_delay (nanoseconds)

rs fields

ssageParameters fields for PTP_MM_PARENT_DATA_SET

messageParameters field messz;igee;gatl;;r:eters Parent data set value
parent! mmuninminn'n:nhnnlng‘ TTTnfpgprQ Parpnf_r‘nmmnnipaﬁnn_fpnhnn]ng‘
parentUuid Octet[6] parent_uuid
parentPortld Ulnteger16 parent_port_id
parentLastSyncSequenceNumber Ulnteger16 parent_last_sync_sequence_number
parentFollowupCapable Boolean parent_followup_capable
parentExternal Timing Boolean parent_external_timing
parentVariance Integer16 parent_variance
parentStats Boolean parent_stats
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Table 33 —messageParameters fields for PTP_MM_PARENT_DATA_SET (continued)

messageParameters field messz;igeciga;;z;:eters Parent data set value
observedVariance Integer16 observed_variance
observedDrift Integer32 observed_drift
utcReasonable Boolean utc_reasonable
grandmasterCommunicationTechnology Ulnteger8 grandmaster_comm@cﬁ\technology
grandmasterUuidField Octet[6] grandmaster_p\t\'éi_f\i‘ek(\
grandmpsterPortIdField Ulnteger16 grandmaste: oﬁxh\ﬁel\a\
grandmpsterStratum Ulnteger8 grandéasMuR >
grandmpsterldentifier Octet[4]. randmal er}@{l\tiﬁer
grandmpsterVariance Integer16 RN&_V&M
grandmpsterPreferred Boolean PR ( ( 7gra}n%s{ster_\s§eﬁ2rred
grandmpsterIsBoundaryClock Boole x\/ gé?l}%mes?ﬁ}o_ 1s_boundary_clock
grandmhsterSequenceNumber [}Néﬁ{l6 \ grafidmaster_sequence_number

8.6.1.10.15 PTP_MM_GET_PORT_D TA%B

Port con
spondin

<

mes%am ers field

messageParameters field type

Port data set and local valjes

returneflPortNumber Ulnteger16 returned_port_number

portStafe Ulnteger8 port_state
lastSyncEventSequenceNumber Ulnteger16 last_sync_event_sequence_number
lastGeneralEventSequenceNumber Ulnteger16 last_general_event_sequence_number
portCommunicationTechnology Ulnteger8 port_communication_technology
portUuidField Octet[6] port_uuid_field

portldField Ulnteger16 port_id_field

burstEnabled Boolean burst_enabled
subdomainAddressOctets Ulnteger8 subdomain_address_octets = h
eventPortAddressOctets Ulnteger8 event_port_address_octets = k
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Table 34—messageParameters fields for PTP_MM_PORT_DATA_SET (continued)

messageParameters field messageParameters field type Port data set and local values
generalPortAddressOctets Ulnteger8 general_port_address_octets = m
subdomainAddress Octet[h] subdomain_address
eventPortAddress Octet[k] event_port_address
generalPortAddress Octet[m] general_poﬂ_ad/dreS\
Where: AA >

— 4
e

8.6.1.10.

Global fime datg
fields inthe or

Table 35

fleturned_port_number shall be the port number of the data s
PTP_MM_GET_PORT_DATA_SET request message.

ubdomain_address_octets = £ shall be the number of oct

exs fields for PTP_MM_

Id.

GLOBAL_TIME_DATA_SET

messag{l‘zh%%r}({eh\ essageParameters field type Global time data set and local vplues
locag(f h§\{)nd§\ Ulnteger32 local_time_seconds
localTi ﬁs{&ec&&i&/ Integer32 local_time_nanoseconds
currentJtcOffse Integer16 current_utc_offset
leap59 Boolean leap_59
leap61 Boolean leap_61
epochNumber Ulnteger16 epoch_number

The fields local_time_seconds and local_time_nanoseconds shall be the current time value of the issuing

clock.

8.6.1.10.19 PTP_MM_UPDATE_GLOBAL_TIME_PROPERTIES

The value of the parameterLength field is communication technology specific.
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Update values for the global time properties data set shall be encoded into the corresponding messageParam-

eters fields in the order shown in Table 36.

