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Foreword

ISO (the International Organization for Standardization) and |IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
o : : o . : - . - and IEC
te¢hnical committees collaborate in fields of mutual interest. Other international organizations, goeMernmental
nformation

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

THe main task of the joint technical committee is to prepare International Standards. Draft Infernational
Standards adopted by the joint technical committee are circulated to national bodies for voting. Pubflication as
an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO and IEC shall not be held responsible for identifying any,or.all such patent rights.

ISP/IEC 19464 was prepared by the OASIS Advanced Message-Queuing Protocol Technical Committee (as
OASIS Advanced Message Queuing Protocol (AMQP) Version 1.0) and was adopted, under| the PAS
procedure, by Joint Technical Committee ISO/IEC JTC 1 “Information technology, in parallel with its approval
by|the national bodies of ISO and IEC.
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e Part 2: Transport - AMQP transport layer

Relatedl work:
his specification replaces or supersedes:

e AMQP v1.0 Final, 07 October 2011. http://www.amqp.org/specification/1.0/amqp-org-download

Abstrapt:

The Adyanced Message Queuing Protocol (AMQP) is an open internet protocol for business messaging. It defines p binary
wire-level protocol that allows for the reliable exchange 6f*business messages between two parties. AMQP has g layered
architecfure and the specification is organized as a sét'of parts that reflects that architecture. Part 1 defines the AMQP type
system pnd encoding. Part 2 defines the AMQP transport layer, an efficient, binary, peer-to-peer protocol for transporting
messagps between two processes over a networkxPart 3 defines the AMQP message format, with a concrete encoding. Part
4 definels how interactions can be grouped within'atomic transactions. Part 5 defines the AMQP security layers.

Status

This dogument was last revised or approved by the membership of OASIS on the above date. The level of approvdl is also
listed alove. Check the “Latest Version” location noted above for possible later revisions of this document.

Technicgal Committee members should send comments on this specification to the Technical Committee’s email list] Others
should §end comments t@ the"Technical Committee by using the “Send A Comment” button on the Technical Committ¢e’s web
page athttp://wuw.oasis-open.org/committees/amqp/.

For infomation on‘whether any patents have been disclosed that may be essential to implementing this specification, fand any
offers of patent licensing terms, please refer to the Intellectual Property Rights section of the Technical Committee web page
(http:/)wwir oasis-open.org/committees/amqp/ipr.php).

Citation format:

When referencing this specification the following citation format should be used:
[amgp-core-complete-v1.0]

OASIS Advanced Message Queuing Protocol (AMQP) Version 1.0. 29 October 2012. OASIS Standard.
http://docs.oasis-open.org/amagp/core/v1.0/0s/amqp-core-complete-v1.0-0s.pdf.
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Notices:
Copyright © OASIS Open 2012. All Rights Reserved.

All capitalized terms in the following text have the meanings assigned to them in the OASIS Intellectual Property Rights Policy
(the “OASIS IPR Policy”). The full Policy may be found at the OASIS website.

This document and translations of it may be copied and furnished to others, and derivative works that comment on or otherwise
explain it or assist in its implementation may be prepared, copied, published, and distributed, in whole or in part, without
restriction of any kind, provided that the above copyright notice and this section are included on all such copies and derivative
works. However, this document itself may not be modified in any way, including by removing the copyright notice or references
to OASIS, except as needed for the purpose of developing any document or deliverable produced by an OASIS Technical
Committee (;II whichcase-therutes app:;uqb:c to uupylig:lta, as—setforthintheOASISHPR Pu:iuy, must-e—fottow ") or as

required to translate it into languages other than English.

The limifed permissions granted above are perpetual and will not be revoked by OASIS or its successors or assigns.

This dogument and the information contained herein is provided on an “AS IS” basis and OASIS DISCIAIMS ALL WAR-
RANTIHS, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY WARRANTY THAT THE\USE OF THE|INFOR-
MATION HEREIN WILL NOT INFRINGE ANY OWNERSHIP RIGHTS OR ANY IMPLIED WARRANTIES OF MERCHANTABIL-
ITY OR|FITNESS FOR A PARTICULAR PURPOSE.

