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Preface

About the Object Management Group

OMG

Founded in 1989, the Object Management Group, Inc. (OMG) is annopeership, nefor-profit computer industry
standards consortium that produces and maintains computer industry specifications for interqguetableand
reusable enterprise applications in distributed, heterogeneous environments. Menihargtepinformation
Technologyvendors,endusers,governmentagenciesandacademia.

OMG member companies write, adopt, and maintain its specifications following a mature, open process. OMG's
specifications implement the Model Driven Architecture® (MDA®), maximizROI through a fullifecycle approach

to enterprise integration that covers multiple operating systems, programming languages, middleware and networking
infrastructures, and software development environments. OMG's specifications include: UML® (NMiifleting
LanguageE); CORBAE (Common Object (Benmen&adhouSMetamadel); Ar c hi
andindustry-specificstandards$or dozensof vertical markets.

More information on the OMG is availablehdtps://www.omg.org/

OMG Specifications

As noted, OMG specifications address middleware, modeling and vertical domain frameworks. ABgaidifcations
are availabldrom thisURL.: https://www.omg.org/spec/

All of OMG6és formal speci fi c a framooarsvebsita. yProduets iplementing @MGe d w
specifications are available from individual suppliers.) Copies of specifications, available in PostScript and PDF format,
may be obtained from the Specifications Catalog cited above or by contacting theNrjagement Group, Inc. at:

OMG Headquarters

9C Medway Road, PMB 274
Milford, MA 01757 USA

Tel: +1-781-4440404

Fax: +1781-4440320

Email: pubs@omag.org
Certain OMG specifications are also available as ISO standards. Please fuymstntvw.iso.org
Typographical Conventions

The type styles shown below are used in this document to distinguish programming statememtdificomn English.
However, these conventions are not used in tables or headings where no distinction is necessary.

Times/Times New Romanl0 pt.: Standard body text

Helvetica/Arial - 10 pt. Bold: OMG Interface Definition Language (OMG IDL) and syntax edeits.
Courier - 10 pt. Bold: Programming language elements.

Helvetica/Arial - 10 pt: Exceptions

Note i Termsthatappeain italics aredefinedin theglossaryltalic textalsorepresentthenameof adocument,
specification, or othgpublication.

Issues

The reader is encouraged to report any technical or editing issues/problems with this specification to
https://issues.omg.org/issues/creagvissue
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1 Scope

This specification defines an interoperability wire protocol for DDS. Its purpose andaewpensure that
applications based on different vendorsd i mplementati

2 Conformance

Implementations of this specification mushgaly with the conformance statements liste8.#.20f this
specification.

3 Normative References

The following normativelocuments contaiprovisions which, through reference in this text, constitute
provisions of this specification. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply.

[1] DDS Specification v (https://www.omg.org/spec/DDS

[2] Interface Definition Language (IDW@.2 (https://www.omg.org/spec/IDL)

[3] Extensible and Dynamic Topic Types for DDS vih&gs://www.omg.org/spec/DDXTypes

[4] Network Time Protocol (Version 3) (IETF RFC 130ftps://www.ietf.org/rfc/rfc1305.t3t

[5] The MD5 Messag®igest Algorithm (IETF RFC 132https://www.ietf.org/rfc/rfc1321.t3t

[6] Stream Control Transmission Protgcéppendix B. CRC32¢ Checksum CalculatidBTF RFC 4960
https://tools.ietf.org/html/rfc4960

[7] AUTOSAR Classic Platform release R20Q, $ecification of CRC Routines,
https://www.autosar.org/fileadmin/user_upload/standards/classic/20
11/AUTOSAR_SWS_CRClLibrary.pyf

4 Terms and Definitions

For the purposes of this specification, the terms and definitions given in thativermeferences apply.

5 Symbols

CDR Common Dat&Representation
DDS Data DistributionService

EDP  Endpoint Discovery Protocol
GUID Globally Unique Indentifier
PDP  Participant Discoverirotocol
PIM Platform Independent Model
PSM  Platform Specific Model
RTPS ReatTimePublishSubscribe

SEDP Simple Endpoint Discoveryrotocol

DDSI-RTPS v2.5 1
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6 Additional Information
6.1 Changes to Adopted OMG Specifications

This specification does not change any adopted OMG specifications. It forms a supplement to the OMG DDS
specification (seéttps://www.omg.org/spec/DDS/1).4/

6.2 How to Read this Specification

This specificatiordefinesthe DDS InteroperabilityProtocol Readersot familiar with DDSwill benefitfrom
first readingthe DD Sspecification.

For a veryhigh-level overview of RTPS (Realime PublishSubscribe) and a brief description of the structure
of this document, please refer to the Introduction. Subsequent clauses cover RTPS in much greater detail.

While providing both a PIM (Platform Independent d&t) and a PSM (Platform Specific Model) contributed
to the size of this document, this approach also enables a selective reader to easily pick the sub clauses of
interest:
1 Readers who are new RIPScan start by reading the Structure and Messages Moafulles
PIM. These Modules providenoverviewof theRTPSprotocolactors howtheyrelateto DDS
Entities,whatRTPSmessagesxistandhow they are structured.

1 Readers who would like to explore tR&FPSmessage exchange protocol can read the first part
of the Behavior ModuleRTPSis a fairly flexible protocol and allows implementations to
customize their behavior depending on how much 06s
Endpoints. The first part of the Behavior Module lists the general requirementsapyiant
implementation oRTPSmust satisfy to remain interoperable with othmplementations.

1 The second part of the Behavior Module defines two reference implementations. One reference
implementation maintairfsll stateon remoteEndpointstheothea none.Thissubclausemaybe
of interesto readersvhowantamore detailed understanding of tR&€PSmessage exchange
protocol, but it could easily be skipped by fitishereaders.

1 Readers interested in hddfPShandles dynamic discovery imote Endpoints are referred to
the stanehlone DiscoveryModule.

1 ForreadergplanningonimplementingRTPSor defininganewPSM,the PSMClausecontainsa
detaileddiscussioron how theRTPSPIM is mapped to the UDP/IPSM.

1 Finally, the clause on datapresentatiodefines various date@presentatiomechanisms for use
with RTPS.

6.3 Acknowledgments

The following individuals and companies submitted content that was incorporated into this specification:
1 RealTime Innovationsinc.

1 THALES
1 PrismTech
First OMG specification. Version 2l@eta (2006) contributors:
1 (lead) Gerardo PardBastellote, Ph.D., Redlime Innovations. gerardo.pardo AT rti.com
1 Virginie Watine, THALES, virginie.watine AT thalesgroup.com
1 Hans Van't Haag?rismTech Ltd.

Revision 2.0 (2007) finalization Task Force members and participants:

1 Gerardo Pard&astellote, Ph.D., Redlime Innovations. gerardo.pardo AT rti.com
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Virginie Watine, THALES, virginie.watine AT thalesgroup.com
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Victor Giddings, Objective Interface Systems, victor.giddings AT ois.com

Revision 2.1 (2008) Task Force members and participants:
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=A =4 =4 =4 =4 -4 =

Victor Giddings, Objective Interface Systems, victor.giddings AT ois.com

Revision 2.2 (2014) Task Force members and participants:
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Mathew Hause, Atego
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Char Wales, MITRE, charwing AT mitre.org
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Adam Mitz, Object Computing Incorporated, mitza AT objectcomputing.com
Victor Giddings, Objective Interface Systems, victor.giddings AT ois.com
Angelo Corsaro, Ph.D., PrismTech, angelo.corsaro AT prismtech.com
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Clark Tucker, Twin Oaks Computing, ctucker AT twinoakscomputing.com
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Doug Tolberg, Unisys, Doug.Tolbert AT unisys.com

Revision 2.3 (2019) Task Force members and participants:
1 (chair) Gerardo PardGasetllote, Ph.D., Realime Innovations. gerardo.pardo AT rti.com
1 Charles Fudge, NSWC Dalghren, charles.fudge AT navy.mil
1 Virginie Watine, THALES, virginie.watine AT thalesgroup.com
1

Hakim Souami, THALES, hakim.souami AT thalesgroup.com
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Jaime MartinLosa, eProsima, JaimeMartin AT eprosima.com

Revision 2.4 Task Force members and participants:
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6.4 Statement of Maturity
The protocol secified in this proposal has proven its performance and applicability taldatdution systems.

The protocol has had more that a dozen independent implementations, both commercial and open source. These
products had been deployed in hundreds of thulsaf applications worldwide in the 14 years since this
specification was initially adopted.

The OMG has performed interoperability demonstrations among many different implementations, including the
DDS/RTPS implementations from ReBime Innovations (Camext DDS and Connext DDS Micro), ADLink
(OpenSplice DDS, Vortex Cafe, and CycloneDDS), TwinOaks Computing (CoreDX DDS), Kongsberg
(InterComm DDS), Object Computing Incorporated (OpenDDS), and eProsima (FastRTPS).
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4 Overview

7.1 Introduction

The recentlyadopted Datdistribution Service specification defines an Application Level Interface and
behavior of a Datdistribution Service (DDS) that suppoi&taCentric PubliskSubscribe (DCPS) in real
time systems. The DDS specification used a Mddtalen Architecture (MDA) approach to precisely describe
the DataCentric communications model specifically:

1 How the application models the data it wishes talserdreceive

1 Howtheapplicationinteractswith the DCPSmiddlewareandspecifieshe datait wishesto send
andreceiveaswell as the quality of service (Qo8quirements

1 How data is sent and received (relative to the @o@Birements)
1 How theapplications access the dat
1 The kinds of feedback the application gets from the state ohithdieware.

The DDS specification also includes a platform specific mapping to IDL and therefore an application using
DDS is ableo switch amongDDS implementabns with only a re-compile. DDS thereforeaddresses
app!l poatiabnl i ty. o6

The DDS specification does not address the protocol used by the implementation to exchange messages over
transports such as TCP/UDP/IP, so diffeiemtlementations of DDS will not interoperate with each other
unlessvendes p e c i f i careprbvidedd lgesitsiationis thereforesimilar to that of othermessaging

API standardsuchasJMS.

With the increasing adoption of DDS in large distributesl sye ms, it i s desirable to def
protocol 6 that all ows DDS i mplementations from mul tij
protocol 0 s hobtakingladvargagecoatipeab9 settings configurable by DDS to optimizseitsf

the underlying transport capabilitids. particular, the desired wire protocol must be capable of exploiting the

multicast, beseffort, and connectionless natwkmany of the DDS QoS settings.

7.2 Requirements for a DDS Wire-protocol

In networkcoomuni cati ons, as in many other fields of engine
Engineering design is about making the right set of tadf$e and these tradaffs must balance conflicting

requirements such as generality, ease ofricd@ess of features, performance, memory aimusage,
scalability,determinismand robustness. These traafés must be made in light of the types of information flow

(e.g., periodic vs. bursty, stabasedvs. evertbased, on¢o-many vs. requesefy, besteffort vs. reliable,

small datavalues vs. large files, etc.), and the constraints imposed by the application and execution platforms.
Consequently, many successful protocols leaverged sucasHTTP, SOAPFTP,DHCP,DCE, RTP,DCOM,

andCORBA. Each of these protocols fills a niche, providing wetedfunctionality for specific purposesor
applicationdomains.

The basic communication model of DDS is one of unidirectional data exchange where the applications that
publish data fipusho t he r el e soaatet suloseribess tothedabhises t o t he
informationflow is regulated by QoS couitrts implicitly established between the DataWriters and the

DataReaders. The DataWrigpecifies it9Q0S contract at the time it declares its intent to publish data and the
DataReader does it at the time it declares its intestubscribeio data.The communicationpatternstypically

include manyto-many style configurations.Of primaryconcern to applications deploying DDS technology is

that the information is distributed in afficient mannewith minimal overhead. Another important requirement

is theneed to scale to hundreds or thousands of subscribers in a robusiléalitmanner.

The DDS specification prescribes the presence of aibuliscovery service that allowmiblishers to
dynamically discover the existence of subscribers andwecg and performs this task continuously without
the need to contact any narservers.

DDSI-RTPS v2.5 7



The DDS specification also prescribes that the implementations should not introduce any single points of
failure. Consequentlyprotocols must not rely on centralized naseevers or centralized information brokers.

The large scale, loosefoupled, dynamic nature of applications deploying DDS and the need to adapt to
emerging transports require certain flexibility on the dighnition and protocol such that each can be\ad
while preserving backwards compatibility with already deployed systems.

7.3 The RTPS Wire-protocol

The RealTime Publish Subscribe (RTPS) protocol found its roots in industrial automation and was in fact
approved byhe IEC as part of thRealTime Industrial Ethernet Suite IERAS-62030. It is a field proven
technology that is currently deploy&rldwide in thousand®f industrialdevices.

RTPSwas specifically developed to support the unique requirements eflidatbutions systems. Asne of

the application domains targeted by DDS, the industrial automation community defined requirements for a
standard publistsubscribe wirgorotocol that closely match those of DDS. As a direct result, a close synergy
exists between DDS and tRIPSwire-protocol, both in termsof the underlyingbehavioralarchitectureand

the featuresof RTPS.

The RTPSprotocol is designed to be able to run over multicast and connectionlegffoegdtansports such as
UDP/IP.The main featuresof the RTPSprotocolinclude:
1 Performance and qualiyf-service properties to enable beffort and reliable publish
subscribe communicatiofe reattime applications over standardriBtworks.

1 Fault tolerance to allow the creation of networks without single poirftslofe.

1 Extensibility to allow the protocol to be extended and enhanced with new services without
breakingbackwards compatibility and interoperability.

1 Plugandplayconnectivitysothatnewapplicationsandservicesareautomaticallydiscovered
andappicationscanjoin and leave the network at any time without the needefnfiguration.

1 Configurability to allow balancing the requirements for reliability and timeliness for each data
delivery.

1 Modularity to allow simple devices to implement a subs¢hefprotocol and still participate in
thenetwork.

1 Scalability to enable systems to potentially scale to very laeggorks.

1 Typesafety to prevent application programming errors from compromising the operation of
remotenodes.

The above features make RS an excellent match for a DDS wpeotocol. Given its publisisubscribe roots,
this is nota coincidence, as RTPS was specifically designed for meeting the types of requirements set forth by
the DDS application domain.

This specification defines the nsage formats, interpretation, and usage scenarios that underlie all messages
exchangedby applications that use tHeTPSprotocol.

7.4  The RTPS Platform Independent Model (PIM)
The RTPS protocol is described in terms of a Platform Independent Model§Rt\M) set of PSMs.

TheRTPSPIM contains four modules: Structure, Messages, Behavior, and Discovery. The Structure module

defines the communication endpoints. The Messages module defines the set of messages that those endpoints

can exchange. The Behavioodule defines sets of legal interactions (message exchanges) and how they affect

the state of theommunication endpoints. In other words, the Structure mathfieesthep r ot oc ol fAact or s
the Messages moduletkeet of figr ammat i c avior rsogumelthe legal,g@mnsanadd t he Beh
semantics of the different conversatiofnke Discoverymoduledefineshow entitiesare automatically

discoveredand configured.

8 DDSI-RTPS v2.5



] |
DDS Discovery

Protocol

L

Behavior

) ]

Structure Messages

Figure 7.1 - RTPS Modules

In the PIM, tle messages are defined in terms of their semantic content. This PIM can then be mapped to
various PlatforrrSpecific Models (PSMs) such as plain UDP or COR8#nts.

7.4.1 The Structure Module

Given its publisksubscribe roots, RTPS maps naturally to many RBBx&epts. This specification uses many of
the same core entities used in the DDS specification. As illustratédure7.2, all RTPSentities are

associated with an RTPS domain, which represents a separate communication plane that contains a set of
Participants. A Participant contain&roups which containlocal Endpoints. There are two kinds of endpoints:
ReadersandWriters . Readers and Writers are the actors that communicate information by seméisg
messages. Writers inform of the presence and send locally available datdomthie to the Readerswhich
canrequestandacknowledgehe data.

Domain : Entity
| l |
Participant Group Endpoint
0..* 0..*
Writer Reader
‘ % \ Message / é‘} ‘
StatelessWriter StatefulWriter StatefulReader| |StatelessReader

Figure 7.2 - RTPS Structure Module

The Actors in the RTPS Protocol are in @n@ne correspondence with the DDS Entities that are the reason for
thecommunication to occur. This is illustratedrigure7.3.
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Entity Entity

(DDS) (Protocol.Structure)
DomainParticipant DomainEntity Participant 1 0..1 Group
(DDS) 1 0% (Protocol.Structure) (Protocol.Structure)
1 1 1
1
0.* 0..*
Publisher Subscriber
(DDS) (DDS)
O. .*
1 1 Endpoint
(Protocol.Structure)

0..* 0.* |—%

DataWriter DataReader -
Writer Reader

(DDS) (DDS)
(Protocol.Structure) (Protocol.Structure)

1 1 +related_rtps_reader 1 1

+related_rtps_writer

+related_rtps_participant

Figure 7.3 - Correspondence between RTPS and DDS Entries

The Structuremodule is described iB.2

7.4.2 The Messages Module

The messages module defines the content of the atomic information exchanges Bata@e#iters and
Reades. Messages are composed éfeader followed by a number of Submessages, as illustrakégdlire

7.4. Each Submessaggebuilt from a series of Submessage elements. This structure is chosen to allow the
vocabulary of Submessages and the compositiachSubmessagto be extendedwvhile maintaining
backwardcompatibility. The HeaderExtensionis a special Submessage that may optionally appear
immediately following theHeader.

Message - - Header
HeaderExtension
1 01
‘\7 1 1
Submessage SubmessageHeader
1 1..*
1 0..*
-~ |SubmessageElement

Figure 7.4 - RTPS Messages Module
The Messages module is discusaeténgth n 8.3,
7.4.3 The Behavior Module

The Behavior module describes the allowed sequences of messages that can be exchanged between RTPS
Writers and Readers as wal the timings and changes in the state of the Writer and the Reader caused by each
message.
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The required behavior for interoperability is described in terms of a minimum set of rules that an
implementation must follow in order to be interoperable. Admalementations may exhibit different behavior
beyond these minimum requirements, depending on how they wish teffadalability, memory
requirements, and bandwidth usage.

Toillustrate this concept, the Behavior module defines two reference impkatinest One reference
implementation is based @tatefulWriters andStatefulReaders the other orstatelessWritersand
StatelessReadersas illustrated inFigure7.2 - RTPS Structure Modul@oth reference implementations

satisfy the minimum requirements for interoperability, and are therefore interoperable, but exhibit slightly
different behavior due to the difference in information they store on matching remote entities. The behavior of
an actual implementation of the RTPS protocol may be an exact match or a combinationfahthe¢ference
implementations.

The Behavior mode! is describeth 8.4.

7.4.4 The Discovery Module

The Discovery module describes the protocol that endagscipants to obtain information about the
existence and attribes of all the othelParticipants andEndpoints in theDomain. This metatrafficenables
everyParticipant to obtain a complete picture of &articipants, ReadersandWriters in theDomain and
configure the local Writers to communicatgth the remoteReadersandthe local Readerdo communicate
with the remoteWriters.

Discovery is a separate module. The unique neeBssobvery, namelyhe transparent plugndplay
dissemination oéll the information needed to associate matching Writers aad@ts make it unlikelhat a
single architecturer protocol can fulfill the extremely variable scalability, performance, and embeddability
needs of the various heterogeneous networks where DDS will be deployed. Henceforth, gema&de
introduce seeral discovery mechanismanging fromthe simple and efficient (but not very scalable)to a
more complexhierarchical(but more scalable)mechanism.

The Discovery module is described3rb.

7.5 The RTPS Platform Specific Model (PSM)

A Platform Specific Model maps the RTPS PIM to a specifidarlying platform. It defines the precise
representation in bitand bytesof all RTPSTypesand Messagesand any otherinformation specificto the
platform.

Multiple PSMs may be supported, but all implementations of DDS must at least implement the Rp\dfon
UDP/IP, which is presented in Clause 9.

7.6 The RTPS Transport Model

RTPSsupports a wide variety of transports and transport QoS. The protocol is designed to be able to run on
multicast and besgffort transports, such as UDP/IP and requires waly simple services from the transport.

In fact, it is sufficienthat the transport offers a connectionless service capable of sending packetfotiest

That is, the transport need not guarantee each packet will reach its destinatiopackbtt are delivered-in
order. Where required, RTPS implements reliability in the transfer of data and state above the transport
interface. This does not preclude RTPS from being implementédp of a reliabletransport.lt simply

makesit possibleto supporta wider rangeof transports.

If available,RTPScan also take advantage of the multicast capabilities of the transport mechanism, where one
message froma sender can reach multiple receiv&®$PSis designed to promote determinism of the
underlyingcommunication mechanisnihe protocol providesan opentradeoff betweendeterminismand

reliability.
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The general requirements RTPS poses on the underlying transport can be summarized as follows:

12

f
f

The transport has a generalized notion of a unicast adieall fit within 16ytes).

Thetransporhasageneralizeahotionof aport (shallfit within 4 bytes),e.g.,couldbeaUDP
port,anoffsetin ashared memory segmeastg.

The transport can send a datagram (uninterpreted sequence of octsf®¢dieaddress/port.
The transport can receive a datagram at a specifioess/port.

The transport will drop messages if incomplete or corrupted during transfeR{iRSassumes
messages are complete and cmtupted).
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8 Platform Independent Model (PIM)

8.1 Introduction

This clause defines the Platform Independent Model (PIM) for the RTPS protocol. Subsequent clauses map the
PIM to a variety of platforms, the most fundamental one being native UDP packets.

The PIM describes the protocolinterms éfa i rt ual machine. 06 The structure o
from theclasses described 12, which include Writer and Reader endpoints. These endpoints comieunica

using the messages describe8.® Sub claus8.4 describes the behavior of the virtual machine, i.e., what

message exchanges take place between the endpoints. It lists the requirements for interoperability and defines

two reference imgimentations using statdiagrams. Sub clauge5 defines the discovery protocol used to

configurethe virtualmachinewith theinformation it needs to communicate kits remote peers. Sub clause

8.6describes how the protocol can be extended for future needs. Fhdligescribeshow to implementDDS
QoSandsomeadvancedDS featuresusingRTPS.

The only purpose of introducing the RTPS virtual machine is to describe the protocol in a complete and un
ambiguous manner. Th@escription is not intended to constrain the internal implementation in any way. The
only criteria for a compliant implementation is that the exterratilyervable behavior satisfies the requirements
for interoperability. In particular, an implementaticoutd be based on other classes and could use
programming constructs other than stam@chines to implement the RTPS protocol.

8.2 Structure Module

This sub clause describes the structure oRRES entitieshat are the communication actors. The main classes
used bythe RTPSprotocol are shown iRigure8.1.

8.2.1 Overview

RTPS entitiesre the protocelevel endpoints used by the applicatidrible DDS entities in order to
communicate with each other.

Each RTPEntity is in a oneto-one correspondence with a DDS Entity. HistoryCacheforms the interface
betweerthe DDS Entities and their correspondiRgPSEntities. For example, each write operation on a DDS
DataWriter adds £acheChangeo theHistoryCacheof its correspondinRTPSWriter. The RTPSWriter
subsequently transfers tlimcheChangéo theHistoryCacte of all matchingRTPSReaders On the receiving
side, the DDS DataReader is notified by the RRe&derthat a newCacheChangénas arrived in the
HistoryCache at which point the DDS DataReader may chdos&ccesst usingthe DDS reador take API.
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Entity

+guid : GUID_t
| ool |
Participant +endpoints Endpoint
0..* ?
+writer_cache " +reader_cache
Writer HistoryCache Reader
1 [+add_change() 1

+remove_change()
+get_change()
+get_seg_num_min()
+get_seg_num_max()

+changes
0__-):

CacheChange

+kind : ChangeKind_t

+writerGuid : GUID_t

+instanceHandle : InstanceHandle_t
+sequenceNumber : SequenceNumber_t
+inlineQos : ParameterList

+data_value
0..1

Data

Figure 8.1 - RTPS Structure Module

This sub clause provides an overview of the main classes used by the RTPS virtual machine and the types used
to describe their attributes. Subsequent sub clauses desaibel&@ss in detail.

8.2.1.1 Summary of the classes used by the RTPS virtual machine

All RTPS entities derive from the RTHStity class.Table8.1 lists the classes used by the RTPS virtual
machine.

Table 8.1 - Overview of RTPS Entities and Classes

RTPS Entities and Classes

Class Purpose

Entity Base class for all RTPS entities. RTE&ity represents the class of objects that are
visible to other RTPS Entities on the network. As such, RER#yY objects have a
globally-unique identifier (GUID) and can be referenced inside RTPS messages.

Endpoint Specialization of RTPE&ntity representing the objects that can be communication
endpoints. That is, the objects that can be the sources or destinations of RTPS m

Participant Container of all RTPS entities that share common properties and aedlata
single address space.
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Writer Specialization of RTP&ndpointrepresenting the objects that can be the sources 0
messages communicati@@cheChanges

Reader Specialization of RTP&ndpointrepresenting the objects that can be used to recei
messages communicati@acheChanges

HistoryCache Container class used to temporarily store and manage sets of changesotjetdsa
On the Writer side it contains the history of the changes teatg¢ats made by the
Writer. It is not necessary that the full history of all changes ever made is maintair
Rather what is needed is the partial history required to service existing and future
matched RTPReaderendpoints. The partial history needed @ggs on the DDS
QoS andhe stateof the communicationsith the matchedReaderendpoints.

On the Reader side it contains the history of the changes tolgjatas made by the
matched RTPS8Vriter endpoints. It is not necessary that the full history ofladinges
ever received is maintained. Rather what is needed is a partial history containing
superposition of the changes received from the matched writers as needed to sat
the needs of the corresponding DDS DataReader. The rules for this supmr@osit
the amount of partial history required depend on the DDS QoS and the state of th
communication with the matched RTPS Writer endpoints.

CacheChange | Represents an individual change made to aaljiect. Includes the creation,
modification, and deletion of datsbjects.

Data Represents the data that may be associated with a change made tolgedata

8.2.1.2 Summary of the types used to describe RTPS Entities and Classes

The Entities and Classes used by the virtual machine each contain a set of attributes. The types of the attributes
are summarized imable8.2.

Table 8.2 - Types of the attributes that appear in the RTPS Entities and Classes

Types used within the RTPS Entities ad Classes

Attribute type Purpose

GUID_t Type used to hold globalynique RTPS&:ntity identifiers. These are identifiers use
to uniquely refer to each RTPS Entity in the system.

Must be possible to represent using 16 octets.

The following values areeserved by the protocol: GUID_UNKNOWN

GuidPrefix_t Type used to hold the prefix of the globallgique RTPSentity identifiers. The
GUIDs of entities belonging to the same participant all have the same prefix (s¢
8.2.4.9.

Must be possible to represent using 12 octets.

The following values are reserved by the protocol: GUIDPREFIX_UNKNOWN

Entityld_t Type used to hold the suffix part of the globallyique RTPSentity identifiers. The
Entityld_t uniquely identifies afEntity within aParticipant.

Must be possible to represent using 4 octets.

The following values are reserved by the protoESTITYID_UNKNOWN
Additional predefined values are defined by the Discovery modu&5n

SequenceNumber| Type used to hold sequence numbers.

Must bepossible to represent using 64 bits.

The following values are reserved by the protocol:
SEQUENCENUMBER_UNKNOWN
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Locator_t Type used to represent the addressing information needed to send a message
RTPSEndpoint using one of the supported transports.
Should be able to hold a discriminator identifying the kind of transport, an addre
and a port number. It must be possible to represent the discriminator and port
number using 4 octets each, the address using 16 octets.
The following values areeserved by the protocol:
LOCATOR_INVALID
LOCATOR_KIND_INVALID
LOCATOR_KIND_RESERVED
LOCATOR_KIND_UDPvV4
LOCATOR_KIND_UDPv6
LOCATOR_ADDRESS_INVALID
LOCATOR_PORT_INVALID
TopicKind_t Enumeration used to distinguish whether a Topic has defined some fidids teit

be used as t he O-kstanpcés withinahe Topicl SBee the DDS e
specification for more details on keys.

The following values are reserved by the protocol:

NO_KEY

WITH_KEY

ChangeKind_t

Enumeration used to distinguish the kind of change that was made teabjtmia
Includes changes to the data oritietance statef the dataobject.
It can take the values:

ALIVE, ALIVE_FILTERED, NOT_ALIVE_DISPOSED,
NOT_ALIVE_UNREGISTERED

ChangeCount_t

Type used to hold a counter representimnumber ofHistoryCachechanges that
belong to a certain category. For example, the number of changaavkaieen
filtered for anRTPSReaderendpoint

ReliabilityKind_t

Enumeration used fodicate the level of the reliability used for communications.
It can take the values:
BEST_EFFORT, RELIABLE.

InstanceHandle_t

Type used to represent the identity of a ddipect whose changes in value are
communicated by the RTPS protocol.

ProtocolVersion_t

Type used to represent the version of the RTPS protocol. The version is compg
of a major and a minor version number. See aléo

Thefollowing values are reserved by the protocol:

PROTOCOLVERSION

PROTOCOLVERSION_1 0

PROTOCOLVERSION_1_1

PROTOCOLVERSION_2 0

PROTOCOLVERSION_2 1

PROTOCOLVERSION_2 2

PROTOCOLVERSION_2 4

PROTOCOLVERSION is an alias for the most recent version, in this case
PROTOCOLVERSION 24

Vendorld_t

Type used to represent the vendor of the service implementing the RTPS proto
The possible values for tivendorldare assigned by the OMG.

The following values are reserved by the protocol:

VENDORID_UNKNOWN

16
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8.2.1.3 Configuration attributes of the RTPS Entities

RTPSentities are configured by a set of attributes. Some of these attributes map to the QoS policies set on the
corresponding DDS entities. Other attributes represent parameters that allow tuhielgatier of the protocol
to specific transport and deployment situations. Additional attributes encode the state of tHen&yRHd

are not used to configure theehavior.

The attributes used to configure a subset of the RTPS Entities are shiéigargB.2. The attributes to

configureWriter andReaderEntities are closely tied to the protocol behavior and will be introduc@dtin

Entity

+guid : GUID_t

i

Participant

+vendorld : Vendorld_t

+guidPrefix : GuidPrefix_t

+protocolVersion : ProtocolVersion_t

+defaultUnicastLocatorList : Locator_t [0..%]
+defaultMulticastLocatorlList : Locator_t [0..%]

Group

Figure 8.2 - Attributes used to configure the main RTPS Entities

0..*

Endpoint

+topicKind : TopicKind_t
+reliabilityLevel : ReliabilityKind_t
+unicastLocatorList : Locator_t [0..%]
+multicastLocatorList : Locator_t [0..%]
+endpointld : Entityld_t

l

Writer

Reader

The remainder of this sub clause describes each of the RTPS entities in more detail

8.2.2 The RTPS HistoryCache

TheHistoryCacheis part of the interface between DDS and RTPS and plays different roles on the reader and

the writerside.

On the writer side, thElistoryCachecontains the partial history of changes to daigects made by the

corresponding DDS8Vriter that are needed to service existing and future matched R&R&rendpoints. The

partial history needed depends the DDS Qos andthe stateof the communicationwith the matchedRTPS

Readerendpoints.

On the reader side, it contains the partial superposition of changes-tibjiatss made by all the matched

RTPS Writer endpoints.

The word

DDS entities.

TheHistoryCacheis part of the interface between DDS and RTPS. In other words, both the RTPS entities and

ipartial o

S

used

to

i mycbfi alt changes dvédr mdde is t
maintained. Rather what is needed is the subset of the history needed to meet the behavioral needs of the RTPS
protocol and the QoS needs of the related DDS entities. The rules that define this subset are defined by the
RTPSprotocol and depend both tme stateof the communicationgrotocolandon the QoS of the related

their related DDS entities are alddeinvoke the operations on their associdtéstoryCache

DDSI-RTPS v2.5
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Endpoint

I

+writer_cache

Writer HistoryCache +reader_cache Reader
+new_change() 1 | +add_change( 1
+remove_change() 1
1 +get_change()
. +get_seq_num_min() +related_rtps_reader
+related_rtps_writer +get_seq_num_max(
1 1
+changes
DataWriter DataReader
(DDS) 0..* (DDS)
v CacheChange

+kind : ChangeKind_t

+writerGuid : GUID_t

+instanceHandle : InstanceHandle_t
+sequenceNumber : SequenceNumber_t

Figure 8.3 - RTPS HistoryCache

+data_value
0..1

Data

TheHistoryCacheattributes are listed iable8.3.

Table 8.3 1 RTPS HistoryCache Attributes

RTPS HistoryCache

attribute

type

meaning

relation to DDS

changes

CacheChange[*]

HistoryCache.

The list of CacheChanges contained in

N/A.

The RTPS entities and the related DDS entities interact witHigieryCacheusing the operations ifable

8.4.

Table 8.4 - RTPS HistoryCache operations

RTPS HistoryCache Operations

operation name

parameter list

parameter type

new <return value> HistoryCache
add_change <return value> void
a_change CacheChange

18
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remove_change <return value> void

a_change CacheChange
get_seq_num_min | <return value> SequenceNumber _t
get_seqg_num_max | <return value> SequenceNumber_t

The following sub clauses provide details on the operations.
8.2.2.1 new

This operation creates a new RTRiStoryCache The newlycreated historgache is initialized with an empty
list of changes.

8.2.2.2 add_change
This operation inserts t@acheChange_changento theHistoryCache

This operation will only fail if there are not enough resources to add the changdiisttrgCache It is the
responsibity of the DDS service implementation to configure thistoryCachein a manner consistent with
the DDS Entity RESOURCE_LIMITS QoS and to propagate any errors to theu&3n the manner specified
by the DDS specification.

