
IEEE Std 1588™-2008
(Revision of

IEEE Std 1588-2002)

IEEE Standard for a Precision Clock
Synchronization Protocol for
Networked Measurement and Control
Systems 

IEEE
3 Park Avenue 
New York, NY 10016-5997, USA

24 July 2008

IEEE Instrumentation and Measurement Society 
Sponsored by the
Technical Committee on Sensor Technology (TC-9)

15
88

TM

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

ks565166
Redline

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


 
 

 

             

445 Hoes Lane, Piscataway, NJ 08854 USA | http://standards.ieee.org | Tel. +1 732-981-0060 Fax +1 732-562-1571 

 

 
 
 
 

 
This is a Redline Document produced by Techstreet, a business of 

Thomson Reuters. 

 

 

This document is intended to provide users with an indication of changes from one edition 

to the next. It includes a full-text version of the new document, plus an indication of 

changes from the previous version. 

 

Redlines are designed to save time and improve efficiencies by using the latest software 

technology to find and highlight document changes. More professionals are using valuable 

new technologies like redlines, to help improve outcomes in a fastpaced global business 

world. 

 

Because it may not be technically possible to capture all changes accurately, it is 

recommended that users consult previous editions as appropriate. In all cases, only the 

current base version of this publication is to be considered the official document.  

 
 
 
 
 
 
 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


 

 

 

 

 

 

 

Redline Processing Notes: 

 

1. Red Text - Red strikethrough text denotes deletions. 

2. Blue Text - Blue underlined text denotes modifications and additions. 

 

 

 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


IEEE Std 1588TM-2008 
(Revision of 

IEEE Std 1588-2002) 
   

  

IEEE Standard for a Precision Clock  
Synchronization Protocol for  
Networked Measurement and Control  
Systems 

Sponsor 

Technical Committee on Sensor Technology (TC-9) 
of the 
IEEE Instrumentation and Measurement Society  

Approved 27 March 2008 

IEEE-SA Standards Board  

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


  

Abstract: A protocol is provided in this standard that enables precise synchronization of clocks in 
measurement and control systems implemented with technologies such as network 
communication, local computing, and distributed objects. The protocol is applicable to systems 
communicating via packet networks. Heterogeneous systems are enabled that include clocks of 
various inherent precision, resolution, and stability to synchronize. System-wide synchronization 
accuracy and precision in the sub-microsecond range are supported with minimal network and 
local clock computing resources. Simple systems are installed and operated without requiring the 
management attention of users because the default behavior of the protocol allows for it. 
 
Keywords: boundary clock, clock, distributed system, master clock, measurement and control 
system, real-time clock, synchronized clock, transparent clock  
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Introduction 

This introduction is not part of IEEE Std 1588-2008, IEEE Standard for a Precision Clock Synchronization Protocol for 
Networked Measurement and Control Systems. 
 
 
This standard defines a protocol enabling precise synchronization of clocks in measurement and control 
systems implemented with technologies such as network communication, local computing, and distributed 
objects. The clocks communicate with each other over a communication network. The protocol generates a 
master−slave relationship among the clocks in the system. All clocks ultimately derive their time from a 
clock known as the grandmaster clock. In its basic form, this protocol is intended to be administration free. 

History 

Measurement and control applications are increasingly using distributed system technologies such as 
network communication, local computing, and distributed objects. Without a standardized protocol for 
synchronizing the clocks in these devices, it is unlikely that the benefits will be realized in the multivendor 
system component market. Existing protocols for clock synchronization are not optimum for these 
applications. For example, Network Time Protocol (NTP) targets large distributed computing systems with 
millisecond synchronization requirements. The protocol proposed in this standard specifically addresses the 
following needs of measurement and control systems: 

⎯ Spatially localized 

⎯ Microsecond to sub-microsecond accuracy and precision 

⎯ Administration free 

⎯ Accessible for both high-end devices and low-cost, low-end devices 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 
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Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association Web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA Web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL: 
http://standards.ieee.org/reading/ieee/updates/errata/. Users are encouraged to check this URL for errata 
periodically. 

Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/. 

Patents 

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. A patent holder or patent applicant has filed a 
statement of assurance that it will grant licenses under these rights without compensation or under 
reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses. Other Essential Patent Claims may exist for 
which a statement of assurance has not been received. The IEEE is not responsible for identifying Essential 
Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope 
of Patents Claims, or determining whether any licensing terms or conditions are reasonable or non-
discriminatory. Further information may be obtained from the IEEE Standards Association. 
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IEEE Standard for a Precision Clock 
Synchronization Protocol for Networked 
Measurement and Control Systems 

 
 
 

IMPORTANT NOTICE: This sta ndard is not intended to assure safety, security, health, or environmental 
protection in all circumstances. Implementers of the standard are responsible for determining appropriate 
safety, security, environmental, and health practices or regulatory requirements. 

 
This IEEE d ocument is mad e available for use sub ject to  important notices and legal d isclaimers. These 
notices and disclaimers appear in all publications containing this do cument and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They 
can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html. 

 
 
1. Overview 

 
This standard is divided into nine clauses. They are as follows: 

 
Clause Purpose 

1 Provides the scope and benefits of this standard 
2 Lists references to other standards that are referenced by this standard 
3 Provides definitions that are either not found in other standards or have been modified for use with this 

standard 
4 Provides conventions for the notation used in this standard 
5 Defines the datatypes used in this standard 
6 Provides an overview of the protocol specified by the standard 
7 Defines the precision time protocol (PTP) 
8 Defines the format of messages passed between participating clocks 
9 Defines requirements for conformance 

 
 

Annexes are provided as follows: 
 

Annex Purpose 

A Using the PTP 
B Defines time scales and epochs in PTP 
C Defines subdomain_name to address mappings 
D Defines the Ethernet implementation of PTP 
E Bibliography 

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

This standard defines a protocol enabling precise synchronization of clocks in measurement and control 
systems implemented with technologies such as network communication, local computing, and distributed 
objects. The protocol is applicable to systems communicating by local area networks supporting multicast 
messaging including, but not limited to, Ethernet. The protocol enables heterogeneous systems that include 
clocks of various inherent precision, resolution, and stability to synchronize to a grandmaster clock. The 
protocol supports system-wide synchronization accuracy in the sub microsecond range with minimal network 
and local clock computing resources. The default behavior of the protocol allows simple systems to be 
installed and operated without requiring the administrative attention of users. The standard includes mappings 
to User Datagram Protocol (UDP)/Internet Protocol (IP), DeviceNet, and a layer-2 Ethernet implementation. It 
includes formal mechanisms for message extensions, higher sampling rates, correction for asymmetry, a clock 
type to reduce error accumulation in large topologies, and specifications on how to incorporate the resulting 
additional data into the synchronization protocol. The standard permits synchronization accuracies better than 
1 ns. The protocol has features to address applications where redundancy and security are a requirement. The 
standard defines conformance and management capability. There is provision to support unicast as well as 
multicast messaging. The standard includes an annex on recommended practices. Annexes defining 
communication-medium-specific implementation details for additional network implementations are expected 
to be provided in future versions of this standard. 