OASIS fequests that any OASIS Party or any other party that believes it has patent claims that‘would necessarily be ipfringed
by implgmentations of this OASIS Committee Specification or OASIS Standard, to notify @ASIS TC Administrator and provide
an indicption of its willingness to grant patent licenses to such patent claims in a manner-consistent with the IPR Mode of the
OASIS Technical Committee that produced this specification.

OASIS |nvites any party to contact the OASIS TC Administrator if it is aware ©f a claim of ownership of any paterft claims
that wodld necessarily be infringed by implementations of this specification By a patent holder that is not willing to provide a
license {o such patent claims in a manner consistent with the IPR Mode of the OASIS Technical Committee that proddced this
specification. OASIS may include such claims on its website, but disclaims.any obligation to do so.

OASIS {akes no position regarding the validity or scope of any intellectual property or other rights that might be clgimed to
pertain {o the implementation or use of the technology describedin this document or the extent to which any licende under
such rights might or might not be available; neither does it represent that it has made any effort to identify any such rights.
Information on OASIS’ procedures with respect to rights in‘@ny document or deliverable produced by an OASIS Technical
Commitjee can be found on the OASIS website. Copies of¢laims of rights made available for publication and any asqurances
of licendes to be made available, or the result of an attempt made to obtain a general license or permission for the usg of such
proprietgry rights by implementers or users of this OASIS Committee Specification or OASIS Standard, can be obtairjed from
the OA§IS TC Administrator. OASIS makes no-representation that any information or list of intellectual property rights will at
any timg be complete, or that any claims in such/ist are, in fact, Essential Claims.

The narpe “OASIS” is a trademark of QASIS, the owner and developer of this specification, and should be used only to
refer to[the organization and its offieialoutputs. OASIS welcomes reference to, and implementation and use of,| specifi-
cations,|while reserving the right.to ‘enforce its marks against misleading uses. Please see http://www.oasis-opn.org/
policids-guidelines/trademark-for above guidance.
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Part 0: Overview

0.1 Introduction

The Advanced Message Queuing Protocol is an open internet protocol for business messaging.

AMQP [is comprised of several layers. The lowest level defines an efficient, binary, peer-to-peer protpcol for
transpdrting messages between two processes over a network. Above this, the messaging layer'déflnes an
abstragt message format, with concrete standard encoding. Every compliant AMQP process MUST be|able to
send and receive messages in this standard encoding.

0.1.1 | Terminology

The kely words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”,_ {SHOULD”, “SHOULO NOT”,
“RECOMMENDED”, “MAY”, and “OPTIONAL” in this specification are to be interpreted as described |n IETF
RFC 2119 [RFC2119].

The authoritative form of the AMQP specification consists of a set of XML source documents. These documents
are trafpsformed into PDF and HTML representations for readability. The 'machine readable version of thel AMQP
DTD dgscribes the XML used for the authoritative source documents. This DTD includes the definition of the
syntax psed in the excerpts of XML presented in the PDF and HTML representations.

0.1.2 | Normative References

[ASCII]
Americpn National Standards Institute, Inc., Amertican National Standard for Information Systems, Codefd Char-
acter Sets - 7-Bit American National Standard.€ode for Information Interchange (7-Bit ASCII), ANSI X3.4-1986,
March P6, 1986.

[BCP4Y]
A. Philllps, Ed., M. Davis, Ed., Tags ferldentifying Languages. |IETF BCP: 47, September 2009.
http:/Ywww.ietf.org/rfc/bcp/oepl? . txt

[IANAHTTPPARAMS]
IANA (Internet Assigned Numbers Authority), Hypertext Transfer Protocol (HTTP) Parameters.

http://www.iana.org/assignments/http-parameters/http-parameters.xml

[IANAREN]
IANA (Internet Assigned Numbers Authority), Private Enterprise Numbers.
http:/fwww.iana’org/assignments/enterprise-numbers

[IANASUBTAG]
IANA (Internet Assigned Numbers Authority), Lanqguage Subtag Registry.
http://www.iana.org/assignments/language-subtag-registry