This operation performs thelfowing logical steps:
ADD a_change TO this.changes;

8.2.2.3 remove_change

This operation indicates that a previoualyjdedCacheChangeshould be removed from tl¢istoryCacheand

the details regarding th@acheChangeeed not be maintained in thisstoryCache The determination of

which changes should be removed from the cé&hsade based on the QoS associated with the related DDS
entity and on the acknowledgment status of@aeheChangeThis is described i8.4.1

This operation performs the following logical steps:
REMOVE a_change FROM this.changes;

8.2.2.4 get_seq_num_min

This operation retrieves the smallest value of the CacheChseg@enceNumber attribute among the
CacheChangestored in theHistoryCache This operation performs the following logical steps:
min_seq_num := MIN { change.sequenceNumber WHERE (change IN this.changes) }
return min_seq_num;

8.2.2.5 get_seq_num_max

This operation retrieves the largest value of the CacheChange::sequenceNumber attribute among the
CacheChangestoredin the HistoryCache

This operation performs the following logical steps:

max_seq_num := MAX { change.sequenceNumber WHERE (change IN this.changes) }
return max_seq_num;

8.2.3 The RTPS CacheChange

Class used to represent each change added ittigtreyCache The CacheChangettributes are listed ihable
8.5.
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Table 8.5 - RTPS CacheChange attributes

RTPS CacheChange

attribute type meaning relation to DDS
kind ChangeKind_t Identifies the kind of change. Seq DDS instance state kind
Table8.2
writerGuid GUID_t The GUID _t that identifies the N/A.
RTPS Writer that made the
change

instanceHandle

InstanceHandle_t

Identifies the instance of tluata
object to which the change
applies.

In DDS, the value of the
fields | abel
within the data uniquely
identify each dataobject.

sequenceNumbg

SequenceNumber _t

Sequence number assigned by tk
RTPS Writer to uniquely identify
thechange.

N/A.

data_value

Data

The data value associated with th
change. Depending on thkind of
CacheChange, there may be no

associated data. S&able8.2.

N/A.

inlineQos

ParameterList

Contains QoS that may affect the
interpretation of the
CacheChange::data_value

DDS-specific information
which affects the data.

8.24

The RTPS Entity

RTPSEntity is the base class for all RTPS entities and maps to a DDS Entitnfitg configuration
attributes are listed ifable8.6.

Table 8.6 - RTPS Entity Attributes

RTPS Entity
attribute type meaning relation to DDS
guid GUID_t Globally and uniquely identifies thg Maps to the value of the DDS
RTPSEntity within the DDS BuiltinTopicKey _t used talescribe
domain the corresponding DDS Entity.
Refer to the DDS specification fo
more details.
8.2.4.1 Identifying RTPS entities: The GUID

The GUID (Globally Unique Identifier) is an attribute of RITPSEntities and uniquely identifies the Entity
within a DDSDomain.

The GUID is built as a tuple <prefix, entityld> combininGaidPrefix_tprefixand arEntityld_t entityld

20
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+guid «dataType»
Y L GUIDypt
{readOnly} =
-prefix : GuidPrefix_t
-entityld : Entityld _t
Participant 0.." |Group 0.." | Endpoint
1 1

Figure 8.4 - RTPS GUID_t uniquely identifies Entities and is composed of a prefix and a suffix

Table 8.7 - Structure of the GUID_t

field type meaning
prefix GuidPrefix_t Uniquely identifies théarticipantwithin the Domain.
entityld Entityld_t Uniquely identifies thé=ntity within the Participant

8.2.4.2 The GUIDs of RTPS Participants

EveryParticipanthas GUID <prefix, ENTITYID_PARTICIPANT>, where the constant
ENTITYID_PARTICIPANT is a special value defined by tR&PS protocol. Its actual value depends on the
PSM.

The implementation is free to abise theprefix, as long as eveyarticipantin theDomain has a unique GUID.
8.2.4.3 The GUIDs of Endpoint Groups within a Participant

TheendpointGroupscontained by &articipantwith GUID < participantPrefixENTITYID_PARTICIPANT>
have the GUID garticipantPrefixentityld>. The entityld is the unique identification of t@eoup relative to
the Participant This has several consequences:

1 The GUIDs of dithe Groupswithin a Participanthave the same prefix.

1 Once the GUID of &roupis known, the GUID of th€articipantthat contains the endpoint is
also known.

1 The GUID of anyGroup can be deduced from the GUID of tRarticipantto which it belongs
and ts entityld The selection oéntityldfor each RTPEntity depends on the PSM.

8.2.4.4 The GUIDs of the RTPS Endpoints within a Participant

The Endpointscontained by @articipantwith GUID <participantPrefixENTITYID_PARTICIPANT> have the
GUID <participantPrek, entityld>. Theentityldis the unique identification of tHendpoint relative to the
Participant This has several consequences:

1 The GUIDs of all theEndpointswithin a Participanthave the samgrefix.

1 Once the GUID of aiEndpointis known, the GUID of th@articipantthat contains the
endpoint is als@nown.

1 TheGUID of anyendpointcanbe deducedrom the GUID of the Participantto whichit belongs
andits entityld The selection oéntityldfor each RTPEntity depends othe PSM.

8.2.5 The RTPS Participant

RTPSParticipantis the container of RTPGroup entities which contaiitndpointentities The RTPS
Participantmaps to a DDS DomainParticipant.
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Entity

+guid : GUID_t
Participant 1 0" Group Endpoint
+ protocolVersion : ProtocolVersion_t B 0..* +topicKind : TopicKind_t
+vendorld : Vendorld _t +reliabilityLevel : ReliabilityKind_t
+defaultUnicastlLocatorList : Locator_t [0..%] +unicastLocatorList : Locator_t [0..%]
+defaultMulticastLocatorList : Locator_t [0..*] +multicastLocatorList : Locator_t [0..*]
+guidPrefix : GuidPrefix_t +endpointld : Entityld_t

Figure 8.5 - RTPS Patrticipant

RTPSParticipant contains the attributes shownTiable8.8.

Table 8.8 - RTPS Participant attributes

RTPS Participant: RTPS Entity

attribute type meaning relation to
DDS
defaultUnicastLocatq Locator_t[*] Default list ofunicast locators N/A.
List (transport, address, port combinations| Configured by

that can be used to send messages to| discovery
Endpoints contained in the Participant
These are the unicast locators that will
be used in case the Endpoint does nof
specify its own set of Locators.

defaultMulticastLoca Locator_t[*] Default list of multicast locators N/A.

orList (transport, address, port combinations| configured by
that can be used to send messages t0 giscovery
Endpoints contained in the Participant]
These are the multicast locatonst will
be used in case the Endpoint does nof
specify its own set of Locators.

protocolVersion ProtocolVersion | Identifies the version of the RTPS N/A.
protocol that the Participant uses to | gpecified for
communicate. each version of
the protocol.
vendorld Vendorld_t Identifies the vendor of the RTPS N/A.
middleware that contains the Configured by eaq

8.2.6 The RTPS Group

RTPSGroupis a container for RTPBndpointentities. It provides a way for RTHShdpoint entities to share
common properties.

There are two kinds of RTRSGroup entities:PublisherandSubscriber
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1 The RTPSPublishercontains RTPSVriter endpoints. The RTPBublishermaps to a DDS

Publisher.

1 The RTPSSubscribercontains RTPReaderendpoints. The RTPSubscribermaps to a DDS

Subscriber

8.2.7 The RTPS Endpoint

RTPSEndpointrepresents the possible communication endpoints from the point of view of the RTPS protocol.

There are two kinds of RTPEhdpoint ertities: Writer endpoints and&Readerendpoints.

RTPSWriter endpoints sen@acheChanganessages to RTH®aderendpoints and potentially receive

acknowledgments for the changes they send. RR&#lerendpoints receiv€acheChangend change
availability anmuncements froridVriter endpoints and potentially acknowledge the changes and/or request

missed changes.

RTPSEndpoint contains the attributes shownTiable8.9.
Table 8.9 - RTPS Endpoint configuration attributes

RTPS Endpoint: RTPS Entity

attribute

type

meaning

relation to DDS

unicastLocatorLig

Locator_t[*]

List of unicast locators (transport,
address, port combinations) that
can be used to send messages to
Endpoint The list may be empty.

N/A. Configured by
discovery

multicastLocatorl|

Locator_t[*]

List of multicast locators (transpori

N/A. Configured by

st address, port combinations) that discovery
can be used to send messages to
Endpoint The list may be empty.
reliabilityLevel ReliabilityKind_t | The levels of reliability supported | Maps to the
by theEndpoint RELIABILITY QoS
6kind. 6
topicKind TopicKind_t Used to indicate whether the Defined by the Datsype
Endpoint supports instance that is associated with th
lifecycle management operations | DDS Topic related to the
(see8.7.9). RTPSEnNdpoint Indicaes
whether the Endpoint is
associated with a
DataType that has defing
some fields as containing
the DDS key.
endpointGroup Entityld_t Used to identify the RTPG&roup Identifies the DDS
(Publisheror Subscribej to which | Publisheror Subscriber
the Endpointbelongs associated with the RTP
Endpoint.
8.2.8 The RTPS Writer

RTPSWriter specializes RTP&ndpointand representheactor that send€acheChangemessages to the

matchedRTPSReaderendpoints. Its role is to transfer @lacheChangehanges in itslistoryCacheto the

HistoryCacheof the matching remote RTH&aders
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An RTPSWriter belongs to an RTPGroup of typePublisher.

The attributes to configure an RTR&iter are closely tiedd the protocol behavior and will be introduced in
the Behavior Modul¢8.4).

8.2.9 The RTPS Reader

RTPSReaderspecializes RTPEndpointand represents the actor that rece@asheChanganessages from
the matched RTP®/riter endpoints.

An RTPSReaderbelongs to an RTPGroup of type Subscriber

The attributes to configure an RTR®aderare closely tied to the protocol behavior avil be introduced in
the Behavior Modul¢8.4).

8.2.10 Relation to DDS Entities

As mentioned ir8.2.2 the HistoryCacheforms the interface between DDS Entities #mgir corresponding
RTPS EntitiesA DDS DataWriter,for example,passeslatato its matchingRTPSWriter throughthe
commonHistoryCache

How exactly a DDS Entity interacts with thitsstoryCachehowever isimplementation specifiandnot
formally modeled by th®TPSprotocol. Instead, the Behavior Module of fREPSprotocolonly specifies how
CacheChangehangesaretransferredrom the HistoryCacheof the RTPSWriter to the HistoryCacheof
eachmatchingRTPSReader

Despite the fact that it is not part of the RTPS protocol, it is important to know how a DDS Entity may interact
with theHistoryCacheto obtain a completenderstanding of the protocol. This topic forms the subject of this
sub clause.

The interactions are described using UML state diagrams. The abbreviations used to refer to DDS and RTPS
Entities are listed iTable8.10 below.

Table 8.10 - Abbreviations used in the sequence charts and state diagrams

Acronym Meaning Example usage
DW DDS DataWriter DW::write
DR DDS DataReader DR::read
W RTPS Writer W::heartbeatPeriod
R RTPS Reader R::heartbeatResponseDelay
WHC HistoryCache of RTPS Writer WHC::changes
RHC HistoryCache of RTP&eader RHC::changes

8.2.10.1 The DDS DataWriter

The write operation on a DDS DataWriter ad@tcheChangehanges to thelistoryCacheof its associated
RTPS Writer. As such, thdistoryCachecontains a history of the most recently written changes. The number
of changes is determined by QoS settings on the DDS DataWriter such as the HISTORY and
RESOURCE_LIMITS QoS.

By default, all changes in thdistoryCacheare considered relevant for each matching rerRdt@SReader
That is, theNriter should attempt to send @hanges in thélistoryCacheto the matching remotfeeaders
How to do this ighe subjecbf the Behavior Module of thRTPSprotocol.
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Changes may not be sent to a renRé¢@derfor two reasons:
1 they have been removed from tHistoryCacheby the DDSDataWriter and are no longavailable.
91 they are considerembt relevant tahis Reader

The DDS DataWriter may decide to remove changes frorilisteryCachefor several reasons. For example,

only a limitednumber of changes may need to be stored bastediISTORY QoS settings. Alternatively, a
sample may have expired due to the LIFESPAN QoS. When using strict reliable communication, a change can
only be removed when it has beacknowledgedy all readerghe changewassentto andwhich are still

active andalive.

Not all changes may be relevant for each matching reRexdeleras determinedy, for example, the
TIME_BASED_FILTER QoS or through the use of DDS condfiitdred topics. Note that whether a change is
relevant musbe determined on a pBealer basis in this case. Implementations may be able to optimize
bandwidth and/or CPU usage by filtering on Widter side when possible. Whether this is possible depends on
whether an implementation keeps track of each individual reRegelerand the Qoand filters that apply to

this Reader TheReaderitself will always filter

QoS orcontentbasediltering is represented in this document usidigS _FILTER(reader, change) a

notation which reflects that filtering is reader dependent. Depending on what reader specific information is

stored by the writer, DDS_FILTER may be a nobbis operationretm s o6t rued i f the change
and should be senttotheread®t. h e r wi s e i toraorenthasenfitering,fthe RTEPE $pecification

enables sending information with each change that lists what filters have been applied to the change and which
filters it passed. If available, this information can themged by th&Readerto filter a change without having

to call DDS_FILTER. This approach saves CPU cycles by filtering the sample onceWrnitdreside, as

opposed to filtering on eadkeader

The following statediagram illustrates how the DDS Data Wrigelds a change to ti#istoryCache

new DDS DataWriter / delete DDS Datawfiter /
new RTPS Writer delete RTPS Writer

C— 17—

DW::write(data, handle) / DW::dispose(data, handle) /
if ( W::topicKind == WITH_KEY ) {
a_change = W::new_change(NOT_ALIVE_DISPOSED, <nil>
inlineQos, handle)
WHC::add_change(a_change)

a_change = W:new_change(ALIVE, data,
inlineQos, handle)
WHC::add_change(a_change)

—J }

DW::unregister(data, handle) /

if ( W::topicKind==WITH_KEY ) {
a_change := W::new_change(NOT_ALIVE_UNREGISTERED, <nil>,
inlineQos, handle)
WHC::add_change(a_change)
}

Figure 8.6 - DDS DataWriter additions to the HistoryCache

DDSI-RTPS v2.5 25



Table 8.11 - Transitions for DDS DataWriter additions to the HistoryCache

Transition state event next state
T1 initial new DDS DataWriter alive
T2 alive DataWriter::write alive
T3 alive DataWriter::dispose alive
T4 alive DataWriter::unregister alive
T5 alive delete DDS DataWriter final

8.2.10.1.1 Transition T1

Thist ransition is triggered by the creation of a DDS D:
following logical actions in the virtual machine:

the_rtps_writer = new RTPS::Writer;

the_dds_writer.related_rtps_writer := the_rtps_writer;

8.2.10.1.2 Transition T2

This transition is triggered by the act of writing deé
DataWriter::write() operation takes as arguments the
differentiate among different databjects.

The transition performs the following logical actions in the virtual machine:
the_rtps_writer := the_dds_writer.related_rtps_writer;
a_change := the_rtps_writer.new_change(ALIVE, data, inlineQos, handle);
the_rtps_writer.writer_cache.add_change(a_change);

After the transition the following pesbnditions hold:
the_rtps_writer.writer_cache.get_seq_num_max() == a_change.sequenceNumber

8.2.10.1.3 Transition T3

This transition is triggered by the act of disposing a-dafact previously written with the DDS DataWriter
6ehdds_ _writer.6 The DataWriter::dispose() operation
differentiate among different datbjects.

This operation has no effect if the topicKind==NO_KEY.

The transition performs the followiriggical actions in the virtual machine:
the_rtps_writer := the_dds_writer.related_rtps_writer;
if (the_rtps_writer.topicKind == WITH_KEY) {
a_change :=the_rtps_writer.new_change(NOT_ALIVE_DISPOSED, <nil >
inlineQos, handle);
the_rtps_writer.writer_cache.add_change(a_change);

}
After the transition the following postonditions hold:
if (the_rtps_writer.topicKind == WITH_KEY) then
the_rtps_writer.writer_cach e.get_seq_num_max() == a_change.sequenceNumber

8.2.10.1.4 Transition T4

This transition is triggered by the act of unregistering a-dajact previously written with the DDS DataWriter
6the_dds_writer.6 The DataWriter: :nsutharecge BaredlI(e _ to pékhran
to differentiate among different datdjects.

This operation has no effect if the topicKind==NO_KEY.
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The transition performs the following logical actions in the virtual machine:
the_rtps_writer ;= the_dds_writer.related_rtps _writer;
if (the_rtps_writer.topicKind == WITH_KEY) {
a_change := the_rtps_writer.new_change(NOT_ALIVE_UNREGISTERED, <nil>,
inlineQos, handle);
the_rtps_writer.writer_cache.add_change(a_change);

}

After the transition the following postonditions hold:
if (the_rtps_writer.topicKind == WITH_KEY) then
the_rtps_writer.writer_cache.get_seq_num_max() == a_change.sequenceNumber

8.2.10.1.5 Transition T5

This transition is triggered by the destruction of a DDS DataArit 6t he _dds _writer. 6 The
the following logical actions in the virtual machine:
delete the_dds_writer.related_rtps_writer;

8.2.10.2 The DDS DataReader

The DDS DataReader gets its data fromHietoryCacheof the corresponding RTHSeader The number of
changes stored in théistoryCacheis determined by QoS settings such as the HISTORY and
RESOURCE_LIMITS QoS.

Each matchindVriter will attempt to transfer all relevant samples fromHistoryCacheto theHistoryCache
of theReader The implementation of the read or take call on the DDS DataReader accessistoity€ache
The changes returned to the user are those iHilteryCachethat pass alReaderspecific filters, if any.

A Readeffilter is equallyrepresented bpDS_FILTER(reader, change) As mentioned above,
implementations may be able to perform most of the filtering oltiter side. In that cassamples are either
never sent (and therefore myesent in thélistoryCacheof the Readej or contain information on what filters
where applied and the corresponding outcomedotentbasediltering).

A DDS DataReader may also decide to remove changes froHigteeyCachein order to satisfy such QoS as
TIME_BASED_FILTER. This exact behavior iga@n implementation specific and is not modeled by the RTPS
protocol.

The following statediagram illustrates how the DDS Data Reader accesses changeslisttingCache

new DDS DataReader / delete DDS DataReader /
delete RTPS Reader delete RTPS Reader
O 1 { ®
alive
DR::read / DR::take /
a_change_list = new(); a_change_list = new();
FOREACH change in R::available_changes() { FOREACH change in R::available_changes() {
a_change_list += change; a_change_list += change;
} R::reader_cache.remove_change(a_change);
RETURN a_change_list; }

RETURN a_change_list;

Figure 8.7 - DDS DataReader access to the HistoryCache
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Table 8.12 - Transitions for DDS DataReader access to the HistoryCache

Transition state event next state
T1 initial new DDS DataReader alive
T2 alive DDS DataReader::read alive
T3 alive DDS DataReader::take alive
T4 alive delete DDS DataReader final
8.2.10.2.1 Transition T1
This transition is triggered by the creation of a DD:¢

following logical actions in the virtual machine:
the_rtps_reader = new RTPS::Reader;
the_dds_reader.related_rtps_reader := the_rtps_reader;

8.2.10.2.2 Transition T2

This transition is triggered by the act of reading dz¢
the 6readd operation. ChangesRTRSReadaerdst bsushtthatr e Gat he:
subsequent read take operations cdind themagain.

The transition performs the following logical actions in the virtual machine:
the_rtps_reader := the_dds_reader.related_rtps_reader;
a_change_list := new();
FOREACH change IN the_rtps_reader.reader_cache.changes {
if DDS_FILTER(the_rtps_reader, change)
ADD change TO a_change_list;

}
RETURN a_change_list;

The DDS_FILTER() operation reflects the capabilities of the DDS DataReader API to select a subset of changes
based orCacheChange::kind QoS, contentilters andother mechanisms. Note that the logical actions above
only reflect the behavioand not necessarilythe actualimplementatiorof the protocol.

8.2.10.2.3 Transition T3

This transition is triggered by the act arMeansadadi ng d:
the O0taked operation. Changes r eRTBSRead etrd st He sd pp lyiCa:
such that subsequent readtake operationsdo not find the samechange.

The transition performs the following logical actions in tiréual machine:
the_rtps_reader :=the_dds_reader.related_rtps_reader;
a_change_list := new();
FOREACH change IN the_rtps_reader.reader_cache.changes {
if DDS_FILTER(the_rtps_reader, change) {
ADD change TO a_change_list;

}

the_rtps_re  ader.reader_cache.remove_change(a_change);

}
RETURN a_change_list;

The DDS_FILTER() operation reflects the capabilities of the DDS DataReader API to select a subset of changes
based orCacheChange::kind QoS, contenfilters and other mechanisms. Note ttad logical actions above
only reflect the behavioand not necessarilythe actualimplementatiorof the protocol.

After the transition the following postonditions hold:
FOREACH change IN a_change_list
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change BELONGS_TO the_rtps_reader.reader_cache. changes == FALSE
8.2.10.2.4 Transition T4

This transition is triggered by the destruction of
the following logical actions in the virtual machine:
delete the_dds_reader.related_rtps_reader;

8.3 Messages Module

The Messages module describes the overall structure and logical contents of the messages that are exchanged
between th&RTPSWriter endpoints an®RTPSReaderendpoints. RTPS Messages are modular by design and

can be easily extended supportboth standardprotocolfeatureadditionsas well asvendorspecific

extensions.

8.3.1 Overview

The Messages module is organized as follows:
1 8.3.2introduces any additional types needed for defiftigSmessages in the subsequent sub
clauses.

1 8.3.3describeshecommonstructureusedfor all RTPSMessagesAll RTPSMessagesonsisiof
aHeaderfollowedby aseriesof Submessage$henumberof Submessagehatcanbesentin a
singleRTPSMessagas only limited by the maximum message size thederlying transport can
support.

I Certain Submessages may affect how subsequent Submessages within tRé RaMessage
must benterpreted. The context for interpreting Submessages is maintained RyRIse
Message Receiver and is describe8 3t

1 8.3.5lists the elementary building blocks for creating Submessages, also referred to as
SubmessageElemerithis includes sequence number sets, timestamp, identéters,

I 8.3.6describes the structure of tREFPSHeader. The fixed siZz@TPSHeader is used to identify
anRTPSMessage.

1 Finally, 8.3.8introduces all available Submessages in detail. For each Submessage, the
specification defines its contentghenit is consideredalid andhow it affectsthe stateof the
RTPSMessagdreceiverThePSMwill define the actual mapping e&ch of these Submessage
to bits and bytes on the wire 9.5

8.3.2 Type Definitions

In addition to the types defined §12.1.2 the Messages module makes use of the types listeabie8.13.
Table 8.13 - Types used to define RTPS messages

Types used to define RTPS messages

Type Purpose

Protocolld_t Enumeration used to identify the protocol.
Thefollowing values are reserved by the protocol:
PROTOCOL_RTPS

SubmessageFlag | Type used to specify a Submessage flag.
A Submessage flag takes a boolean value and affects the parsing of the Sub
by the receiver.
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SubmessageKind | Enumeration used tdentify the kind of Submessage.

The following values are reserved by this version of the protocol:
RTPS_HEDATA, GAP, HEARTBEAT, ACKNACK, PAD, INFO_TS,
INFO_REPLY, INFO_DST, INFO_SRC, DATA_FRAG, NACK_FRAG,
HEARTBEAT_FRAG

Time_t Type used to hold emestamp.

Should have at least nasecond resolution.

The following values are reserved by the protocol:
TIME_ZERO, TIME_INVALID , TIME_INFINITE

Count_t Type used tdnolda count that is incremented monotonically, used to identify
messageluplicates.

Checksum _t Type used to hold a checksum. Used to d&R@&®@Smessage corruptidoy the
underlying transport.

The following values are reserved by the proto€d@dHECKSUM_INVALID.

MessagelLength_t | Type used to holthe length of aRTPSMessage
The following values are reserved by the protocol:
MESSAGE_LENGTH_INVALID

Parameterld_t Type used to uniquely identify a parameter in a parameter list.
Used extensively by the Discovery Module mainly to define QoS Paramete
range of values is reserved for protedefined parameters, while another rang

can be used for venddefined parameters, s8e3.5.9

FragmentNumber_t Type used to hold fragment numbers.
Must be possible to represent using 32 bits.

GroupDigest_t Type used to hold a digest value that uniquely identfiggoup of Entities
belonging to the same Participant.

UExtension4_t Type used to hold an undefinedbyte value. It is intended to be used in future
revisions of the specification.

WEXxtension8_t Type used to hold an undefinegte value. It is intetled to be used in future
revisions of the specification.

8.3.3 The Overall Structure of an RTPS Message

The overall structure of aRTPSMessageconsists of a fixegize leadingRTPSHeader followed by a variable
numberof RTPSSubmessagarts. Eactsubmessagén turn consists of SubmessageHeadesnd a variable
number ofSubmessageElement§ his is illustratedin Figure8.8.

30 DDSI-RTPS v2.5



Message 1 i Header

1 0..1 HeaderExtension

1

1..%

Submessage

1 1 SubmessageHeader

1 0..*] submessageElement

I

Data AckNack Heartbeat InfoSource
DataFrag |NackFrag IHeartbeatFrag ’ InfoDestination I

Ga InfoTimestam
3 Pad g

InfoReply

Figure 8.8 - Structure of RTPS Messages

Each message sent by R&PSprotocol has a finite lengtfhis length is optionally sent in the RTPS
HeaderExtensionSubmessage

The length may also be sent by thederlying transport that carries the RTPS mesdadhkis casat may be
omitted from theHeaderExtension For examplein the case of a packetiented transport (like UDP/IP), the
length of the message is already provided by the tranlspadersin contrast, estreamoriented transport (like
TCP) wouldneedto include the length in the RTR$EeaderExtensionin orderto identify the boundaryof the
RTPSmessage.

8.3.3.1 Header structure

The RTPSHeader must appear at the beginning of every message.

Message Header
+protocol : Protocolld_t
+version : ProtocolVersion_t
+vendorld : Vendorld_t
+guidPrefix : GuidPrefix_t

1
1 0.1
HeaderExtension
1.%
Submessage | 1 1
SubmessageHeader
1 0..*
SubmessageElement

Figure 8.9 - Structure of the RTPS Message Header
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TheHeader identifies the message as belonging to the RTPS protocoH&ader identifies the version of the
protocolandthe vendorthat sentthe messageThe Header containsthe fields listed in Table8.14.

Table 8.14 - Structure of the Header

field type meaning
protocol Protocolld_t Identifies the message as an RTPS message.
version ProtocolVersion_t Identifies the version of the RTPS protocol.
vendorld Vendorld_t Indicates the vendor that provides the implementation ¢

the RTPS protocol.

guidPrefix GuidPrefix_t Defines a default prefix to use for all GUIDs that appea
the message.

The structure of the RTRS$eader cannot be changed in this major version (2) of the protocol.
8.3.3.1.1 protocol

Theprotocolidentifies the message as an RTPS message. Thesigaet to PROTOCOL_RTPS.
8.3.3.1.2 version

Theversionidentifies the version of the RTPS protocol. Implementations following this version of the
document implement protocol versi@rb (major = 2, minor 5) and have this field set to
PROTOCOLVERSION.

8.3.3.1.3 vendorld

Thevendorldidentifies the vendor of the middleware that implemented thHeSdrotocol and allows this
vendor to add specific extensions to the protocol. vEmeloriddoes not refer to the vendor of the device or
product that contains RTPS middleware. The possible values feetit®oridare assigned by the OMG.

The protocol regees the following value:
VENDORID_UNKNOWN

Vendor IDscan only be reserved by implementers that commit to comply with the current major version of the
protocol.Tofacilitate incremental evolution, the list of vendor IDs is managed separately from this
speification. The list is maintained on the OMG DDS website and is accessible at:
https://portals.omg.org/dds/ddpsvendorandproductids/.

Requests for new vendor IDs should be sent via emdds@omg.org
8.3.3.1.4 guidPrefix

TheguidPrefixdefines a default prefix that can be used to reconstruct the Globally Unique Identifiers (GUIDs)
thatappear within the Submessages contained in the messagguitiReefixallows Submessages to contain

only the Entityld parof the GUID andthereforesavesfrom havingto repeatthe commonprefix on every

GUID (See8.2.4.).

8.3.3.2 HeaderExtension structure

TheHeaderExtensionmay optionally appear immediately following tHeader. It extends thénformation
providedin theHeader without breaking interoperability with earlier versions of the RTPS protocol.
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Message Header

HeaderExtension

-messagelength : Messagelength
1 -rtpsSendTimestamp : Timestamp
-uExtension4 : UExtension4
-wExtension8 : WExtension8
-messageChecksum : Checksum
-parameters : ParameterList

La*

Submessage | 1 1

SubmessageHeader

SubmessageElement

Figure 8.10 - Structure of the RTPS Message Header

TheHeaderExtensionsubmessage was introduced in RTPS version 2.5. Earlier versions of the protocol (RTPS

2.4 and earlier) do not understand HeaderExtensionsubmessageédowever, since theleaderExtension

conforms to the sulmessage structure (s88.3.3 versions of the protocol that do not understand the
HeaderExtensionwi | | treat it as #fA uanklcoinue pravessng thesubmessages thats ki p
follow it, see8.3.4.1

Table 8.15 - Structure of the HeaderExtension Submessage

element type meaning

EndiannessFlag SubmessageFlag | Appears in the Submessage header flags.
Indicates endianness.

LengthFlag SubmessageFlag | Appears in the Submessage header flags.
Indicatesthe messagelLength field is pregen

TimestampFlag SubmessageFlag | Appears in the Submessageader flags.
IndicatesthertpsSendTimestamfield is presen

UExtensionFlag SubmessageFlag | Appears in the Submessage header flags.
Indicatesthe uExtension4ield is presenh

WEXxtensionFlag SubmessageFlag | Appears in the Submessage header flags.
Indicatesthe wExtensiondield is preseh

ChecksumFlags SubmessageFlag | Appears in the Submessage header flags.

(2 flags) Indicates the presence and format of timnessageChecksun
field.

ParametersFlag SubmessageFlag | Appears in the Submessageader flags.
Indicatesthe parameter$ield is preseh

messagelength MessagelLength | Present only if the LenlFlag is set in the header.
Contains the length of the RTPS Message
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rtpsSendTimestamp | Time_t Present only if th&imestampFlagds set in the header.

Containgthetimestamp indicating when the RTPS Mess:
was sent from the originating Participant.

uExtension4 UExtension4 t Present only if th&JExtensionFlags set in the header.

The content is unspecified. It is left for dute extension o
the specification.

wEXxtension8 WEXxtension8t Present only if th&VExtensionFlags set in the header.

The content is unspecified. It is left for a future extensio
the specification.

messageChecksum | Checksumt Present only if th€hecksumFlags are different than 00.
Contains a checksuof thecontent of the RTPS Message

parameters ParameterLis_tt Present Only |f the ParmrSFlag iS set in the header.

Contains informationvhich can be added without breakin
interoperability between protocol versions.

8.3.3.2.1 messagelLength

Themessagelengtindicates thdength of thecompleteRTPSMessagestarting from the beginning of the
RTPSHeader.

8.3.3.2.2 rtpsSendTimestamp
ThertpsSendTimestanipdicates the time when the RTPS message wadgéhne originating Participant.

The timestamp may be used by the receiving application to estimate the time offset between the clocks of the
sending and receiving Participants. For teigsonthertpsSendTimestanghall collected as close as possible
to the moment when the RTR&essagas sent over thenderlying transport.

The time origin used for thideaderExtensionrtpsSendTimestanghall be the same as the one used in the
Timestamp Submessage Element (:8.5.9.

8.3.3.2.3 uExtension4

The uExtensionds undefined in this version of the protocol. It is intended for future revisions.
8.3.3.2.4 wExtension8

ThewExtersion8is undefined in this version of the protocol. It is intended for future revisions.
8.3.3.2.5 messageChecksum

ThemessageChecksymovides achecksum computed over thempleteof the RTPSMessage which
includes theRTPSHeader, theHeaderExtension and allSubmessageshat may follow.

8.3.3.2.6 parameters

The parametergprovide an extensibility mechanism. It enables revisions of the protocol to add information to
the HeaderExtensionwithout breaking interoperability with this version, or prnersions, of the RTPS
protocol.

8.3.3.3 Submessage structure

Each RTP3Messageconsists of a variable number of RTB&messaggarts. All RTPS Submessages feature
the same identical structure showrFigure8.11.
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Message 1 1 Header

HeaderExtension

1
1“#

Submessage |, |

1 1 SubmessageHeader

-submessageld : SubmessageKind
-submessagelength : uintl6
-flags : SubmessageFlag [8]

1 0..* SubmessageElement

Figure 8.11 - Structure of the RTPS Submessages

All Submessages start withSubmessageHeadegpart followed by a concatenation 8fibmessageElement
parts. TheSubmessageHeadedentifies the kind of Submessage and the optional elements within that

Submessage. THBubmessageHeaderontains the fields listed ifiable8.16.

Table 8.16 - Structure of the SubmessageHeader

field type meaning

submessageld SubmessageKind | Identifies the kind of Submessage. The possible Submesg
are described i8.3.8

flags SubmessageFlag[§ Identifies the endianness usecetwodethe Submessage,
the presence of optional elements within the Submessag
and possibly modifies the interpretation of the Submesssg
There are 8 possible flags. The first flag (index 0) identifi
the endianness us¢o encodehe Submessage. The
remaining flags are interpreted differently depending on
kind of Submessage and are described separately for eq
Submessage.

submessagelength ushort Indicates the length of the Submessage. Given an RTPS
Messageonsists of a concatenation of Submessages, th
Submessage length can be used to skip to the next
Submessage.

Thestructure of the RTPSubmessageannot be changed in this major version (2) of the protocol.
8.3.3.3.1 Submessageld

Thesubmessagelidientifies the kind oBubmessage The valid | D6s are enumerated
SubmessageKind (sdable8.13).

The meaning of the Submessage IDs cannot be modified in this major version (2). Additional Submessages can
be added in higher minor versions. In order to maintain-operability with futire versions, Platform Specific
Mappings should reserve a range of values intended for protocol extensions and a range of values that are
reserved for vendespecific Submessagdisat will neverbe usedby future versionsof the RTPSprotocol.
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8.3.3.3.2 flags

Theflagsin the Submessage header contain 8 boolean values. The first flapdinenessFlags present and
located in the same position in all Submessages and represents the endianness used to encode the information in
theSubmessage T h e i3 oftem usad to réfdE @ tHendiannessFlag

If the EndiannessFlags set to FALSE, th&ubmessagés encoded in biggndian formatEndiannessFlaget to
TRUE means littleendian.