 

 
1.2 Purpose 

 
Measurement and control applications are increasingly using employing distributed system technologies such 
as network communication, local computing, and distributed objects. Many of these applications will be 
enhanced by having an accurate system wide sense of time achieved by having local clocks in each sensor, 
actuator, or other system device. Without a standardized protocol for synchronizing these clocks, it is unlikely 
that the benefits will be realized in the multivendor system component market. Existing protocols for clock 
synchronization are not optimum for these applications. For example, the Network Time Protocol (NTP) 
targets large distributed computing systems with millisecond synchronization requirements. The protocol 
proposed in this standard specifically addresses the needs of measurement and control and operational systems 
in the fields of test and measurement, industrial automation, military systems, manufacturing systems, power 
utility systems, and certain telecommunications applications. These applications need: 

 Spatially localized systems with options for larger systems 
 Microsecond to sub microsecond accuracy 
 Administration-free operation 
 Applicability  Accessible for both high-end devices and low-cost, low-end devices 
 Provisions for the management of redundant and fault-tolerant systems 

 
Several different application areas such as industrial automation, telecommunication, semiconductor 
manufacturing, military systems, and utility power generation have emerged that require the standard to be 
revised. 

 
1.3 Layout of the document 

 

This standard, which defines the Precision Time Protocol (PTP), is divided into 19 clauses: 
 

Clause Purpose 
1 Provides the scope and benefits of this standard 
2 Lists references to other standards 
3 Provides definitions that are either not found in other standards or have been modified for use with this 

standard 
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4 Provides conventions for the notation used in this standard 
5 Defines the data types used in this standard 
6 Provides an overview of PTP 
7 Defines characteristics of PTP entities 
Defines PTP data sets 
9 Defines PTP for ordinary and boundary clocks 
10 Defines PTP for transparent clocks 
11 Specifies PTP time computations and corrections 
12 Specifies how to syntonize and synchronize clocks 
13 Defines the format of messages passed between participating clocks 
14 Specifies type, length, value (TLV) formats 
15 Specifies management TLVs 
16 Defines general optional features of this standard 
17 Defines state configuration options of this standard 
18 Defines forward and backward compatibility between versions 
19 Defines requirements for conformance 

 
 

Annexes are provided as follows: 
 

Annex Purpose 
Annex A Using PTP 

 
Annex B Defines timescales and epochs in PTP 
Annex C Examples of timing computations and message fields 
Annex D Defines mappings of to User Datagram Protocol (UDP) over Internet Protocol version 4 

(IPv4) 
Annex E Defines mappings of UDP over Internet Protocol version 6 (IPv6) 
 Annex F Defines mappings of PTP over IEEE 802.3 
Annex G Defines mappings of PTP to DeviceNetTM 1 

Annex H Defines mappings of PTP to ControlNetTM 2 

Annex I Defines mappings of PTP to PROFINETTM 3 

Annex J Default PTP Profile 
Annex K Defines an experimental security option 
Annex L Defines an experimental cumulative frequency TLV Annex 
M Bibliography 

 
 
2. Normative references 

 

The following referenced documents are indispensable for the application of this document (i.e., they must be 
understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the 
referenced document (including any amendments or corrigenda) applies. 

 
This standard shall be used in conjunction with the standards listed in this clause. When the following 
standards are superseded by an approved revision revision shall apply. 
 
IEEE Std 802.3™-2002, Information technology—Telecommunications and information exchange between 
systems—Local and metropolitan area networks—Specific requirements—Part 3: Carrier sense multiple 
access with collision detection (CSMA/CD) access method and physical layer specifications.1
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ISO 8601:2000, Data elements and interchange formats—Information interchange—Representation of dates 
and times.2 

 
ISO/IEC 8859-1:1998, Information technology  —8-bit single-byte coded graphic character—Part 1: Latin 
alphabet No. 1 
1IEEE 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>. 
2ISO publications are available from the International Organization for Standardization, <http://www.iso.ch/iso/en/prods-ser- 
vices/ISOstore/store.html>. 
 
IEC 61158-4-2:2007, Industrial communication networks—Fieldbus specifications—Part 4-2 (Ed.1.0): Data-
link layer protocol specification—Type 2 elements. 
 
IEC 61158-5-2:2007, Industrial communication networks—Fieldbus specifications—Part 5-2 (Ed.1.0): 
Application layer service definition—Type 2 elements. 
 

  IEC 61158-5-10:2007, Industrial communication networks—Fieldbus specifications—Part 5-10: Application   
layer service definition—Type 10 elements. 
 

IEC 61158-6-2:2007, Industrial communication networks—Fieldbus specifications—Part 6-2 (Ed.1.0): 
Application layer protocol specification—Type 2 elements. 
 
IEC 61158-6-10:2007, Industrial communication networks—Fieldbus specifications—Part 6-10: Application 
layer protocol specification—Type 10 elements 

 
1DeviceNet™ is a trade name of Open DeviceNet Vendor Association, Inc. This information is given for the convenience of users of this 
standard and does not constitute an endorsement by the IEEE of these products. Equivalent products may be used if they can be shown 
to lead to the same results. 
 
2ControlNet™ is a trade name of ControlNet International, Ltd. This information is given for the convenience of users of this standard 
and does not constitute an endorsement by the IEEE of these products. Equivalent products may be used if they can be shown to lead to 
the same results. 
 
3PROFINET™ is the trade name of the non-profit organization PROFIBUS Nutzerorganisation e.V. (PNO). This information is given for 

the convenience of users of this standard and does not constitute an endorsement by the IEEE of these products. Equivalent 

products may be used if they can be shown to lead to the same results. 

 
4IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue de 
Varembé, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States from the 
Sales Department, American National Standards Institute, West 43rd Street, 4th Floor, New York, NY 10036, USA 

 
IEC 61784-1:2007, Industrial communication networks—Profiles—Part 1: Fieldbus profiles. 
 
IEC 61784-2:2007, Industrial communications networks—Profiles—Part 2: Additional fieldbus profiles for 
real-time networks based on ISO/IEC 8802-3. 
 
IEC 62026-3:2007, Low-voltage switchgear and controlgear—Controller-device interfaces (CDIs)—Part 3: 
DeviceNet. 
 
IEEE Std 802®, IEEE Standard for Local and Metropolitan Area Networks: Overview and Architecture.5, 6

 

 
IEEE Std 802.1ABTM, IEEE Standard for Local Metropolitan Area Networks—Part 1AB: Station and Media 
Access Control Connectivity Discovery. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://standards.ieee.org/sds/index.html�
http://standards.ieee.org/sds/index.html�
http://www.iso.ch/iso/en/prods-ser-�
http://www.iec.ch/�
http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


 
IEEE Std 802.1QTM-2005, IEEE Standard for Local and Metropolitan Area Networks—Part 1Q: Virtual 
bridged local area networks 
 
IEEE Std 802.3TM-2005, IEEE Standard for Information Technology—Telecommunications and information 
exchange between systems—Local and metropolitan area networks—Specific requirements—Part 3: Carrier sense 
multiple access with collision detection (CSMA/CD) access method and Physical Layer specifications. 
 
ISO/IEC 10646:2003, Information technology—Universal Multiple-Octet Coded Character Set (UCS)— 

Part 1: Architecture and Basic Multilingual Plane.7 
 
 
 
 

3. Definitions, acronyms, and abbreviations 
 

This clause defines terms that have specific meanings in the context of the PTP. 
 

For the purposes of this document, the following terms and definitions apply. 
 

3.1.1 accuracy: The mean of the time or frequency error between the clock under test and a perfect reference 
clock, over an ensemble of measurements . Stability is a measure of how the mean varies with respect to 
variables such as time, temperature, and so on. The precision is a measure of the deviation of the error from 
the mean. 
 