[IEEE754]
Standard for Floating-Point Arithmetic. IEEE 754-2008, August 2008.
http://ieeexplore.ieee.org/servlet/opac?punumber=4610933

[IEEE1003]
The Single UNIX Specification, Version 4. IEEE Std 1003.1-2008, December 2008.

http://www.unix.org/versiond/
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[RFC1982]
R. Elz, R. Bush, Serial Number Arithmetic. IETF RFC 1982, August 1996.
http://www.ietf.org/rfc/rfc1982.txt

[RFC2046]

N. Freed, N. Borenstein, Multipurpose Internet Mail Extensions (MIME) Part Two: Media Types. |IETF RFC 2046,
November 1996.

http://www.ietf.org/rfc/rfc2046.txt

[RFC2119]
S. Bradner, Key words for use in RFCs to Indicate Requirement Levels. IETF RFC 2119, March 1997.
http:/fwww.ietf. org/rfc/ric211I9.txt

[RFC2234]
D. Crogker, Ed., P. Overell, Augmented BNF for Syntax Specifications: ABNF. IETF RFC 2234, November|{1997.
http:/fwww.ietf.org/rfc/rfc2234.txt

[RFC2616]
R. Fielding, J. Gettys, J. Mogul, H. Frystyk, L. Masinter, P. Leach, T. Berners-Lee, Hypertext Transfer Prtocol —
HTTP/1.1. IETF RFC 2616, June 1999.

http:/fwww.ietf.org/rfc/rfc2616.txt

[RFC4122]
P. Leagh, M. Mealling, R. Salz, A Universally Unique IDentifier (UUID) URN. Namespace. |ETF RFC 4122, July
2005.

http:/fwww.ietf.org/rfc/rfc4122.txt

[RFC4366]
S. Blake-Wilson, M. Nystrom, D. Hopwood, J. Mikkelsen, T. Wright, Transport Layer Security (TLS) Extgnsions.
IETF RFC 4366, April 2006.

http:/fwww.ietf.org/rfc/rfc4366.txt

[RFC4422]
A. Melrfikov, Ed., K. Zeilenga, Ed., Simple Authentication and Security Layer (SASL). IETF RFC 4422, Jung 2006.
http:/fwww.ietf.org/rfc/rfc4422.txt

[RFC4616]
K. Zeilgnga, Ed., The PLAIN Simple Authentication and Security Layer (SASL) Mechanism. |IETF RFQ 4616,
August[2006.

http:/fwww.ietf.org/rfc/rfc461l6 txt

[RFC5246]
T. DierKfs, E. Rescorla., The Transport Layer Security (TLS) Protocol Version 1.2. IETF RFC 5246, August|2008.
http:/fwww.ietf.org/rfe/rfc5246.txt

[RFC5646]
A. Philllps, Ed., M. Davis, Ed., Tags for Identifying Languages. IETF RFC 5646, September 2009.
http:/Ywww.ietf \org/rfc/rfcb646.txt

[RFC5802]

C. Newman,, ‘A. Menon-Sen, A. Melnikov, N. Williams, Salted Challenge Response Authentication Medhanism
(SCRAM)-SASL and GSS-API Mechanisms. IETF RFC 5802, July 2010.
http://www.ietf.org/rfc/rfc5802.txt

[UNICODES®6]
The Unicode Consortium. The Unicode Standard, Version 6.0.0, (Mountain View, CA: The Unicode Consortium,
2011. ISBN 978-1-936213-01-6)

http://www.unicode.org/versions/Unicode6.0.0/
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0.1.3 Non-normative References

[AMQPCONNCAP]
AMQP Capabilities Registry: Connection Capabilities

http://www.amqp.org/specification/1.0/connection-capabilities

[AMQPCONNPROP]
AMQP Capabilities Registry: Connection Properties
http://www.amgp.org/specification/1.0/connection-properties

[AMQPDELANN]

AMQP [Capabilities Registry: Delivery Annotations
http://www.amqgp.org/specification/1.0/delivery-annotations