Other flags have interpretations that depend on the tyBalmhessage
8.3.3.3.3 submessagelLength

Indicates the length of the Submessage (not including the Submessage headsesubmessagelengthO,
it is either
1 The length from the start of the contents of the Submessage until the start of the header of the
nextSubmessag@n case th&Submessagés not the lasSubmessagén theMessagé.

1 Orelseit is theremainingMessagdength(in casethe Submessagés thelastSubmessagén
theMessagg. An interpreter of thélessagecan distinguish between these two cases as it
knowsthe total length of thilessage

In casesubmessagelLength0, theSubmessagés the lasSubmessagén theMessageand extends up to the
end of theMessage This makes it possible to send Submessages larger than 64k (the maximum length that can
be storedn thesubmessagelLengtield), provided they are the laSubmessagén theMessage

8.3.4 The RTPS Message Receiver

Theinterpretation and meaning ofSmbmessageavithin aMessagemay depend on the previo8sibmessages
contained within that sanidessage Therefore, the receiver of\Messagemust maintain state from previously
deserializedsubmessage the samdviessage This state is modeled as the state of an RR@&iverthat is

reset each time a new message is geee and provides context for the interpretation of each Submessage. The
RTPSReceiver is shown iRigure8.12. Table8.17 lists the attributesusedto representhe stateof the RTPS
Receiver.

Receiver L Header

-sourceVersion : ProtocolVersion_t
-sourceVendorld : Vendorld_t
-sourceGuidPrefix : GuidPrefix_t . — 3| HeaderExtension
-destGuidPrefix : GuidPrefix_t
-unicastReplylLocatorList : Locator_t
-multicastReplylocatorList : Locator_t Submessage
-haveTimestamp : bool - — >
-timestamp : Time_t
-messagelength : Messagelength_t
-messageChecksum : Checksum_t
-rtpsSendTimestamp : Time_t
-rtpsReceptionTimestamp : Time_t
-clockSkewDectected : bool
-parameters : Parameterld_t [*]

Figure 8.12 - RTPS Receiver

For each nevMessagethe state of the Receiver is reset and initialized as listed below.
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Table 8.17 - Initial State of the Receiver

name

initial value

source\érsion

PROTOCOLVERSION

sourceVendorld

VENDORID_UNKNOWN

sourceGuidPrefix

GUIDPREFIX_UNKNOWN

destGuidPrefix

GUID prefix of the participant receiving the message

UnicastReplyLocatorList

The list is initialized to contain a single Locator_t with theeatorKind,
Address, and Port fields specified below:

1 The LocatorKind is set to the kind that identifies the transport
that receivethe message (e.d.OCATOR_KIND_UDPv4).

1 The Address is set to the Address of the source of the messag
assuming th&ransport used supports this (e.g., for UDP the
source address is part of thBP header). Otherwise it is set to
LOCATOR_ADDRESS_INVALID.

1 The port is set thOCATOR_PORT_INVALID.

multicastReplyLocatorList

The list is initialized to contain a single Looatt with the LocatorKind, a
Address and Port fields specified below:

1 The LocatorKind is set to the kind that identifies the transport
that received the message (eL@CATOR_KIND_UDPv4).

1 The address is set KOCATOR_ADDRESS INVALID.
1 The port is set ttOCATOR_PORT_INVALID.

haveTimestamp FALSE

timestamp TIME_INVALID
messagelength MESSAGE_LENGH_INVALID
messagellecksum CHECKSUM_INVALID
rtpsSendTimestamp TIME_INVALID
rtpsRecetionTimestamp TIME_INVALID
clockSkewDetected FALSE

parameters

The list is initialized as an empty list.

8.34.1

Rules Followed by the Message Receiver

The following algorithm outlines the rules that a receiver ofiagsagemust follow:

1. If the full Submessagéeader cannot be read, the rest ofMlessages consideredhvalid.

2. ThesubmessagelLengtield defines where the neSubmessagstarts or indicates that the
Submessagextendso the end of thiMessage as explained iSection8.3.3.3.3 If this field is
invalid, the rest of th®essages invalid.

3. A Submessageavith an unknown Submessageld must be ignored and parsing must continue
with the nextSubmessageConcretelyanimplementatiorof RTPS2.5 mustignoreany
Submessagewith IDs thatareoutsideof the SubmessageKindset defined in versiof.5.
Submessagelds in the vendqecific range coming fromaendorldthat is unknown must
also be ignored angarsing must continue with the n&dbmessage
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4. Submessag#lags.Thereceiverof a Submessagghouldignoreunknownflags.An

5.

6.

implementatiorof RTPS2.5s hou |l d

protocol.

skip all

fXbaganmntteat ) at e

A valid submessageLengtield mustalwaysbeusedto find thenext Submessaggevenfor
Submessagewith knownIDs.

A known but invalidSubmessagénvalidates the rest of tHdessage Sub claus&.3.8
describes eadtnown

mar ked

Submessagand when it should be considered invalid. Reception of a valid header and/or Submessage has two

effects:
1.

It canchangeahestateof the Receiverthis stateinfluenceshowthefollowing Submessagem
theMessageareinterpreted8.3.8discussefiowthe statechanged$or eachSubmessagdn this
versionof theprotocol,only theHeader and theSubmessagebleaderExtensiorinfoSource,
InfoReply, InfoDestination, and InfoTimestarapange the state of tiReceiver.

It can affect the behavior of the Endpoint to which the messatgsiged. This applies to the
basiRTPSmessagedata, DataFrag, HeartBeat, AckNack, Gap, HeartbeatFrag, NackFrag

Sub claus®.3.8describes the detailed interprita of theHeader and evenySubmessage

8.3.5

Each RTPS message contains a variable numlRTBSSubmessages. EaBTPSSubmessge in turn is built
from a sebf predefined atomic building blocks call&8dibmessageElementflRTPS2.5defines thesubmessage

RTPS SubmessageElements

elements shown iRigure8.13 below.

SubmessageElement

i

ChangeCount

-value : ChangeCount_t

Checksum

-value : Checksum_t

[

GroupDigest

-value : GroupDigest_t

GuidPrefix

-value : GuidPrefix_t

Count

KeyHashPrefix

-value : Count_t

-value : KeyHashPrefix_t

Entityld
-value : Entityld_t

FragmentNumber

-value : FragmentNumber_t

KeyHashSuffix

~value : KeyHashSuffix_t

ParameterlList

+parameter

Parameter

-parameterld : Parameterid_t
~length : int16
-value : octet [length]

ProtocolVersion

-value : ProtocolVersion_t

LocatorlList

SequenceNumber

-value : Locator_t [0..%]

-value : SequenceNumber_t

FragmentNumberSet

Messagelength

SequenceNumberSet

-base : FragmentNumber_t
-set : FragmentNumber_t [0..%]

-value : Messagelength_t

Figure 8.13 - RTPS SubmessageElements

8.3.5.1 The GuidPrefix, and Entityld

These SubmessageElements are usedritainthe GuidPrefix_t andEntityld_t parts of a GUID_t (defined in

8.2.4.9 within Submessages.

-base : SequenceNumber_t
-set : SequenceNumber_t [0..7]

Table 8.18 - Structure of the GuidPrefix SubmessageElement

SerializedData

-value : octet [0..*]

Statusinfo

-value : Submessage

Flag [32]

Timestamp

-value : Time_t

Vendorld

~value : Vendorld_t

UExtension4

-value : UExtesion4_t

WExtension8

-value : WExtension8_t

field

type

meaning

value

GuidPrefix_t

Identifies the GuidPrefix_t part of the GUID_t of the Entity that
the source or target of the message.
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Table 8.19 1 Structure of the Entityld SubmessageElement

field meaning

type
Entityld_t

Identifies the Entityld_t part of the GUID_t of the Entity that is t
source or target of the message.

value

8.3.5.2 Vendorld

The Vendorld identifies the vendor of the middleware implementing the RTPS protocol and allows this vendor
to add specifiextensions to the protocol. The vendor ID does not refer to the vendor of the device or product
that contains DDS middleware.

Table 8.20 7 Structure of the Vendorld SubmessageElement

field

type

meaning

value

Vendorld_t

Identifies the vendor of the middleware that implements the prot

The following values are reserved by the protocol:
VENDORID_UNKNOWN

Other values must be assigned by the OMG.

8.3.5.3 ProtocolVersion

The ProtocolVersion defines tiersion of the RTPS protocol.

Table 8.21 - Structure of the ProtocolVersion SubmessageElement

field

type

meaning

value

ProtocolVersion_t

Identifies the major and minor version of the RTPS protocol.

The RTPS protocol versidh5defines the following special values:
PROTOCOLVERSION_D
PROTOCOLVERSION_1
PROTOCOLVERSION D _
PROTOCOLVERSION_ 2
PROTOCOLVERSION_2_
PROTOCOLVERSION_2_2
PROTOCOLVERSIOIZ_4

8.3.5.4 SequenceNumber

A sequence number is a-6# signed integer, that can take values in the raij€3 <= N <= 2763L. The
selection 064 bits as the representation of a sequence number ensures the sequence numberamever
Sequence numbers beginlat

Table 8.22'1 Structure of the SequenceNumber SubmessageElements

field

type

meaning

value

SequenceNumber| Provides the value of the @it sequence number.

1 Even assuming an extremely faate of message generation for a single RTPS Writer such as 100 messages per
microsecond, the 6Mit integer would not roll over for approximately 3000 years of uninterrupted operation.
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The protocoreserves the following value:
SEQUENCENUMBER_UNKNOWN

8.3.5.5 SequenceNumberSet

SequenceNumberSeSubmessageElements are used as parts of several messages to provide binary information
about individual sequence numberithin arange. The sequence numbepresented ithe
SequenceNumberSearelimited to belongto an interval with a rangeno biggerthan 256. In otherwords,a
valid SequenceNumberSemustverify that:

maximum(SequenceNumberSet ) - minimum( SequenceNumberSet ) < 256

minimum( SequenceNumberSet )>=1

The above restriction allowSequenceNumberSetio be represented in an efficient and compaxt using
bitmaps.

SequenceNumberSeSubmessageElements are used for example to selectively regsestliieg of a set of
sequence numbers.

Table 8.23 1 Structure of the SequenceNumberSet SubmessageElement

field type meaning
base SequenceNumber_t | Identifies the first sequence number in the set.
set SequenceNumber_t[| A set of sequence numbers, each verifying
that: base <= element(set) base+255

8.3.5.6 FragmentNumber

A fragment number is a 3&it unsigned integer and is used by Submessages to identify a particular fragment in
fragmented serialized data. Fragment numbers start at 1.

Table 8.24 - Structure of the FragmentNumber SubmessageElement

field type meaning

value FragmentNumber_t| Provides the value of the 3fit fragment number.

8.3.5.7 FragmentNumberSet

FragmentNumberSetSubmessageElements are used to provide binary information about individual fragment
numbers within a range. The fragment numbers representedrnaiipmentNumberSetare limited to belong
to an interval witha rangeno biggerthan256. In otherwords, a valid FragmentNumberSetmustverify that:
maximum(FragmentNumberSet ) - minimum( FragmentNumberSet )< 256
minimum( FragmentNumberSet )>=1

The above restriction allowsragmentNumberSetto be represented in an efficient and compact way using
bitmaps.

FragmentNumberSetSubmessageElements are used for example to selectively regsestiieg of a set of
fragments.

Table 8.25 - Structure of the FragmentNumberSet SubmessageElement

field type meaning
base FragmentNumber_t | Identifies the first fragment number in the set.
set FragmentNumber_t[*]| A set of fragment numbers, each verifying that:
base <= element(set) <= base+255
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8.3.5.8 Timestamp

Timestampis used to represent time. Thepresentation should be capable of having a resolution of hano
seconds or better.

Table 8.26 - Structure of the Timestamp SubmessageElement

field type meaning

value Time_t Provides the value of thamestamp

There are three special values used by the protocol:
TIME_ZERO
TIME_INVALID
TIME_INFINITE

8.3.5.9 ParameterList

ParameterList is used as part of several messagemtdainparameters that may affect the interpretation of the
message. Theepresentatioof the parameters follows a mechanism that allows extensions without breaking
backwards compatibility.

Table 8.27 - Structure of the ParameterList SubmessageElement

field type meaning

parameter Parameter[*] List of parameters

Table 8.28 - Structure of each Parameter in a ParameterList SubmessageElement

field type meaning
parameterld | Parameterld_t Uniquely identifies a parameter
length short Length of the parameter value
value octet[length] Parameter value

The actualepresentation of the ParameterList is defined for each PSM. However, in order to support inter
operability or bridging between PSMs and allow for extensions that preserve backwards compatibility, the
representation used by &85Msmustcomply with the following rules:

A There shall be no more than 2716 possible values of the Parameparamteterid

A Arangeof 2*15valuesis reservedor protocotdefinedparametersAll theparameter_idialues
definedby the 2.5 version of the protocol and all future revisions of the same major version must
use values in thisange.

A A rangeof 2*15valuesis reservedor vendordefinedparametersThe 2.5 versionof the protocol
andanyfuture revisions of the protocol that correspond to the same major version are not
allowed to use values in thisnge.

A The maximum length of any parameter is limited to@ddtets.

Subject to the above constraints, different PSMs might choose different representations for the Parameterld_t.
For examplea PSM could represeparameterldusing short integers while another PSM may use strings.

8.3.5.10 Count

Count is used by severalubmessages and enables a receiver to detect duplicates of the same Submessage.
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Table 8.29 - Structure of the Count SubmessageElement

field type meaning

value Count_t Count value

8.3.5.11 ChangeCount

ChangeCountis used in th&sap Submessage amhables the senderitadicate the number of changes within
the Gap thatbelong to a certain category

Table 8.30 - Structure of the ChangeCount SubmessageElement

field type meaning

value ChangeCount _t The number of changé®longing to a category

8.3.5.12 Checksum

Checksumis used in thédeaderExtensionSubmessage and enables the receiver to detect messages corrupted
by the underlying transport.

Depending on the underlying transport used to send the RTPS message, the transport may already provide
sufficient guarantee that messages are not corruptdiedadasesthe Checksummaybe omitted from the
HeaderExtension The specific behavior shall be defined for each Transport PSM.

Table 8.31 - Structure of the Checksum SubmessageElement

field type meaning

value Checksum32_t, or A checksum of the RTPS Message, including the RTPS He
Checksum64 _t, or
Checksum128 t

8.3.5.13 Messagelength

Messagéength is used in thédeaderExtensionSubmessage and enables the sender to indietengh of
the RTPS message.

Depending on the underlying transposed to send the RTPS message, the length of the RTPS message may
already or be derivable from the information in the transport header. Inchesghe Messagelengthmaybe
omitted from theHeaderExtension The specific behavior shall be defined éach Transport PSM.

Table 8.32 - Structure of the MessageLength SubmessageElement

field type meaning

value MessagelLength_t The length of the RTPS Message, including the RTPS Hed

8.3.5.14 UExtension4

UExtensiondis used in théleaderExtensionSubmessage and enables the sendeido? octets of
information to the header. This version of the specification does not interpret these bytes. It is intended to
support future extensions of the RTPS specificati
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Table 8.33 - Structure of the UExtension4 SubmessageElement

field type meaning

value UExtension4_t Undefined. Intended for a future extension.

8.3.5.15 WEXxtension8

WExtension8is used in thédeaderExtensionSubmessage and enables the sender to add 8 octets of
information to the header. This version of the specification does not interpret these bytes. It is intended to
support future extensions of the RTPS specification.

Table 8.34 - Structure of the WExtension8 SubmessageElement

field type meaning

value WExtension8_t Undefined. Intended for a future extension.

8.3.5.16 LocatorList

LocatorList is used to specify a list ¢dcators.

Table 8.35 - Structure of the LocatorList SubmessageElement

field type meaning

value Locator_t[*] List of locators

8.3.5.17 SerializedData

SerializedDatacontains the serialized representation of the value of aothggat. TheRTPS protocotloes not
interpretthe serialized datatream. Therefore, it is represented as opaque data. For additional information see
10 Serialized Payload Representation

Table 8.36 7 Structure of the SerializedData SubmessageElement

field type meaning

value octet[*] Serialized datstream

8.3.5.18 SerializedDataFragment

SerializedDataFragment contains the serialized representation of a-dafact that has been
fragmented. Like for unfragmented SerializedData, the RTPS protocol does not interpret the fragmented
serialized datatream. Therefore, it is represented as opaque data. For additforraktion se, Serialized
Payload Representation

Table 8.37 - SerializedDataFragment

field type meaning

value octet[*] Serialized datstream fragment

8.3.5.19 GroupDigest

GroupDigest is used to communicate a setoftityld_t in a compact manner.
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Table 8.38 - Structure of the GroupDigest SubmessageElement

field type meaning

value GroupDigest_t Type used to hold a digest value that uniquely identifies a ¢
of Entities belonging to the same Participant.

8.3.6 The RTPS Header

As described i18.3.3 every RTPS Message must start witdeader .

8.3.6.1 Purpose

TheHeader is used to identify the message as belonging to the RTPS protocol, to identify the version of the
RTPS protocol used, and to provide context information that applies to the Submessages contained within the
message.

8.3.6.2 Content

The elements that form the sttue of theHeader were described i8.3.3.1 The structure of the Header can
only be changed if the major version of the protocol is also changed.

8.3.6.3 Validity

A Header isinvalid when any of the following are true:
A TheMessagdaslessthantherequirednumberof octetsto containa full Header . Thenumber
requiredis definedby thePSM.

A Its protocolvalue does not match the valueRROTOCOL_RTP3

A The majomprotocol version is larger than the major protocol version supported by the
implementation.

8.3.6.4 Change in state of Receiver

The initial state of th&®eceiver is described i8.3.4 This sub clause describes how Header of a new
Messageaffects thestate of theReceiver

Receiver.sourceGuidPrefix = Header.guidPrefix
Receiver.sourceVersion = Header.version
Receiver.sour  ceVendorld = Header.vendorld
Receiver.haveTimestamp = false

8.3.6.5 Logical Interpretation

None

8.3.7 The RTPS HeaderExtension
8.3.7.1 Purpose

TheHeaderExtension is used to convey optional information about the RM&Ssage . This submessage,
if presentshall appearimmediately after the RTPS Header

8.3.7.2 Content

The elements that form the structure of feaderExtension  were described i68.3.3.2

2 The actual value of the PROTOCOL_RTPS constant is provided R3Sk
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8.3.7.3 Validity

ThisHeaderExtension s invalid when any of the following is true:
1 The submessage is present but does not immediately follow the IRGdefer .

1 Thesubmessagelengihthe Submessage header is too small to fit the fields that are present as
indicated by the submessage flags.

1 Themessagelengtik too small to fit the RTPHeader and theHeaderExtension

1 Theparametersare malformed.

8.3.7.4 Change in state of Receiver

The state of th®eceiver changes is certain fields are present inHeaderExtens ion as indicated

below:
IF ( LengthFlag ) {
Receiver.messagelLength = HeaderExtension.messagelLength

}

IF ( TimestampFlag ) {
Receiver.rtpsSendTimestamp = HeaderExtension.rtpsSendTimestamp
Receiver.rtpsReceptionTimestamp = GetCurrentTime()
RECEIVER.clockSkewDetected =
CLOCK_SKEW_DETECTED(receptionTime, Receiver.rtpsSendTimestamp)

}
IF ( uExtensionFlag ) {

Receiver.uExtension4 = HeaderExtension.uExtension4
}
IF ( wExtensionFlag ) {

Receiver.wExtension8 = HeaderExtension.wExtension8
}
IF ( ChecksumFlags !=00 ) {

Receiver.messageChecksum = HeaderExtension.messageChecksum
}
IF( ParamatersFlag ){

Receiver.parameters = HeaderExtension.parameters
}

8.3.7.5 Logical Interpretation

TheHeaderExtension  may be sent to communicate the length of the RWMESsage, the time when the
message was semt checksum of the RTR@essage, or additional information about the RTPS message.

Themessgelengtimay be useful for managing memory while receiving incoming RTP&ages. The value
of themessageLengthhall indicate the length of the entire RTIM8ssage starting from the beginning of the
RTPSHeader .

ThertpsSendTimestanmppresents the tiethe RTPS message was sdhts measured using the clock of the
sending Participant.

ThertpsReceptionTimestanppresents the time when the RTPS message was received. It is measured using
the clock of the receiving Participant.

The functionCLOCK_SKR/_DETECTED()represents an implementatispecific function used to determine
whether the sending and receiving participant clocks are not synchronized or have too large a skew. The criteria
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used is implementatiespecific, but it could be as simple ased#ing a message delay that exceeds a pre
configured threshold.

Thevalue ofclockSkewDetecte@presents whether clock skew was detected for this RTPS meBkagean
be used to correct the source timestamps associated with the DATA messa§e3.8SEe5

The uExtensionandwExtension8nay be useful to communicate adfiial data on the header in a future
version of the RTPS specification.

ThemessageChecksumay be useful to detect message corruption by the underlying transport. It shall be
computed over the entire RTRR&ssage . For the purpose of computing the checkstira value of the
messageChecksufield in the RTP3HeaderExtension  shall be set to zero.

The paraneters contain additional information about the RTM8ssage . This is intended for future
extensibilityand vendor extension$his version of the specifidah does not define any parameters in the
HeaderExtension

8.3.8 RTPS Submessages

TheRTPSprotocol versior2.5defines several kinds of Submessages. They are categorized into two groups:
Entity- Submessages and énpreterSubmessages. Entity Submessages targeTRSEntity. Interpreter
Submessageanodify the RTPSReceiverstateand provide contextthat helpsprocesssubsequenEntity
Submessages.

The Entity Submessages are:

1 Data: Contains information regarding the value of an application-Dhject.Data
Submessages are sentiyters to Readers

1 DataFrag: Equivalentto Data, butonly containsa partof the newvalue(oneor more
fragments)Allows datato betransmitted as multiple fragments to overcome transport message
sizelimitations.

1 Heartbeat: Describes the information that is available Wheter . Heartbeat messages are
sent by aVriter to one or mor&keaders

1 HeartbeatFrag: For fragmentediata,descrbeswhatfragmentsareavailablein a Writer .
HeartbeatFrag messages are sent by\aiter to one or mor&keaders

1 Gap: Describegheinformationthatis nolongerrelevantto Readers.Gap messagearesentby
aWriter to oneor moreReaders

1 AckNack: Providesnformationonthe stateof a Readerto aWriter . AckNack messageare
sentby aReaderto one or moraNriters .

1 NackFrag: Providesnformationonthestateof a Readerto aWriter, morespecificallywhat
fragmentgheReaderis still missing.NackFrag messages are sent bjRaaderto one or more
Writers .

The Interpreter Submessages are:

1 HeaderExtension Provides additional information that logically belongs in the RTPS Header.
The additional information is included inside thisomessage, instead of the HTPS Header
order to preserve interoperability with earlier versions of the RTPS proREBIS version 2.4
and earlieversionare not able to process the HeaderExtension and will skip this submessage.

1 InfoSource: Providesnformation about the source from which subsequent Entity Submessages
originated. This Submessage is primarily used for relaRiflgSSubmessages. This is not
discussed in the curresyecification.

1 InfoDestination: Providesnformationaboutthefinal destinatiorof subsequerintity
Submessage$his Submessage is primarily used for relayRigPSSubmessages. This is not
discussed in the curregpecification.

1 InfoReply: Provides information about where to reply to the entities that appearsacgidnt
Submessages.
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1 InfoTimestamp: Provides a source timestamp for subsequent Edtibmessages.
1 Pad: Used to add padding to a Message if needed for meatignment.

AN

Heartbeat

Data Pad
+readerld : Entityld
+statusinfo : Statusinfo +writerld : Entityld
:xﬁtifﬂd‘ Ei:;l\,rtmd +firstSN : SequenceNumber
. +lastSN : SequenceNumber i
+keyHashPrefix : KeyHashPrefix +count Cm?nt InfoTimestamp
+keyHashSuffix : KeyHashSuffix +curren‘tGSN : SequenceNumber +timestamp : Timestamp

+writerSN : SequenceNumber +firstGSN : SequenceNumber

+inlineQos : ParameterList .
+lastGSN : SequenceNumber
+serializedData : SerializedData +writerSet : quoupDigest InfoReply

+secureWriterSet : GroupDigest

+multicastLocatorList : LocatorList
+unicastLocatorList : LocatorList

DataFrag

+readerld : Entityld :
+writerld : Entityld +readerld : Entityld
+keyHashPrefix : KeyHashPrefix +writerld : Entityld _ _
+keyHashSuffix : KeyHashSuffix +readerSNState : SequenceNumberSet +guidPrefix : GuidPrefix
+count : Count

AckNack

InfoDestination

+writerSN : SequenceNumber
+inlineQos : ParameterList

+serializedData : SerializedData TR InfoSource
+fragmentStartingNum : FragmentNumber 2 +protocolVersion : ProtocolVersion
+fragmentsinSubmessage : uintl6 +readerld : Entityld +vendorld : Vendorld
+dataSize : uint32 +writerld : Entityld +guidPrefix : GuidPrefix
+fragmentSize : uint16 +writerSN : SequenceNumber
+lastFragmentNum : FragmentNumber
+count : Count
- HeaderExtension
P Length : MessageLength
— -messagelength : Messageleng
+re§.derld‘ - Entityld NackFrag -rtpsSendTimestamp : Timestamp
+writerld .Entltv\d +readerld : Entityld -uExtension4 : UExtension4
+93F'5Faff : SequenceNumber +writerld : Entityld -wExtension8 : WExtension8
+gaplist : Seql'nenceNumberSet +fragmentNumberState : FragmentNumberSet| |-messageChecksum : Checksum
+gapStartGSN : SequenceNumber +count : Count -inlineParameters : ParameterlList

+gapEndGSN : SequenceNumber
+filteredCount : ChangeCount

+writerSN : SequenceNumber

Figure 8.14 - RTPS Submessages

This sub clause describes each of the Submessages and their interpretation. Each Submessage is described in the
same manner under the headings describ&alime8.39.

Table 8.39 1 Scheme used to describe each Submessage

heading meaning
Purpose High-level description of the mairuppose of th&Submessage
Content Description of theSubmessageHeadeg{Submessagelandflags).
Descriptionof the SubmessageElementthatcanappeaiin the
Submessage
Validity Constraints that must be met by igbmessagén order for it to bevalid.

Change in State of the | The interpretation and meaning ofSabmessagewithin a Messagemay
Receiver depend on the previo®ibmessagewithin that samdlessageAs described
in 8.3.4this context is modeled as the state &ezeiverobject.

Logical interpretation Description of how th&ubmessageshould be interpreted
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8.3.8.1 AckNack
8.3.8.1.1 Purpose

This Submessage is used to communicate the stateedderto aWriter. The Submessage allows the Reader
to inform theWriter about the sequence numbers it has received and which ones it is still missing. This
Submessage can be useddoboth positive 1ad negativeacknowledgments.

8.3.8.1.2 Content

The elements that form the structure of fskNack message are described in the table below.

Table 8.40 - Structure of the AckNack Submessage

element type meaning

EndiannessFlag SubmessageFlag | Appears in the Submessage header flags. Indicates endian

FinalFlag SubmessageFlag | Appears in the Submessage header flags. Indicates to the \
whether a response is mandatory.

readerld Entityld Identifies theReader entity that acknowledges receipt of cert]
sequence numbers and/or requests to receive certain sequg
numbers.

writerld Entityld Identifies the Writer entity that is the target of the AckNack

message. This is the Writer Entity that is being dgkeresend
some sequence numbers or is being informed of the recepti
certain sequence numbers.

readerSNState | SequenceNumberS| Communicates the state of the reader to the writer.

All sequence numbers up to the one prior to
readerSNState.base are confirmed as received by the readg
The sequence numbers that appear in the set indicate miss
sequence numbers on the reader side. The ones that do no
appear in the set are undetermined (could be received or nq

count Count A counter that is incremented each time a new AckNack
message is sent.

Provides the means for a Writer to detect duplicate AckNac
messages that can result from the presence of redundant
communication paths.

8.3.8.1.3 Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengtihthe Submessage header is too small.

1 readerSNStates invalid (as defined isection8.3.5.5.
8.3.8.1.4 Change in state of Receiver
None
8.3.8.1.5 Logical Interpretation

TheReadersends théAckNack message to thé/riter to communicate its state with respect to the sequence
numbers used by th#&riter.

The Writer is uniquely identified by its GUID. The Writer GUID is obtained using the state of the Receiver:
writerGUID = { Receiver.destGuidPrefix, AckNack.writerld }
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The Reder is uniquely identified by its GUID. The Reader GUID is obtained using the state of the Receiver:

readerGUID = { Receiver.sourceGuidPrefix, AckNack.readerld }

The message serves two purposes simultaneously:

il

The Submessagcknowledgesll sequence numbgup to and including the one just before the
lowestsequence number in the SequenceNumberSet (that is readerSNStatg.base

The Submessagegativelyacknowledgegrequests) the sequence numbers that appear
explicitly in theset.

The mechanism to explily represent sequence numbers depends on the PSM. Typically, a compact
representation (sucks a bitmap) isised.

TheFinalFlag indicates whether Heart beat by theWriter is expected by thReaderor if the decision is
left to theWriter. The use of this flag is describedSection8.4.

8.3.8.2

Data

This Submessage is sent from an RWi2&8er to an RTPReader

8.3.8.21

Purpose

The Submessage notifies the RTR&derof a change to a datzbject belonging to the RTRSriter. The
possible changes include both changes in value as well as changes to the bifettychiataobject.

8.3.8.2.2 Contents

The elements that form the structure of reda message are described in the table below.

Table 8.41 - Structure of the Data Submessage

element

type

meaning

EndiannessFlag

SubmessageFla

Appears in the Submessage header flags.
Indicates endianness.

InlineQosFlag

SubmessageFla

Appears in the Submessage header flags.

Indicates to the Reader the presence of a ParameterList
containing QoS parameters tiséould be used to interpret the
message.

DataFlag

SubmessageFla

Appears in the Submessage header flags.
Indicates to the Reader that the dataPayload submessage el
contains the serialized value of the dakgect.

KeyFlag

SubmessageFla

Appears in the Submessage header flags.
Indicates to the Reader that the dataPayload submessage el
contains the serialized value of the key of the -ddjact.

NonStandardPayl
adFlag

SubmessageFla

Appears in the Submessage headesflndicates to the Reade
that the serializedPayload submessage element is not forma
according to Section 10.

readerld

Entityld

Identifies the RTPReaderentity that is being informed of the
change to the databject.

writerld

Entityld

Identifies the RTPSVriter entity that made the change to the
dataobject.
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writerSN SequenceNumbg Uniquely identifies the change and the relative order for all
changes made by the RTR&iter identified by the writerGuid.
Each change gets a consecutive sequence number. Each R1
Writer maintains is own sequence number.

inlineQos ParameterList Present only if the InlineQosFlag is set in the header.
Contains QoS that may affect the interpretation of the messa

serializedPayload| SerializedPayloa] Present only if either the DataFlag or the KeyFlag are set in
header.

If the DataFlag is set, then it contains the new value of the dg
object after the change.

If the KeyFlag is set, then it contains the key of the-d&jact the
message refers to.

8.3.8.2.3 \Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengththe Submessage header is too small.

1 writerSN.valuds not strictly positive (1, 2, ...) or BEQUENCENUMBER_UNKNOWN .
9 inlineQosis invalid.

8.3.8.2.4 Change in state of Receiver
None
8.3.8.2.5 Logical Interpretation

The RTPSNriter sends thdata Submessagyto the RTPReaderto communicate changes to the data
objects within the writer. Changes include both changes in value as well as changes to the lifecycle ef the data
object.

Changes to the value are communicated by the presencesefrtalizedPayloadWhen present, the
serializedPayloads interpreted either as the value of the d#igect or as the key that uniquely identifies the
dataobject from the set of registerethjects.
1 If the DataFlagis set and th&eyFlagis not set, theerializedPayloaglement is interpreted as
the value of thdataobject.

1 If the KeyFlagis set and th®ataFlagis not set, theerializedPayloaalement is interpreted as
the value of thkey that identifies the registered instance of da¢aobject.

If the InlineQosFlagis set, thenlineQoselement contains QoS values that override those dRTRSWriter
and shoulde usedto processhe update.For a completelist of possiblein-line QoS parametersseeTable
8.85.

If the NonStandardPayloadFlaig set then theerializedPayloaelement is not formatted according to Section
10. This flag is informational. It indicates that the SerializedPayload has been transformed as described in
another specification. For example, this flag should be set vlecBdrializedPayload is transformed as
described in the DDSecurity specification.

The Writer is uniquely identified by its GUID. The Writer GUID is obtained using the state of the Receiver:
writerGUID = { Receiver.sourceGuidPrefix, Data.writerld }

The Reader is uniquely identified by its GUID. The Reader GUID is obtained using the state of the Receiver:
readerGUID = { Receiver.destGuidPrefix, Data.readerld }

The Data.readerld can be ENTITYID_UNKNOWN, in which caseDh& applies to alReadersof that
writerGUID within theParticipantidentified by theGuidPrefix_t Receiver.destGuidPrefix.
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8.3.8.3 DataFrag

This Submessage is sent from an RWiA&er to an RTPReader

8.3.8.3.1 Purpose

TheDataFrag Submessage extends fbata Submessage by enabling therializedDatato be fragmented
and sent as multiplPataFrag Submessages. The fragments contained iD#taFrag Submessages are
then reassembledby theRTPSReader

Defining a separatBataFrag Submessage in addition to thata Submessage, offers the following

advantags:

1 It keeps variations in contents and structure of each Submessage to a mirfimienables
more efficient implementations of the protocol as the parsing of network packetpigied.

1 It avoids having to add fragmentation information ana QoS parameters in tiiata
Submessage. This may not only slow down performance, it also makieswinte debugging
more difficult, as it is no longer obvious whether data is fragmented or detlsioh message
contains whafragment(s).

8.3.8.3.2 Contents

The elements that form the structure of legaFrag Submessage are described in the table below.