3.1.2 atomic pr ocess: A process is atomic if the values of all inputs to the process are not permitted to 
change until all of the results of the process are instantiated, and the outputs of the process are not visible to 
other processes until the processing of each output is complete  
 
3.1.3 boundary clo ck: A clock that has multiple Precision Time Protocol (PTP) ports in a domain and 
maintains the timescale used in the domain. It may serve as the source of time, i.e., be a master clock, and may 
synchronize to another  clock, i.e., be a slave clock.  
 boundary clock: A clock with more than a single PTP port, with eachport providing access a separate 
communication path 
 
3.1.4 clock: A node participating in the Precision Time Protocol (PTP) 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 mea n eith er an ordinary clo ck o r a  PTP port  of a bo undary clock unless otherwise sta ted or 
obvious from the context. 
 
3.3 clock timestamp point: A point in the network protocol stack a clock at which timestamps are gener- ated 
for Sync and Delay_Req messages sent or received by the clock. This point is defined for both the inbound 
outbound paths in the protocol stack 
 

5IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards/ieee.org/). 
6 The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
7ISO/IEC publications are available from the ISO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genève 20, 
Switzerland/Suisse (http://www.iso.ch/). ISO/IEC publications are also available in the United States from Global Engineering 
Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA (http://global.ihs.com/). Electronic copies are available in the 
United States from the American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA 

NOTE—In the case of PTP ordinary and boundary clocks that are properly synchronized, the epoch is the epoch of the 
timescale in use. In the case of PTP transparent clocks, the epoch is locally defined and not necessarily aligned with the 
timescale.8
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3.1.5 default: When applied to attribute values and options means the configuration of a Precision Time 
Protocol (PTP) device as it is delivered from the manufacturer. 

 
  3.1.6 direct communication: A communication of Precision Time Protocol (PTP) information between  
  Two PTP ordinary or boundary clocks with no intervening boundary clock 
 
3.1.7 domain: A logical grouping of clocks that synchronize to each other using the protocol, but that are 
not necessarily synchronized to clocks in another domain. 

 
3.1.8 end-to-end transparent clock: A transparent clock that supports the use of the end-to-end delay 
measurement mechanism between slave clocks and the master clock. 

 
  3.1.9 epoch: The origin of a timescale.  
 
  3.epoch: The reference time defining the origin of a time scale. 

 
3.1.10   ev ent: An abstraction of the mechanism by which signals or conditions are generated and 
represented.  
 
3.7 external synchronization: The process of bringing two clocks into a synchronized state by means other 
than the use of the PTP. See also: synchronized clocks. 
 
3.1.11 foreign master: An ordinary or boundary clock sending Announce messages to another clock that is 
not the current master recognized by the other clock. 

 
3.1.12 fractional frequency offset: The fractional frequency offset (FFO) between a measured frequency 
and a reference frequency is defined as follows: 

 

 
 
 
 
where FO is the measured frequency and FR is the reference frequency. 

 

3.1.13 grandmaster clock: Within a PTP subdomain, a PTP clock that is the ultimate source of 
time for clock synchronization using the protocol. 
 
3.1.14 holdover: A clock previously synchronized/syntonized to another clock (normally a primary 
reference or a master clock) but now free-running based on its own internal oscillator, whose frequency is 
being adjusted using data acquired while it had been synchronized/syntonized to the other clock. It is said to 
be in holdover or in the holdover mode, as long as it is within its accuracy requirements. 

 
 interface definition language (IDL): A programming-language-independent method of specifying operation 
syntax [B1].3 

 
3.1.15 link: A network segment between two Precision Time Protocol (PTP) ports supporting the peer delay 
mechanism of this standard. The peer delay mechanism is designed to measure the propagation time over 
such a link. 

 
3.1.16 management node: A device that configures and monitors clocks. 

 
3.1.17 master clock: In the context of a single Precision Time Protocol (PTP) communication path, a clock   

that is the source of time to which  all other clocks  on that path synchronize. 
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3.1.18 message timestamp point: A point within a Precision Time Protocol (PTP) event A distinguished 
feature of Sync and Delay_Req message serving as a reference point in the message. A timestamp is defined 
by the instant a message timestamp point passes the clock timestamp point in a protocol stack  reference plane 
of a clock. 
 

8Notes in text, tables, and figures are given for information only and do not contain requirements needed to implement the standard. 
 

3.1.19 multicast communication: A communication model in which each Precision Time Protocol (PTP) 
message sent from any PTP port is capable of being received and processed by all PTP ports on the same PTP 
communication path. 

 
3.1.20 node: A device that can issue or receive Precision Time Protocol (PTP) 
communications on a network.  

  network: A communication mechanism for passing PTP messages among multiple clocks  
 
 

3.1.21 one-step clock: A clock that provides time information using a single event message. 
 
 

3.1.22 ordinary clock: A clock with that has a single Precision Time Protocol (PTP) port in a domain and 
maintains the timescale used in the domain. It may serve as a source of time, i.e., be a master clock, or may 
synchronize to another clock, i.e., be a slave clock. 
ordinary communication : A communication of non-PTP information between two nodes. 
 
3.1.23 parent clock: The master clock to which a clock is synchronized. 

 
3.1.24 peer-to-peer transparent clock: A transparent clock that, in addition to providing Precision Time 
Protocol (PTP) event transit time information, also provides corrections for the propagation delay of the link 
connected to the port receiving the PTP event message. In the presence of peer-to-peer transparent clocks, 
delay measurements between slave clocks and the master clock are performed using the peer-to- peer delay 
measurement mechanism. 

 
3.1.25 phase change rate: The observed rate of change in the measured time with respect to the reference 
time. The phase change rate is equal to the fractional frequency offset between the measured frequency and the 
reference frequency. See also: fractional frequency offset. 

 
3.1.26 portNumber: An index identifying a specific Precision Time Protocol (PTP) port on a PTP clock.node. 
3The numbers in brackets correspond to those of the bibliography in Annex E. 

 
3.1.27 precision: See: accuracy. 

 
3.1.28   Precision Time Protocol (PTP): The protocol defined by this standard IEEE Std 1588-2008. As an 
adjective, it indicates that the modified noun is specified in or interpreted in the context of  this standard IEEE 
Std 1588-2008. 
 
3.1.29 primary reference: A source of time and or frequency that is traceable to international standards. 
See also: traceability. 

 
3.1.30 profile: The set of allowed Precision Time Protocol (PTP) features applicable to a device. 

 
3.1.31 Precision Time Protocol (PTP) communication: Information used in the operation of the 
PTP protocol, transmitted in a PTP message over a PTP communication path. 
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3.1.32 Precision Tim e Pr otocol (PTP) c ommunication path: The signaling path portion of a particular 
network enabling direct communication between two PTP clocks.among ordinary and boundary clocks. 

 
3.1.33 Precision Time Protocol (PTP) message: One of the five designated message types defined in this 
standard IEEE Std 1588-2008. Sync, Delay_Req, Follow-up, Delay_Resp, and Management.  

 
3.1.34   Precision Time Protocol (PTP) node: A PTP ordinary, boundary, or transparent clock or a device 
that generates or parses PTP messages.A node that issues any message that will be received by a second 
node resulting in any change in state in the second node that influences any aspect of the PTP protocol. 
 