[AMQRDISTMODE]
AMQP|Capabilities Registry: Distribution Modes
http://www.amgp.org/specification/1.0/distribution-modes

[AMQHFILTERS]
AMQP|Capabilities Registry: Filters
http:/fwww.amgp.org/specification/1.0/filters

[AMQRFOOTER]
AMQP|Capabilities Registry: Footer
http://www.amgp.org/specification/1.0/footer

[AMQRALINKCAP]
AMQP|Capabilities Registry: Link Capabilities
http:/f/www.amqgp.org/specification/1.0/1link-capabiliti%s

[AMQHALINKPROP]
AMQP (Capabilities Registry: Link Properties
http://www.amqgp.org/specification/1.0/1link-praperties

[AMQALINKSTATEPROP]
AMQP (Capabilities Registry: Link State Properties
http://www.amgp.org/specification/1.0/Llink-state-properties

[AMQBMESSANN]
AMQP|Capabilities Registry: Message Annotations

http:/f/www.amqp.org/specificatipn/1.0/message-annotations

[AMQANODEPROP]
AMQP|Capabilities Registry:-Node Properties
http://www.amqp.org/specification/1.0/node-properties

[AMQRSESSCAP]
AMQP|Capabilities\Registry: Session Capabilities
http://www.amgp/org/specification/1.0/session-capabilities

[AMQRSESSPROP]
AMQP|Capabilities Registry: Session Properties

http://Www.amgp.org/specification/ 1.0/ session-propercies

[AMQPSOURCECAP]
AMQP Capabilities Registry: Source Capabilities

http://www.amqgp.org/specification/1.0/source-capabilities

[AMQPTARGETCAP]
AMQP Capabilities Registry: Target Capabilities
http://www.amgp.org/specification/1.0/target-capabilities
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0.2 Conformance

AMQP defines a wire level protocol for business messaging. The definition allows for all common business mes-
saging behaviors. AMQP does not define a wire-level distinction between “clients” and “brokers”, the protocol is
symmetric. It is expected and encouraged that implementations of AMQP will have different capabilities. Expec-
tations of the capabilities of a “client library” are different from expectations of a “broker” which are themselves
different from the capabilities of a “router”. As relevant profiles emerge (where appropriate and applicable) these
will be formalised.

A conformant implementation MUST perform protocol negotiation (see Part 2: section 2.2), and then parse,
process, and produce frames in accordance with the format and semantics defined in parts 1 through § of this
specifigation.

Conformant implementations MUST NOT require the use of any extensions defined outside this document |n order
to interpperate with any other conformant implementation.

Part 1 ¢f this document defines the type system and type encodings that every conformant implementatio MUST
implemient.

Part 2 gefines the peer-to-peer transport protocol which operates over TCP. Every .conformant implementgation of
AMQP [over TCP MUST implement Part 2. Future standards mapping AMQP td@ protocols other than TGP MAY
modify [or replace Part 2 when AMQP is being used over that protocol. A-conformant implementation] MUST
implemient Part 2 or a mapping of AMQP to some non-TCP protocol.

Part 2 gdmits behaviors that might not be appropriate for every implementation. For example a “client library” might
not allow for its communication partner to spontaneously attempt todnitiate a connection and request megsages.
Where an implementation does not allow for a behavior the implementation MUST respond according to the rules
defined within Part 2 of the specification.

Part 3 ¢f this document defines the AMQP Messaging Layer,"Every conformant implementation which prdcesses
messages MUST implement this part of the specification,

plementations might not process messages\(for example, an implementation acting as a “routef’ which
looks oply at the routing information carried by the’ AMQP Transport layer). Such implementations do not pctively
implemient Part 3, but MUST NOT act in ways which violate the rules of this part of the specification.

The Mgssaging layer admits behaviors that might not be appropriate for all implementations (and within an im-
plementation all behaviors might not be available for all configurations). Where a behavior is not admitfed, the
implemientation MUST respond according to the rules defined within this specification.