Table 8.421 Structure of the DataFrag Submessage

element

type

meaning

EndiannessFlag

SubmessageFla

Appears in the Submessage header flags.
Indicates endianness.

InlineQosFlag

SubmessageFla

Appears in the Submessage header flags.

Indicates to the Reader the presence of a ParameterList
containing Qo$arameters that should be used to interpre
the message.

NonStandardPayloac
Flag

SubmessageFla

Appears in the Submessage header flags. Indicates to the
Reader that the serializedPayload submessage element i
formatted according to Section 10.

KeyFlag

SubmessageFla

Appears in the Submessage header flags.

Indicates to the Reader that the datd®ad submessage
element contains the serialized value of the key of the dat
object.

readerld

Entityld

Identifies the RTPReaderentity that is being informed of
the change to the datdject.

writerld

Entityld

Identifies the RTPSVriter entity that made the change to th
data object.

writerSN

SequenceNumbg

Uniquely identifies the change and the relative order for
changes made by the RTP@&Triter identified by the
writerGuid. Each change getsonsecutivesequencaumber.
EachRTPSWriter maintainss own sequencaumber.

fragmentStartingNun

FragmentNumbe|

Indicates the starting fragment for the series of fragments
serializedData
Fragment numbering starts with number 1.
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fragmentsinSubmesg ushort The number of consecutive fragments contained in this

ge Submessage, startingfeagmentStartingNum

dataSize ulong The total size in bytes of the original data before
fragmentation.

fragmentSize ushort The size of an individual fragment in bytes. Thaximum

fragment size equals 64K.

inlineQos ParameterList Present only if the InlineQosFlag is set in the header.
Contains QoS that may affect the interpretation of the me

serializedPayload SerializedPayloa| A consecutiveseries of fragments, starting at
fragmentStartingNurfor a total offragmentsinSubmessage
Represents part of the new value of the -adifject after the
change.

A If the KeyFlagis notset, then it contains a
consecutive set of fragments of the new valuthef
data object after thehange.

A If the KeyFlag is set, then it contains a consecutive
set of fragments of the key of the datgject the
message refets.

In either case the consecutive set of fragments contains
fragmentsinSubmessaffagments and starts with the fragn
identified byfragmentStartingNum

8.3.8.3.3 Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengiithe Submesgye header is too small.

1 writerSN.valuds not strictly positive (1, 2, ...) or ®EQUENCENUMBER_UNKNOWN .

1 fragmentStartingNum.valus not strictly positive (1, 2, ...) or exceeds the total number of
fragments (seleelow).

1 fragmentSize exceed&taSize.
1 The size of serializedData exceeds fragmentsinSubmesé$aggrentSize.
9 inlineQosis invalid.

8.3.8.3.4 Change in state of Receiver
None
8.3.8.3.5 Logical Interpretation

TheDataFrag Submessage extends fbata Submessage by enabling therializedDatao be fragmented
and sent as multiplbataFrag Submessages. Once #erializedDatas reassembled by the RTH&ader
the interpretation of thBataFrag Submessages is identical to that of ls@a Submessage.

How to reassembleserializedDatausing the information in thBataFrag Submessage is described below.

The total size of the data to beassembled is given lataSizeEachDataFrag Submessage contains a
contiguous segment of this data ingesializedDataelement. Theige of the segment is determined by the size
of theserializedDataelement. During reassembly, the offset of each segment is determined by:

(fragmentStartingNum - 1) * fragmentSize
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The data is fully reassembled when all fragments have been receivedotdaumber of fragments to expect

equals:
(dataSize / fragmentSize) + ((dataSize % fragmentSize) ? 1 : 0)

Note that eacbataFrag Submessage may contain multiple fragments. An RIWAgr will select
fragmentSizdased on the smallest message size stgghacross all underlying transports. If SOREPS
Readerscan be reached across a transport that supports larger messaga®kiériter can pack multiple
fragments into a singlPataFrag Submessage or may even send a reddda Submessage if
fragmenation is no longer required. For more details,&del4.1

When sendingnlineQoswith DataFrag Submessages, it is only required to sendrilieQoswith the first
DataFrag Submessage for a givéMriter sequence number. Sending the samireQoswith every
DataFrag Submessage for a givéMriter sequence number is redundant.

8.3.84 Gap

8.3.8.4.1 Purpose

This Submessage is sent from an RWiA&er to an RTPReaderandindicates to the RTPReaderthat aset

of changes in the RTP&riter HistoryCacheare not available to one or more RTR&aderendpoints anavill

not be sent tthem.The changes atidentifiedby their corresponding sequence numbers. The set may cantain
contiguous range of sequence numbers as well as aflsgquence numbers beyond the range.

In addition, theGap message may also inform the RTR&aderof the number of changes in tGap
representing changes filtered for that RT®&der T h e s e  ftHamgestare chandes still present in the
Writer HistoryCachethatwill not be sent to th&@TPSReaderdue to the application of a filtering critelig the
Writer. Examples of filtering criteria include:

1 A content filter specified by the FPSReader
1 Atime filter specified by the RTPReader

1 A writer-side specification that the sample is writtBrected to specificset ofRTPSReader
endpoints that do not include the RTR&8aderthat receives th&ap.

Filtered changes should not besatied as samples lost by tR& PSReader
8.3.8.4.2 Content

The elements that form the structure of @ap message are described in the table below.

Table 8.43 - Structure of the Gap Submessage

element type meaning

EndiannessFlag SubmessageFlag | Appears in the Submessage header flags. Indicates endian

GrouplinfoFlag | SubmessageFlag | Appears in the Submessage header flags.

Indicates the presence of additional information about the g
of writers(Writer Group) the sender belongs to.

FilteredCountFl| SubmessageFlag | Appears in the Submessage header flags.

ag Indicates the presence of tfigeredCount submessage elemel
readerld Entityld Identifies the Reader Entity that is being informed of the set
changeghatare not available

The readerld may be setENTITYID_UNKNOWN to indicate
the Gap message applies to all Readers within the receiving
Participant that are matched with the \&rispecified by the
writerld.
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writerld Entityld Identifies the Writer Entity to which theotavailablechanges
apply.

gapStart SequenceNumber | Identifies the first sequence number in the interval of seque
numberscorresponding tthe set ohotavailablechanges

gaplList SequenceNumberS| Serves two purposes:

(1) Identifies the last sequence number in the interval
of sequenceumberscorresponding tthe set ohot
available changes

(2) Identifies an additional list of sequence numbers
corresponding toot-availablechanges

gapStartGSN | SequenceNumber | Present only if the GroupinfoFlag is set in the header.

Identifies the group sequence number corresponding to the
sample identified bgapStart

gapEndGSN SequenceNumber | Present only if the GroupinfoFlag is set in the header.

Identifies the end of a continuous range of GSNs starting at
gapStartGSNhat are noawvailable to the Reader.

It shall be greater than or equal to the group sequence num
corresponding to the sample identifieddapList.bitmapBase

filteredCount ChangeCount Present only if thé&ilteredCountFlagis set in the header.
Indicates the number of changes corresponding to the set o
sequence numbers in tl@ap thatare still present in the Writer|
cache but are being filtered for tREPS Reader.

8.3.8.4.3 Validity

This Submessage iisvalid when any of théollowing is true:
1 submessagelengihthe Submessage header is sowll.

1 gapStartis zero omegative.
1 gaplListis invalid (as defined i8.3.5.5.

If GrouplnfoFlagis set and:
1 gapStartGSNalueis zero or negative

1 gapEndGSNalueis zero or negative
1 gapEndGSWNalue< gapStartGSN.valu#

8.3.8.4.4 Change in state of Receiver
None
8.3.8.4.5 Logical Interpretation

TheRTPSWriter sends th&ap message to the RTHSBaderto communicate thacertainchangesare not
available to th&Reader This is typically caused by Writaide filtering of the sample (contefitered topics,
time-based filteringpas well as samples being replaced with new samples in a Writer with HISTORY Qos
KEEP_LAST.

Theset ofsequence numbetisat identify the corresponding changes appetiréap messagelivided intwo
groups:

1. All sequence numbers in the range gapStart <= sequence_number <= gapL-itt.base

2. All the sequence numbers that appear explicitly listetegapList.
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This setwill be referredto asthe Gap::sequence_number_set

The Writer is uniquely identified by its GUID. The Writer GUID is obtained using the state of the Receiver:
writerGUID = { Receiver.sourceGuidPrefix, Gap.writerld }

The Reader isniquely identified by its GUID. The Reader GUID is obtained using the state of the Receiver:
readerGUID = { Receiver.destGuidPrefix, Gap.readerld }

TheGapreaderldcan be ENTITYID_UNKNOWN, in which case tl@gap applies to alReadersof that
writerGUID within theParticipant.

The Writer sets therouplnfoFlagto indicate the presence of thapStartGSMndgapEndGSMlements.
These fields providmformationrelated tothe CacheChangesf Writers belonging to aVNriter Group. See
section8.7.6for how DDS uses this feature.

ThegapEndGSNan extend past tHéroup Sequence Number that correspondgapList.bitmapBas&
situations where those addital Group Sequence Numbers have been written by dttidters.

ThefilteredCountis the count of the sequence numbers inGhp::sequence_number_set  that correspond

to changes thatre still in the RTPS$Vriter HistoryCachebut the Writer will not sends they are considered
notrelevant to th&Reader receiving theGap. This means thReaderwould not have beeinmterested in them
because they do not mesbmereaderspecified criteriaor because they were written exclusively targeting other
Readerendpoints.

ThefilteredCount if presentshall include:
Changes filtered due to the writside application of a contefiltered-topic specified by thé&keader
Changes filtered due to theiter-side application éime filter specified by th&Reader

Changes that are writtém ways that intend to exclude delivery to fRReader

= = =4 =4

Changes that are referenced i@ap as nonrelevant for eReadermay still be in théNriter
HistoryCache They ma be relevant to othdReaderqe.g. a reader without a content filter).

ThefilteredCountshallnot include changes that are no longer in the RWRBer HistoryCacheunless the
RTPSWriter knows that the sample would have been filtered foRtbadereven if it was still in the cachén
particular, thdilteredCountdoes not includehanges that correspond to samplesaegd by HISTORY Qos set
to KEEP_LAST as well as samples removed fromihiéer cache due to hitting any resource limit.

8.3.8.5 HeaderExtension

This submessage is logically part of the header and it is defirg8.ih
8.3.8.6 Heartbeat

8.3.8.6.1 Purpose

This message is sent from an RTW8#ter to an RTPReaderto communicate the sequence numbers of
changes that thé/riter has available.

8.3.8.6.2 Content

The elements that form the structure of Heartbeat message are described in the table below.
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Table 8.44 - Structure of the Heartbeat Submessage

element

type

meaning

EndiannessFlag

SubmessageFlag

Appears in the Submessage header flaghcates
endianness.

FinalFlag

SubmessageFlag

Appears in the Submessage header flags.
Indicates whether the Reader is required to respond to the
Heartbeat or if it is just an advisory heartbeat.

LivelinessFlag

SubmessageFlag

Appears in th&ubmessage header flags.
Indicates that the DDS DataWriter associated with the RTPS
Writer of the message has manually asserted its LIVELINES

GrouplnfoFlag

SubmessageFlag

Appears in the Submessage header flags.

Indicates the presence additional information about the grou
writers (Writer Group) the sender belongs to.

readerld

Entityld

Identifies the Reader Entity that is being informed of the
availability of a set of sequence numbers.

Can be set to ENTITYID_UNKNOWN tmdicate all readers
for the writer that sent the message.

writerld

Entityld

Identifies the Writer Entity to which the range of sequence
numbers applies.

firstSN

SequenceNumber

If samples are available in the Writer, identifies the first (lowe
sequence number that is available in the Writer.

If no samples are available in the Writer, identifies the lowest
sequence number that is yet to be written by the Writer.

lastSN

SequenceNumber

Identifies the last (highest) sequence number that the \Meter
ever written

count

Count

A counter that is incremented each time a new Heartbeat
message is sent.

Provides the means for a Reader to detect duplicate Heartbe
messages that can result from the presence of redundant
communication paths.

currentGSN

SequenceNumber

Present only if th&rouplnfoFlagis set in the header.
Identifies the last (highest) group sequence number written b
DataWriterin theWriter6 &roup at the time that theleartBeat
was sent.

firstGSN

SequenceNumber

Present only if th&rouplnfoFlagis set in the header.

Identifies the group sequence number corresponding to the g
identified by sequence numbfastSN

lastGSN

SequenceNumber

Present only if th&rouplnfoFlagis set in the header.

Identifies the group sequence number corresponding to the g
identified by sequence numblasstSN

writerSet

GroupDigest

Present only if thé&rouplnfoFlagis set in the header.

Identifies the subset &riters that belong to th&Vriteré &roup
at the time the sample witlurrentGSNwas written.

secureWriterSe

GroupDigest

Present only if thé&rouplnfoFlagis set in the header.
Reserved for use by the DESRcurity Specification.
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The following examples illustrate how tfiestSN.valueandlastSN.valuare assigned in various scenarios.

Example 1.A Writer that has never written any samples before senditgaatbeat  will send a
Heartbeat with firstSN.value= 1, lastSN.value= 0.

Example 2.A Writer that has only one sample in its cache with sequence ni8hheill send aHeartbeat
with firstSN.value= lastSN.value= SN

Example 3.A Writer that has written 10 samples and still has the last 5 samples in its cache will send a
Heartbeat with firstSN.value= 6,lastSN.values 10.

Example 4.A Writer that has written 10 samples before sendiftpartbeat but does not have any samples
available athe time of theHeartbeat will send aHeartbeat  with firstSN.value= 11,lastSN.value= 10.

8.3.8.6.3 \Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengiithe Submessage header is somll

9 firstSN.valuds zero onegative
1 lastSN.value is negative
1 lastSN.value irstSN.value- 1

If GrouplnfoFlagis set and:
1 currentGSNvalueis zero or negative

firstGSNvalueis zero or negative
lastGSNvalueis negative

lastGSNvalue< firstGSNvalue- 1
currentGSNvalue< firstGSN.value
currentGSNvalue> lastGSNvalue

=A =4 =4 4 =4

8.3.8.6.4 Change in state of Receiver
None
8.3.8.6.5 Logical Interpretation

TheHeartbeat message serves two purposes:
1. ltinformstheReaderof thesequencaumberghatareavailableinthew r i tHestorgCacheso
thattheReademay request (using akckNack ) any that it hasnissed.

2. ltrequests th®eaderto send an acknowledgement for acheChangehanges that have
been enteredintoh e r Eistaty€acldesuch that th&Vriter knows the state of threader.

All Heartbeat messages serve the first purpose. That is, the Reader will always find out the state of the
wr i tHestorgCGacheand may request what it has missed. Normally, the RR&&lerwould only send an
AckNack message if is missing aCacheChange

TheWriter usesthe FinalFlag to request th®eaderto send an acknowledgment for $equenc&umberst
has received. If theleartbeat  has theFinalFlag set, then th&®eaderis not required to send aickNack
message back. However, if tRmalFlag is not set, then thReademmust send arAckNack message
indicating whichCacheChangechanges it has received, even if iekNack indicates it has received all
CacheChangee hanges i rHistorhCachevr i t er 6 s

The Writer sets thd.ivelinessFlago indicat that the DDS DataWriter associated with the RWeier of the
messagdas manually asserted its liveliness using the appropriate DDS operation (see the DDS Specification).
The RTPSReadershouldthereforerenewthe manuallivelinessleaseof the correspndingremoteDDS

DataWriter.
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TheWriter sets theGrouplnfoFlagto indicate the presence of therrentGSNfirstGSN lastGSN writerSet
andsecureWriterSet¢lements. These fields provide relate @aheChangesf Writers belonging to aNriter
Group. See8.7.6for how DDS uses this feature.

TheWriter is identified uniquely by its GUID. The Writer GUID is obtained using the state of the Receiver:
writerGUID = { Receiver.sourceGuidPrefix, Heartbeat.writerld }

The Readeris identified uniquely by its GUID. The Reader GUID is obtained using the state of the Receiver:
readerGUID = { Receiver.destGuidPrefix, Heartbeat.readerld }

The Heartbeat.readerlduec be ENTITYID_UNKNOWN, in which case thdeartbeat  applies to all
Readersof that writerGUID within theParticipant.

8.3.8.7 HeartbeatFrag
8.3.8.7.1 Purpose

When fragmenting data and until all fragments are availabléje¢hetbeatFrag Submessage is sent from
an RTPSNriter to anRTPSReaderto communicate which fragments té&iter has availableThis enables
reliable communication at the fragméewel.

Once all fragments are available, a regtlaartbeat message is used.
8.3.8.7.2 Content

The elements that form the structure of HeartbeatFrag  message are described in the table below.

Table 8.45 - Structure of the HeartbeatFrag Submessage

element type meaning

EndiannessFlag | SubmessageFla¢ Appears in the Submessage header flags.
Indicates endianness.

readerld Entityld Identifies the Reader Entity that is being informed of t
availability of fragments. Can be setto ENTITYID_UNKNOWN
to indicate all readers for theriter that sent the message.

writerld Entityld Identifies the Writer Entity that sent the Submessage.

writerSN SequenceNumbg Identifies the sequence number of the data change for which
fragments are available.

lastFragmentNum FragmentNumbe| All fragments up to and including this last (highest) fragment
available on the Writer for the change identifiedioyterSN

count Count A counter that is incremented each time a new HeartbeatFra
message is sent. Provides theans for a Reader to detect
duplicate HeartbeatFrag messages that can result from the
presence of redundant communicatpmaths.

8.3.8.7.3 Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengiithe Submessage header is somll

1 writerSN.valuds zero omegative
1 lastFragmentNum.value is zerormgative
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8.3.8.7.4 Change in state of Receiver
None
8.3.8.7.5 Logical Interpretation

TheHeartbeatFrag message serves the same purpose as a rétpdatbeat message, but instead of
indicating the availability of a range of sequence numbers, it indicates the availability of a range of fragments
for the data change with sequence nunwaterSN

The RTPReademwill respond by sending ldackFrag message, but opif it is missing any of the available
fragments. Th&Vriter is identified uniquely by its GUID. The Writer GUID is obtained using the state of the

Receiver:
writerGUID = { Receiver.sourceGuidPrefix, HeartbeatFrag.writerld }

TheReaderis identified uniquely by its GUID. The Reader GUID is obtained using the state of the Receiver:
readerGUID = { Receiver.destGuidPrefix, HeartbeatFrag.readerld }

The HeartbeatFrag.readerld can be ENTITYID_UNKNOWN, in which casedhetbeatFrag applies to
all Readersof that Writer GUID within theParticipant.

8.3.8.8 InfoDestination
8.3.8.8.1 Purpose

This message is sent from an RTW8ter to an RTPReaderto modify the GuidPrefix used to interpret the
Readerentitylds appearing in the Submessages that follow it.

8.3.8.8.2 Content

The elements that form the structure of thisDestination message are described in the table below.

Table 8.46 - Structure of the InfoDestination Submessage

element type meaning
EndiannessFla¢ SubmessageFlaq Appears in the Submessage header flags. Indicates
endianness.
guidPrefix GuidPrefix Provides the GuidPrefix that should be used to reconstruct the

GUIDs of all the RTPReaderentities whose Entitylds appears i
the Submessages that follow.

8.3.8.8.3 \Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengiththe Submessage header is too small.

8.3.8.8.4 Change in state of Receiver

if (InfoDestination.guidPrefix |= GUIDPREFIX_UNKNOWN) {
Receiver.destGuidPrefix = InfoDestination.guidPrefix
}else {
Receiver.destGuidPrefix = <GuidPrefix_t of the Partici pant receiving
the_ message >

}

8.3.8.8.5 Logical Interpretation

None
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8.3.8.9 InfoReply
8.3.8.9.1 Purpose

This message is sent from BiPSReaderto anRTPSWriter. It contains explicit information on where to send
a replyto the Submessagetatfollow it within the samemessage.

8.3.8.9.2 Content

The elements that form the structure of if®@Reply = message are described in the table below.

Table 8.47 - Structure of the InfoReply Submessage

element type meaning

EndiannessFlag SubmessageFlag | Appears in the Submessage header flags.
Indicates endianness.

MulticastFlag SubmessageFlag | Appears in the Submessage header flags.
Indicates whether thBubmessage also contains a multica|
address.

unicastLocatorList | LocatorList Indicates an alternative set of unicast addresses that the

Writer should use to reach the Readers when replying to
Submessages that follow.

multicastLocatorList | LocatorList Indicates an alternative set of multicast addresses that th
Writer should use to reach the Readers when replying to
Submessages that follow.

Only present when thiulticastFlagis set.

8.3.8.9.3 Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengiththe Submessage header is sowll.

8.3.8.9.4 Change in state of Receiver
Receiver.unicastReplyLocatorList =
InfoReply.unicastLocatorList if ( MulticastFlag )
{
Receiver.multicastReplyLocatorList = InfoReply.multicastLocatorList

}else {
Receiver.multicastReplyLocatorList = <empty>

}

8.3.8.9.5 Logical Interpretation

None

8.3.8.10 InfoSource

8.3.8.10.1 Purpose

This message modifies the logical source of the Submessages that follow.
8.3.8.10.2 Content

Theelements that form the structure of théoSource  message are described in the table below.
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Table 8.48 - Structure of the InfoSource Submessage

element

type

meaning

EndiannessFla

SubmessageFla

Appears in the Submessage header flags. Indicates
endianness.

protocolVersior

ProtocolVersion

Indicates the protocol uséor subsequent fmessages

vendorld Vendorld Indicates the Vendorld of theendor that originated theibsequent]
Submessages
guidPrefix GuidPrefix Identifies the Participant that is the container of the RTWPiEer

entities that are the source of the Submessages that follow.

8.3.8.10.3 Validity

This Submessage iisvalid when any of the following is true:
1 submessagelengththe Submessage header is too small.

8.3.8.10.4 Change in state of Receiver

Receiver.sourceGuidPrefix = InfoSource.guidPrefix
Receiver.sourceVersion = InfoSource.protocolVersion
Receiver.sourceVendorld = InfoSource.vendorld

Receiver.unicastReplyL

ocatorList = { LOCATOR_INVALID }

Receiver.multicastReplyLocatorList = { LOCATOR_INVALID }

haveTimestamp

8.3.8.10.5 Logical Interpretation

None

8.3.8.11 InfoTimestamp

8.3.8.11.1 Purpose

= false

This Submessage is used to send a timestamp which applies to the Submessafes/théhin the same

message.

8.3.8.11.2 Content

The elements that form the structure of ithf@ Timestamp

message are described in the table below.

Table 8.49 1 Structure of the InfoTimestamp Submessage

element

type

meaning

EndiannessFlag

SubmessageFla

Appears in the Submessage header flags. Indicates
endianness.

InvalidateFlag

SubmessageFla

Indicates whether subsequent Submessages should be consid
as having a timestamp or not.

timestamp

Timestamp

Present only if the InvalidateFlag is not set in the header. Cont
the timestamp that should be used to interpret the subsequent
Submessages.
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8.3.8.11.3 Validity

This Submessage iisvalid when the following is true:
1 submessagelengiithe Submessadeader is toemall.

8.3.8.11.4 Change in state of Receiver

if (!InfoTimestamp.InvalidateFlag ) {
Receiver.haveTimestamp = true
Receiver.timestamp = InfoTimestamp.timestamp

if ( Receiver. clockSkewDetected ) {
Receiver.ti mestamp +=
Receiver.rtpsR  eceptionTime - Receiver.rtpsSendTimestamp

}

}else {
Receiver.haveTimestamp = false

}

8.3.8.11.5 Logical Interpretation

The reception of thinfoTime stamp submessage sets the source timestamp associated with any subsequent
Data andDataFrag submessagedf applicable, the timestamp that appears inittieTime stamp is
adjusted to account for clock skew between the sending and the receiving Participants.

8.3.8.12 NackFrag

8.3.8.12.1 Purpose

TheNackFrag Submessage is used to communicate the statReéderto aWriter. When a data change is
sent as a series of fragments, MeckFrag Submessage allowtke Reader to inform the Writer about
specific fragment numbeisis still missing.

This Submessage can only contain negative acknowledgements. Note this differs AokiNaok
Submessage, which includes both positive and negative acknowledgements. The advantages of this approach
include:
1 It removes the windowing limitation irdduced by théAckNack Submessagé&siven the size of
a SequeneNumberSes limited to 256, a\ckNack Submessage is limited to NACKing only
those samples whose sequence number does not not exceed that of the first missing sample by
more than 256. Angamples below the first missing samples are acknowledyadkFrag
Submessages on the other hand can be used to NACK any fragment numbers, even fragments
more thar?56 apart from those NACKed in an earkarkNack Submessage. This becomes
important when hadling samples containing a large number of fragments.

1 Fragments can be negatively acknowledged incadgr.

8.3.8.12.2 Content

The elements that form the structure of NeckFrag message are described in the table below.

Table 8.50 - Structure of the NackFrag SubMessage

element type meaning
EndiannessFlag | SubmessageFlag Appears in the Submessage header flags. Indicates
endianness.
readerld Entityld Identifies the Reader entity that requestseizeive certain
fragments.
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writerld Entityld Identifies the Writer entity that is the target of the NackFr
message. This is the Writer Entity that is being asked-to
send some fragments.

writerSN SequenceNumber | The sequence number for which sofregments are missin
fragmentNum FragmentNumberSet Communicates the state of the reader to the writer.
berState The fragment numbers that appear in the set indicate

missing fragments on the reader side. The ones that do |
appear in the set armdetermined (could have been
received or not).

count Count A counter that is incremented each time a new NackFrag
message is sent.

Provides the means for a Writer to detect duplicate
NackFrag messages that can result from the presence o
redundant communication paths.

8.3.8.12.3 Validity

This Submessage iisvalid when any of the following is true:
1 submessageLengihthe Submessage header is too small.

9 writerSN.valuds zero omegative.
fragmentNumberStais invalid (as defined i8.3.5.7.
8.3.8.12.4 Change in state of Receiver
None
8.3.8.12.5 Logical Interpretation

TheReadersends théNackFrag message to thé/riter to request fragments from theriter.

The Writer is uniquely identified by its GUID. The Writer GUID is obtained using the state of the Receiver:
writerGUID = { Receiver.destGuidPrefix, NackFrag.writerld }

The Reader is identified uniquely by its GUID. TReader GUID is obtained using the state of the Receiver:
readerGUID = { Receiver.sourceGuidPrefix, NackFrag.readerld }

The sequence number from which fragments are requested is giveitdnN The mechanism to explicitly
represent fragment numbers degse on the PSM. Typically, a compact representation (such as a bitmap) is
used.

8.3.8.13 Pad
8.3.8.13.1 Purpose

The purpose of this Submessage is to allow the introduction of any padding necessary to meet any desired
memory alignment requirements. It has no othezaning.

8.3.8.13.2 Content

This Submessage has no contents. It accomplishes its purposes with only the Submessage header part. The
amount of padding is determined by the valusudfmessagelength

8.3.8.13.3 Validity

This Submessage is always valid.
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8.3.8.13.4 Change in state of Receiver
None
8.3.8.13.5 Logical Interpretation

None

8.4 Behavior Module

This module describes the dynamic behavior of the RTPS entities. It describes the valid sequences of message
exchanges between RTW&iter endpoints and RTPReaderendpoints and the timing constraints lubge
messages.

8.4.1 Overview

Once an RTPS8Vriter has been matched with an RTR8ader they are both responsible for ensuring that
CacheChangeahanges that exist in thWriter6 BlistoryCacheare propagated to tiReadeb BlistoryCache

The Behavior Module describes how the matching RTWier andReaderpair must behave in order to
propagateCacheChangechanges. The behavior is defined in terms of message exchanges using the RTPS
Messages defined B13. TheBehaviorModule is organizedasfollows:

1 8.4.2lists what requirements all implementations of RIEEPSprotacol must satisfy in terms of
behavior. An implementatiaihatsatisfiesheserequirementss consideredompliantandwill be
interoperablavith othercompliant implementations.

1 As implied above, it is possible for multiple implementationsattisfy the minimum
requirements, wheeachimplementation may choose a different tradebetween memory
requirements, bandwidth usage, scalability, and efficiency. The RTPS specification does not
mandate a single implementation with corresponding hehdustead, it defines the minimum
requirements for interoperability and then provides two Reference Implementations, the
Stateless and Stateful Reference Implementations, descriBed3n

1 The protocol behavior depends on such settings as the RELIABILITY é3discusses the
possible combinations.

1 8.4.5and8.4.6define notational conventions and define any new types used mdbisle.
1 8.4.7through8.4.12model the two Referendeplementations.

1 8.4.13describes the Writer Liveliness Protocol that is used by Participants to assert the
liveliness of their contained Writers.

1 8.4.14discusses some optional behavior, including support for fragmeatad
1 Finally, 8.4.15provides guidelines for actumhplementations.

Note that, asliscussed earlier i8.2.1Q the Behavior Module does not model the interactions between DDS

Entities andheir correspondin@TPSentities. For example, it simply assumes a DDS DataWriter adds and
removesCacheChangehanges to and from its RTR®iterd BlistoryCache Changes are added by the DDS

DataWriter as part of its write operation and removed when no longer needed. It imithjrealize the DDS
DataWritermayremovea CacheChangéefore it has been propagated to one or more of the matched RTPS
Readerendpoints. The RTP®@/riter is not in control of when &acheChangés removed from th&V/riterd s

HistoryCache It is the respnsibility of the DDS DataWriter to only remove thdSacheChangehanges that

can be removed based on the communication status and
HISTORY QoS setting of KEEP_LAST with a depth of 1 allows a DataWhdteemovea CacheChangdf a

more recentchangereplaceghe value of the samedataobject.

8.4.1.1 Example Behavior

The contents of this sub clause are not part of the formal specification of the protocol. The purpose of this sub
clause is tgrovide anintuitive understandingf the protocol.
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A typical sequence illustrating the exchanges between an RIR& and a matched RTHSeaderis shown
in Figure8.15. The examplesequencén this caseusesthe StatefulReferencdmplementation.

| :user % ‘ | : DataWriter } | whc : HistoryCache l | : StatefulWriter I | : StatefulReader | | rhc : HistoryCache I | : DataReader I | : user %‘
T T T T T

1

1

2 newﬁchange(MyChangeK\hd, MyData, Mylnliner.s., MylnstanceHandle)
1

3: MyCacheChange i

11 wrlte(MyDa@.“ MylnstanceHandle)

1
4: add_change[MvCaéheChange)

5: return

7: DATA, HEARTEEAT:

8: add_change(Myﬁl.acheChange)

9: MySegNum

10: take()

T
I
I
I
I
|
|
I
|
|
|
I
I
|
|
I
I
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< 12: MyCacheChange
13: MyData
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|
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16: return_loan()
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1
1
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|
1
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: 14: ACKNACK
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1
1
1
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17: remove_change(MySegNum)
18: return
20: |s_acked_by_al\(MySaqNum) lQ:_relﬁm_

1
21: TRUE ! iU
e T R,

1
22: remove_change(MySegNum)

e 23ireturn— .

Figure 8.157 Example Behavior

The individual interactions are described below:
1. The DDS user writes data by invoking thete operation on the DDBataWriter.

2. The DDSDataWriter invokes thenew_changeoperation on th&TPSWriter to create a new
CacheChangeEachCacheChangas identified uniquely by &equenceNumber

3. Thenew_changeoperatiorreturns.

4. The DDSDataWriter uses thexdd_changeoperation to store theacheChangénto theRTPS
Writerd BlistoryCache

5. Theadd_changeoperatiorreturns.

6. Thewrite operation returns, the user has completed the action of wiititey

7. TheRTPSWriter sendghecontentof the CacheChangehangedo the RTPSReaderusing
theData Submessage and requests an acknowledgment by also sehttiaglzeat
Submessage.

8. TheRTPSReaderreceives thdata message and, assuming that the resdimies allow
that, places th€achetangei nt o t hHistory€azhbusingdheadd_changeoperdion.

9. Theadd_changeoperatiornreturns.The CacheChanges visibleto theDDS DataReadeandthe
DDSuser.The conditions for this depend on tiediabilityL evelattribute of theRTPSReader

a. For a RELIABLE DDSDataReaderchanges in itRTPSReadebd blistoryCacheare made
visible to the user application only when all previous changes (i.e., changes with smaller
sequence humbers) are aliible.

b. ForaBEST_EFFORTDDS DataReaderhangesn its RTPSReadebd HlistoryCacheare
madevisible to theuser only if no future changes have already been made visible (i.e., if
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there are no changes in tR&PSR e ¢ e i Histony@ashewith a higher sequence
number).

10. TheDDS useris notified by oneof the mechanismslescribedn the DDS Specification(e.g.,
by meanf alistener or aVaitSe) and initiates reading of the data by calling tie
operation on the DDBataReader

11. The DDSDataReadeaccesses the change usingdbe changeoperation on the
HistoryCache

12. Theget_changeoperation returns theacheChangeo theDataReader.

13. Thetake operation returns the data to the Dx®r.

14. TheRTPSReadersends amckNack message indicating that tacheChangewas placed
i nt o t heélistiyacdeeThedckNack message contains ti&JID of theRTPS
Readerand theSequenceNumbeof the changeThis actionis independentrom the

notificationto the DDS userandthereadingof thedataby the DDS user It could have occurred
before or concurrently witthat.

15. The StatefulWriterrecords that thRTPSReaderhas received thEacheChangeand adds it to
the sebf acked_changesaintained by th&eaderProxyusing theacked_changes_set
operation.

16. The DDS user invokes theturn_loan operation on the DataReader to indicate that it is no
longer using the data it retrievegt meansof the previoustake operationThis actionis
independenfrom theactionson thewriter sideasit is initiated by theDDS user.

17. The DDSDataReadeuses theemove_changeoperation to remove the data from the
HistoryCache.

18. Theremove_changeoperatiorreturns
19. Thereturn_loan operatiorreturns

20. The DDSDataWriter uses the operatida_acked_by allto determine whicl€acheChanges
have been received by all tRFPSReaderendpoints matched with tt&tatefulWriter.

21. Theis_acked_by_alreturnsandindicatesthatthechangewith thespecifiedd s e ¢ _ n u mé
SequenceNumbehasbeen acknowledged by &ITPSRealer endpoints.