3.1.35 Precision Time Protocol (PTP) port:  A logical access point  of a PTP clock for PTP communications 
on a single PTP to the communications path. network. 
 PTP subdomain: A logical grouping of PTP clocks that synchronize to each other using the PTP pro- tocol 
but that are not necessarily synchronized to PTP clocks in another PTP subdomain. 
NOTE—It should be emphasized that this grouping is logical. Clocks sharing a PTP communication path may or may not 
be in the same PTP subdomain, clocks in the same PTP subdomain may or may not share a PTP communication path.. 
 

   state transition diagram: A graphical means of expressing the allowed states of an object 
and the allowed transitions from one state to another (see 4.3). 
 
subnet: A subset of a network. If a network contains devices whose function is to pass messages these 
devices do not pass PTP non-management messages, then the network can be partitioned into regions in such a 
way that: 
     — No two nodes in a region communicate via one of these devices,  

— All communication between regions is via one or more of these devices. 
Each such region is a subnet. If a network does not contain any such devices, it is a subnet 
 

3.1.36 recognized standard time source: A recognized standard time source is a source external to 
Precision Time Protocol (PTP) that provides time and/or frequency as appropriate that is traceable to the 
international standards laboratories maintaining clocks that form the basis for the International Atomic Time 
(TAI) and Universal Coordinated Time (UTC) timescales. Examples of these are Global Positioning System 
(GPS), NTP, and National Institute of Standards and Technology (NIST) timeservers. 

 
3.1.37 requestor: The port implementing the peer-to-peer delay mechanism that initiates the mechanism by 
sending a Pdelay_Req message. 

 
3.1.38 responder: The port responding to the receipt of a Pdelay_Req message as part of the operation of the 
peer-to-peer delay mechanism. 

 
3.1.39 stability: See: accuracy. 

 
3.1.40 synchronized clocks: Two clocks are synchronized to a specified uncertainty if they have the same 
epoch and their measurements of any standard universe consists of any time interval by both clocks the time 
of a single event at an arbitrary time differ by no more than that uncertainty. The timestamps generated by 
two synchronized clocks for the same event will differ by no more than the specified uncertainty 
 
3.1.41 syntonized clocks: Two clocks are syntonized if the duration of the second is the same on both, which 
means the time as measured by each advances at the same rate. They may or may not share the same epoch. 

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

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


 
3.1.43 timescale: A linear measure of time from an epoch. 

 
3.1.44 traceability: A property of the result of a measurement or the value of a standard whereby it can be 
related to stated references, usually national or international standards, through an unbroken chain of 
comparisons all having stated  uncertainties. (adapted from the International Vocabulary of Basic and General 
Terms in Metrology [B15]9) 

 
 

3.1.45 translation device: A boundary clock or, in some cases, a transparent clock that translates the 
protocol messages between regions implementing different transport and messaging protocols, between 
different versions of IEEE Std 1588-2008, or different Precision Time Protocol (PTP) profiles. 

 
3.1.46 transparent clock: A device that measures the time taken for a Precision Time Protocol (PTP) 
event message to transit the device and provides this information to clocks receiving this PTP event 
message. See also: end-to-end transparent clock; peer-to-peer transparent clock. 

 
3.1.47 two-step clock: A clock that provides time information using the combination of an event message 
and a subsequent general message. See also: one-step clock. 
 
3.32 universally unique identifier (UUID): An identifier that a unique value within some defined universe. 
For purposes of this possible PTP artifacts having UUID unless otherwise Started 
 
 
 
3.2 Acronyms and abbreviations 

 
ARB                            arbitrary 
BMC                            best master clock 
CAN                            Controller Area Network 
CP                                Communication Profile [according to IEC 61784-1:200710] 
CPF                              Communication Profile Family [according to IEC 61784-1:2007]  
DS                                 differentiated service 
E2E                               end-to-end 

 

 
9The numbers in brackets correspond to those of the bibliography in Annex M. 
10Information on references can be found in Clause 2. 

 

GPS                        Global Positioning System 
IANA                     Internet Assigned Numbers Authority 
ICV                         integrity check value 
ID                            identification 
IPv4, IPv6              Internet Protocol version 4 / 6 
JD                            Julian Date 
JDN                          Julian Day Number 
MAC                         media access control [according to IEEE Std 802.3-2005]  
MJD                          Modified Julian Day 
NIST                          National Institute of Standards and Technology (see www.nist.gov) 
 NTP                          Network Time Protocol (see IETF RFC 1305 [B7]) 
OUI                           organizational unique identifier (allocated by the IEEE) 

 
NOTE—The OUI is typically used in specifications or the implementation of devices for the purpose of 
identification. It identifies the organization that owns the OUI-dependent subidentifier and may not necessarily be 
the organization that defines the specification or provides the hardware. The IEEE OUI listing can be obtained at 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.nist.gov/�
http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


http://standards.ieee.org/regauth/oui/index.shtml. 
 

P2P                           peer-to-peer 
PHY                         physical layer [according to IEEE Std 802.3-2005] 
POSIX                     Portable Operating System Interface (see ISO/IEC 9945:2003 [B16])  
PPS                          pulse per second 
PTP                          Precision Time Protocol 
SA                           security associations 
SNTP                      Simple Network Time Protocol 
SOF                         Start of Frame 
TAI                          International Atomic Time 
TC                            traffic class 
TLV                         type, length, value [according to IEEE Std 802.1AB]  
ToS                         type of service 
UCMM                   UnConnect Message Manager 
UDP/IP                  User Datagram Protocol (see IETF RFC 768 [B5]) / Internet Protocol 
                                 (see IETF RFC 791 [B6])  
UTC                       Coordinated Universal Time 

 
 
 
4. Conventions 

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

 
 
4.1 Descriptive lexical form syntax 

 

The syntax conventions specified in the following subclauses are used in this standard. 
 
 
4.1.1 Lexical form syntax 

 

A lexical form refers to: 
 

a) A name 
 

b) A data type 
 

The conventions illustrated in the following list regarding lexical forms  are used in this standard: 

 Type names: e.g., TimeRepresentation ClockQuality (no word separation, initial letter of each word 
capitalized) 

 
 Enumeration members and global constants: e.g., PTP_SYNC_MESSAGE ATOMIC_CLOCK 

(underscore word separation, all letters capitalized) 

 Fields of structures or within messages, instances of structures, and variables: e.g., seconds Field, 
clockQuality, clock Identity (two-word field names at a minimum, no word separation, initial word 
not capitalized, initial letter capitalization on subsequent words) 

 

  Data set members and all other variables: new_master (underscore word separation, no letters capi- 
alized)— <local 
 Members of a structure: e.g., clockQuality.clockClass (structure name for somethingfollowed by a 

period followed by the member name) 
 

 Data set name: e.g., defaultDS, parentDS, portDS, currentDS, timePropertiesDS (no word separation, 
initial letter of each word not capitalized followed by the letters DS) 
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 Data set members: e.g., defaultDS.clockQuality.clockClass (Data set name followed by a period 

followed a type name followed by a period followed by the variable name) 
 Message names: e.g., Sync, Delay_Req (underscore word separation, initial letter of each word 

capitalized) 
 

 <localNameForSomething>: text enclosed in angle brackets < > is used where the standard 
needs to refer to something whose syntax or lexical form is dependent on the local implementation 
and language 

 

 
When a lexical form appears in text, as opposed to in a signature, a  type, or a format definition, the 
form is to be interpreted as singular, plural, or possessive as appropriate to the context of the text. 