Part 4 defines the requirements far‘transactional messaging. Transactional messaging defines two rolgs, that
of the fransactional resourcecand that of the transaction controller. A conformant implementation SHOULD be
of operating in onglof these roles but MAY be unable to operate in either (for instance a simplist|c client
ight have no ability'to act as a transaction controller and would not be expected to act as a transgctional

Itis RECOMMENDED that implementations designed to act as messaging intermediaries support the abilify to act
as a trgnsactionakresource. It is RECOMMENDED that implementations or re-usable libraries provide Apglication
Programminglnterfaces to enable them to act as transactional controllers.

Where [a-behavior is not admitted, the rules defined in part 4 regarding responses to non-admitted behaviors
MUST be Tollowed.

Part 5 defines Security Layers to provide an authenticated and/or encrypted transport. Implementations SHOULD
allow the configuration of appropriate levels of security for the domain in which they are to be deployed.

Conformant implementations acting in the TCP server role are strongly RECOMMENDED to implement Part 5:
section 5.2 (or Part 5: 5.2.1 Alternative Establishment). Implementations acting in the TCP server role are strongly
RECOMMENDED to implement Part 5: section 5.3 and to support commonly used SASL mechanisms. In partic-
ular such implementations SHOULD support the PLAIN [RFC4616] and SCRAM-SHA1 [RFC5802] mechanisms.
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Part 1: Types

1.1 Type System

The AMQP type system defines a set of commonly used pr|m|t|ve types for mteroperable data representatlon
AMQP rimitive
his aIIows for the association of an AMQP value with an external type that is not present as an| AMQP
For example, a URL is commonly represented as a string, however not all strings are valid URLs,
and many programming languages and/or applications define a specific type to represent URLsl, The| AMQP
type system would allow for the definition of a code with which to annotate strings when the value is intepded to
represgnt a URL.

1.1.1 | Primitive Types

The AMIQP type system defines a standard set of primitive types for representifng)both common scalar valljies and
commdn collections. The scalar types include booleans, integral numbers,*floating point numbers, timegtamps,
UUIDs,| characters, strings, binary data, and symbols. The collection types’include arrays (monomorphic), lists
(polymorphic), and maps.

1.1.2 | Described Types

The primitive types defined by AMQP can directly represent many of the basic types present in most popular
prograrpming languages, and therefore can be trivially;used to exchange basic data. In practice, howevgr, even
the sinfplest applications have their own set of custom types used to model concepts within the appligation’s
domainl. In messaging applications these custom:fypes need to be externalized for transmission.

AMQP [provides a means to do this by allowingany AMQP type to be annotated with a descriptor. A descriptor
forms gn association between a custom type; and an AMQP type. This association indicates that the AMQP type
is actually a representation of the custom,type. The resulting combination of the AMQP type and its descfiptor is
referred to as a described type.

A descfibed type contains two distinct kinds of type information. It identifies both an AMQP type and a [custom
type (ag well as the relationship)between them), and so can be understood at two different levels. An apglication
with intilmate knowledge of a’given domain can understand described types as the custom types they regresent,
thereby decoding and preCessing them according to the complete semantics of the domain. An application with
no intimate knowledge‘can still understand the described types as AMQP types, decoding and processirlg them
as such.

1.1.3 | Composite Types

AMQP defines a number of composite types used for encoding structured data such as frame bodies. A composite
type defines a composite value where each constituent value is identified by a well-known named field. Each
composite type definition includes an ordered sequence of fields, each with a specified name, type, and multiplicity.
Composite type definitions also include one or more descriptors (symbolic and/or numeric) for identifying their
defined representations. Composite types are formally defined using the XML notation defined in section 1.3.
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1.1.4 Restricted Types

AMQP defines the notion of a restricted type. This is a new type derived from an existing type where the permitted
values of the new type are a subset of the values of the existing type. Restricted types are commonly used
programming constructs, the most frequent being “enumerations” which in AMQP terminology are restrictions of
the integral types. However, the AMQP notion of restricted types can also represent more open ended restrictions
such as a URL which can be thought of as a restriction of the string type.

A restricted type definition might limit the permitted values to either a pre-defined fixed set, or an open-ended set.