22. TheDDS DataWriterusesheoperationremove _changdo removethe changeassociatedvith
0 s e q _fromithe®TPSWr i t HistoyGache In doing this, the DDS DataWriter also
takes into account other DDS QoS suclbafRABILITY.

23. The operatiomemove_changeeturns.

The description above did not model some of the interactions between the DDS DataReader and the RTPS
Reader for examplethemechanism used by the RTPS Reader to alert to the DataReader that it should call read
or take to check whether new changes have been received (i.e., what causes step 10 to be taken).

Also unmodeled are some interactions between the DDS DataWriter aR@R8Writer; such as the

mechanism used by the RTMBiter to alert to the DataWriter that it should check whether a particular change
has been fully acknowledged such that it can be removed froktigteryCache(i.e., what causes step 20

above to be iniated).

The aforementioned interactions are not modeled because they are internal to the implementation of the
middleware and have no effect on the RTt8Stocol.

8.4.2 Behavior Required for Interoperability

This sub clause describes the requirements that plémentations of the RTPS protocol must satisfy in order
to be:
A compliant with the protocapecification

A interoperable with othémplementations
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The scope of these requirements is limited to message exchanges between RTPS implementations by different
verdors.For message exchanges between implementations by the same vendor, vendors may opt for a non
compliant implementatioor may usea proprietaryprotocolinstead.

8.4.2.1 General Requirements
The following requirements apply to all RTPS Entities.
8.4.2.1.1 All communications must take place using RTPS Messages

No other messages can be used than the RId3Sagesiefined in8.3. The required contents, validity and
interpretatbn of each Message is defined by tR&PSspecification.

Vendorsmay extend Messages for vendor specific needs using the extension mechanisms provided by the
protocol (see.6). This does not affedhteroperability.

8.4.2.1.2 All implementations must implement the RTPS Message Receiver

Implementations must implement the rules followed by the RWIESsage Receiveras introduced i8.3.4 to
interpretSubmessagewithin the RTPSMessageand maintain the state of tessage Receiver

This requirement also includes proper Message formatting by predeuliitg Submessagesvith
Interpreter Submessagesvhen required for proper interpretation of the former, as defin&d3n8

8.4.2.1.3 Thetiming characteristics of all implementations must be tunable

Depending on the application requirements, deployment configuration and underlying transportsuges end
may wanto tunethe timing characteristiceof the RTPSprotocol.

Therefore, where the requirements on the protocol behavior allow delayed responses or specify periodic events,
implementations must allow the ender to tune those timing characteristics.

8.4.2.1.4 Implementations must implement the Simple Participant and Endpoint Discovery Protocols

Implementations must implement the Simple Participant and Endpoint Discovery Protocols to enable the
discovery of remote Endpoints (s&&).

RTPSallows the use of different Participant and Endpoint Discovery Protocols, depending on the deployment
needs ofhe application. For the purpose of interoperability, implementations must implement at least the
Simple Participant Discovergrotocoland Simple EndpointDiscoveryProtocol(see8.5.7).

8.4.2.2 Required RTPS Writer Behavior

The following requirements apply to RTR®&iters only. Unless indicated, the requirents apply to both
reliable and bestffort Writers.

8.4.2.21 Writers must not send data out-of-order

A Writer must send out data samples in the order they were addedHtstdsyCache
8.4.2.2.2 Writers must include in-line QoS values if requested by a Reader

A Writer mud honor aR e a d equéssto receive data messages wiline QoS.
8.4.2.2.3 Writers must send periodic HEARTBEAT Messages (reliable only)

A Writer must periodically inform each matching reliaBleaderof the availability of a dataampleby sending
a periodicHEARTBEAT Message that includes the sequence number of the available samplsaifiples are
available,no HEARTBEAT Messageneedsto be sent.
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For strict reliable communication, thériter must continue to sendEARTBEAT Messages to Readeruntil
the Readerhas either acknowledged receiving all available samples or has disappeared. In all othérecases,
numberof HEARTBEAT Messagesentcan be implementationspecificand may be finite.

8.4.2.2.4 Writers must eventually respond to a negative acknowledgment (reliable only)

When receiving an ACKNACK Message indicatineaderis missing some data samples, thgter must
respond by either sending the missing data samples, sending a GAP message when the sample is not relevant, or
sending a HEARTBEAT meage when the sample is no longer available.

The Writer may respond immediately or choose to schedule the response for a certain time in the future. It can
also coalesce related responses so there need not bécaomeecorrespondence between an ACKNACK
Message and th&'r i t respobise. These decisions and the timing characteristics are implementation specific.

8.4.2.2.5 Sending Heartbeats and Gaps with Writer Group Information

A Writer belonging to a&roup shall sendHEARTBEAT or GAP Submessages to its matchiReladerseven if
the Readerhas acknowledged all of thétr i t sampfes. This is necessary for Sgbscriberto detect the
group sequence numbers that are not available iWthgr. The exception to this rule is when W&iter has
sentDATA or DATA_FRAG Submessages that contain the same information.

8.4.2.3 Required RTPS Reader Behavior

A besteffort Readeris completely passive as it only receives data and does not send messages itself. Therefore,
the requirements below only apptyreliableReaders

8.4.2.3.1 Readers must respond eventually after receiving a HEARTBEAT with final flag not set

Upon receiving AlIEARTBEAT Message with final flag not set, tReadermust respond with an ACKNACK
Message. The ACKNACK Message may acknowledge haeiogived all the data samples or may indicate that
some data samples aréssing.

The response may be delayed to avoid message storms.

8.4.2.3.2 Readers must respond eventually after receiving a HEARTBEAT that indicates a sample is
missing

Upon receiving a HEARTBEAT MessageRaaderthat is missing some data samples must respond with an
ACKNACK Message indicating which data samples are missing. This requirement only applidehther

can accommodate these missing samples in its caclieigindependent of the setting of the final flag in the
HEARTBEAT Message.

The response may be delayed to avoid message storms.

The response is not required when a liveliness HEARTBEAT has both liveliness and final flags set to indicate it
is a livelinessonly message.

8.4.2.3.3 Once acknowledged, always acknowledged

Once aReaderhas positively acknowledged receiving a sample using an ACKNACK Message, it can no longer
negatively acknowledge that same sample at a later point.

Once aWriter has received positive acknowledgement fronRalhders theWriter can reclaim any associated
resources. However, if\&riter receives a negative acknowledgement to a previously positively acknowledged
sample andtheWriter can still service the requesie Writer should send theample.

8.4.2.3.4 Readers can only send an ACKNACK Message in response to a HEARTBEAT Message

In steady state, an ACKNACK Message can only be sent as a response to a HEARTBEAT Message from a
Writer. ACKNACK Messages can be sent frorRaader when it first discovers Writer as an optimization.
Writers are not required to respond to theseqmptive ACKNACK Messages.
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8.4.3 Implementing the RTPS Protocol

The RTPS specification states that a compliant implementation of the protocol need onlttsatisf
requirements presented8m.2 Therefore, the behavior of actual implementations may differ as a function of
the design tradeffs made by each implementation.

The Behavior Module of the RTPS specification defines two reference implementations:

StatelesfReferencdmplementationThe Stateless Reference Implementation is optimized for scalability. It
keeps virtually no state on remote entities tratefore scales very well with large systems. This involves a
tradeoff, as improved scalability and reduced memory usage may require additional dtandsgige. The
Stateless Reference Implementation is ideally suited fordffest communication over aiticast.

Stateful ReferencemplementationThe Stateful Reference Implementation maintains full state on remote
entities. This approach minimizes bandwidth usage, but requires more memory and may imply reduced
scalability. In contrast to the StatelesddRence Implementation, it can guarantee strict reliable communication
and is able to apply Qel®ased or conteriased filtering on th&riter side.

Both reference implementations are described in detail in the sub clauses that follow.

Actual implementatins need not necessarily follow the reference implementations. Depending on how much
state is maintained, implementations may be a combination of the reference implementations.

For example, the StateleReference Implementation maintains minimal info atadeson remote Entities. As

such, it isnot able to perform timbéased filtering on th&/riter side as this requires keeping track of each
remoteReaderand its properties. It is also not able to dropafubrder samples on tHeeaderside as this

requires keeping track of the largest sequence number received from each VériteteSome

implementations may mimic the Stateless Reference Implementation, but choose to store enough additional
state to be able to avoid somwiethe abovelimitations. The requed additional information can be stored in a
permanent fashion, in which case the implementation approaches the Stateful Reference Implementation, or can
be slowly aged and kept around on ame@sded basis to approximate, to the expassible the behavior that

would resultif the statewere maintained.

Regardless of the actual implementation, in order to guarantee interoperability, it is important that all
implementations, including both reference implementations, satisfy the requirements presgdt@d in

8.4.4 The Behavior of a Writer with respect to each matched Reader

The behavior of an RTP&riter with respect to each matchBgaderdepends othesettingof the
reliabilityLevelattributein theRTPSWriter andRTPSReader This controlswhethera besteffort or a reliable
protocol isused.

Not all possible combinations of tieliabilityLevelare possible. An RTP®/riter cannot be matched to an
RTPSReaderunlesseither theRTPSWriter has thereliabilityLevelset to RELIABLE, or else both tHeTPS
Writer andRTPSReaderhave theeliabilityLevelset toBEST _EFFORTThis is because the DDS specification
states that a BEST_EFFORT DD@taWritercanonly bematchedvith aBEST _EFFORTDDS DataReader
andaRELIABLE DDS DataWriter can be matched with both a RELIABLE and a BEST_EFFORT DDS
DataReader.

As mentioned ir8.4.3 whether aWriter can be matched toReaderdoes not depend on whether both use the
same implementation of the RTPS protocol. That is, a Stateful Writer is able to communicate with a Stateless
Reader and vice versa.

8.4.5 Notational Conventions

The reference implementations are described using UML sequence charts adidgtatas. These diagrams
use some abbreviations to refer to the RTPS Entities. The abbreviations used areTsidelBi5 1.
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Table 8.51 - Abbreviations used in the sequence charts and state diagrams of the Behavior Module

Acronym Meaning Example usage
DW DDS DataWriter DW::write
DR DDS DataReader DR::read
W RTPS Writer W::heartbeatPeriod
RP RTPS ReaderProxy RP::unicastLocatorList
RL RTPSReaderLocator RL::locator
R RTPS Reader R::heartbeatResponseDelay
WP RTPS WriterProxy WP::remoteWriterGuid
WHC HistoryCache of RTPS Writer WHC::changes
RHC HistoryCache of RTPS Reader RHC::changes

8.4.6 Type Definitions

The Behavior Moduléntroduces the following additional types.

Table 8.52 - Types definitions for the Behavior Module

Types used within the RTPS Model classes

Attribute type Purpose

Duration_t Type used to hold timdifferences.
Should have at least naisecond resolution.

ChangeForReaderStatusKind| Enumeration used to indicate the status of a
ChangeForReaderlt can take the values:
UNSENT, UNACKNOWLEDGED,
REQUESTED, ACKNOWLEDGED,
UNDERWAY

ChangeFromWriterStatusKind| Enumeration used to indicate the status of a

ChangeFromWriter It can take the values:

NOT_AVAILABLE , MISSING, RECEIVED, UNKNOWN

There are three stinds of NOT_AVAILABLE:

NA FILTERED, NA_ REMOVED, NA_UNSPECIFIED
InstanceHandle_t Type used to represent the identity of a daipect whose changes in
value are communicated by the RTPS protocol.

ParticipantMessageData Type used to hold data exchanged betwegricipants The most
notable use of this type is for th¥riter Liveliness Protocol.

8.4.7 RTPS Writer Reference Implementations

The RTPSNriter Reference Implementations are based on specializations of the\Riitesclass, first
introduced imB.2 This sub clause describes the RTW8ter and all additional classes used to model the RTPS
Writer Reference Implementations. The actual behavior is descrit8d.8and8.4.9
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8.4.7.1 RTPS Writer

RTPSWriter specializes RTP&ndpointand representheactor that send€achetangemessages to the
matchedRTPSReaderendpoints. The Reference ImplementatiBtetelessWriteand StatefulWriter
specialize RTPSVriter and differin the knowledgethey maintainaboutthe matchedReaderendpoints.

Entity

K— Endpoint

K——1 Writer

+guid : GUID_t

+endpointld : Entityld_t

+topicKind : TopicKind_t
+reliabilityLevel : ReliabilityKind _t
+unicastLocatorList : Locator_t [0..*]
+multicastLocatorList : Locator_t [0..*]

+pushMode : bool
+heartbeatPeriod : Duration_t

+dataMaxSizeSerialized : long

+nackResponseDelay : Duration_t
+nackSuppressionDuration : Duration_t
+lastChangeSequenceNumber : SequenceNumber_t = 0

+new_change()

N

+writer_cache

StatelessWriter

StatefulWriter

HistoryCache

+reader_locator_add()
+reader_locator_remove()
+unsent_changes_reset()

+is_acked_by_all()
+matched_reader_add()
+matched_reader_remove()

0.:*

+reader_locators

+matched_readers

+add_change()
+remove_change()
+get_change()
+get_seq_num_min()
+get_seq_num_max()

0..*

«valuetype»
ReaderlLocator

ReaderProxy

+highestSentChangeSN : SequenceNumber_t
+requestedChanges : SequenceNumber_t [0..%]

+next_requested_change()
+next_unsent_change()
+requested_changes()
+requested_changes_set()
+unsent_changes()

+remoteReaderGuid : GUID_t

+remoteGroupGuid : GUID_t

+expectsinlineQos : bool = FALSE
+unicastLocatorList : Locator_t [0..*]
+multicastLocatorList : Locator_t [0..*]
+highestSentChangeSN : SequenceNumber_t
+requestedChanges : SequenceNumber_t [0..%]
+acknowledgedChanges : SequenceNumber_t [0..%]

+requested_changes

+acked_changes_set()
+next_requested_change()
+next_unsent_change()
+requested_changes()
+requested_changes_set()
+unsent_changes()
+unacked_changes()

+changes

0..%

Data |
0..1

+data_value

0..*

CacheChange

requested_changes

+kind : ChangeKind_t
+writerGuid : GUID_t
0..* ) +instanceHandle : InstanceHandle_t
acknowledged_changes +sequenceNumber : SequenceNumber_t
0.1 +inlineQos : ParameterList

higuest_sent_change

+highest_sent_change

Lo

Figure 8.16 - RTPS Writer Endpoints

Table8.53 describes the attributes of the RTWRSiter.
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Table 8.53 - RTPS Writer Attributes

RTPS Writer : RTPS Endpoint

attribute type meaning relation to DDS
pushMode bool Configures the mode in which thg N/A
Writer operates. If (automatically
pushMode==true, then the Writer| configured).
will push changes to theader. If
pushMode==false, changes will
only be announced via heartbeat;
and only be sent as response to {
request of a reader.
heartbeatPeriod Duration_t Protocol tuning parameter that N/A
allows the RTP®Vriter to (automatically
repeatedly announce the configured)
availability of data by sending a
Heartbeat Message.
nackResponseDelg Duration_t Protocol tuning parameter that N/A
allows the RTP3$Vriter to delay (automatically
the response to a request for daty configured)
from a negative acknowledgment
nackSuppression | Duration_t Protocol tuning parameter that N/A
Duration allows the RTPVriter to ignore | (automatically
requests for data from negative | configured)
acknowl edgment s
soond after the
change is sent.
lastChangeSequen( SequenceNumber | Internal counter used to assign | N/A (used as part of t
Number increasing sequence number to | logic of the virtual

each change made by the Writer|

machine)

writer_cache

HistoryCache

Contains the history of
CacheChange changes for this
Writer.

N/A

dataMaxSize
Serialized

Optional attribute thanidicates
the maximum size of any
SerializedPayloathatmaybe
sent by thariter.

N/A (automatically
configured)

The attributes of the RTP&Triter allow for fine-tuning of the protocol behawvioThe operations of the RTPS
Writer are described iffable8.54.
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Table 8.54 - RTPS Writer operations

RTPS Writer operations

operation name parameter list type

new <return value> Writer

attribute_values Set of attribute values required by the Wr
and all thesuper classes.

new_change <return value> CacheChange
kind ChangeKind_t
data Data
inlineQos ParameterList
handle InstanceHandle_t

The following sub clauses provide details on the operations.
8.4.7.1.1 Default Timing-Related Values

The followingtiming-r el at ed val ues are used asofthebexdef aul
interoperability between implementations.

nackResponseDelay.sec = 0;

nackResponseDelay.nanosec = 200 * 1000 * 1000; //200 milliseconds

nackSuppressionDuration.sec = 0;

nackSuppressionDuration.nanosec = 0;

8.4.71.2 new
This operation creates a new RTWREter.

Thenewlycr eat ed writer oO6thisd is initialized as f
this.guid := <as specified in the constructor>;
this.unicastLocatorList := <as s pecified in the constructor>;
this.multicastLocatorList := <as specified in the constructor>;
this.reliabilityLevel := <as specified in the constructor>;
this.topicKind := <as specified in the constructor>;
this.pushMode := <as specified in the construct or>;
this.heartbeatPeriod := <as specified in the constructor>;
this.nackResponseDelay := <as specified in the constructor>;
this.nackSuppressionDuration := <as specified in the constructor>;
this.lastChangeSequenceNumber := 0O;
this.writer_cache := new HistoryCache;

8.4.7.1.3 new_change

This operation creates a n&macheChangeo be appended to the RTIBiterd BlistoryCache The sequence
number of theaCacheChangeds automaticallysetto be the sequenceNumbaeaf the previouschangeplus one.

This operation returns the new change.

This operation performs the following logical steps:
++this.lastChangeSequenceNumber;
a_change := new CacheChange(kind, this.guid, this.lastChangeSequenceNumber,
data, inlin eQos, handle);
RETURN a_change;
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8.4.7.2 RTPS StatelessWriter

Specialization of RTP®Vriter used for the Stateless Reference Implementation. The BieR&essWritehas
no knowledge of the number of matched readers, nor does it maintain any state for eachRii&&kehder

endpoint.The RTPSStatelessWritemaintains only th&kTPSReaderLocatotlist that should be used to send

information to the matched readers.

Table 8.55 - RTPS StatelessWriter attributes

RTPS StatelessWriter :
RTPS Writer
attribute type meaning relation to DDS
reader_locators ReaderLocator[*] | The StatelessWriter maintains the N/A
list of locators to which it sends the (Automatically
CacheChanges. This list miaglude configured)
both unicast and multicasbcators.

The RTPSStatelessWriter s usef ul f or si t uHistory€ackeis snalk or é) tHea )
communications besteffort, or (c) the writer is communicatingvia multicastto a large numberof readers.

The virtual machine interacts with t&gatelessWriteusing the operations ihable8.56

Table 8.56 - StatelessWriter operations

StatelessWriter
operations
operation name parameter list type
new <return value> StatelessWriter
attribute_values Set of attribute values required by
StatelessWriter and all the super
classes.
reader_locator_add <return value> void
a_locator Locator_t
reader_locator_remove <return value> void
a_locator Locator t
unsent_changes_reset <return value> void

8.47.21 new
This operation creates a new RTH&telessWriter

In addition to the initialization performed on the RTWSter super classg8(4.7.1.3, the newlycreated
StatelessWritebt hi s is initialized as foll ows:
this.reader  _locators := <empty>;

8.4.7.2.2 reader_locator_add

This operation adds theeaderLocatota_locatorto the StatelessWritereader_locators.
ADD a_locator TO {this.reader_locators};
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8.4.7.2.3 reader_locator_remove

This operation removes tiiReaderLocatoa_locatorfrom the StatelessWriter::reader_locators.
REMOVE a_locator FROM {this.reader_locators};

8.4.7.2.4 unsent_changes_reset

This operatiomr e s e t shedtSerdaChangeififipr all theReaderLocatorsn the
StatelessWriter::reader_locatorBhis operation is useful when called periodically to cause the StatelessWriter
to keep resending all available changes inltstoryCache
FOREACH readerLocator in {this.reader_locators} DO
readerLocator. hig hest Sent ChangeSN := 0

8.4.7.3 RTPS ReaderLocator

Valuetype used by the RTFRatelessWriteto keep track of the locators of all matching reni®éaders
Table 8.57 - RTPS ReaderLocator attributes

RTPS ReaderLocator
attribute type meaning relation to DDS
highesSentChang| SequenceNumbg The hidhest sequence number of the| N/A
eSN _t changes that have been sent to the | ysed to implement the
ReaderLocator behavior of the RTPS
protocol.
requeste@hanges SequenceNumbg A list of sequence numbers N/A Automatically
_t] representinghanges that were configured
requested by remote Readers at thig
ReaderLocator.
locator Locator _t Unicast or multicast locator through | N/A Automatically
which the readers represented by th| configured
ReaderLocator can lreached.
expectsinlineQos| bool Specifies whether the readers
represented by this ReaderLocator
expect inline QoS to be sent with
every Data Message.

The virtual machine interacts with tReaderLocatotusing the operations ihable8.58

Table 8.58 - RTPS ReaderLocator operations

ReaderLocator operations

operation name parameter list

type
ReaderLocator

new <return value>

attribute_values Set of attribute values required

the ReaderLocator.

next_requested_change <return value> SequenceNumber_t

next_unsent_change <return value> SequenceNumber_t

<return value>

requested_changes SequenceNumber*}
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requested_changes_set <return value> void

req_seq_num_set SequenceNumber_t[*]
unsent_changes <return value> boolean
8.4.7.31 new
This operation creates a new RTR&aderLocator The newlycreatedReaderLocatodt hi sd& i s i ni ti
follows:

this.requested_changes := <empty>;

this.hig  hest SentChangeSN := SEQUENCE_NUMBER_INVALID
this.locator := <as specified in the constructor>;

th is.expectsinlineQos := <as specified in the constructor;

8.4.7.3.2 next_requested_change

This operation returns the lowest sequence number of the requested_changes. This represents the next repair
changehat should be sent to the RTR8aderocatedat thisReaderlocatorin response to a previous
AckNack message (se®3.8.) from theReader

return  MIN( this.requested_changes() )
8.4.7.3.3 next_unsent_change

This operation returns the lowest sequence number of all the change$\ritdreHistoryCachethat have a
sequence number greater thanReaderLocatotthighestSentChange@NThis represents the next change that
should be sent to the RTIR&aderocatedat thisReaderLocator
unsent_changes =
{ changes SUCH_THAT change.sequenceNumber > this.hig hest SentChangeSN }

IF unsent_changes == <empty> return SEQUENCE_NUMBER_INVALID
ELSE return MIN { unsent_changes .sequenceNumber }

8.4.7.3.4 requested_changes

This operation returns the list 8équence numbers fohanges that were requested by the RREB&dersat this

ReaderLocatousing an ACKNACK Message.
return this.requested_changes;

8.4.7.3.5 requested_changes_set

This operation adds the setofchasge quence numbers o&éreqg_seq_num_setd
FOR_EACH seq_num IN req_seq_num_set DO

ADD seq_num TO this.requested_changes;
END

8.4.7.3.6 unsent_changes

This operation returnSRUE if thereare h a n g e s i rHistoriGachethatihdve ot llesn sent yet to

this ReaderLocator otherwise it returns FALSE.
return this. next_unsent_change() != SEQUENCE_NUMBER_INVALID

8.4.7.4 RTPS StatefulWriter

Specialization of RTPS8Vriter used for the Stateful Reference Implementation. The RStR@®fulWriteris
configuredwith the knowledgeof all matchedRTPSReaderendpointsand maintainsstateon eachmatched
RTPSReaderendpoint.

By maintaining state on each matchRbPSReaderendpoint, the RTPStatefulWriter candeterminevhether
all matchedRTPSReaderendpoints have received a particutaxcheChangend can be optimal in its use of
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network bandwidth by avoiding to send announcements to readers that have received all the changes in the
wr i tHetorgCGache The information it maintains also sinfils QoSbased filtering on th@Vriter side. The
attributes specific to th8tatefulWriterare described imable8.59.

Table 8.59 - RTPS StatefulWriter Attributes

RTPS StatefulWriter : RTPS Writer

attribute type meaning relation to DDS

matched_readerl ReaderProxy[*]| The StatefulWriter keeps track of all the N/A

RTPS Readers matched with it. Each mat{ Automatically
reader igepresented by an instance of the| configured
ReaderProxy class.

The virtual machine interacts with t&tatefulWriter using the operations ihable8.60.

Table 8.60 - StatefulWriter Operations

StatefulWriter operations

operation name parameter list type
new <return value> StatefulWriter
attribute_values Set of attribute values required by the
StatefulWriter and all the super classe
matched_reader_add <return value> void
a_reader_proxy ReaderProxy
matched_reader_remove <return value> void
a_reader_proxy ReaderProxy
matched_reader_lookup <return value> ReaderProxy
a_reader_guid GUID _t
is_acked_by all <return value> bool
a_changeseq_num SequenceNumber_t
8.4.7.41 new

This operation creates a new RT8@tefulWriter. In addition to the initialization performed on the RTPS
Writer super clas$8.4.7.1.2, the newlycreatedStatefulWriter6t hi sé i s initialized as fo
this.matched_readers := <empty>;

8.4.7.4.2 is_acked_by_all

This operation takes $equenceNumber d&_changeseq_nunas a parameter amgtermines whether all the
ReaderProxyhave acknowledged th@acheChangewith that sequence numbérhe operation will return true
if all ReaderProxyhave acknowledged the correspond@arheChangend false otherwise.
return true IF and only IF
FOREAH proxy IN this.matched_readers
a_change _seq_num IN proxy. acknowledged cha nges

8.4.7.4.3 matched_reader_add

This operation adds tHReaderProxya_reader_proxyo the set StatefulWriter::matched_readers.
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ADD a_reader_proxy TO {this.matched_readers};

8.4.7.4.4 matched_reader_remove

This operation removes tiikeaderProxya_reader_proxyrom the set StatefulWriter::matched_readers.
REMOVE a_reader_proxy FROM {this.matched_readers};

delete proxy;

8.4.7.4.5 matched_reader_lookup

This operation finds thReaderProxywith GUID_ta_reader_guidrom the set

StatefulWriter::matched_readers.
FIND proxy IN this.matched_readers

SUCH THAT (proxy.remoteReaderGuid == a_reader_guid);

return proxy;

8.4.7.5 RTPS ReaderProxy

The RTPReaderProxyclass represents the informatiam RTPSStatefulWriter maintains on each matched
RTPSReader The attributes of the RTHSeaderProxyare described ifiable8.61.

Table 8.61 - RTPS ReaderProxy Attributes

RTPS ReaderProxy

attribute type meaning relation to
DDS
remoteReaderGuid GUID_t Identifies the remotenatched RTPS N/A
Reader that is represented by the Configured by
ReaderProxy. discovery
remoteGroupEntityld | Entityld_t Identifies the group to which the matcl} The Entityld of the

Reader belongs

Subscriber to whic
this DataReader

belongs.
unicastLocatrList Locator_t[*] List of unicast locators (transport, N/A
address, port combinations) that can i configured by
used to send messages to the matche| giscovery
RTPSReader The list may be empty.
multicastLocatorList | Locator_t[*] List of multicast locators (transport, N/A
address, port combinations) that can i configured by
used to send messages to the matche| giscovery
RTPSReader The list may be empty.
highesSentChangeSN| SequenceNum The highest sequence number of the | N/A
er_t changes that have been sentto the | ysed to implement
matched RTPReader the behavior of the
RTPS protocol.
requeste@hanges SequenceNum A list of sequence numbers representi| N/A
er_t[*] changes that were requested by the | ysed to implement
matched RTPReader the behavior of the
RTPS protocol.
acknowledge@hanges SequenceNum A list of sequence numbers representi| N/A
er_t[*] changes that have been acknowledge

by the matched RTPReader
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Used to implement
the behavior of the
RTPS protocol.

expectsinlineQos bool Specifies whether the remote matcheg
RTPS Reader expectsline QoSto be
sent along with any data.

isActive bool Specifies whether the remdReaderis | N/A
responsive to thevriter.

The matching of an RTPStatefulWriterwith an RTPReadermeans that the RTPRatefulWriterwill send
theCacheChange h anges i rHistorhGachetorthe matahdd RTPRBeaderrepresented by the
ReaderProxy The matching is a consequence of the match of the corresponding DDS entities. That is, the DDS
DataWriter matches a DDS DataReader by Topic, has compatiblea@d$ not being explicitly ignored by

the application that uses DDS.

The virtual machine interacts with tReaderProxyusing the operations ifiable8.62.

Table 8.62 - ReaderProxy Operations

ReaderProxy operations
operation name parameter list parameter type
new <return value> ReaderProxy
attribute_values Set of attribute values required by the
ReaderProxy.
acked_changes_set <return value> void
committed_seq_num SequenceNumber_t
next_requested_change <return value> SequenceNumber _t
next_unsent_change <return value> SequenceNumber _t
unsent_changes <return value> boolean
requested_changes <return value> SequenceNumbenf*}
requested_changes_set <return value> void
req_seq_num_set SequenceNumber_t[*]
unacked_changes <return value> boolean
8.4.7.51 new
This operation creates a new RTR&aderProxy The newlycreatedreadggr oxy o6t hi s6 1is i nitia

follows:
this.attributes := <as specified in the constructor>;
this.requested_changes := <empty>;
this.acknowledged_changes := <empty>;
this.hig  hest_sent_seq_num :=0;
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8.4.7.5.2 acked_changes_set

This operatiormodifiesthe éGacknowlelged_changés a t torinclide tliehanges with sequence number

small er than or equal to the value 6committed_seq_

FOR_EACH seq_num <= committed_seq_num DO
ADD seq_num TO this.acknowledged_ changes

8.4.7.5.3 next_requested_change

This operation returns the lowest sequence nuinlibe Gequested changgs a t tThis represents the next
repairchangehat should be sent to tiRTPSReaderrepresented by theeaderProxyin response to a previous
AckNack messagesge8.3.8.] from theReader

return  MIN( this.requested_changes() );
8.4.7.5.4 next_unsent_change

This operation returns the lowest sequence numibai the changes the Writer HistoryCachethat have a
sequence number greater thanReaderProxyd hi g h e st _ s eThis repseseqts theunexbchange that
should be sent to the RTR&adermrepresented by tHeeaderProxy
unsent_changes =
{changes SUCH - THAT change.sequenceNumber > this.higuest_sent_seq_num }

IF unsent_changes == <empty> return SEQUENCE_NUMBER_INVALID
ELSE return MIN { unsent_changes.sequenceNumber }

8.4.7.5.5 requested_changes

This operation returns the list sequence nmuabers forchangeghat were requestedy the RTPSReader

representedby the ReaderProxyusingan ACKNACK Message.
return this.requested_changes

8.4.7.5.6 requested_changes_set

This operation modifiesth@r e gue st ed _c h a n g e s <t ohchanges vithusequientemumbersc | u d e

that appear inthe parameter e _seq_num_set 6.
FOR_EACH seq_num IN req_seq_num_set DO
ADD seq_num TO this.requested_changes;
END
8.4.7.5.7 unsent_changes

This operationreturnd r u ¢ 6t her e ar e c HistanyGachethat mavetndt keerveent yeteorthis s
ReaderProxy otherwise it returns FALSE.

return  ( this.next_unsent_change() != SEQUENCE_NUMBER_INVALID
8.4.7.5.8 unacked_changes

This operationreturn§ t riufe 6t her e ar e c Histany@aclsethat havehohbeenacknowledgedd s
yet by the RTPSReaderrepresentedby the ReaderProxy

highest_available_seq_num := MAX { change .sequenceNumber }
highest_ acked _seq_num := MAX/{ this.acknowledged_changes }
return  ( highest_available_seq_num > highest_ acked _seq_num )
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8.4.8 RTPS StatelessWriter Behavior

8.4.8.1 Best-Effort StatelessWriter Behavior

The behavior of the Beéiffort RTPSStatelessWritewith respect to eacReadet.ocatoris described in

Figure8.17.

delete ReaderlLocator

. new ReaderLocator

pushing

[RL::unsent_changes() == false]

[RL::unsent_changes() == true]

A

T

[RL::can_send() == true] /
seq_num := RL::next_unsent_change()

send DATA( WHC::get_change(seq_num) ) | send GAP (seq_num)

idle

Figure 8.17 - Behavior of the Best-Effort StatelessWriter with respect to each ReaderLocator

The statemachine transitions are listedTiable8.63.

Table 8.63 - Transitions for Best-effort StatelessWriter behavior with respect to each ReaderLocator

Transition state event next state

T1 initial RTPS Writer is configured with a ReaderLocator idle

T2 idle GuardCondition: pushing
RL::unsent_changestr true

T3 pushing GuardCondition: idle
RL::unsent_changes() false

T4 pushing GuardCondition: pushing
RL::can_send() == true

T5 any state | RTPS Writer is configured to no longer have the final
ReaderLocator

8.4.8.1.1 Transition T1

This transition is triggered by the configuration of an RTPS-Béfstt StatelessWritebt he _rt ps _wr i t er 0
an RTPSReaderLocator This configuration is doneylthe Discovery protocdB.5) as a consequence of the

di scove

DDSI-RTPS v2.5

ry of

a DDS Dat aReader

t hat

mat ches t he

81

DDS Dz¢



The discovey protocol supplies the values for tReaderLocatorconstructor parameters. The transition
performs the following logical actions in the virtual machine:

a_locator := new ReaderLocator( locator, expectsinlineQos );
the_rtps_writer.reader_locator_add( a_lo cator );

8.4.8.1.2 Transition T2

This transition is triggered by the guard condition [RL::unsent_charnges()ig indicating that there are some
changes in the RTP&riter HistoryCachethat have not been sent to the RTR&derLocator

The transitiorperforms no logical actions in the virtual machine.
8.4.8.1.3 Transition T3

This transition is triggered by the guard condition [RL::unsent_changed$é)se-indicating that all changes in
the RTPSNriter HistoryCachehave been sent to the RTR8aderLocator Notethat this does not indicate that
the changes have been received, only that an attempt was made to send them.