 
 
4.2 Word usage 

 
4.2.1 Shall 

 

The word “shall,” which is equivalent to “is required to,” is used to indicate mandatory requirements, 
strictly to be followed 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” indicates an unavoidable situations. 

 

4.2.4 Should 
 

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

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

 That a certain course of action is preferred but not required 

 That (in the negative form) a certain course of action is deprecated but not prohibited. 
 

 
4.2.5 May 

 

The word “may,” which is equivalent to “is permitted,” is used to indicate a course of action permissible 
within the limits of the standard. 

 

4.2.6 Can 
 

The word “can,” which is equivalent to “is able to,” is used to indicate possibility and capability, whether 
material or physical. 
 

4.2.7 Optional 
 

Clauses and text marked optional are not required to be implemented. If the option is implemented, then all 
specifications of the clause or text, respectively, shall be implemented according to this standard. 

 
NOTE— This definition is recursive, which means that options within options obey these same rules. 
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4.2.8 Reserved 
 

 

The word “reserved” indicates: 

 If used in an assignment of values to an enumeration or an attribute that the values indicated are 
reserved for use in future editions of this standard and shall not be used for any other purpose. 

 
 If used in a field of a message that the field is reserved for use in future editions of this standard. 

The field shall be present in the message with the size specified. No interpretation of reserved 
fields is to be made for this edition of this standard, and the fields shall not be used for any other 
purpose. 

 
 
4.3 Behavioral specification notation 

 
State transition diagrams are used to specify behavioral characteristics as illustrated in Figure 1. Each state 
transition diagram is composed of the following components: 

 Named boxes, representing states 
 

Directed arrows, indicating transitions from one state to the next.  

 

Each transition is labeled with: 
a) The enabling event or predicate label for a transition 

 
b) The transition action label for a transition 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

The notation used describes state transition diagrams using the Mealy style, where actions are associated 
with the transition from one state to another. 

 
Events, for example “event_1,” “event_2,” and “event_3,” identify the inputs to the state machine. They 
can be operation requests and responses, or internal occurrences such as timer expirations. 
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Predicates, for example “event_1 OR event_2,” identify enabling conditions for transitions. The first 
predicate encountered, evaluated from left to right, which is TRUE, selects the transition to execute and 
therefore the next state. 

 
Transition actions, for example “result_1,” are the actions that are executed before transitioning to the next 
state. 

 
The next state identifies the state for the state machine after the selected transition action completes. The value 
of the current state changes as the transition to the next state occurs 

 
A bold line for a state box indicates that the box represents multiple states. Any transition shown that 
begins and terminates in such a state box indicates that there has been no change in state. 

 
Transitions, for example the transition resulting in result_3, which have no indicated enabling conditions, 
occur via unspecified mechanisms. Unless otherwise stated, in PTP, the events giving rise to these 
mechanisms are implementation-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 destination 
state. 

 
Example: NOTE—For 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. 

 

 
5. Data types and on-the-wire formats 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. 
 
 
5.1 General 

 
The data types specified for the various PTP variables and message fields define logical properties, such as 
rollover for integers,  that are necessary for correct operation of the protocol or interpretation of PTP message 
content. 

 
The definitionImplementations are free to use any internal representation of data of types defined in this 
standard shall be correctly represented in the local system after such PTP data has been communicated over  
the network. In any PTP implementation, these datatypes shall be mapped to implementation language-
dependent primitives. 

 
Implementations are free to use any internal representation preserving these characteristics provided thattypes; 
however, the internal representation shall not change the semantics of any quantity visible via PTP 
communications  or the semantics of any specified operation of datatypes into their on-the-wire format is 
network specific. For each network used in a PTP system, an annex the protocol. 
 

The mapping of datatypes into their on-the-wire format is network specific. For each network used in a PTP 
system, an annex to this standard shall be required that includes this mapping. Unless otherwise specified inthis 
standard, the mapping in the network specific annexes shall be used for all PTP communications. 
 
The following normative definitions are used in this clause. 
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Definition Meaning 

IDL: typedef 
<datatype> 
<datatypeArray>[ ]; 

An implementation of PTP Array of the 
datatype: <datatype> 

IDL: typedef 
<datatype1> 
<datatype2>; 

Where <datatype1> is a primitive or 
previously defined PTP datatype, shall 
mean that <datatype2> is a synonym 
for <datatype1> 

 
 

 
5.2 Primitive data type specifications 

 
All nonprimitive PTP data types are derived from the primitive types listed in Table 1. These types are not 
tied to this standard shall be required that includes this mapping. Unless otherwise specified in this standard, 
the mapping inany specific programming language. The essential properties of each type shall be as follows: 

 Integer: All integer types are of finite length as indicated by the network specific annexes shall 
be used for all PTP communicationsnumber associated with each, e.g., UInteger48, and as signed 
or unsigned as indicated by the absence or presence of a leading U. Numbers with these data types 
obey the laws of arithmetic within the range represented by the length. Arithmetic operations are 
treated as modulo the capacity of the data type; e.g., the sum of two UInteger48 values is 
computed modulo 2+48. Signed integers are represented in two’s complement form. 

 
 Enumeration: All enumerations are of finite field length as indicated by the number associated 
with each, e.g., Enumeration4. Unless otherwise stated in this standard, the only interpretations of 
the bit pattern in the enumeration field are the associations between the bit patterns and the 
assigned meanings of the enumeration. 

 
 Boolean: The only interpretation is as logical values within the context of Boolean algebra. 

 Nibble and Octet: These are 4 and 8 bit fields, respectively. The following normative 
definitions are used in this clauseonly interpretations are those explicitly defined within this 
standard. 
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5.1 Primitive datatypes 
 

The datatypes defined in Table 1 shall be defined in all PTP systems. All other datatypes shall be derived 
from these primitive types. 

 
Table 1—Primitive PTP datatypes 

 

Datatype Default value Definition 

Boolean FALSE TRUE or FALSE 
Integer8 0 8-bit signed integer 

UInteger8 0 8-bit unsigned integer 

Integer16 0 16-bit signed integer 

UInteger16 0 16-bit unsigned integer 

Integer32 0 32-bit signed integer 

UInteger32 0 32-bit unsigned integer 

Integer64 0 64-bit signed integer 

UInteger64 0 64-bit unsigned integer 

Octet All bits set to 0 8-bit field not interpreted as a number 

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 lowest numerical index first. 

 

IDL: typedef Boolean BooleanArray[];  

IDL: typedef Integer8 Integer8Array[];  

IDL: typedef UInteger8 UInteger8Array[];  

IDL: typedef Integer16 Integer16Array[]; 

 IDL: typedef UInteger16 UInteger16Array[]; IDL: 

typedef Integer32 Integer32Array[];  

IDL: typedef UInteger32 UInteger32Array[]; IDL: 

typedef Integer64 Integer64Array[]; 

 IDL: typedef UInteger64 UInteger64Array[]; 

IDL: typedef Octet OctetArray[]; 
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5.2.2 Time type specifications 
 
The TimeRepresentation type shall be used to specify both: 

 
— Timestamps (Time with respect to an epoch) 

— Time increments 
 
IDL: struct TimeRepresentation 

 
{ 

UInteger32 seconds; 

Integer32 nanoseconds; 

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

 
0  nanoseconds< 109 

 
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. 

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 –5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 UInteger8. Unless otherwise 
noted, the assignment of values to the enumeration members shall start at 0 (zero) for the first member listed of 
an enumeration and shall increment by +1 (one) for each succeeding member. Unless otherwise stated, the 
default value of an enumeration member shall be 0. 