Table 36 —messageParameters fields for PTP_MM_UPDATE_GLOBAL_TIME_PROPERTIES

messageParameters field

messageParameters field

Update value for global time properties data set

type member of receiving clock
currentUtcOffset Integer16 current_utc_offset
leap59 Boolean leap_59 (\
N
leap61 Boolean leap_61 /\< (\
epochNumber Ulnteger16 epoch_number < \

8.6.1.10.20 PTP_MM_GOTO_FAULTY_STATE
The valye of the parameterLength field shall be 0.

8.6.1.10.21 PTP_MM_GET_FOREIGN_DATA_S§

The con
returned
records,

8.6.1.10.22 PTP_MN

The des
be enco

<

eParameters fields for PTP_MM_FOREIGN_DATA_SET

r for the
[ foreign

ort shall

messageRarameters field messageParameters Foreign data set and local valyes
field type
returnedPortNumber Ulnteger16 returned_port_number

returnedRecordNumber

Ulntegerl6
=l

returned record number

foreignMasterCommunicationTechnology | Ulnteger8 foreign_master_communication_technology
foreignMasterUuidField Octet[6] foreign_master_uuid_field
foreignMasterPortIdField Ulnteger16 foreign_master_port_id_field
foreignMasterSyncs Ulnteger16 foreign_master_syncs

The returned_port_number shall be the port number of the foreign data set as requested in the PTP_MM_

GET_FOREIGN_DATA_SET request.
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The returned_record_number shall be the index of record returned from the foreign data set as requested in
recordKey field of the PTP_MM_GET_FOREIGN_DATA_SET request.

8.6.1.10.23 PTP_MM_SET _SYNC_INTERVAL

The value of the parameterLength field is communication technology specific.

The update value sync_interval for the receiving clock shall be encoded into the messageParameters field
synclnterval as an Integer16.

8.6.1.10.24 PTP_MM_DISABLE_PORT (\(\
A GAN

The valye of the parameterLength field shall be 0.

8.6.1.10.25 PTP_MM_ENABLE_PORT
The valye of the parameterLength field shall be 0.

8.6.1.10.26 PTP_MM_DISABLE_BURST

The upq
sagePar:

ng mes-

mes g‘e«]%imew eld \- ‘messageParameters field type Update value for local time of receivingclock

localTi WO S \ Ulnteger32 local_ time_seconds
localTi neNarw Integer32 local_time_nanoseconds

The fields local_time_seconds and local_time_nanoseconds shall be the update time value for the receiving
clock.

9. Conformance

9.1 Conformance objective

The philosophy underlying the conformance requirements of this clause is to provide the structure necessary
to raise the level of interoperability of systems built to this standard, while leaving opportunity open for con-
tinued technical improvement and differentiation.
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9.2 PTP node conformance requirements
A conformant PTP node shall meet the requirements of one or more of the subclauses of this clause.
9.2.1 Fully conformant PTP node
A fully conformant PTP node shall meet all normative requirements of this standard.

9.2.2 Slave only conformant PTP node

A slave-only conformant PTP node shall meet all normative requirements of thiw following
exceptions: A (N

— shall be configured internally such that the best master cloc
identified by Ey,. (see 7.6) as the best master clock.

alays selects’the clock

— shall not issue Sync, Delay_Resp, or Follow_Up messa

— shall report a clock_stratum value of 255 in respongse
roperty.

sage requedting this

9.2.3 Management only conformant

A management-only conformant PTP nods with the

followinlg exceptions:

tance.

ting this

irements of this standard regarding PTP communications, PTP commuynication

topolo 1iming constraints, PTP message syntax, and PTP message semantics are met
—  The values-of all PTP defined values and constants of 7.9 are identical in all PTP nodes.

— Foreach communication technology supporting a PTP communication path, a PTP commynication
technOlogy specific specification exists, and the requirements of that specification are met.

— No node in the system issues PTP messages unless that node is conformant to the terms of 9.2.

The communication technology specific specification shall define all terms and resolve all issues noted in
this standard as being communication technology specific.
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Annex A

(informative)

Using the PTP protocol

A.1 Overview

PTP provides a simple methodology for accurately synchronizing clocks in Mem. When
2\

d . . 1 e 4L Lll - i h . 1 1
CS1ZNUTZSUTIT O Sy STCT tITT TOTOWTITEZ qUTSTIONS TITTU to UT alls weret.

Physical layout issues:

— How physically dispersed are the clocks?
— Yhat network technology is to be used?

Logical fissues:

— Is the system a single collection f cloeks; idpd’into logical groupings epch with
their own sense of time?

Comporjent issues:

A.2 Physical layout

PTP closkseotmmmrentewithetchotherovertretworkTPrptesHy—theselectomroithefretworktedhnology
will be based on the primary application. PTP will work on any packet-based system. PTP is designed to
work in a multicast environment although it is possible to design unicast PTP components and systems.
Ethernet is an ideal network for implementing PTP, and the rest of this annex uses Ethernet as an example.

All networks have limitations on distance, number of allowed nodes, and traffic. If the clocks to be synchro-
nized are dispersed beyond the range of the network technology then the system must be designed as sepa-
rate islands of time with provision outside of PTP for synchronizing these islands.

For example, if the system consists of two compact sites separated by several miles, PTP can be used within
each site with site-to-site synchronization provided by another technology such as GPS.
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