The transition performs no logical actions in the virtual machine.
8.4.8.1.4 Transition T4

This transition is triggered by the guard condition [RL::can_§ened true] indicating that the RTRSFriter
6t h e _ hasthetresauréesieededo senda changeto the RTPSReaderLocatordt he _r eader _ |

The transition performs the following logical actions in the virtual machine:
a_change _seq_num :=the_reader_ locator.next_unsent_change();
IF (a_change _seq_num > the_reader_locator.higuest_sent_seq_num +1) {
GAP = new GAP(the_reader_locator.higuest_sent_seq_num + 1,
a_change _seq_num - 1);
GAP.readerld := ENTITYID_UNKNOWN;
GAP filteredCount := 0;
sendto the_reader_locator.locator, GAP;

}

a_change := the_writer. writer_cache .get_change(a_change_seq_num);
DATA = new DATA(a_change);
IF (the_reader_locator.expectsinlineQos) {

DATA.inlineQos := the_writer.related_dds_writer.qos;

DATA.inlineQos += a_change.inlineQos;

}
DATA.readerld := ENTITYID_UNKNOWN;

sendto the_reader_locator.locator, DATA;
the_reader_locator.higuest_sent_seq_num := a_change_seq_num;

The next uas e h tpresehidtheg\iterdCache may not not have a sequence number that
matches the ReaderLocatbiguest sentseq_num + L This may happen whenGacheChangess removed
from the Writer cache. For example, when using HISTORY QoS set to KEEP_LAST with depth new,
change will cause the DDS DataWriter to remove the previous change frofistbeyCache In this case a
GAP message is sent to indicate a range of sequence numbers not available to the Reader.

Since the GAP messages represastheChangeshat are ot present in the Writer cache, these changes do not
appear counted in the GAP messéiljeredCount

After the transition, the following posbnditions hold:
the_reader_locator.higuest_sent_seq_num == a_change_seq_num

8.4.8.1.5 Transition TS

This transition is triggered by the configuration ofan RVTA8er6t h e _

rtps_writerd to
RTPSReaderLocatodt he reader | ocator. 6 Thi s
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consequence of breaking a festing match of a DDS DataReader with the DDS DataWriter related to

6the_rtps_writer. o

The transition performs the following logical actions in the virtual machine:
the_r tps_writer.reader_locator_remove(the_reader_locator);
delete the_reader_locator;

8.4.8.2 Reliable StatelessWriter Behavior

The behavior of the reliable RTFBatelessWritewith respect to eacReaderLocatolis described ifrigure
8.18.

start

.%/aderl_ocator delete ReaderLocator /@ end

. after (W::heartbeatPeriod) /
send HEARTBEAT (FinalFlag=SET)

S REnIng [RL::unsent_changes() == false] s e Nnclng
[RL::unsent_changes() ==true]
[RL::can_send == true] /

seq_num := RL::next_unsent_change()
send DATA( WHC::get_change(seq_num) ) | send GAP(seg_num)

[RL::can_send() == true] /
seq_num := RL::next_requested_change()
. send DATA( WHC::get_change(seq_num) ) | send GAP(seq_num)

[ i

repairing

[RL::requested_changes()

—= <empty>] after (W:nackResponseDelay)

J

[RL::requested_changes() != <empty>]

[ waiting ] must_repair
ACKNACK / ACKNACK /
RL::requested_changes_set(ACKNACK) RL::requested_changes_set(ACKNACK)

Figure 8.18 - Behavior of the Reliable StatelessWriter with respect to each ReaderLocator

The statemachine transitions are listed Trable8.64.
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Table 8.64 - Transitions for the Reliable StatelessWriter behavior with respect to each Reader Locator

Transition state event next state
T1 initial RTPS Writer is configured with a ReaderLocator announcing
T2 announcing | GuardCondition: pushing
RL::unsent_changes{tr true

T3 pushing GuardCondition: announcing
RL::unsent_changes() false

T4 pushing GuardCondition: pushing
RL::can_send() == true

T5 announcing | after(W::heartbeatPeriod) announcing

T6 waiting ACKNACK message is received waiting

T7 waiting GuardCondition: must_repair
RL::requested_changes() = <empty>

T8 must_repair | ACKNACK message is received must_repair

T9 must_repair | after(W::nackResponseDelay) repairing

T10 repairing GuardCondition: repairing
RL::can_send() == true

T11 repairing GuardCondition: waiting
RL::requested_changes() == <empty>

T12 any state RTPS Writer is configured to no longer have the final
ReaderLocator

8.4.8.2.1 Transition T1

This transition is triggered by the configuration of an RTPS Rel@tatelessWritebt he _rt ps _wr i t er
RTPSReaderLocator This configuration is done by the Discovery protd@&ob,
consequence of the discovery of a DDS DataReader that matches the DDS DataWriter that is related to
60the_rtps_writer. o

0Di scoveaesa Modul

The discovery protocol supplies the values forRieederLocatorconstructor parameters. The transition
performs the following logical actions in the virtual machine:

a_locator := new ReaderLocator( locator, expectsinlineQos );
the_rtps_writer.reader_locator_add( a_locator );

8.4.8.2.2 Transition T2

This transition is triggered by the guard condition [RL::unsent_charges()€ indicating that there are some

changes in the RTP&riter HistoryCachethat have not been sent to fReaderLocator The transition
performs no logical actions in the virtuaachine.

8.4.8.2.3 Transition T3

This transition is triggered by the guard condition [RL::unsent_changésdsegrindicating that all changes in

the RTPSWriter HistoryCachehave been sent to tifieaderLocator Note that this does not indicate that the

changes have been received, only that there has been an attempt made to send them. The transition performs no
logical actions in the virtuahachine.
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8.4.8.2.4 Transition T4

This transition is triggered by the guard condition [RL::can_send() == true] indicatint¢haT PSNriter
0t h e _ hasthetresauréesieededo senda changeto the RTPSReaderLocatordt he _reader _| ocato

The transition performs the following logical actions in the virtual machine:

a_change _seq_num :=the_reader_locator.next_unsent_change( );
IF (a_change _seq_num >the_reader_locator.higuest sent_seq_num +1) {

GAP = new GAP(the_reader_locator.higuest_sent_seq_num + 1,

a_change _seq_num - 1);

GAP.readerld := ENTITYID_UNKNOWN,;

GAP filteredCount := 0;

sendto the_reader_locato r.locator, GAP;

a_change := the_writer. writer_cache .get_change(a_change_seq_num);
DATA = new DATA(a_change);
IF (the_reader_locator.expectsinlineQos) {

DATA.inlineQos :=

the_writer.related_dds_writer.qos;

}

DATA.readerld := ENTITYID_UNKNOWN;

sendto the_reader_locator.locator, DATA;
the_reader_locator.higuest_sent_seq_num := a_change_seq_num ;

The next uas e htpresebténnhg Writed Cache may not not have a sequence number that
matches the ReaderLocatbiguest seq_num + }1 This may happen whenGacheChangess removed from

the Writer cache. For example, when using HISTORY QoS set to KEEP_LAST with depth == 1, a new change
will cause the DDS DataWriter to remove the previous change froiisiheryCache In this case a GAP

message is sent to indicate a range of sequence numbers not available to the Reader.

Since the GAP messages represemtheChangeshat are not present in the Writer cache, these changes do not
appear counted in the GAP messélieredCount

After the transition the following postonditions hold:
the_reader_locator.higuest_sent_seq_num == a_change_seq_num

8.4.8.2.5 TransitionT5
This transition is triggered by the firing of a periodic timer configured to fire each W::heartbeatPeriod.

The transition pgorms the following logical actions in the virtual machine forWeter6t he _rt ps _wr i t er

ReaderLocatobt he reader | ocator . o
seq_num_min = the_rtps_writer.writer_cache.get_seq_num_min();

seq_num_max = the_rtps_writer.writer_cache.get_seq_num_max();

HEARTBEAT := new HEARTBEAT (the_rtps_writer.writerGuid, seq_num_min,
seq_hum_max);

HEARTBEAT.FinalFlag := SET;

HEARTBEAT.readerld := ENTITYID_UNKNOWN,;

sendto the_reader_locator, HEARTBEAT;

8.4.8.2.6 TransitionT6

This transition is triggered by the reception of an ACKNACK message destined to theSREEISssWriter
6the_rtps_wr romesoméRTPReadei nat i ng f

The transition performs the following logical actions in the virtual machine:

FOREACH reply_locator_t IN { Receiver.unicastReplyLocatorList,
Receiver.multicastReplyLocatorList }
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reader_locator := the_rtps_writer.reader_locator_loo kup(reply_locator_t);
reader_locator.requested_changes_set(ACKNACK.readerSNState.set);

Note that the processing of this message uses the reply locator&kinRBReceiver This is theonly sourceof
information for the StatelessWriter determine where to send the reply to. Proper functioning of the protocol
requiresthatthe RTPSReaderinsertsan InfoReply  Submessagaheadof the AckNack suchthatthese

fields are properly set.

8.4.8.2.7 Transition T7

This transition is triggered by the guard didion [RL::requested_changes() fempty>]indicatingthatthere
are changes that have been requested by some Réd&f&reachable at thRTPSReaderLocator The
transition performso logical actionsin the virtual machine.

8.4.8.2.8 Transition T8

This transition is triggered by the reception of an ACKNACK message destined to theSREEISssWriter

0the_rtps_writero
performed by Transition T@.4.8.2.9.

8.4.8.2.9 TransitionT9

o Readgli Thearansitiog peiforms the sarerfogicaRagtibnS

This transition is triggered by the firing of a timer indicating that the duration of W::nackResponseDelay has
elapsed since the stataist_repair was entered. Thigansition performs no logical actions in the virtual

machine.

8.4.8.2.10 Transition T10

This transition is triggered by the guard condition [RL::can_send() == true] indicating that the/Rit&S

6t h e _ has thd resouices needed to send a changeRI #P@ReaderLocatodt he r eader _

transition performs the followintpgical actionsin the virtual machine.
a_change _seq_num :=the_reader_locator.next_requested_change();

a_change :=  the_writer.writer_cache. get_change( a_change_seq_num);

IF ( a_change !=<nil> ) {
DATA = new DATA(a_change);
IF (the_reader_locator.expectsinlineQos) {
DATA.inlineQos := the_writer.related_dds_writer.qos;

DATA.inlineQos += a_change.inlineQos;

}

DATA. readerld := ENTITYID_UNKNOWN;
send to the _reader_locator.locator, DATA;

}
ELSE {
GAP = new GAP(a_change.sequenceNumber);
GAP.readerld := ENTITYID_UNKNOWN;
GARP filteredCount := 0;
sendto the_reader_locator.locator, GAP;
}

After the transition the following postonditions hold:
( a_change _seq_num BELONGSTO the_reader_locator.requested_changes() ) == FALSE

Note that it is possible that the requested change had already been removed F@toti€acheby the DDS
DataWriter. In that case, thBtatelessWritesends a GAP Messagehe GAP message does not count the
change in its messadjieredCountbecause it corresponds to a change not present itistaryCache
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8.4.8.2.11 Transition T11

This transition is triggered by the guard condition [RL::requested_changes() == <eimgtgaiing that there
are nofurther changes requested by an RR#aderreachable at thRTPSReaderLocator The transition
performs no logical actions in the virtuakhchine.

8.4.8.2.12 Transition T12

This transition is triggered by the configuration of an RWMA8er6t he _rt ps_writer & to no |
RTPSReaderLocatodt he reader | ocator. 6 This conf89qua ati on i s
consequence difreaking a prexisting match of a DDS DataReader with the DDS DataWriter related to
6the_rtps_writer. o

The transition performs the following logical actions in the virtual machine:
the_rtps_writer.reader_locator_remove(the_reader_locator);
delete the_rea der_locator;

8.4.9 RTPS StatefulWriter Behavior

8.4.9.1 Best-Effort StatefulWriter Behavior

The behavior of the Beéiffort RTPSStatefulWriterwith respect to each matched RTR&aderis described
in Figure8.19.

start

. new ReaderProxy delete ReaderProxy >© end

l

pushing

[RP::unsent_changes() == false] idle

[RP::unsent_changes() == true]

v,

L7

[RP::can_send() == true] /

seq_num := RP::next_unsent_change()
send DATA( WHC::get_change(seg_num) ) | send GAP (seq_num)

[WHC::add_change(a_change)] /

Figure 8.19 - Behavior of Best-Effort StatefulWriter with respect to each matched Reader

The statemachine transitions are listed Tiable8.65.
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Table 8.65 - Transitions for Best-effort Stateful Writer behavior with respect to each matched Reader

Transition state event next
state

T1 initial RTPS Writer is configured with a matched RTPS Reader idle

T2 idle GuardCondition: pushing
RP::unsent_changes{¥ true

T3 pushing GuardCondition: idle
RP::unsent_changes() false

T4 pushing GuardCondition: pushing
RP::can_send() == true

T5 ready A new change was ad distoryCacbe. t| ready

T6 any state | RTPS Writer is configured to no longer be matched with the| final
RTPS Reader

8.4.9.1.1 Transition T1

This transition is triggered by the configuration ofRIFPSWriter6t he _rt ps _wr i tRTP® wi t h

Reader This configuration is done by the Discovery protd@ob) as a consequence of the discovery DS

DataReadethatmathesthe DDS DataWriterthatis relatedto6t he _rt ps _wr i ter . 0

The discovery protocol supplies the values forRieaderProxyconstructor parameters. The transition performs
the following logical actions in the virtual machine:

a_reader_proxy := new ReaderP

roxy( remoteReaderGuid,
remoteGroupEntityld, expectsinlineQos,
unicastLocatorList, multicastLocatorList);

the_rtps_writer.matched_reader_add(a_reader_proxy);

TheReaderProxyd a _reader _proxyo i s84i7bi tiali zed

8.4.9.1.2 Transition T2

as discussed

This transition is triggered by the guard condition [RP::unsent_charges()€] indicating that there are some
changesn the RTPSWriter HistoryCachethat havenot beensentto the RTPSReaderrepresentedby the
ReaderProxy

Note that for a BesEffort Writer, W::pushMode == true, as there are no acknowledgements. Therefore, the
Writer always pushes out data as it becomes available.

Thetransition performs no logical actions in the virtual machine.

8.4.9.1.3 Transition T3

This transition is triggered by the guard condition [RP::unsent_changeff)sd-indicating that all changes in
the RTPSNriter HistoryCachehave been sent to the RTR8aderrepresented by theeaderProxy Note that

this does not indicate that the changes have been received, only that there has been an attempt made to send
them.

The transition performs no logical actions in the virtual machine.

8.4.9.1.4 Transition T4

This transition idriggered by the guard condition [RP::can_send() == true] indicating that the \RTife®
Othe_rtps_writerd has the r es Readarepesemes bydhed t o
ReaderProxy0t he _reader proxy. 6
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The transition performs the followgrlogical actions in the virtual machine:

a_change _seq_num :=the_reader_proxy.next_unsent_change();

if (a_change_seq_num >the_reader_proxy.higuest_sent_seq_num +1) {

GAP = new GAP(the_reader_locator.higuest_sent_seq_num + 1,
a_change_seq_num - 1);

GAP.readerld := ENTITYID_UNKNOWN,;

GAP filteredCount := 0O;

send GAP;

a_change := the_writer.writer_cache.get_change(a_change_seq_num );

if ( DDS_FILTER( the_reader_proxy, a_change ) ){
DATA = new DATA(a_change);
IF (the_reader_proxy.expectsinlineQos) {
DATA.inlineQos :=the_rtps_writer.related_dds_writer.qos;
DATA.inlineQos += a_change.inlineQos;

}
DATA.readerld := ENTITYID_UNKNOWN;
send DATA,;
}
else {
GAP = new GAP(a_change.sequenceNumber);
GAP.readerld := ENTITYID_UNKNOWN,;
GAP filteredCount := 1;
send GAP;
}

the_reader_proxy.higuest_sent_seq_num := a_change_seq_num,;

The next uas e htpresebténnhg Writeb Cache may not not have a sequence number that
matches the ReaderProdyiquest sent seq_num + . This may happen whenGacheChangess remaoed

from the Writer cache. For example, when using HISTORY QoS set to KEEP_LAST with depth == 1 and a
new change for the same instance (key) replaces the previous one fidistdingCache In this case a GAP
message is sent to indicate a range of sequammoders not available to the Reader. This GAP represents
CacheChangeshat are not present in the Writer cachieereforethese changedo notappear counted in the

GAP messagélteredCount

The next uas e htpresebtihnhg Writeab Cache may not pass a DDS_FILTER that indicates

that the change is not relevant to thet Reader. This may happen, for example, of the Reader specified a Content
Filter. In this case a GAP is sent. However, this GAP repre€atise Chagesthat are present in the Writer

cache but are not sent due to not being relevant. These cliamagsear counted in the GAP message

filteredCount

The above logic is not meant to imply that each DATA Submessage is sent in a separate RTPS Message. Rath

multiple Submessages can be combined into a single RTPS message.

After the transition, the following posbnditions hold:

the_reader_ proxy .higuest_sent _seq_num ==a_change_seq_num

8.4.9.1.5 Transition T5

This transition is triggered by the addition of a nféacheChanged a _ ¢ h a n dlistéryChacbeofithie RTPS

Writer6t he _rtps_writerdé by the corresponding

The transition performs the following logical actions in the virtual machine:

ADD a_change TO the_  rtps_writer . writer_cache ;

After the transitio the following postondition holds:
FOREACH proxy IN  the_rtps_writer .matched_readers
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proxy.unsent_changes() == true )
8.49.1.6 TransitionT6

This transition is triggered by the configuration ofRInPSWriter6t he _rt ps _wri ter 6 to
with the RTPSReaderrepresented by tHeeaderProxyd t he _reader proxy 6. Thi s

Discovery protoco(8.5) as a consequence of breaking agxisting match of a DDS DataReader with the DDS
DataWriter related to O6the_rtps_writer.d

The transition performs the following logical actions in the virtual machine:
the_rtps_writer.matched_reader_remove(the_reader_proxy);
delete the_reader_proxy;

8.4.9.2 Reliable StatefulWriter Behavior

The behavior of the ReliabRTPSStatefulWriterwith respect to each matchBI PSReaderis describedn
Figure8.20.
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. new ReaderProxy delete ReaderProxy :

[RP::unsent_changes() == false]
pushing announcing

[RP::unsent_changes() == true]

L

[RP::unacked_changes

[WHC::remove_change(a_change)]

after (W::heartbeatPeriod) /
send HEARTBEAT (FinalFlag:=NOT_SET)

[RP::can_send() == true] / == true] [RP::unacked_changes()
seq_num := RP::next_unsent_change() == false]
send DATA( WHC::get_change(seq_num) )

| send GAP (seq_num)
[ idle J
[RP::can_send() == true] /
seq_num := RP::next_requested_change()
send DATA( WHC::get_change(seq_num) )
. | send GAP (seq_num)
[RP::requested_changes() repairing
== <empty>]
{ J
after (W::nackResponseDelay)
Bk )} -
[ waiting J must_repair
/[ ] [RP::requested_changes() '= <empty>]
ACKNACK / ACKNACK /
RP::acked_changes_set(ACKNACK) RP::acked_changes_set(ACKNACK)
RP::requested_changes_set(ACKNACK) RP::requested_changes_set(ACKNACK)

[WHC::add_change(a_change)] /

Figure 8.20 - Behavior of Reliable StatefulWriter with respect to each matched Reader

The statemachine transitions are listedTiable8.66.

Table 8.66 - Transitions for Reliable StatefulWriter behavior with respect to each matched Reader

Transition state event

next state

Tl initial RTPS Writer is configured with a matched RTPS Readeg

announcing
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T2 announcing | GuardCondition: pushing
RP::unsent_changestF true

T3 pushing GuardCondition: announcing
RP::unsent_changes() false

T4 pushing GuardCondition: pushing
RP::can_send() == true

T5 announcing | GuardCondition: idle
RP::unacked_changes() faise

T6 idle GuardCondition: announcing
RP::unacked_changes{y true

T7 announcing | after(W::heartbeatPeriod) announcing

T8 waiting ACKNACK message is received waiting

T9 waiting GuardCondition: must_repair

RP::requested_changes() = <empty>

T10 must_repair | ACKNACK message is received must_repair

T11 must_repair | after(W::nackResponseDelay) repairing

T12 repairing GuardCondition: repairing
RP::can_send() == true

T13 repairing GuardCondition: waiting
RP::requested_changes() == <empty>

T14 ready A new change was added t o ready
HistoryCache.

T15 ready A change was removed fromthe RTRS i t er 6 s | ready
HistoryCache.

T16 any state RTPS Writer is configured to no longer be matched with final

the RTPS Reader

8.4.9.21 Transition T1

This transition is triggered by the configuration of an RTPS Rel@tagefulWriter6t he _rt ps_wr i ter & v
matching RTPReader This configuration is done by the Discovery protd&b) as a consequence of the
di scovery of a DDS DataReader that matches the DDS D¢

The discovery protocol supplies the values forRieaderProxyconstructor parameters. The transition penfor
the following logical actions in the virtual machine:
a_reader_proxy := new ReaderProxy( remoteReaderGuid,
remoteGroupEntityld, expectsinlineQos,
unicastLocatorList, multicastLocatorList);
the_rtps_writer.matched_reader_add(a_reader_proxy);

TheReaderProxy a _r eader pr oxyd i s8.4i7.6Thitsindudes migatizingatlse setéofs c us s e d
unsant changes and applying a filter to each of the changes.

8.49.2.2 Transition T2

This transition is triggered by the guard condition [RP::unsent_changes() != <empty>] indicating that there are
somechangesn the RTPSWriter HistoryCachethat havenot beensentto the RTPSReaderrepresentedy
the ReaderProxy
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The transition performs no logical actions in the virtual machine.
8.4.9.2.3 Transition T3

This transition is triggered by the guard condition [RP::unsent_changef)seandicating that all changes in

the RTPSNriter HistoryCachehave been sent to the RTR8aderrepresented by thieeaderProxy Note that

this does not indicate that the changes have been received, only that there has been an attempt made to send
them.

The transition performs no logical actions ie thirtual machine.
8.4.9.2.4 Transition T4

This transition is triggered by the guard condition [RP::can_send() == true] indicating that th&\RiTé?S

6the_rtps_writerd has the r es eadarepesemesibydhed t o send a
ReaderProxyo t_hreeader _proxy. 0

The transition performs the following logical actions in the virtual machine:
a_change _seq_num :=the_reader_proxy.next_unsent_change();

if (a_change_seq_num > the_reader_proxy.higuest_sent_seq_num +1) {
GAP = new GAP(the_reader_locator.higuest_sent_seq_num + 1,
a_change_seq_num - 1);
GAP.readerld := ENTITYID_UNKNOWN,;
GAP filteredCount := 0O;
send GAP;

}
a_change := the_writer.writer_cache.get_change(a_change_seq_num );

if (DDS_FILTER(the_reader_proxy, a_change) ) {
DATA = new DATA(a_change);
IF (the_reader_proxy.expectsinlineQos) {
DATA.inlineQos :=the_rtps_writer.related_dds_writer.qos;
DATA.inl ineQos += a_change.inlineQos;

}
DATA.readerld := ENTITYID_UNKNOWN; Il or ReaderProxy .entityld
send DATA;
}
else {
GAP = new GAP(a_change.sequenceNumber);
GAP filteredCount := 1;
GAP.readerld := ENTITYID_UNKNOWN; Il or ReaderProxy .entityld
send GAP;
}

the_reader_proxy.higuest_sent_seq_num := a_change_seq_num,;

The next uas e h bpregbtinithg Writeah Cache may not not have a sequence number that
matches the ReaderProxyighest sent seq_num + 1. This may happen whenGacheChangess removed

from the Writer cache. For example, when using HISTORY QoS set to KEEP_LAST with depth == 1 and a
new change for the same instance (key) replaces the previous one fidistdingCache In this case a GAP
message is sent to indicate a range of sequence numbers not available to the Reader. This GAP represents
CacheChangeshat are not present in the Writer cache. Theretbhese changedo notappear counted in the
GAP messagélteredCount

The next unsert h a nag ec hdéapregespt & the Writer Cache may not pass a DDS_FILTER that indicates
that the change is not relevant tattReader. This may happen, for example, of the Reader specified a Content
Filter. In this case a GAP is sent. However, this GARPagentCacheChangeshat are present in the Writer
cache but are not sent due to not being relevant. These cliragsear counted in the GAP message
filteredCount
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The above logic is not meant to imply that each DATA or GAP Submessage is sentanadesBp PS
Message. Rather multiple Submessages can be combined into a single RTPS message.

The above illustrates the simplified case where a GAP Submessage includes a single sequence number. This
would resultin potentially many Submessages in cases winamey sequence numbers in close proximity refer

to changes that are not relevant to the Reader. Efficient implementatiotrytalt o mbi ne notul ti pl e 6
av ai Iseglehcaunberdnto a single GARmessage.

After the transition, the following posbndtions hold:
the_reader_ proxy .higuest_sent _seq_num == a_change_seq_num

8.4.9.2.5 Transition T5

This transition is triggered by the guard condifiB®::unacked_changes() == false ] indicating

that all changes in the RTR®riter HistoryCachehave been acknowledged by the RTR&&aderrepresented
by theReaderProxy

The transition performs no logical actions in the virtual machine.
8.49.2.6 Transition T6

This transition is triggered by the guard conditjRf::unacked_changes() == true ] indicating that
thereare changes in the RTR®riter HistoryCachehave not been acknowledged by the R Reader
represented by thReaderProxy

The transition performs nadgjical actions in the virtual machine.
8.4.9.2.7 Transition T7

This transition is triggered by the firing of a periodic timer configured to fire each W::heartbeatPeriod.

The transition performs the following logical actions for 8tatefulWriter6 t he _r t mshewwrtual t er 6 i
machine:

seq_num_min = the_rtps_writer.writer_cache.get_seq_num_min();

seq_num_max = the_rtps_writer.writer_cache.get_seq_num_max();

HEARTBEAT := new HEARTBEAT(the_rtps_writer.writerGuid,

seq_num_min, seq_num_max);

HEARTBEAT.FinalFlag := NOT_SET;

HEARTBEAT.readerld := ENTITYID_UNKNOWN;

send HEARTBEAT;

8.49.2.8 Transition T8
This transition is triggered by the reception of an ACKNACK Message destined to theSRatBfal\Writer

0t he_rtps_writthe RIPReadegeprasanted by giRebder®noxydt he _reader _proxy.

transition performs the following logical actions in the virtual machine:
the_rtps_writer.acked_changes_set(ACKNACK.readerSNState.base - 1);
the_reader_proxy.requested_changes_set(ACKN ACK.readerSNState.set);

After the transition the following postonditions hold:
MIN { change.sequenceNumber IN the_reader_proxy.unacked_changes() } >=
ACKNACK.readerSNState.base -1

8.4.9.2.9 Transition T9

This transition is triggered by the guard condition [RP::requested_changes() = <empty>] indicating that there
are changes that have been requested by the R&B&represented by tHeeaderProxy

The transition performs no logical actions in the virtmalkchine.
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8.4.9.2.10 Transition T10

This transition is triggered by the reception of an ACKNACK message destined to theSRESBIWriter
60the_writer 6 or i Readesepresenged lhytheeaderPrioxgd tFhTeP S eader _proxy. 6

The transitiorperforms the same logical actions as Transition8[8.9.2.9.
8.4.9.2.11 Transition T11

This transition is triggered by the firing of a timer indicating that the duration wfadkResponseDelay has
elapsed since the stateist_repair was entered.

The transition performs no logical actions in the virtual machine.
8.4.9.2.12 Transition T12

This transition is triggered by the guard condition [RP::can_send() == true] indicating that th&\RiTé?S
0the_rtps_writerdéd has the r es Readarepesemesslbydred t o send a
ReaderProxydt he _reader proxy. 6

The transition performs the following logical actions in the virtual machine:
a_change :=the_reader_proxy.next_request ed_change();
a_change.status := UNDERWAY;
cache_change := the_rtps_writer.writer_cache.find(a_change.sequence_number);
IF( cache_change !=NIL) {
IF ( DDS_FILTER(the_reader_proxy, a_change) ) {
DATA = new DATA( cache_change , the_reader_proxy .remoteReaderGuid);
IF (the_reader_proxy.expectsinlineQos) {
DATA.inlineQos := the_rtps_writer.related_dds_writer.qos;
DATA.inlineQos += cache_change .inlineQos;

}
send DATA;

}
ELSE {

GAP = new GAP(a_change.sequenceNumber,
the_reader_proxy.remoteReaderGuid);

GAP filteredCount ;= 1;

send GAP;

}
}
ELSE {
GAP = new GAP(a_change.sequenceNumber,
the_reader_proxy.remoteReaderGuid);

GAP filteredCount := 0;
send GAP;

}

A requested change is identified by its sequence number. This change may still be in the Writer Cache or may
have already been removed:

1 If the change is still in the Writer cache the writer will check if it is relevant to the Reader (i.e. if
passes any readspecified filters and was not specifically directed to other readers). If the change is
relevant the Writer will send a DATA messagehwthe change information. If it is not relevant it will
send a GAP message and ac cfitlewedQounf or the filtering

1 If the change is no longer in the Writer cache, the Writer will send ag@wRhat change will not be
counted in the GA® 8lteredCount

The above logic is not meant to imply that each DATA or GAP Submessage is sent in a separate RTPS
message. Rather multiple Submessages can be combined into a single RTPS message.

The above illustrates the simplified case where a GAPmessage includes a single sequence number. This
would resultin potentially many Submessages in cases where many sequence numbers in close proximity refer
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to changes that are natailableto the Reader. Efficient implementations willcombmel | t hpt eavai | abl e
sequencaumbersasmuchas possible into a single GARessage.

After the transition the following postondition holds:
(a_change BELONGS - TO the_reader_proxy.requested_changes() ) == FALSE

8.4.9.2.13 Transition T13

This transition is trigged by the guard condition [RP::requested_changes() == <empty>] indicating that there
are no more changes requested by the RR@&lerrepresented by thReaderProxy

The transition performs no logical actions in the virtual machine.
8.4.9.2.14 Transition T14

This transition is triggered by the addition of a n€acheChanged a _ ¢ h a n dlistéryCacbeoftthe RTPS
Writer6t he _rtps_writerd by the corresponding DDS Dat aWri

The transition performs the following logical actions in the virtual machine:
ADD a_change TO the_ rtps_writer . writer_cache ;

After the transition the following postondition holds:
FOREACH proxy IN  the_rtps_writer .matched_readers
proxy.unsent_changes() == true

8.4.9.2.15 Transition T15

This transition is triggered by the removal d€acheChangea _ ¢ h a n g e BlistdryCacheof thb RTPS

Writer6t he _rtps_writerd by the corresponding DDS Dat aWri
KEEP_LAST with depth == 1, a new change will cause the DDS DataWriter to remove the previousf@hange

the same instance (kefypm theHistoryCache

8.4.9.2.16 Transition T16

This transition is triggered by the configuration of an RWA8er6t he _rt ps_writer®é to no |
with theRTPSReaderrepresented by tHieeaderProxyo t he reader proxy. 6 This confi
Discovery protoco(8.5) as a consequence of breaking agxisting match of a DDS DataReader with the DDS
DataWriter related to O6the_rtps_writer. 6

The transition performs the following logical asts in the virtual machine:

the_rtps_writer.matched_reader_remove(the_reader_proxy);
delete the_reader_proxy;

8.4.10 RTPS Reader Reference Implementations

The RTPSReaderReference Implementations are based on specializations of theRREERIBIclass, first
introduced imB.2 This sub clause describes the RTR&derand all additional lasses used to model the RTPS
ReaderReference Implementations. The actual behavior is descrilgd.kland8.4.12

8.4.10.1 RTPS Reader

RTPSReaderspecializes RTPEndpointand represents the actor that rece@asheChangemessages from
one or more RTP®/riter endpoints. The Reference ImplementatiStatelessReademdStatefulReader
specialize RTPReaderand differ in the knowledge they maintain about the matdlietkr endpoints.
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Entity Kl— Endpoint k| Reader

+guid : GUID_t +topicKind : TopicKind_t -expectsinlineQos : bool = FALSE
+reliabilityLevel : ReliabilityKind_t +heartbeatResponseDelay : Duration_t
+unicastlLocatorList : Locator_t [0..*]

+multicastLocatorList : Locator_t [0..%]
+endpointld : Entityld_t +reader_cache
1
[ I
StatelessReader StatefulReader HistoryCache
+matched_writer_add() +add_change()
+matched_writer_remove() +remove_change()
+matched_writer_lookup() +get_change()
+get_seq_num_min()

+matched_writers +get_seq_hum_max()

0..*
WriterProxy +changes
+remoteWriterGuid : GUID_t
+remoteGroupEntityld : Entityld_t
+unicastLocatorList : Locator_t [0..%]
+multicastLocatorlList : Locator_t [0..*] Data
+dataMaxSizeSerialized : long
+available_changes_max() 0..1
+irrelevant_change_set()
+lost_changes_update()
+missing_changes_update() 0..* +data_value
+received_change_set()
+missing_changes() CacheChange
: +kind : ChangeKind_t
ChangefromWriter +writerGuid : GUID_t
| +instanceHandle : InstanceHandle_t
1 +sequenceNumber : SequenceNumber_t
ChangeFromWriter +inlineQos : ParameterList

+is_relevant : bool
+status : ChangeFromWriterStatusKind

Figure 8.21 - RTPS Reader endpoints

The configuration attributes of the RTR®aderare listed inrTable8.67 and allow for finetuning of the
protocol behavior. The operations on an RR&aderare listed inTable8.68.

Table 8.67 - RTPS Reader configuration attributes

RTPS Reader: RTPS Endpoint

attribute type meaning relation
to DDS

heartbeatResponseDelay Duration_t Protocol tuning parameter that allows th¢ N/A
RTPSReaderto delay the sending of a
positive or negative acknowledgment (sg
8.4.12.2.

heartbeatSuppressionDurati{ Duration_t Protocol tuning parameter that allows th¢ N/A
RTPSReaderto ignore HEARTBEATS
that arrive O6too s
HEARTBEAT was received.

reader_cache History Cachel Contains the history of CacheChange N/A
changes for this RTPBeader
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expectsinlineQos

bool Specifies whether the RTPS Reader
expects idine QoS to be sent along with
any data.

Table 8.68 - RTPS Reader operations

RTPS Reader operations

operation name

parameter list

type

new

<return value>

Reader

attribute_values

Set of attribute values required by the
Reader and all the super classes.