 
Any enumeration used in a PTP system shall have members of the form PTP_<suffix>. All PTP enumera- 
tions shall be unique. 

 
5.2.3.1 Enumeration semantics 

 
Enumerations defined in this standard always appear in message formats as UInteger8 types. For each enu- 
meration, the value of the UInteger8 has been assigned for each member of the enumeration. Enumerations 
have no print form specified. Implementations shall not include any operational dependency on the particu- lar 
textual description used in the definition of the enumeration. Any textual description of the semantics 
associated with the enumeration value shall not appear in the signature of any operation, or in the format of 
any PTP message, except for informational purposes. 
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5.2.3.2 Enumeration summary list 
 

Most enumerations are defined in the clause where they are first used. This clause provides a list of all enu- 
merations defined in this standard along with a reference to the defining clause. 

 
CommunicationId       6.2.4.1 

  ControlField 8.2.
9

ManagementMessage 7.1
2

PTPState 7.3.
1 

 
5.3 Derived data type specifications 

 
5.3.1 General 

 

Arrays of any of the primitive data types are represented in the format <data type>[lengthField] <label>, 
where <lengthField> indicates the number of instances of the data type in the array and <label> is the 
lexical name for the array data type so defined. 

 
Structures consisting of an ordered list of members are indicated with the following syntax: 

 
struct <StructureName> 
{ 

<DataType1> <memberName1>; 
 

<DataType2> <memberName2>; 
 

… 
}; 

 
where <StructureName> is the lexical name for the data type so defined, <DataType1> is the data type of 
the first member, <memberName1> is the lexical name of the first member, and so forth. 

 
The syntax typedef <DataType> <TypeName> is interpreted as defining a derived data type with the same 
properties as the data type defined by <DataType> but with a new name given by <TypeName>. 

 
The syntax typedef <DataType> [lengthField] <TypeName> is interpreted as defining a derived data type 
consisting of an array of elements of type <DataType>, but with a new name given by <TypeName>. 

 

5.3.2 TimeInterval 
 

The TimeInterval type represents time intervals. 
 

struct TimeInterval 
{ 

Integer64 scaledNanoseconds; 
}; 

 

The scaledNanoseconds member is the time interval expressed in units of nanoseconds and multiplied by 
2+16. 

 
Positive or negative time intervals outside the maximum range of this data type shall be encoded as the 
largest positive and negative values of the data type, respectively. 
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For example, 2.5 ns is expressed as 0000 0000 0002 800016. 

 

5.3.3 Timestamp 
 

The Timestamp type represents a positive time with respect to the epoch. 
 

struct Timestamp 
{ 

 
 

}; 
 

 
UInteger48 secondsField; UInteger32 
nanosecondsField; 
 

The secondsField member is the integer portion of the timestamp in units of seconds. 
 

The nanosecondsField member is the fractional portion of the timestamp in units of nanoseconds. 

The nanosecondsField member is always less than 109. 

For example: 
 

+2.000000001 seconds is represented by secondsField = 0000 0000 000216 and nanosecondsField= 0000 000116. 
 

 
 
5.3.4 ClockIdentity 

 

The ClockIdentity type identifies a clock. 

typedef Octet[8] ClockIdentity; 

 

 
 
 
5.3.5 PortIdentity 

 

The PortIdentity type identifies a PTP port. 
 

struct PortIdentity 
{ 

ClockIdentity clockIdentity; 
UInteger16 portNumber; 

}; 
 

 
5.3.6 PortAddress 

 

The PortAddress type represents the protocol address of a PTP port. 
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struct PortAddress 
{ 

Enumeration16 networkProtocol; 
UInteger16 addressLength; 
Octet[addressLength] addressField; 

}; 

The value of the networkProtocol member shall be taken from the networkProtocol enumeration; see 7.4.1. 
The addressLength is the length in octets of the address. The range shall be 1 to 16 octets. 

 
The addressField member holds the protocol address of a port in the format defined by the mapping annex of 
the protocol as identified by the networkProtocol member. The most significant octet of the addressField is 
mapped into the octet of the addressField member with index 0. 

 
 
5.3.7 ClockQuality 

 

The ClockQuality represents the quality of a clock. 
 
struct ClockQuality 
{ 

UInteger8 clockClass; Enumeration8 
clockAccuracy; UInteger16 
offsetScaledLogVariance; 

}; 
 

 
5.3.8 TLV 

 

The TLV type represents TLV extension fields. 
 
struct TLV 
{ 

 
 
 
}; 

 

 
Enumeration16 tlvType; UInteger16 lengthField; 
Octet[lengthField ] valueField; 
 
The length of all TLVs shall be an even number of octets. 
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5.3.9 PTPText 
 

The PTPText data type is used to represent textual material in PTP messages. 
 
struct PTPText 
{ 

 
 
}; 

 

 
UInteger8 lengthField; Octet[lengthField] 
textField; 
 
The textField member shall be encoded as UTF-8 symbols as specified by ISO/IEC 10646:2003. The most 
significant octet of the leading text symbol shall be the element of the array with index 0. 

 
NOTE—A single UTF-8 symbol can be 1–4 octets long. Therefore, the lengthField value can be larger than the number of 
symbols. 
 

 

5.3.10 FaultRecord 
 

The FaultRecord type is used to construct fault logs. 
 
struct FaultRecord 
{ 

UInteger16 faultRecordLength; 
Timestamp faultTime; 
Enumeration8 severityCode; 
PTPText faultName; 
PTPText faultValue; 

PTPText faultDescription; 
}; 

 
The faultRecordLength member shall indicate the number of octets in the FaultRecord not including the 2 
octets of the faultRecordLength member. 

 
5.4 On-the-wire formats 

 
5.4.1 General 

 

PTP protocol data units consist of the PTP messages defined in Clause 13 through Clause 17 based on the data 
types defined in 5.2, 5.3, and 17.2. The internal ordering of the fields of the PTP protocol data units is 
specified in 5.4.2 to 5.4.4. 

 

5.4.2 Primitive data types 
 

Numeric primitive data types defined in 5.2 shall be formatted with the most significant octet nearest the 
beginning of the protocol data unit followed in order by octets of decreasing significance. 

 
The Boolean data type TRUE shall be formatted as a single bit equal to 1 and FALSE as a single bit equal to 
0. 

 
Enumerations of whatever length shall be formatted as though the assigned values are unsigned integers of the 
same length; e.g., Enumeration16 shall be formatted as though the value had type UInteger16. 
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5.4.3 Arrays of primitive types 
 

All arrays shall be formatted with the member having the lowest numerical index closest to the start of the 
protocol data unit followed by successively higher numbered members. In octet arrays, the octet with the 
lowest numerical index is termed the most significant octet. 

 
When a field containing more than one octet is used to represent a numeric value, the most significant octet 
shall be nearest the start of the protocol data unit, followed by successively less significant octets. 

 
When a single octet contains multiple fields of primitive data types, the bit positions within the octet of 
each of the primitive types as defined in the message field specification shall be preserved. For example, 
the first field of the header of the PTP messages is a single octet composed of two fields, one of type 
Nibble bits 4-7, and one of type Enumeration4 bits 0-3 (see 13.3.1). 
 

 

5.4.4 Derived data types 
 

Derived data types defined as structs shall be formatted with the first member of the struct closest to the 
beginning of the protocol data unit followed by each succeeding member. Each member shall be formatted 
according to its data type. 