In the former case, each permitted value is called a choice and all possible choices are listed in the formal type
definitign—n the latter case the nature of the restriction is specified as text in the formal type definition

The ex|sting type from which a restricted type is derived is referred to as the source type for the restrigtion. A
restricted type might or might not be annotated with a descriptor on the wire depending on the formahdefinjtion for
the typé.

1.2 |Type Encodings

An AMQP encoded data stream consists of untyped bytes with embedded constructors. The embeddéd con-
structor indicates how to interpret the untyped bytes that follow. Constructorsican be thought of as functigns that
consune untyped bytes from an open ended byte stream and construct a typed value. An AMQP encodgd data
stream|always begins with a constructor.

constructor untyped bytes

+-—t HANH +

I I
0xA1l  Ox1E "Hello Gloxidus Messaging World"

| |1 |
| utf8 bytes

|
| |
| |
I # of data octets I

string value encoded according

|

|

|

|

| B e e o +
|

|

| to the str8-utf8 encoding

|

primitive format code
for the str8-utf8 encoding

Figure 1.1: Primitive Format Code (String)

An AMQP constructor‘consists of either a primitive format code, or a described format code. A primitivg format
code is|a constructor{or an AMQP primitive type. A described format code consists of a descriptor and a grimitive
format-fode. A descriptor defines how to produce a domain specific type from an AMQP primitive value.
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constructor untyped bytes

+-= ————t et A o +

| | | |
0x00 O0xAl 0x03 "URL" OxAl  Ox1E "http://example.org/hello-world"
| I |

+om———- +o————- +

descriptor

+o———= -—- Fom +

|
|
|
|
| string value encoded according
[ to the str8-utf8 encoding

|

primitive format code

for the str8-utf8 encoding

(Note: this example shows a string-typed descriptor, which is
considered reserved)

Figure 1.2: Described Format Code (URL)

The descriptor portion of a described format code is itself any valid AMQP encoded‘value, including other de-
scribed values. The formal BNF for constructors is given below.

format-code
%x00 descriptor constructor

constructor

~ 1

format-code = fixed / variable / compound £ array

fixed = empty / fixed-one / fixed-two / fixed-four
/ fixed-eight / fixed-sixtéen
variable = variable-one / variable=four
compound = compound-one / compoundyfour
array = array-one / array-four
descriptor = value
value = constructor untypéd-bytes

untyped-bytes = *0CTET ; this:ds not actually *0OCTET, the
; valid byte sequences are restricted

; by\the constructor

; fixed width format codes

empty = %x40-4E / %x4F %x00-FF
fixed-one = %xB0<5E / %x5F %x00-FF
fixed-two = %X60-6E / %x6F 7%x00-FF
fixed-four = %%70-7E / %x7F %x00-FF
fixed-eight,= %x80-8E / %x8F %x00-FF

fixed-sixteeén\= %x90-9E / %x9F %x00-FF

; variablewidth format codes
variable=one = %xAO-AE / %xAF %x00-FF
variable=four = %xBO-BE / %xBF %x00-FF

;~compound format codes
Compound-one = %xCO-CE / %xCF %x00-FF
compound-four = %xDO-DE / %xDF %x00-FF

; array format codes
array-one = %xEO-EE / %xEF %x00-FF
array-four = %xFO-FE / %xFF %x00-FF

Concteota
- oot oCto

Format codes map to one of four different categories: fixed width, variable width, compound and array. Values
encoded within each category share the same basic structure parameterized by width. The subcategory within a
format-code identifies both the category and width.

Fixed Width The size of fixed-width data is determined based solely on the subcategory of the format
code for the fixed width value.
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Variable Width The size of variable-width data is determined based on an encoded size that prefixes the
data. The width of the encoded size is determined by the subcategory of the format code
for the variable width value.

Compound Compound data is encoded as a size and a count followed by a polymorphic sequence of
count constituent values. Each constituent value is preceded by a constructor that indicates
the semantics and encoding of the data that follows. The width of the size and count is
determined by the subcategory of the format code for the compound value.

Array Array data is encoded as a size and count followed by an array element constructor followed
by a monomorphic sequence of values encoded according to the supplied array element
constructor. The widih of the size and count is determined by the subcaiegory of 1hg format
code for the array.