Thefollowing sub clauses provide details on the operations.

8.4.10.1.1 Default Timing-Related Values

The following timingr el at ed val ues

interoperability between implementations.
heartbeatResponseDelay.sec =0;
heartbeatResponseDelay.nanosec = 500 * 1000 * 1000; // 500 milliseconds
heartbeatSuppressionDuration.sec = 0;
heartbeatSuppressionDuration.nanosec = 0;

8.4.10.1

.2 new

This operation creates a new RTR&ader

Thenewlyc r eat ed

reader dlaws:i

this.guid := <as specified in the constructor>;

this.unicastLocatorList := <as specified in the constructor>;
this.multicastLocatorList := <as specified in the constructor>;
this.reliabilityLevel := <as specified in the constructor>;

this.topicKind := <as specified in the constructor>;

th

is.expectsinl

this.reader_cache := new HistoryCache;

8.4.10.2 RTPS StatelessReader

used asofthehe xdef aul ts

s initialized as

ineQos = <as specified in the constructor>;
this.heartbeatResponseDelay := <as specified in the

constructor>;

Specialization of RTPReader The RTPSStatelessReaddras no knowledge of theumber of matched
writers, nor doe# maintain any state for each matcHe@PSWriter.

In the current Reference Implementation, $tatelessReadeatoes not add any configuration attributes or
operations to those inherited from tReadersuper class. Bbtclasses are therefore identical. The virtual
machine interacts with thgtatelessReadersing the operations ihiable8.69.
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Table 8.69 - StatelessReader operations

StatelessReader operations

operation name parameter list parameter type
new <return value> StatelessReader
attribute_values Set of attribute values required by the
StatelessReader and all the super classe

8.4.10.2.1 new

This operation creates a new RTB@telessReadefl he initialization is performed as on the RTR&der
super clas$8.4.10.1.2.

8.4.10.3 RTPS StatefulReader

Specialization of RTPReader The RTPSStatefulReadekeeps sta on each matched RTR®iter. The state
kept on each writer imaintainedn the RTPSNriterProxy class.

Table 8.70 - RTPS StatefulReader Attributes

RTPS StatefulReader:RTPS Reader

attribute type meaning relation to
DDS

matched_writers | WriteProxy[*] Used to maintain state on the remote N/A
Writers matched up with the Reader.

The virtual machine interacts with t&tatefulReadeusing the operations ifiable8.71.

Table 8.71 - StatefulReader Operations

StatefulReader operations

operation name parameter list parameter type
new <return value> StatefulReader
attribute_values Set of attribute values required by the

StatefulReader and all tiseiper classey

matched_writer_add <return value> void
a_writer_proxy WriterProxy
matched_writer_remove <return value> void
a_writer_proxy WriterProxy
matched_writer_lookup <return value> WriterProxy
a_writer_guid GUID _t
8.4.10.3.1 new
This operation creates a new RT®atefulReaderThenewlyc r eat ed st ateful reader 0t
follows:
this.attributes := <as specified in the constructor>;
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this.matched_writers := <empty>;
8.4.10.3.2 matched_writer_add

This operation adds th&riterProxy a_writer_proxyto the StatefulReader::matched_writers.
ADD a_writer_proxy TO {this.matched_writers};

8.4.10.3.3 matched_writer_remove

This operation removes th@riterProxy a_writer_proxyfrom the set StatefulReader::matched_writers.

REMOVEa_writer_proxy FROM { this.matched_writers};
delete a_writer_proxy;

8.4.10.3.4 matched_writer_lookup

This operation finds thé/riterProxy with GUID_ta_writer_guidfrom the set
StatefulReader::matched_writers.
FIND proxy IN this.matched_writers
SUCH THAT (proxy.remoteWriterGuid == a_writer_guid);
return proxy;

8.4.10.4 RTPS WriterProxy

The RTPSNriterProxy represents the information an RTBfatefulReademaintains on each matched RTPS
Writer. The attributes of the RTRS8FriterProxy are described ifiable8.72.

The association is a conseque of the matching of the corresponding DDS Entities as defined by the DDS
specification, that is the DDS DataReader matching a DDS DataWriter by Topic, having compatible QoS,
belonging to a common partition, and not being explicitly ignored by the afiphicthat uses DDS.

Table 8.72 - RTPS WriterProxy Attributes

RTPS WriterProxy
attribute type meaning relation to
DDS
remoteWriterGuid GUID t Identifies the matched Writer. N/A
Configured by
discovery
unicastLocatorList Locator_t[*] List of unicast (address, port) N/A

combinations that can be used to se. configured by
messages to the matched Writer or | giscovery
Writers. The list may be empty.

multicastLocatorList | Locator_t[*] List of multicast (address, port) N/A
combinations that can be used to se configured by
messages to the matched Writer or | giscovery
Writers. The list may be empty.

dataMaxSizeSerialize{ long Optional attribute thaihdicatesthe N/A
maximum size of any Configured by
SerializedPa  yload thatmaybe | giscovery
sent by the matched Writer.

changes_from_writer| CacheChange[* List of CacheChangehanges N/A
received or expected from the Used to implement
matched RTPSVriter. the behavior of the

RTPS protocol
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remoteGroupEntityld | Entityld_t

Identifies the group to which the
matched Reader belongs

The Entityld of the
Subscriber to
which this
DataReader

belongs

The virtual machine interacts with tNeériterProxy using the operations ifable8.73.

Table 8.73 - WriterProxy Operations

WriterProxy operations

operation name

parameter list

parameter type

new

<return value>

WriterProxy

attribute_values

Set of attribute values required
by the WriterProxy.

available_changes_max

<return value>

SequenceNumber_t

non_availablechange_set

<return value>

void

a_seq_numseq

SequenceNumber] t

filteredCount

ChangeCount_t

lost_changes_update

<return value>

void

first_available_seq_num

SequenceNumber_t

changes_removed

boolean

missing_changes

<return value>

SequenceNumber_t[]

missing_changes_update

<return value>

void

last_available_seq_num

SequenceNumber _t

received_change_set

<return value>

void

a_seqg_num

SequenceNumber_t

8.4.10.4.1 new

This operation creates a new RTWEterProxy.

Thenewlycr eat ed

writer

proxy

this .attributes := <as specified in the constructor>;

this.changes_from_writer := <all past and future samples from the

Thechanges_from_writeof the newlycreatedWriterProxy is initialized to contain all past and future samples
from theWriter represented by th@/riterProxy. This is a conceptual representation only, used to describe the

0t hi

s6 is initialized

writer>;

Stateful Reference Implementation. T®eangeFromWriterstatus of eac&acheChangen
changes_from_writeis initialized to UNKNOWN, indicating the StatefulReadeitially does not know
whether any of these changes actually already égstliscussed i8.4.12.3 the status will change to
MISSING, RECEIVED, NOT_AVAILABLE (NA_UNSPECIFIED, NA FILTERED, or NA_REMOVED) as

the StatefulReades informed abouttheir existencevia a HEARTBEAT messagefeceives the actual changes

via DATA or DATA_FRAG messages, or it is informed that the change is not availableRe#uerand will
not be delivered via a GAP BIEARTBEAT message.
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8.4.10.4.2 available_changes_max

This operation returns the maximuequenceNumber_among thechanges_from_writechanges in the RTPS
WriterProxy that are available for access by the DDS DataReader.

The condition to make anyacheChangd a _changed available for O6accessd b
there are no changes from the RTW8ter with SequenceNumber_smaller than or equal to

a_change.sequenceNumber that have status MISSING or UNKNOWN. In other words, the

available_changes_max and all previous changes are either RECENNEDTOAVAILABLE .

Logical action in the virtual machine:
seq_num:= MAX { change.sequenceNumber SUCH - THAT
( change IN this.changes_from_writer
AND ( change.status == RECEIVED
OR change.status == NOT_AVAILABLE) ) };
return seq_num;

8.4.10.4.3 not_available_change_set

This operation modifies the status o€hangeFromWriterto indicate that th€acheChangewith the
SequenceNumber G a _ s e q _nat avaldbleb theRTPSReader

ThefilteredCountparameter indicatete number of changes in the set that are stihéV{riter cache but have
been filtered fothis Reader The other changes are no longer present iWthiter cache so they should be
considered aremoved

This operationmay provide bulk notification on a set of changes, identified by their sequencensuintthis

case it may not be possible to determine wether a specific chanditeved or removed That will happen if
value of thefilteredCountdoes not equal zero or the total number of changes in the set. If it is not possible to
determine whethea change was filtered oemoved then the change status should be set to
NA_UNSPECIFIED. Otherwise it should be set to NA_FILTERED or REMOVED, as appropriate.

Logical action in the virtual machine:

FOREACHchange FROM this.changes_from_writer SUCH - THAT
(change.sequenceNumber IN a_seq_num_set );
IF (filteredCount == COUNT((this. a_seqg_num_set) ) THEN
change.status : = NA_FILTERED;
ELSE IF (filteredCount == 0)
change.status : = NA_REMOVED
ELSE
change.status := NA_UNSPECIFIED;

8.4.10.4.4 lost_changes_update

This operation modifies the status store€hmngeFromWriterfor any changes in thé&/riterProxy whose

status is MISSI NG or UNKNOWN and have gemumn& eT ma mber
status of those changes is modifiedN\it REMOVED or NA_UNSPECIFIED, depending on the value of the
paramet er 0c hlafn géech aregmosy_erdedmo vteattide chasgestarenodongei t i ndi cat
available in thaNriterHistoryCacheof the RTPSNriter represented by the RTREriterProxy.

Logical action in the virtual machine:
FOREACH change IN this.changes_from_writer

SUCH THAT ( change.status == UNKNOWN OR change.status == MISSING
AND seq_num < first_available _seq_num ) DO {
change.status := NA_REMOVED
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8.4.10.4.5 missing_changes

This operation returns the subset of changes folthterProxyt hat have status O6MI SSI
status OMI SSI NGO r epr es e n tHistorylCachenfahe RTPBNrierrepresgredesl a v a i

by the RTPSNriterProxy that have not been received by the RRt&der
return  { change IN this.changes_ from_writer
SUCH THAT change.status == MISSING};
8.4.10.4.6 missing_changes_update

This operation modifies the status store€hmangeFromWriterfor any changes in th&/'riterProxy whose

NG. ¢

al

status is UNKNOWN and have sequence numbers smallerorequal®ost _avail abl e_seq_num. i

those changes is modified from UNKNOWN to MISSING indicating that the changes are available at the
WriterHistoryCacheof the RTPSNriter represented by the RTR®riterProxy but have not been received by
the RTPSReackr.

Logical action in the virtual machine:
FOREACH change IN this.changes_from_writer
SUCH THAT ( change.status == UNKNOWN
AND seq_num <= last_available_seq_num ) DO {
change.status := MISSING;

}

8.4.10.4.7 received_change_set

This operation modifies the status of theangeFromWriterthat refers to th€acheChangavith the

SequenceNumberda seq_num. 6 The status of the change i
received. Logical action in the virtual machine:
FIND cha nge FROM this.changes_from_writer
SUCH THAT change.sequenceNumber == a_seq_num;
change.status := RECEIVED

8.4.10.5 RTPS ChangeFromWriter

The RTPSChangeFromWriteris an association class that maintains information@heheChangen the
RTPSReader HisbryCacheas it pertains to the RTRSriter represented by th&/riterProxy.

The attributes of the RTRShangeFromWriterare described iffable8.74.
Table 8.74 - RTPS ChangeFromWriter Attributes

RTPS ReaderProxy

attribute type meaning relation to DDS

status ChangeFromWr | Indicates the status of a N/A. Used by the protocol.
iter StatusKind | CacheChange relative to the
RTPS Writerrepresented by the

WriterProxy.
is_relevant bool Indicates whether the change is| The determination of relevant
relevant to the RTPS Reader. changes is affected by DDS

DataReader
TIME_BASED_FILTER QoS
and also by the use BIDS
ContentFilteredTopics.

The typeChangeFromWriter StatusKingl an enumeration that can take the following values:
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UNKNOWN. This means that thHeeaderhas not received the change and it is not known if the change
is in theWriterCache It may be not have been written yet (i.e. is a change potentially in the future), it
may be in thaVriterCache or it may have been written and removed fromwh@erCache.

MISSING. This means that tiiReaderhas been informed that the Writer has potentially this change in

its WriterCacheso theReadercan request it.

RECEIVED. This means that the Reader has received the change via DATA or DATA_FRAG

messages.

NOT_AVAILABLE. This means that thReaderhas been informed that the change will not be sent by

theWriter. There are three possible ssfiatuses:

o NA_FILTERED. This the change is in thériterCachebut it will not be sent to thReader

because th&Vriter hasfiltered it for the Reader

o NA_REMOVED. This means the change was at some point ifMfigrCachebut it is no
longer there and therefore it will not be delivered toReader

0 NA_ UNSPECIFIED Thismeanghat theWriter did not provide enough inforntian for the

the Readerto determine the reason why the change is not availatie Reader

8.4.11 RTPS StatelessReader Behavior

8.4.11.1 Best-Effort StatelessReader Behavior

The behavior of the Beéiffort RTPSStatelessReadeas independent of any writers and is describeigure

8.22.

* .

new RTPS Reader

delete RTPS Reader

waiting

—

RHC::add_change(a_change)

Figure 8.22 - Behavior of the Best-Effort StatelessReader

The statemachine transitions are listed Trable8.75.

[DATA] /
a_change := DATA

Table 8.75 - Transitions for Best-effort StatelessReader behavior

Transition state event next state
T1 initial RTPSReader is created waiting
T2 waiting DATA message is received waiting
T3 waiting RTPS Reader is deleted final
8.4.11.1.1 Transition T1

This transition is triggered by the creation ofRIfPSStatelessReadea¥t he _rt ps _reader .

thecreationof a DDS DataReadeasdescribedn 8.2.10
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The transition performs no logical actions in the virtual machine.
8.4.11.1.2 Transition T2

This transition is triggered by the reception of a DATA message by the Ré&&ré6t he _rt ps _reader . 6
DATA messageontaing he change Gepreserfiationsgescrided ilB.B.8.2

The stateless nature of tBtatelessReadarevents it from maintaining the infortian required to determine

the highest sequence number received so far from the origirifiR§Writer. The consequence is that in those

cases the corresponding DDS DataReader may be presented duplicatefardet changes. Note that if the
DDSDataRader is configured to order data by dédsource tim
order when accessing the data through the M2&aReader.

As mentioned ir8.4.3 actual stateless implementations may try to avoid this limitation and maintain this
information in noRpermanent fashion (using for example a cache that expires information after a certain time)
to approximate, tthe extentpossible the behaviorthatwould resultif the statewere maintained.

The transition performs the following logical actions in the virtual machine:

a_change := new CacheChange(DATA);
the_rtps_reader.reader_cache.add_change(a_change);

8.4.11.1.3 Transition T3

This transitionis triggeredby the destruction of aBRTPSReader6t he _rt ps _reader . d This i s
destruction oh DDS DataReadeasdescribedn 8.2.10

The transition performs no logical actions in the virtual machine.

8.4.11.2 Reliable StatelessReader Behavior

This combination is not supported by the RTPS protocol. In order to implement the ngl@bll, the RTPS
Readermust keep some state on each matched RVR{®r.

8.4.12 RTPS StatefulReader Behavior
8.4.12.1 Best-Effort StatefulReader Behavior

The behavior of the Bediffort RTPSStatefulReademwith respect to each match@diter is described in
Figure8.23.
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[a_change.sequenceNumber >= expected_seq_num] /
FOREACH seqg_num IN GAP
WP::not_available_change_set(seq_num_set, filteredCount)
[else]

GAP /
expected_seq_num := WP::available_changes_max()+1

waiting

new WriterProxy

delete WriterProxy

DATA /
expected_seq_num := WP::available_changes_max()+1

[else] [a_change.sequenceNumber >= expected_seq_num] /
a_change := DATA
RHC::add_change(a_change)
WP::received_change_set(a_change.sequenceNumber)
WP::lost_changes_update(a_change.sequenceNumber)

Figure 8.23 - Behavior of the Best-Effort StatefulReader with respect to each matched Writer

The statemachine transitions are listed Trable8.76.

Table 8.76 - Transitions for Best-Effort StatefulReader behavior with respect to each matched writer

Transition state event next state
T1 initial RTPS Reader is configured with a matched RTPS Writer | waiting
T2 waiting DATA message is received from theatched Writer waiting
T3 waiting RTPS Reader is configured to no longer be matched with| final
RTPS Writer
T4 waiting GAP message is received waiting

8.4.12.1.1 Transition T1

This transition is triggered by the configuration ofRiIFPSReader6 t he rt ps _reader & wi th a
Writer. This configuration is done by the Discovery proto@b)as aconsequence dhe discovery of DS

DataWriterthatmatcheshe DDS DataReadethatis relatedto6t he _rt ps _reader . 6

The discovery protocol supplies the values forWriterProxy constructor parameters. The transition performs
the following bgical actions in the virtual machine:

a_writer_proxy := new WriterProxy(remoteWriterGuid,
remoteGroupEntityld, unicastLocatorList,
multicastLocatorList);

the_rtps_reader.matched_writer_add(a_writer_proxy);

TheWriterProxy is initialized with all past anduture samples from th&/riter as discussed i8.4.10.4
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8.4.12.1.2 Transition T2

This transition is triggered by the reception of a DATA message by the Ré&®&r6t he _rt ps_reader .

DATA messageontainss he change Gepresertiatonsgescrided iB.B.8.2

The BestEffort reader checks that the sequence number associated with the change is strictly greater than the

highest sequence number of all changes received in the past from thisA\RII&S
(WP::available_changes_max()). ifis check fails, the RTPBeaderdiscards the change. This ensures that
there are no duplicate changes and neodwirder changes.

The transition performs the following logical actions in the virtual machine:
a_change := new CacheChange(DATA);
writer_guid = {Receiver.SourceGuidPrefix, DATA.writerld};

writer_proxy := the_rtps_reader.matched_writer_lookup(writer_guid);
expected_seq_num := writer_proxy.available_changes_max() + 1;

if (a_change.sequenceNumber >= expected_seq_num ) {
the_rtps_reader.reader_ cache.add_change(a_change);
writer_proxy.received_change_set(a_change.sequenceNumber);

if (a_change.sequenceNumber > expected_seq_num ) {
writer_proxy.lost_changes_update(a_change.sequenceNumber , false );

}
}

After the transition the following postonditions hold:
writer_proxy.available_changes_max() >= a_change.sequenceNumber

8.4.12.1.3 Transition T3

This transition is triggered by the configuration of an RRe&@der6t he rt ps _reader é to

with the RTPSNrriter represented by thé/r i t e rtPreo xwr i6t er _proxy. & Thi s

Discovery protoco(8.5) as a consequence of breaking agxisting match of a DDS DataWriter with the DDS

Dat aReader related to O6the_rtps_reader. o6

The transition performs the following logical actionshe virtual machine:
the_rtps_reader.matched_writer_remove(the_writer_proxy);
delete the_writer_proxy;

8.4.12.1.4 Transition T4

This transition is triggered by reception of a GAP message destined to theSRaiefBIReaded t he _reader 6

originating from the RTP8Vriter represented by th&/riterProxyét he _wr i t er _pr oxy 0.

The transition performs the following logical actions in the virtual machine:
the_writer_proxy.not_available_change_set(GAP. sequence_number_set
GAP filteredCount);

8.4.12.2 Reliable StatefulReader Behavior

The behavior of the ReliabRTPSStatefulReademith respect to each matchBI PSWriter is describedn
Figure8.24.
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new WriterProxy

delete WriterProxy

[WP::missing_changes() == <empty>]

waiting

after (R::heartbeatResponseDelay) /

send ACKNACK

may_send_ack LI"

HEARTBEAT

[HEARTBEAT.FinalFlag==SET]

[HEARTBEAT.FinalFlag==NOT_SET]

[WP::missing_changes() |= <empty>] )

2 must_send_ack

WP::missing_changes_update(HEARTBEAT.lastSN)
WP::lost_changes_update(HEARTBEAT.firstSN)

HEARTBEAT /

GAP /

FOREACH seq_num IN GAP
WP::not_available_change_set(seq_num_set,

r J
ready
|
J
DATA /
a_change = DATA
RHC::add_change(a_change)
filteredCount) WP::recerived_change_set(a_change.sequenceNumber)

Figure 8.24 - Behavior of the Reliable StatefulReader with respect to each matched Writer

The statemachine transitions are listed Table8.77.

Table 8.77 - Transitions for Reliable reader behavior with respect to a matched writer

Transition State event next state
T1 initiall RTPS Reader is configured with| waiting
matched RTPS Writer.
T2 waiting HEARTBEAT message is if (HB.FinalFlag == NOT_SET)
received. then must_send_ack else if
(HB.LivelinessFlag == NOT_SET)
then may_send_ack
else waiting
T3 may_send_ackK GuardCondition: waiting
WP::missing_changes() ==
<empty>
T4 may_send_ackK GuardCondition: must_send_ack
WP::missing_changes() !=
<empty>
T5 must_send_ac| after(R::heartbeatResponseDelg waiting

108

DDSI-RTPS v2.5




T6 initial2 RTPS Reader is configured with| ready
matched RTPS Writer.

T7 ready HEARTBEAT message is ready
received.

T8 ready DATA message iseceived. ready

T9 ready GAP message is received. ready

T10 any state RTPS Reader is configured to n{ final
longer be matched with the RTH
Writer.

8.4.12.2.1 Transition T1

This transition is triggered by the configuration of an RTPS Rel@tatefulReadebt he rt ps _reader &

matching RTPSVriter. This configuration is done by the Discovery protd@&ob) as a consequence of the
di scovery of a DDS DataWriter that matches the

The discovery protocol supplies the values forWriterProxy constructor parameters. The transition penfor
the following logical actions in the virtual machine:
a_writer_proxy := new WriterProxy(remoteWriterGuid,

remoteGroupEntityld, unicastLocatorList,
multicastLocatorList);
the_rtps_reader.matched_writer_add(a_writer_proxy);
ThewriterProxy is initialized with all past and future samples from Widter as discussed i8.4.10.4
8.4.12.2.2 Transition T2

This transition is triggered by the reception of a HEARTBEAT message destined to theSRitéf@lReader

DDS Dec¢

6t he_reader & or i yiitereeprésented Hy thériterPtoxyét Rée P®r i t er _proxy . 6

The transition performs no logical actions in the virtual machine. Note however that the reception of a
HEARTBEAT message causes the concurrent transitiof8.A712.2.7, which performs logical actions.

8.4.12.2.3 Transition T3

This transition is triggered by the guard condition [W::missing_changes() == <empty>] indicating that all
changes knowio be in the HistoryCacheof the RTPSWriter representedby the WriterProxy havebeen
receivedby the RTPSReader

The transition performs no logical actions in the virtual machine.
8.4.12.2.4 Transition T4

This transition is triggered by the guard condition [W::missing_changes() = <empty>] indicating tharthe
some changes known to be in thistoryCacheof the RTPSNriter represented by thé/riterProxy, which
have not been received by the RTR&der

The transition performs no logical actions in the virtual machine.

8.4.12.2.5 Transition T5

This transition is trigered by the firing of a timer indicating that the duration of R::heartbeatResponseDelay has

elapsed since the stateist_send_ackwvas entered.

The transition performs the following logical actions for WMeterProxy6t he _wr i t er _proxy 6 i n t
machne:
missing _seq_num_set.base := the_writer_proxy.available_changes_max() + 1;

missing_seq_num_set.set := <empty>;

DDSI-RTPS v2.5 109



FOREACH change IN the_writer_proxy.missing_changes() DO
ADD change.sequenceNumber TO  missing_seq_num_set.set;
send ACKNACK(missing_seq_num_set);

The above logical action does not express the fact that the PSM mapping of the ACKNACK message will be
limited inits capacity to contain sequence numbers. In the case where the ACKNACK message cannot
accommodate the compldist of missing sequence numbers it should be constructed such that it contains the
subset withsmallestvalue of thesequenceaumber.

8.4.12.2.6 Transition T6
Similar to T1(8.4.12.2.}, this transition is triggered by the configuration of an RTPS Rel@&tale=fulReader
0the_rtps_reader oWriei. t h a matching RTPS

The transition performs no logical actions in the virtual machine.
8.4.12.2.7 Transition T7

This transition is triggered by the reception of a HEARTBEAT message destined to theSRii¢t@Reader
6t he_reader 6 or i gvritereeprésented Hy thérierPtoxyét R&EP&®r i t er _proxy. 6

The firstSN in the HEARTBEAT message indicates thedsivgequence number in the Writer cache. For this
reasonthe call to lost_changes_updates setsthanpart er r emoved_samples to 6truebd

The transition performs the following logical actions in the virtual machine:

the _writer_proxy.missing_changes_update(HEARTBEAT.lastSN);
the_writer_proxy.lost_changes_update(HEARTBEAT.firstSN , true );

8.4.12.2.8 Transition T8

This transition is triggered by the reception of a DATA message destined to theSRtefaIReader
6t he r e ad gfrotnthe RTIP§Vriter eeprésented by thé/riterProxy6t he _wr i t er proxy. 6

The transition performs the following logical actions in the virtual machine:

a_change := new CacheChange(DATA);
the_reader.reader_cache.add_change(a_change);
the_writer_proxy.receiv ed_change_set(a_change.sequenceNumber);

Any filtering is done when accessing the data using the DDS DataReader read or take operations, as described
in 8.2.1Q

8.4.12.2.9 Transition T9

This transition is triggered by the reception of a GAP message destined to th&RIeP@Reader
0the_reader & or i gViitereprésentged Hy tha@rierPtoxyét R&E P®r i t er _proxy. 0

The transition performs the following logical actianghe virtual machine:
the_writer_proxy.not_available_change_set(GAP. sequence_number_set
GAP filteredCount);

8.4.12.2.10 Transition T10

This transition is triggered by the configuration ofan RRe&der6t he _rt ps _reader 6 to no |
with the RTPSNrriter represented by thé/riterProxy6t he wr it er _proxy. & This conf i ¢
Discovery protoco(8.5) as a consequence of breaking agxisting match of a DDS DataWriter with the DDS

Dat aReader related to O6the_rtps_reader. o6

The transition performs the following logical actionshe virtual machine:
the_rtps_reader.matched_writer_remove(the_writer_proxy);
delete the_writer_proxy;
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8.4.12.3 ChangeFromWriter illustrated

The ChangeFromWriterkeeps track of the communication status (attrilstééug and relevance (attribute
is_relevan} of eachCacheChangewith respect to a specific remote RTR&iter.

The behavior of th&TPSStatefulReadedescribed irFigure8.24 modifies eacltChangeFromWriteras a
sideeffect ofthe operation of the protocdio further defne theprotocol,it is illustrative to examine the State
Machine representing the value of 8tatusattribute for any givel€hangeFromWriter This is shown in
Figure8.25for a ReliableStatefulReaderA BestEffort StatefulReademusesonly a subsetof the state
diagram.

new ChangeFromWriter(seq_num)

.—

Unknown

received HB (firstSN <= seq_num <= lastSN )

Missing

Not Requested sent NACK { seq_num ) Requested

received DATA(seq_num)

received HB (firstSN > seq_num)
received GAP (seq_num, OR GAP (seq_num, filtered==0) ‘
filtered=1) received GAP (seg_num,
filtered=7?)

Received

NotAvailable /Filtered NotAvailable /Removed NotAvailable /Unspecified

Figure 8.25 - Changes in the value of the status attribute of each ChangeFromWriter

The statediave the following meanings:

f

<Unknowrr: ACacheChangeavith SequenceNumber geq_num may or may not be available
yet at theRTPSWriter.

<Missing>: TheCacheChangevith SequenceNumber_geq_num is available in th&TPS
Writer and has not been received ygtthe RTPSReader

<NotRequested>: ThéacheChangavith SequenceNumber g¢eq_num has not been requested
fromthe RTPSWriter, no response is expected

<Requested>: Th€acheChangeavith SequenceNumber geq_num was requested frima
RTPSWriter, aresponse might be pendinguwrderway.

<Received>The CacheChangevith SequenceNumber deq_nunwasreceivedasaDATA.

<NotAvailable>: The CacheChangevith SequenceNumber seq_nunis nolongeravailableat
theRTPSWriter. It will notbereceived.The Readerhas receivethis information via a
HEARTBEAT or a GAP without an indication that the change wiéaréid. There are 3
substates:

<Filtered>: The CacheChangavith SequenceNumber geq_nunwasreceivedas a GAP with
an indication the that changes filtered by the Writer for this reader.

<Removed>The CacheChangeavith SequenceNumber deq_nunwasreceivedasa GAP with
an indication the that changeas not filtered by the Writer. Or it was received a
HEARTBEAT and theReaderis reliable.

<Unspecified>The CacheChangeavith SequenceNumber geq_nunwasreceivedasa GAP
with not enough informatioto determine whether it was filtered or not.
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The following describes the main events thigiger transitions in the State Machine. Note that this-state
machinejusk eeps trsatud af t t hbubd €hangéForReageand toescnat peafarm any
specific actions nor serahy messages.
1 newChangeFromWriter(seq_nunijhe WriterProxy hascreateca ChangeFromWriter
associatiortlassto trackthe state of £acheChangevith SequenceNumber_ deq_num.
1 receivedHB(firstSN<=seq_nunx=lastSN):TheReaderhasreceiveda HEARTBEAT with
HEARTBEAT .firstSN<= seq_num <HEARTBEAT .lastSNjndicating aCacheChangavith
that sequence number is available fromRAE SWriter.

1 sent NACK(seg_num) : ThReaderhas sent an ACKNACK message containing the seq_num
inside the ACKNACK .readerSNStatedicatingthe RTPSReaderasnotreceivedhe
CacheChangeandis requestingt is sent again.

1 receivedGAP(seq_num) TheReaderhasreceiveda GAP messag&vhereseq_nums inside
GAP.gapListwhich means that the seq_nuwvill not be sento theRTPSReader

1 The GAP may contain an indication that the cache change is still availablévifrittiebut was
filtered for theReader

1 receivedDATA(seq_num} TheReaderhas received BATA message with
DATA.sequenceNumber=seq_num.

1 received HB(firstSN > seq_num) : TReaderhas received IEARTBEAT with
HEARTBEAT.firstSN> seq_num, indicating th@acheChangevith that sequence number is no
longerpresent in th&@TPSWriter cache.

8.4.13 Writer Liveliness Protocol

The DDS specification requires the presence of a liveliness mech&iift8realizes this requirement with the
Writer Liveliness Protocol. Theriter Liveliness Protocol defines the required information exchange between
two Participantsin orderto asserthe livelinessof Writers containedby the Participants

All implementations must support teériter Liveliness Protocol in order to be interoperable.
8.4.13.1 General Approach

TheWriter Liveliness Protocol uses pdefined builtin Endpoints. The use of buith Endpoints means that
once aParticipantknows of the presence of anottiarticipant, it can assume the presence of the hilt
Endpoints made available by the remBgaticipantand establish the association with the locally matching
built-in Endpoints.

The protocol used to communicate between fwiEndpoints is the same as used for applicatieined
Endpoints.

8.4.13.2 Built-in Endpoints Required by the Writer Liveliness Protocol

The builtin Endpoints required by th&'riter Liveliness Protocol are tHauiltinParticipantMessageWriteand
BuiltinParticipantMessageReadeiThe names of these Endpoints reflect the fact that they are gpngrate.
These Endpoints are used for liveliness but can be used for other data in the future.

The RTPS Protocol reserve®tfollowing values of th&ntityld_t for these buikin Endpoints:
ENTITYID_P2P_BUILTIN_PARTICIPANT_MESSAGE_WRITER
ENTITYID_P2P_BUILTIN_PARTICIPANT_MESSAGE_READER

The actual value for each of thdSetityld_t instances is defined by each PSM.

8.4.13.3 BuiltinParticipantMessageWriter and BuiltinParticipantMessageReader QoS

For interoperability, both the BuiltinParticipantMessageWriter and BuiltinParticipantMessage Realtiese
the following QoS values:
A durability.kind =TRANSIENT_LOCAL_DURABILITY

A history.kind = KEEP_LAST_HISTORY_QOS

112 DDSI-RTPS v2.5



A history.depth =1
The BuiltinParticipantMessageWriter shall use reliability.kind = RELIABLE_RELIABILITY_QOS.

The BuiltinParticipantMessageReader may be configured to use either RELIABLE_RELIABILITY_QOS or
BEST_EFFORT_RELIABLITY_QOS. If the BuiltinParticipantMessageReader is configured to use
BEST_EFFORT_RELIABILITY_QOS then the
BEST_EFFORT_PARTICIPANT_MESSAGE_DATA_READER flag in ParticipantProxy::builtinEndpointQos
shall be set.

If the ParticipantProxy::builtinEndpointQos included in the SPDPdiscoveredParticipantData, then the
BuiltinParticipantMessageWriter shall treat the BuiltinParticipantMessageReader as indicated by the flags. If
the ParticipantProxy::builtinEndpointQos is not included then the BuiltinParticiparaifedsiter shall treat

the BuiltinParticipantMessageReader as if it is configured with RELIABLE_RELIABILITY_QOS.

8.4.13.4 Data Types Associated with Built-in Endpoints used by Writer Liveliness Protocol

Each RTPEndpointhas aHistoryCachethat stores changes teetldataobjects associated with tindpoint
This isalso true for th&RTPSbuilt-in Endpoints Therefore, eacRTPSbuilt-in Endpointdepends on some
DataType that representse logical contentsof the datawritten into its HistoryCache

Figure8.26 defines theéParticipantMessageDatdatatype associated with the RTPS bnilEndpoint for the
DCPSParticipantMessage Topic.