 
Derived data types defined as typedefs shall be formatted according to its referenced data type. 
 

 

5.4.5 Mapping of PTP protocol data units into their on-the-wire formats 
 

Unless otherwise specified, PTP protocol data units shall be mapped to and from their on-the-wire format 
based on the rules of the underlying physical layer transport. Any exceptions are specified in one of the 
transport-specific annexes of this standard or in an applicable PTP profile. 

 
NOTEPTP protocol mechanisms operate in the upper layers of the protocol stack (i.e., PTP is an “application” that uses 
the services of the network or link layer). The physical layer transport dictates the on-the-wire format. 
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6. PTP Clock synchronization model 
 
 
6.1 Overview General 

 
6.1.1 General overview 

 
This clause provides a model for understanding the operation of the Precision Time Protocol. The exact 
specifications of these interactions are found in subsequent clauses. 

 
The PTP standard specifies a clock synchronization protocol. This protocol is applicable to distributed systems 
consisting of one or more nodes, communicating over some set of communication media. a network. Nodes 
are modeled as containing a real-time clock that may be used by applications within the node for various 
purposes 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. 
The  precision. This standard specifies: 

 

a) The Precision Time Protocol— The PTP protocol 
 

b) The node, system, 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. Furthermore, each PTP port of a 
boundary clock externally appears to be an ordinary clock in terms of the protocol. An administrative node is not 
required to implement the synchronization aspect of the protocol unless it is also a clock node. 
 
6.2 Principle assumptions about the network and implementation 
recommendations 

 
The following principle assumptions and recommendations should be followed in order to ensure correct 
operation of the protocol. These are discussed in greater detail in later clauses: 

 
 

a) PTP assumes that the network eliminates cyclic forwarding of PTP messages within each communication 
path (e.g., by using a spanning tree protocol). PTP eliminates cyclic forwarding of PTP messages 
between communication paths. 

 
b) PTP is tolerant of an occasional missed message, duplicated message, or message that arrived out of 

order. However, PTP assumes that such impairments are relatively rare. 
 

c) PTP was designed assuming a multicast communication model. PTP also supports a unicast 
communication model as long as the behavior of the protocol is preserved. PTP assumes that 
Announce messages are periodically sent by one port and delivered to all other ports of ordinary or 
boundary clocks within a  communication path. If the communication path consists of more than two 
ports, the assumption is that Announce messages are either sent in multicast or the Announce 
information is replicated to all ports in the communication path using unicast messages. PTP ports 
discover other ports within a communication path through the receipt of multicast Announce 
messages. When multicast communication is not available, another form of discovery (e.g., by 
configuration) is required; see for example 17.5. PTP management messages sent to all ports also 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


require either multicast messaging or replication of the management message to all ports within the 
communication path. 

 
 

 
d) Like all message-based time transfer protocols, PTP time accuracy is degraded by asymmetry in the 
paths taken by event messages; see 7.4.2. Specifically the time offset error is 1/2 of the asymmetry. 
Asymmetry is not detectable by PTP; however, if known, PTP corrects for asymmetry. Asymmetry can 
be introduced in the physical layer, e.g., via transmission media asymmetry, by bridges and routers, and 
in large systems by the forward and reverse paths traversed by event messages taking different routes 
through the network. Systems should be configured and components selected to minimize these effects 
guided by the required timing accuracy. In single subnet systems with distances of a few meters, 
asymmetry is not usually a concern for time accuracies above a few 10s of ns. 

e) If two-step clocks are used, then the network has to be designed such that the general message takes the 
same path as the event message through a transparent clock. Failure to do this will result in a condition 
where the transparent clock does not calculate path delay properly. This condition is undetectable and 
may introduce additional jitter and wander, but it will not break the protocol. 

 
f) PTP assumes that the number of boundary clocks forming the masterslave synchronization hierarchy 

from the grandmaster clock to any slave clock is less than 255; see 9.3.2.5. 
 

g) Network components, for example bridges, introduce timing jitter and wander that if uncorrected can 
degrade time transfer accuracy. Since the jitter and wander are often traffic dependent, the network 
traffic patterns should be designed to minimize the traffic and to minimize the variation in the traffic 
load. It is also recommended that PTP event messages be sent in high priority compared with other 
data; see A.5.3.3. Whenever possible such devices should be replaced by PTP boundary or transparent 
clocks. 

 
h) The network’s protocol is structured such that a message timestamp point can be defined. 

 
 

6.1.2 Operational overview 
 

 A PTP communication path the direct among the PTP ports of a set of ordinary clocks and the PTP 
ports of any boundary clocks accessing the communication path. The general accessing given  
follows. In this discussion, the term  will include the ports of any boundary clocks attached to 
A clock containing one of these ports will be selected as the master clock for the path. This selection 
is made by each port examining information contained in special messages termed Sync messages. 
A Sync message is sent periodically by any port associated with a clock claiming to be the master 
clock. All ports use the same algorithm, termed the best master clock algorithm. If a port of a 
master clock receives a Sync message from a better clock then that clock will cease to claim to be a 
master and the receiving port will assume the status of a slave. Likewise if a clock with a port acting 
as a slave determines that it would make a better mas- ter than the current master clock, it assumes 
the status of master and begins to send Sync messages. 
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To provide more orderly behavior when a clock com es on line, a clo ck will listen for Sync messag es 
from a master clock for a system-specified time. If n o Sync message is  received within this time, the  
clock w ill assume it is the maste r clo ck until such  time as a better clo ck a ppears. An a dditional 
mechanism to su pport more o rderly re configuration of syst ems when clocks are adde d or deleted, 
clock characteristics change or connection topology changes is embodied in the TP_PRE_ MASTER 
state. In this state a clock port behaves exactly as it would if it were in the PTP_MASTER state except 
that it does not place ce rtain cla sses of messag es on the port communication path. A cl ock po rt 
remains in t his premaster state l ong enou gh to allow changes to o ccur at  point s i n th e sy stem 
between the local clock and possible master clocks visible from the port. 

 
Sync messages from a port of the master also contain an estimate of the time the Sync message will 
be placed on the PTP communication path. This estimate is based on the time kept by the local clock 
of the master. 
 
Master clock ports may also send Foll ow_Up messages. A Follow_Up me ssage is always associated 
with aspecific 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 info rmation contained in the Sy nc 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 
traveling from the master to the slave. This additio nal correction may be estimated by reversi ng the 
previous process. That is, the slave sen ds a me ssage termed a  Delay_Req message to the master. 
No Follow_Up message 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 messa ges, a master clock, and only a master clock, may al so 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 co mmunication path, and i s t ransmitted on a medi um ot her th an th e mediu m 
communicating the Sync message s.The behavio r of  systems where external timing signal s are  
propagated to clocks on PTP communicationpaths not a ssociated with  a p ort on the i ssuing master 
clock is beyond the scope of this standard. 
 
Boundary cl ocks serve to  impleme nt a  time distri bution tree (or set of tre es). A boun dary clo ck i s 
required wherever there is a change of communication technology or a network element which blocks 
Sync, Follow_  Up, Delay_Req, or Dela y_Response messages. It is re commended that a  boundary 
clock be used wherever  there is a network el ement that in serts signifi cant delay fluctuation. The 
boundary clock is a s lave to the path  containing the best clock it can see and asserts tha t it is the  
master fo r all  othe r a ccessed path s. Si nce bo undary clocks like ordin ary clo cks contain a n interna l 
clock, it is po ssible that th is internal clock is the best clock it can see. In this case the bo undary clock 
itself will  be the m aster in all accessed paths. Thus in a system with boundary clocks, there may be 
several ma sters, o ne for each communication p ath. The be st clo ck of all is de signated t he 
grandmaster. Sufficient information is contained in each Sync message to allow the 
best master clock algorithm to produce the correct overall system configuration and behavior. 
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6.1.3 Assumptions 
 
The PTP standard makes several assumptions about the environment in which it operates. The 
following assumptions must be met to ensure correct operation of the protocol: 
 
— The network must support multicast communication (see 6.2.2.2). 
— It must be possible to prevent multicast messages from propagating beyond a subnet. 
— Each clock implementing the protocol must meet the performance requirements of 7.10. 
— A clock’s stated properties, including its stratum (see 6.2.4.3) and identifier (see 6.2.4.5), must 
accurately describe the clock. 
 
The following assumptions must be met to achieve optimal clock synchronization performance: 
— Network delay between master and slave on a subnet must be symmetric (see 7.8.1.2). 
— A clock may contain asymmetric delays in its timestamping mechanism or protocol path. If these 
asymmetries are not negligible, they must be correctly accounted for (see 6.2.4.9). 
— Network 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 algorithms 
are outside the scope of this standard. 
— 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). 
 

 
6.2.2 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 nodes 13, 14, and 15 in Figure 3. Again, 
rectangles represent nodes each containing a clock; rounded rectangles represent nodes each containing a 
boundary clock. 

 

 
The PTP protocol detects such cyclic PTP communication paths. The PTP protocol changes cyclic graphs into 
acyclic graphs by changing the state of ports on the involved boundary clocks. In this example, the pro- tocol 
has disabled the communication between nodes 14 and 15.4 These state changes result in actual com- 
munication being over an acyclic topology even though the physical connection topology is cyclic. 
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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. 
 
4More 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. 
 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 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 specific components enabling ordinary communication between devices on the 
separate PTP communication paths. The absolute value of the boundaryHops field of the management message 
shall be decremented by 1 by the boundary clock before retransmitting the message. If the boundaryHops field 
value is zero, the man- agement message shall not be retransmitted. If the boundaryHops field value is positive 
the message shall be retransmitted only via boundary clock ports not in the PTP_INITIALIZING, 
PTP_FAULTY, or PTP_DISABLED states. If the boundaryHops field value is negative the message shall be 
retrans- mitted only via boundary clock ports not in the PTP_INITIALIZING state. In no case shall the mes- 
sage be retransmitted on the port on which it was received. Ordinary clocks shall not retransmit management 
messages. 

NOTE—Management messages will be retransmitted by clock ports in the PTP_PASSIVE state and may thus be 
delivered to some clocks more than once (see Figure 8). Management applications should take this fact into 
account. 

 
6.2.2.2 PTP communication protocol 

 
All PTP non-management messages shall be communicated as multicast communications. A multicast com- 
munication results in a single transmission of a PTP non-management message being received by all clocks 
and only those clocks sharing a PTP communication path. Management messages may be communicated using 
either a multicast or a point-to-point communication. All clocks shall be capable of receiving Manage- ment 
messages via multicast communication. 

 
It is recommended that all implementations use a true multicast implementation as the actual communication 
protocol for PTP multicast communications. The behavior of systems building multicast out of point-to-point 
communications will: 

 
— Not scale well as the number of clocks increases 

— Require more complex logic in clocks to implement the requirements of the protocol 
 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:38:30 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1588-2008

http://www.avadocuments.com/doc/ieee-1588-2008
http://www.avadocuments.com/doc/ieee-1588-2008


PTP communications take place in PTP domains characterized by a subdomain name and a port category (see 
6.2.3, 6.2.5.1, and 6.2.5.3). Each message contains this information and each clock maintains values of these 
quantities that pertain to it. A clock shall accept and process a message if and only if the subdomain name 
and port category associated with the message are identical to the corresponding values pertaining 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). 

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 
clocks, typically sharing a single communication path, that maintain a time base independent of the rest of the 
domain. 

 
There are four subdomains defined by this standard. These subdomains shall be: 

 
— DefaultPTPdomain: This shall be the default subdomain if a domain consists of only a single subdo- 

main. It may be a subdomain in a domain consisting of one or more subdomains. Unless modified by a 
PTP Management message or clock-specific means outside the scope of this standard (e.g., a 
switch on the clock), the clock shall use this subdomain. 

— AlternatePTPdomain1: This may be a subdomain in a domain consisting of one or more subdomains. 

— AlternatePTPdomain2: This may be a subdomain in a domain consisting of one or more subdomains. 

— AlternatePTPdomain3: This may be a subdomain in a domain consisting of one or more subdomains. 
 

A domain may contain subdomains, termed optional subdomains, other than those given previously. Such 
optional subdomains shall implement all other requirements of this standard. The administration of domains 
containing optional subdomains is beyond the scope of this standard. 

 
Examples: 

 
— In Figure 2, if boundary clock 14 and its connections are removed, there are two PTP domains. One 

consists of the set 9, 10, 11, and 12, while the other consists of the set 1, 2, 3, 4, 5, 6, 7, 8, 13, and 15. 

— If nodes 14 and 15 are present as shown, then there is a single PTP domain consisting of all nodes. 

— If nodes 14 and 15 are present and nodes 1, 2, and 3 are designated as belonging to 
AlternatePTPdomain1 while the remaining nodes belong to the DefaultPTPdomain, then the system 
consists of two subdomains. 
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There is no requirement that a subdomain be implemented in a single communication medium or technol- ogy. 
However, by 6.2.2, if more than a single communication medium or technology exists within a subdo- main, 
the clocks in the subdomain must consist of two or more disjoint sets, each with its own PTP communication 
path, communicating via one or more boundary clocks. 

 
Boundary clocks shall be capable of implementing all aspects of the PTP protocol for the DefaultPTPdo- main. 
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 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 shall be implemented as 
three fields, as follows: 

 
— communication_technology_field: This field shall specify the communication media and technology used 

in PTP communications of the port. The values shall be selected from the CommunicationId 
enumeration. 

— uuid_field: This field shall consist of an OctetArray of length PTP_UUID_LENGTH. The value of this 
field for a given clock shall be unique within the communication technology defined by the 
communication_technology_field value. The value consisting of all zeros for this field shall be reserved 
in all technologies as a special value used by the PTP protocol. Technologies for which the length of 
the unique identifier is less than PTP_UUID_LENGTH shall left-justify the identifier in the field and 
pad the unused octets with zeroes. That is, the most significant octet of uuid_field shall be significant 
in all technologies. UUIDs longer than PTP_UUID_LENGTH shall not be permitted. 

— port_id_field: The datatype of this field shall be UInteger16. The value of this field for a port on an 
ordinary clock shall be 1. The value of this field for the N ports on a boundary clock shall have the 
values 1, 2, …N. The value of this field shall be zero when used as part of the Clock-UUID. Note that 
the type of this field limits the number of ports on a boundary clock to 65 535. 

 
There is no requirement on the in-memory layout of these fields. Their on-the-wire layout for Ethernet is given 
in D.1, and the algorithm for comparing two UUIDs is given later in this clause. 

 
The default value of any UUID shall have the following field values: 
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