ParticipantMessageData

+qguid : GUID_t
+kind : octet[4]
+data : octet [0..%]

Figure 8.26 - Participant Message Data

8.4.13.5 Implementing Writer Liveliness Protocol Using the BuiltinParticipantMessageWriter
and Builtin- ParticipantMessageReader

The liveliness of a subset Wiriters belonging to @articipantis assertethy writing a sample to the
BuiltinParticipantMessageWriter If the Participant contains one or moi&/riters with a liveliness of
AUTOMATIC_LIVELINESS_QOS, then one sample is written at a rate faster than the smallest lease duration
among thawriters sharng this QoS. Similarly, a separate sample is written iP#dicipant contains one or
moreWriters with a liveliness of MANUAL_BY_PARTICIPANT_LIVELINESS_ QOS at a rate faster than the
smallest lease duration among th@égééters. The two instances are oodponal in purpose so that if a

Participant containsWriters of each of the two liveliness kinds described, two separate instances must be
periodically written. The instances are distinguished using their Ky Swvhichis comprised of the
participantGuidPrefixandkind fields. Each of the two types of liveline@®S handledhrough this protocol

will result in a uniquekind field and therefore form two distinct instancedtie HistoryCache

In both liveliness cases tiparticipantGuidPrefx field contains the GuidPrefix_t of tHearticipantthat is
writing the data(andthereforeassertinghe livelinessof its Writers).

The DDS liveliness kind MANUAL_BY_TOPIC_LIVELINESS QOS is not implemented using the
BuiltinParticipantMessageWriterandBuiltinParticipantMessageReadeillt is discussed i8.7.2.2.3

8.4.14 Optional Behavior

This sub clause describes optional features of the RTPS protocol. Optional festynest be supported by all
RTPS implementations. An optional feature does not affect basic interoperability, but is only available if all
implementations involved support it.
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8.4.14.1 Large Data

As described ir7.6, RTPS poses very few requirements on the underlying transport. It is sufficient that the
transport offers a connectionless service capable of sending packetffdnst

That said, a transport may impose its own limitations. For example, it may linitstienum packet size (e.qg.,
64K for UDP) and hence the maximWRTPSSubmessage size. This mainly affectsiiaga Submessage, as
it limits the maximumsize of the serializedDataor also,the maximumserializedsize of the datatype used.

In order to addresthis limitation,8.38 introduces the following Submessages to enable fragmenting large data:
A DataFrag
A HeartbeatFrag
A NackFrag

The following sub clauses list the capanding behavior required for interoperability.
8.4.14.1.1 How to select the fragment size

The fragment size is determined by Weiter and must meet the following requirements:

1 All transports available to thé/riter must be able to accommod®ataFrag Submessages
containing at least one fragment. This means the transport with the smallest maximum message size
determines the fragmesitze.

1 Thefragmentsizemustbefixed for agivenWriter andis identicalfor all remote ReadersBY fixing the
fragmentsize, the data a fragment number refers to does not depend on a particulaResiete
This simplifies processing negative acknowledgemevéskFrag ) from aReader

1 The fragment size must satisfy: fragment size <53&bbytes

Note the fragment size is determirtgdall transports available to th&riter, not simply the subset of transports
requiredto reach all currently knowReaders Thisensuresiewly discoveredReadersregardless of the
transport theyxan bereached on, can be accommodated without having to change the fragment size, which
would violate the above requirements.

8.4.14.1.2 How to send fragments

If fragmentation is required,@ata Submessage is replaced by a sequenBati#Frag Submessages. The
protocol béavior for sendindpataFrag Submessages matches that for sending reBaier  Submessages
with the following additional requirements:

1 DataFrag Submessages are sent in order, where ordering is defined by increasing fragment numbers.
Note this does not guareee in ordearrival.

1 Data must only be fragmented if required. If multiple transports are availableWéritaeand some
transports do not requifeagmentationaregularData Submessageustbesentonthosetransports
insteadLikewise,for variablesize datdypes,aregularData Submessageaustbeusedif
fragmentations notrequiredfor a particularsequenceumber.

1 For a given sequence number, Hiime QoS parameters are used, they must be included with the first
DataFrag Submessage dataining the fragment with fragment number equal to 1). They may also
be included witlsubsequerbataFrag submessages for this sequence number, but this is not
required.

If a transport can accommodate multiple fragments of the given fragment sizecinsmended that
implementations concatenate as many fragments as possible into &sitaffeag message.
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When sending multipl®ataFrag messages, flow control may be required to avoid flooding the network.
Possible approaches include a leaky bucketkartducket flow control scheme. This is not part of the RTPS
specification.

8.4.14.1.3 How to re-assemble fragments

DataFrag Submessages contain all required information tassemble the serialized data. Once all
fragments have been received, the same protocol behavior applies as for abagulSubmessage.

Note that implementations must be able to handleobotder arrial of DataFrag submessages.
8.4.14.1.4 Reliable Communication

The protocol behavior for reliably sendibgtaFrag Submessages matches that for sending repattr
Submessages with the following additional requirements:

1 Thesemantics for dleartbeat Submessagemairs unchangedA Heartbeat message must only
include those sequence numbers for wigiltliragments aravailable.

1 The semantics for afickNack Submessage remain unchangedAakNack message must only
positively acknowledga sequenc@umberwhenall fragmentswerereceivedor thatsequence

numberLikewise,asequence number must be negatively acknowledged only when all fragments are
missing.

1 In order to negatively acknowledge a subset of fragments for a given sequence nialo&Frag
Submessage museused Whendatais fragmenteda Heartbeat maytriggerboth AckNack and
NackFrag Submessages.

Additional considerations:

1 As mentioned aboveHeartbeat Submessage can only include a sequence number once all
fragments for that sequenosemberareavailable If a Writer wantsto inform a Readeronthe partial
availability of fragmentdor agiven sequenceumberaHeartbeatFrag  Submessageanbeused
instead Fragmentevelreliability maybehelpful for very large data and when using fleantrol.

1 A NackFrag Submessagean only be sent in responseatbleartbeat or HeartbeatFrag
submessage.

8.4.15 Implementation Guidelines

Thecontents of this sub clause are not part of the formal specification of the protocol. The purpose of this sub
clause ido provide guidelinesfor high-performanceamplementation®f the protocol.

8.4.15.1 Implementation of ReaderProxy and WriterProxy

The PIM modelshe ReaderProxyas maintaining an association with e@dcheChangéntheWr i t er 0 s
HistoryCache This association is modeled as being mediated by the associatioGluéesgeForReaderThe
direct implementationf thismodel would result in a lot of infmation being maintained for each
ReaderProxy In practice, what is requiredtisat theReaderProxyis able to implement the operations used by
the protocol and this does not require the use of explicit associations.

For example, the operationssent_chages()andnext_unsent_change(fan be implemented by having the
ReaderProxynai nt ai n a s i n gHigbestSegNum®edtbehigheuSedNemSenduld record
the highest value of the sequence number ofGagheChangesent to theReaderProxy Using this the
operationunsent_changes(tould be implemented by looking up all changes inHlstoryCacheand selecting
the ones witlsequenceNumb@greate thanhighestSeqNumSemthe implementation afext_unsent_change()
would also look at thelistoryCacheand return th€acheChangehat has the nesttighest sequence number
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greater thamighestSegNumSeithese operations coute doneefficiently if the HistoryCachemaintainsan
index by sequenceNumber

The same techniques can be useinplementrequested_changd3, requested_changes_s@t and
next_requested_chang@. In this case, the implementation can maintain a sliding window of sequence numbers
(which can beefficiently represented by equenceNumber lbwestRequestedChangad a fixedength

bitmap) to store whether a particular sequence number is currently requested. Requests that do not fit in the
window canbe ignoredasthey correspond to gaence numbers higher than the ones in the window and the
reader can beelied on resending threquest later if it is still missing thehange.

Similar techniques can be used to implenaeked changes_s€t andunacked_change.

8.4.15.2 Efficient use of Gap and AckNack Submessages

Both Gap andAckNack Submessages are designed such that they can contain information about a set of
sequence numbers. For simplicity, the virtual machine used in the protocol description did not always attempt to
fully use these Suhessages to store all the sequence numbers for which they would apply. The result would be
that sometimes multipl&ap or AckNack messages would be sent when, a more efficient implementation,

would have combined these Submessages into a single one.s&llithglementations are compliant with the

protocol and interoperable. However, implementations that combine m@@peand AckNack

Submessages and take advantage of the ability of these Submessages to contain a set of sequence number will
be more efficiat in both bandwidth and CPU usage.

8.4.15.3 Coalescing multiple Data Submessages

TheRTPS protocoallows multiple Submessages to be coalesced into a single RTPS message. This means that

they will all share asinglBTPSHe ader and be sedransipmrda dsirmaglsacdn otnwdr kM
transports have a relativelgrge fixed overhead compared with the extra cost of additmyias inthe

message. Therefore, implementations that combine Submessages into REirfglmessageill in general

make betteutilization of CPUand bandwidth.

A particularly common case is the coalescing of multipdéa Submessages into a single RTPS message. The
need for this can occur in a response téd\ekiNack requesting multiple changes or as a result of multiple
changes made on the writer side that have not yet been propagated to the reader. In all thess gasesliyi
beneficial to coalesce the Submessages into fewer R1g3Sages.

Note that the coalescing Blata Submessages is not restricted to Submessages originating from the same
RTPS Writer It is also possible to coalesce Submessages originating frotiplen RTPSWriter entities.RTPS
Writer entities that correspond DDS DataWriterentitiesbelongingto the sameDDS Publisherare prime
candidatedor this.

8.4.15.4 Piggybacking HeartBeat Submessages

The RTPS protocol allows Submessages of different kinds to be coalesced into a single RTPS message. A
particularly useful case is the piggybackingH#fartBeat = Submessages followirgata Submessages. This
allows the RTP®Vriter to explicitly request an ackowledgment of the changes it sent without the additional
traffic needed to send a separdeartBeat

8.4.15.5 Sending to unknown readerld

As described in the Messages Module, it is possible toR&éR&Messages where the readerld is left
unspecified (ENTITYID_UNKNOWN). This is required when sending these Messages over Multicast, but also
allows to send aingle Message over unicast to reach multid@aderswithin the samdParticipant

Implementations are encouragedigethis featureto minimize bandwidthusage
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8.4.15.6 Reclaiming Finite Resources from Unresponsive Readers

An implementation likely has finite resources to work with. F@Vréter, reclaiming queue resources should
happen when alReadershave acknowledged a sample in the queue and resourcedictdte that the old
sample entry is to be uséat a newsample.

There may be scenarios where an aiReaderbecomes unresponsive and will never acknowledgg\fiter.

Instead of blocking on the unresponsiReader theWriter should be allowed to deetheReaderas 61 nact i v e 6
and proceed in updating its queue. The stateRdaderis either Active or Inactive. ActivReadershave sent

ACKNACKSs that havebeenrecentlyreceived.The Writer shoulddeterminethe inactivity of a Readerby

usinga mechanisnmbasedon the rateand number of ACKNACKS received. Then samples that have been

acknowledged by all ActivReaderscan be freedand théWriter can reclaim those resources if necessary. Note

that strict reliability is not guaranteed wheR@aderbecomednactive.

8.4.15.7 Setting Count in Heartbeat, HeartbeatFrag, AckNack, and NackFrag submessages

The Count element of a HEARTBEAT differentiates between logical HEARTBEATS. A received

HEARTBEAT with the same Count as a previously received HEARTBEAT can be ignopee\vint

triggering a duplicate repair session. So, an implementation should ensure that same logical HEARTBEATS are
tagged with the same Count.

The HEARTBEATS received byReadershould have Counts greater than all older HEARTBEATS from the
sameWriter. Otherwise they can be discarded. As long as this requirement is met, it is up to the implementation
to decide whether W/riter keeps a Count specific to eaRbeaderor the Count is shared among all of its
matchingReaders The same logic applies for CourtACKNACKS. It is up to the implementation to decide
whether aReaderkeeps a Count specific to eadhiter or if it is shared among all of its matchikiéiters.

The Count element should be incremented and compared according to modular arithmetiordiesto
accommodate the integer overflow.

8.5 Discovery Module

The RTPS Behavior Module assumes RTPS Endpoints are properly configured and paired up with matching
remote Endpoints. It does not make any assumptions on how this configuration took pladg datires how
to exchange data between these Endpoints.

In order to be able to configure Endpoints, implementations must obtain information on the presence of remote
Endpoints and their properties. How to obtain this information is the subject of tltev@&igdodule.

The Discovery Module defines the RTPS discovery protocol. The purpose of the discovery protocol is to allow
each RTP®articipantto discover other relevaParticipantsand theifEndpoints Once remote Endpoints
have been discovered, implemtations can configure local Endpoints accordingly to establish communication.

The DDS specification equally relies on the use of a discovery mechanism to establish communication between
matched DataWriters and DataReaders. DDS implementations must acédigndiscover the presence of

remote entitieshoth whenrthey join and leave the network. This discovery information is made accessible to the
user through DDS buiin topics.

The RTPS discovery protocol defined in this Module provides the requiremlvdigcmechanism for DDS.

85.1 Overview

The RTPS specification splits up the discovery protocol into two independent protocols:
1. Participant DiscoveryProtocol

2. Endpoint DiscoveryProtocol

A Participant Discovery Protocol (PDP) specifies h®articipantsdiscovereach other in the network. Once
two Participantshave discovered each other, they exchange information dmtifointsthey contain using an
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Endpoint Discovery Protocol (EDP). Apart from this causality relationship, both protocols cambiglered
independent.

Implementations may choose to support multiple PDPs and EDPs, possibly-spadific. As long as two
Participants have at least one PDP and EDP in common, they can exchange the required discovery information.
For the purpose of taroperability, all RTPS implementations must provide at least the following discovery
protocols:

1. Simple Participant Discovery Protoq@PDP)

2. Simple Endpoint Discovery Protoo8EDP)

Both are basic discovery protocols that suffice for smathéolium scale networks. Additional PDPs and EDPs
that are geared towards larger networks may be added to future versions of the specification.

Finally, the role of a discovery protocol is to provide information on discovered ré&ndfmints How this
informationis used by #@articipantto configure its locaEndpointsdepends on the actual implementation of
the RTPS protocol anid not part of the discovery protocol specification. For example, for the reference
implementations introduced $14.7, the informationobtainedon the remoteEndpoints allows the
implementatiorto configure:

A TheRTPSReaderLocatoiobjects that are associated with eRdPSStatelessWriter

A TheRTPSReaderProxybjectsassociateavith eachRTPSStatefulWriter.
A TheRTPSWriterProxy objects associated with edRPSStatefulReader

The Discovery Module is organized as follows:
A The SPDPandSEDPrely on pre-definedRTPSbuilt-in Writer andReadeEndpointsto exchange
discovery information8.5.2introduces thesBRTPShuilt-in Endpoints.
A The SPDP is discusseddb.3

A The SEDP is discussed8s4

8.5.2 RTPS Built-in Discovery Endpoints

The DDS specification specifiesthatd cover y t ak es npl DadSeadessindDgta\Writens i | t
with pre- defined Topics and QoS.

There are four preefinedbuilti N Topi cs: ADCPSParticipant, 0 ADCPSSubsc
ADCPSTopic. 0 The Dat asdlppices are alssspazified laytthe BDSwpetifibation hnel
mainly contain Entity QoS values.

For each of the buiiih Topics, there exists a corresponding DDS hailbataWriter and DDS buiin

DataReader. The builh DataWriters are used to announceghesence and QoS of the local DDS Participant
and the DDS Entities it contains (DataReaders, DataWriters and Topics) to the rest of the network. Likewise,
the builtin DataReaders collect this information from remote Participants, which is then usediy$h
implementation to identifynatchingremote Entities. The builh DataReaders act as regular DDS DataReaders
and can also be accessed by the user through the DDS API.

The approach taken by tR'PSSimple Discovery Protocols (SPDP and SEDP) is amaistp the builtin
Entity concept. RTPS maps each buillDDS DataWriter or DataReader to an associated-iouiT PS
Endpoint These buikin Endpoints act as regular Writer and Reader Endpoints and provide the means to
exchange the requiratiscovery informatiorbetweenParticipantausingthe regularRTPSprotocol definedin
the BehaviorModule.

The SPDP, which concerns itself with how Participants discoveraheh maps the DDS builh Entities for

the ADCPSParti ci p which gpecifies pawto.excflahge dissdvdbyRnformation on local

Topics, DataWriters and DataReaders, maps the DDSibuilt Ent i ti es for the ADCPSSubs
ADCPSPublicationdo and ADCPSTopicd Topics.
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8.5.3 The Simple Participant Discovery Protocol
The purposefoa PDP is to discover the presence of other Participants on the network and their properties.

A Participant may support multiple PDPs, but for the purpose of interoperability, all implementations must
support at least the Simple Participant Discovergicol.

8.5.3.1 General Approach

The RTPS Simple Participant Discovery Protocol (SPDP) uses a simple approach to announce and detect the
presence oParticipants in a domain.

For eachParticipant,the SPDP creates two RTPS birltEndpoints: the&SPDPbuiltinParticigntWriterand the
SPDPbuiltinParticipantReader.

The SPDPbuiltinParticipantWriteis an RTPS BedEffort StatelessWriterTheHistoryCacheof the
SPDPbuiltinParticipantWriteccontains a single datzbject of typeSPDPdiscoveredParticipantDatd he value
of this dataobject is set from the attributes in tRarticipant If the attributes change, the datject is
replaced.

The SPDPbuiltinParticipantWriteperiodically sends this datzbject to a preconfigured list of locators to
announce the Participantoés pr eesiaicatlyecaliogh t he net wor k.
StatelessWriter::unsent_changes_reset, which causes the StatelessWriter to resendesllgresent in its
HistoryCache to all locators. The periodic ratevhich theSPDPbuiltinParticipantWritesends out the
SPDPdiscoveredParticipantDatdefaults to &2SMspecified value. This period should be smaller than the
leaseDuration specified the SPDPdiscoveredParticipantDafgee als®.5.3.3.3.

The preconfigured list of locators may include both unicast and multicast locators. Port numbers are gefined b
eachPSM. These locators simply represent possible remote Participants in the network, no Participant need
actually be present. Bsendingthe SPDPdiscoveredParticipantDatperiodically, Participantscanjoin the

networkin any order.

The SPDPbuiltinParticipantReadeeceives th&sPDPdiscoveredParticipantDa@nnouncements from the
remote Participants. The contained information includes what Endpoint Discovery Protocols the remote
Participant supports. The proper Endpoint Discovery Proiec¢bken used for exchanging Endpoint information
with the remote Participant.

Implementations can minimize any stap delays by sending an additios#DPdiscoveredParticipantDatia
response to receiving this dagbject from a previously unknown Paipant, but this behavior is optional.
Implementations maglso enable the user to choose whether to automatically extend itenfigrired list of
locators with new locators from newly discovered Participants. This enables asymmetric locator listasthese
two featuresare optional and not required for the purpos@tdroperability.

8.5.3.2 SPDPdiscoveredParticipantData
The SPDPdiscoveredParticipantDatdefines the data exchanged as part of the SPDP.

Figure8.27 illustrates the contents of tI8PDPdiscoveredParticipantData@\s shown in the figure, the
SPDPdscoveredParticipantDatapecializes th@€articipantProxyand therefore includes all the information
necessary to configure a discoveRatticipant TheSPDPdiscoveredParticipantDatalso specializes the
DDS-defined DDS::ParticipantBuiltinTopicData prouidj the information the corresponding DDS birilt
DataReader needs.
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— +related_rtps_partidipant = B
Participant I'l DomainParticipant "r
1 matched_participants

matched_participants

0..*

ParticipantBuiltinTopicData

+key : BuiltinTopicKey_t
+user_data : UserDataQosPolicy
ay

0.*

ParticipantProxy

+domainld : Domainld_t
+domainTag : string
+protocolVersion : ProtocolVersion_t
+quidPrefix : GuidPrefix_t
+vendorld : Vendorld_t
+expectsinlineQos : bool

+availableBuiltinEndpoints : BuiltinEndpointKind [0..*]
+builtinEndpointQos : BuiltinEndpointQos_t
+metatrafficUnicastLocatorList : Locator_t [0..%]
+metatrafficMulticastLocatorList : Locator_t [0..*] [
+defaultMulticastLocatorList : Locator_t [0..*]
+defaultUnicastLocatorList : Locator_t [0..%]

+manualLivelinessCount : Count_t

DiscoveredParticipantData

Figure 8.27 - SPDPdiscoveredParticipantData

SPDPdiscoveredParticipantData
+leaseDuration : Duration_t

The attributes of th&PDPdiscoveredParticipantDatand their interpretation are described’able8.78.

Table 8.78 - RTPS SPDPdiscoveredParticipantData attributes

RTPS SPDPdiscoveredParticipantData

attribute type meaning
domainld Domainld_t Identifies the DDS domainld of the associated DDS
DomainParticipant.
domainTag string Identifies the DDS domairag of the associated DDS

DomainParticipant.

protocolVersion

ProtocolVersion_t

Identifies the RTPS protocol version used by the
Participant.

guidPrefix GuidPrefix_t The common GuidPrefix_t of the Participant and all th
Endpoints contained within the Participant.

vendorld Vendorld_t Identifies the vendor of the DDS middleware that
contains the Participant.

expectsinlineQos bool Describes whether the Readers within the Participant

expect that the QoS values that apply to each data
modification are encapsulatéttiudedwith each Data.

Ist

metatrafficUnicastLocator

Locator_t[*]

List of unicastocators (transport, address, port
combinations) that can be used to send messages to
the builtin Endpoints contained in the Participant.

List

metatrafficMulticastLocatq Locator t[*]

List of multicast locators (transport, address, port
combinations) that can be used to send messages to
the builtin Endpoints contained in the Participant.
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defaultUnicastLocatorList| Locator t[1..*] Default list of unicast locators (transport, address, po
combinations) that can be used to serasages to

the userdefined Endpoints contained in the
Participant.

These are the unicast locators that will be used in cag
the Endpoint does not specify its own set of Locators
at least one Locator must be present.

defaultMulticastLocator | Locator_t[*] Default list of multicast locators (transport, address,
List port combinations) that can be used to send messagg
the userdefined Endpoints contained in the Participan
These are the multicast locators that will be used in ¢
the Endpoint doesat specify its own set of Locators.

availableBuiltinEndpoints | BuiltinEndpointSet_t | All Participants must support the SEDP. This attribute
identifies the kinds of buiin SEDP Endpoints that are
available in the Participant. This allow#articipant to
indicate that it only contains a subset of the possible
built- in Endpoints. See al$5.3.2.1and9.3.2.12

leaseDuration Duration_t How long a Participant should be considered alive ev
time an announcement is received from the Participa
If a Participant fails to send another announcement
within thistime period, the Participant can be
considered gone. In that case, any resources associg
to the Participant and its Endpoints canfbeed.

manualLivelinessCount | Count t Used to implement MANUAL_BY_PARTICIPANT
liveliness QoS.

When liveliness is assedgethe manualLivelinessCount
is incremented and a new
SPDPdiscoveredParticipantDataent.

builtinEndpointQos BuiltinEndpointQos_t| Provides additional information on the QoS of the bui
in Endpointssupportedy the Participant.

As mentioned ir8.5.3.1 the SPDPdiscoveredParticipantDatésts the Endpoint Discovery Protocols supported
by theParticipant. The attributes shown ifable8.78 only reflect the mandatory SEDP. There are currently no
other Endpoint Discovery Protocols defined by the RTPS specification. In order to extend
SPDPdiscoveredParticipantDat® include additional EDPs, the standard RERf&nsion mechanisms can be
used. Please refer @06.3for additional information.

8.5.3.2.1 The availableBuiltinEndpoints attribute

The SPDPdiscoveredParticipantDatarovides information about the builtin endpoints supported by the
Participant This information is contained in tlailableBuiltinEndpointsattribute.

The builtin endpoints that may be announced iratraglableBuiltinEndponts include
PUBLICATIONS_DETECTOR, PUBLICATIONS_ANNOUNCER, SUBSCRIPTIONS_DETECTOR,
SUBSCRIPTIONS_ANNOUNCER, TOPICS_DETECTOR, TOPICS_ANNOUNCER
PARTICIPANT_MESSAGE_READERandPARTICIPANT_MESSAGE_WRITER

TheavailableBuiltinEndpointsmay also announce btiil endpoints defined in other DDS specifications. See
9.3.2.12

8.5.3.3 The built-in Endpoints used by the Simple Participant Discovery Protocol

Figure8.28illustrates the builin Endpoints introduced by the Simple Participant Discovery Protocol.
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ParticipantBuiltinTopicData
(DDS)
Indicates the type of the
data-objects contained
in the HlstoryCa‘che DiscoveredParticipantData
| | (Protocol.Discovery)
|
Participant L
L T‘
b

SPDPdiscoveredParticipantData
(Protocol.Discovery.SimpleDiscovery)

:
|

Figure 8.28 - The built-in Endpoints used by the Simple Participant Discovery Protocol

The Protocol reserves the following values of Emgityld_t for the SPDP buiin Endpoints:
ENTITYID_SPDP_BUILTIN_PARTICIPANT_WRITER
ENTITYID_SPDP_BUILTIN_PARTICIPANT_READER

8.5.3.3.1 SPDPbuiltinParticipantWriter

The relevant attribute values for configuring 8eDPbuiltinParticipantWriteare shown ifmable8.79.

Table 8.79 - Attributes of the RTPS StatelessWriter used by the SPDP

SPDPbuiltinParticipantWriter

attribute type value

unicastLocatorList | Locator_ t[*] <autodetected>

Transportkinds andaddresses are either audetected or
configured by the application.

Ports are a parameter to the SPDP initialization or else g
set to a PSMspecified value that depends on the domainl

multicastLocatorList| Locator t[*] <parameter to the SPDHitialization>
Defaults to a PSMpecified value.

reliabilityLevel ReliabilityKind_t | BEST_EFFORT
topicKind TopicKind_t WITH_KEY
resendPeriod Duration_t <parameter to the SPDP initialization>

Defaults to a PSMpecified value.

readerLocators ReaderlLocator[*] | <parameter to the SPDP initialization>

8.5.3.3.2 SPDPbuiltinParticipantReader

The SPDPbuiltinParticipantReadds configured with the attribute values showTable8.80.
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Table 8.80 - Attributes of the RTPS StatelessReader used by the SPDP

SPDPbuiltinParticipantReader

attribute type value

unicastLocatorList | Locator_t[*] <autodetected>

Transporikinds and addresses are either aldtected or
configured by the application.

Ports are a parameter to the SPDP initialization or else are
to a PSMspecified value that depends on twemainld.

multicastLocatorLis| Locator_t[*] <parameter to the SPDP initialization>. Defaults to
a PSMspecified value.

reliabilityLevel ReliabilityKind_t| BEST_EFFORT

topicKind TopicKind_t WITH_KEY

The HistoryCacheof the SPDPbuiltinParticipantReadezontains information on all active discovered
participants; thd&ey usedto identify eachdataobjectcorrespondgo the Participant GUID.

Each time information on a participant is received byS3R®PbuiltinParticipantReadethe SPDP examines
the HistoryCache looking for an entry with a key that matches the Participant GUID. If an entry with a matching
key is not therea new entry is addedkeyedby the GUID of the Participant.

Periodically, the SPDP examines tBBDPbuiltinParticipantReaddtistoryCache looking for stale entries
defined as those that have not been refreshed for a period longer than their specified leaseDuration eStale entri
are removed.

8.5.3.4 Logical ports used by the Simple Participant Discovery Protocol

As mentioned above, ea@PDPbuiltinParticipantWriteruses a preonfigured list of locators to announce a
Participantdéds presence on the network.

In order to enable plugndplay interoperability, the preonfigured list of locators must use the following well
known logical ports:

Table 8.81 - Logical ports used by the Simple Participant Discovery Protocol

Port Locators configured using this port

SPDP_WELL_KNOWN_UNICAST_PORT entries in
SPDPbuiltinParticipantReader.unicastLocatorList,
unicast entries in
SPDPbuiltinParticipantWriter.readerLocators
SPDP_WELL_KNOWN_MULTICAST_PORT | entries in
SPDPbuiltinParticipantReader.multicastLocatorList
multicast entries in
SPDPbuiltinParticipantWriter.readerLocators

The actual value for the logical portsdiefined by the PSM.
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8.5.4 The Simple Endpoint Discovery Protocol

An Endpoint Discovery Protocol defines the required information exchange betwePartioipantsin order
t o di s cov eWriteeandReadaerBndipeintsé s

A Participant may support multiple EDPs, but for the purpose of interoperability, all implementations must
support at least th8imple Endpoint Discoveryrotocol

8.5.4.1 General Approach

Similar to theSPDP the Simple Endpoint Discovery Protocol usesgeéned builtin Endpoints. The use of
pre-defined builtin Endpoints means that oncé®articipantknows of the presence of anotiRarticipant, it
can assume the presence of the BoiEEndpoints made avable by the remote participant and establish the
association with the localgnatching builtin Endpoints.

The protocol used to communicate between fwiEndpoints is the same as used for applicatieined
Endpoints. Therefore, by reading the builReaderEndpoints, the protocol virtual machine can discover the
presence and QoS tife DDS Entities that belong to any remBtaticipants Similarly, by writing the buikin
Writer Endpoints &articipant caninform the other Participants of the existence and QoS of local DDS
Entities.

The use of builin topics in the SEDP therefore reduces the scope of the overall discovery protocol to the
determinatiorof which Participantsare present in the system and the attribute values fétehderProxyand
WriterProxy objects that correspond to the biiitEndpoints of thesParticipants Once that is known,
everythingelseresults from the applicatioof the RTPSprotocolto the communicatiorbetweenthe built-in
RTPSReadersand Writers.

8.5.4.2 The built-in Endpoints used by the Simple Endpoint Discovery Protocol

The SEDP maps the DDS buiiltn  Ent i ti es for the ADCPSSubscription, o
Topics. According to the DDS specification, the reliability QoS for these-iblilntt i es i s set to Ore
SEDP therefore maps each corresponding-buldDS DataWriter or DataReader into correspondeigble

RTPS Writer and Reader Endpoints.

For example, as illustrated gure8.29,the DDS buiti n Dat aWr i t ers for the ADCPSSL
ADCPSPublication, 6 and A DCRdableRTIPSStatefdViripeisandthec an be map|
corresponding DDS buiih DataReaders to reliabRTPSStatefulReadersActud implementations need not

use the statefukference implementation. For the purpose of interoperability, it is sufficient that an

implementation provides the required buiiltt Endpointsandreliable communicatiorthat satisfiesthe general
requirementdistedin 8.4.2

DomainParticipant Participant

SEDPbuiltinPublicati iter : Statefulwri

f

builtinPublicationsReader : DataR L || _ _|| sepPbuiltinPublicationsReader : StatefulRead

E

=]
=
S
Ee]
=
o
el
=
7K
|
|
]

SEDPbuiltinSubscripti iter - Statefulwri

EDPbuiltin riptionsR r: fulR r
iltinTopicsWriter : DataWriter = |- - — EDPbuiltinTopicsWriter : fulWriter
iltinTopicsR r: DataR r el - - EDPbuiltinTopicsR r: fulR: r

Figure 8.29 - Example mapping of the DDS Built-in Entities to corresponding RTPS built-in Endpoints

The RTPS Protocol reserves the followirajues of theentityld_t for the builtin Endpoints:
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ENTITYID_SEDP_BUILTIN_PUBLICATIONS_ ANNOUNCER
ENTITYID_SEDP_BUILTIN_PUBLICATIONS_ DETECTOR
ENTITYID_SEDP_BUILTIN_SUBSCRIPTIONS_ANNOUNCER
ENTITYID_SEDP_BUILTIN_SUBSCRIPTIONS_DETECTOR

ENTITYID_SEDP_BUILTIN_ TOPICS_ANNOUNCERENTITYID_SEDP_BUILTIN_ TOPICS_DETECTOR

The actual value for the reservidtityld tis defined by each PSM.
8.5.4.3 Built-in Endpoints required by the Simple Endpoint Discovery Protocol
Implementations are not required to provide all bailEndpoints.

As mentioned in the DDS specification, Topic propagation is optional. Therefore, it is not required to
implement theSEDPbuiltinTopicsReademd SEDPbuiltinTopicsWritebuilt-in Endpoints and for the purpose
of interoperability, implementatiorghould not rely on their presence in remote Participants.

As far as the remaining builh Endpoints are concerned, a Participant is only required to provide thnbuilt
Endpoints required for matching up local and remote Endpoints. For example, if Raixgoant will only
contain DDSDataWriters, the only requirddT PSbuilt-in Endpoints are the SEDPbuiltinPublicationsWriter
and the SEDPbuiltinSubscriptionsReader. The SEDPbuiltinPublicationsReader and the
SEDPDbuiltinSubscriptionsWriter buiih Endpoiris serveno purposein this case.

The SPDP specifies how a Participant informs other Participants about whét Rimttpoints it has available.
This is discussed i8.5.3.2

8.5.4.4 Data Types associated with built-in Endpoints used by the Simple Endpoint
Discovery Protocol

Each RTPEndpointhas aHistoryCachethat stores changes to the dakdects associated with tidpoint.
This also applies to the RTPS bdiitEndpoints. Therefore, eacRTPSbuilt-in Endpointdepends osome
DataType thatepresentshe logical contentsof the datawritten into its HistoryCache

Figure8.30 defines theDiscoveredWriterDataDiscoveredReaderDatandDiscoveredTopicDat®ataTypes
associted withthe RTPS buiit n Endpoints for the ADCPSPublication, o
ADCPSTopico Topics. The DataType associ&i3&®d with the

The DataType associated with each RTPS {uiEndpoint contains all the information specified by DDS for
the corresponding builh DDS Entity. For this reasolbiscoveredReaderDataxtends the DD®efined
DDS::SubscriptionBuiltinTogiData,DiscoveredWriterDataextends DDS::PublicationBuiltinTopicData, and
DiscoveredTopicDat@&xtends DDS::TopicBuiltinTopicData.

In addition to the data needed by the associatedibuit DDS Entiti es, the fADiscovere
all the information that may be needed by an implementation of the protocol to configRfERBENndpoints.
This informationis contained in th RTPSReaderProxyandWriterProxy.
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Figure 8.30 - Data types associated with built-in Endpoints used by the Simple Endpoint Discovery Protocol

An implementation of the protocol need not necessarily send all information contained in the DataTypes. If any
information is not present, the implementation easume the default values, as defined by the PSM. The PSM
also defines how the discovery information is represented on the wire.

The RTPS builin Endpoints used by the SEDP and their associated DataTypes are slrogured.31.
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