The bit$ within a format code can be interpreted according to the following layout:

Bit: 7 6 5 4 3 2 1 0

format-code

ext-type: only present if subtype is OxF

Figure 1.4: Format Code Layout

The following table describes the subcategories of format-codes:

Subcategory Category Format

0x4 Fixed Width Zero octets of data.

0x5 Fixed Width One, octet of data.

0x6 Fixed Width Two ectets of data.

0x7 Fixed Width Four octets of data.

0x8 Fixed Width Eight octets of data.

0x9 Fixed Width Sixteen octets of data.

OxA Variable Width One octet of size, 0-255 octets of data.

0xB VariableeWidth Four octets of size, 0-4294967295 octets of data.

0xC Compound. One octet each of size and count, 0-255 distinctly
typed values.

0xD Compound Four octets each of size and count, 0-4294967295
distinctly typed values.

OxE Array One octet each of size and count, 0-255 uniformly
typed values.

0xF Array Four octets each of size and count, 0-4294967295

uniformly typed values.

Figure 1.5: Subcategory Formats

PI % ! ) H 4 L ANAAD + D Y ! £ I H !
ease HMULT, UTTToo ULTTTWIST SPTUITITU, ANVIIT USTO TITIWUIN Uy 1T UTUTT 10T all TIUTTITTIL VAalutTo.

1.2.1 Fixed Width

The width of a specific fixed width encoding can be computed from the subcategory of the format code for the
fixed width value:
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Subcategory

0x4
0x5
0x6
ox7
0x8
0x9

BOPNDROIB

Figure 1.6: Layout of Fixed Width Data Encodings

1.2.2 | Variable Width

All varifible width encodings consist of a size in octets followed by size octets of encoded.data. The width of the
size forla specific variable width encoding can be computed from the subcategory of the format code:

n OCTETs size OCTETs

fmmmm e o +
| size | value |
o T +

Subcategory n

OxA 1

0xB 4

Figure 1.7: Layout of Variable Width Data Encodings

1.2.3 | Compound

All compound encodings consist of a size and alcount followed by count encoded items. The width of the gize and
count for a specific compound encoding can:be computed from the category of the format code:

T —————————— = count items =---------- T
n OCTETS n OCTETs | |
B e ot 4——- + + + ——
| size |  count | /| item I\ |
+-——-£ —+—— + -/ + \-———- +
/7 AV
// AV
// ARAN
o o +
| constructor | data |
o o +
Subcategory n
0xC 1
0xD 4

Figure 1.8: Layout of Compound Data Encodings

1.2.4 Array

All array encodings consist of a size followed by a count followed by an element constructor followed by count
elements of encoded data formated as REQUIRED by the element constructor:
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n OCTETs n OCTETs

+—F—

o o +——— -— _— ——tm————— +
| size | count | element-constructor | data | o
o o +——— -— _—— ——tm———— +

Subcategory n

OxE 1

OxF 4

Figure 1.9: Layout of Array Encodings

1.3 |Type Notation
Types qre formally specified using an XML notation described below. Please note that this>XML notation |is used
only to|define the type and is never used to represent encoded data. All encoded AMQP data is bipary as
described in section 1.2.
The tyge element formally defines a semantic type used to exchange data on thewire. Every type definifjon has
the follpwing general form. The child elements present depend upon the class)of the type definition (pfimitive,
compogsite, or restricted):
<type class="primitive|composite|restricted" name="...'~label="..." provides="...">
</1‘:3'r;.>e>
Figure 1.10: TypeDefinitions
The attfibutes of a type definition specify the following:
name The name of the type.
label A short description of.the type.
class A string identifying what class of type is being defined: “primitive”, “composite”,| or “re-
stricted”.
provides A comma separated list of archetypes (see field element).
There gre three different classes of types identified by the “class” attribute: primitive, composite, and restr|cted.
1.3.1 | Primitive Aype Notation
A “primjtive” typédefinition will contain one or more encoding elements that describe how the data is formatted on
the wirg. Primitive types do not contain the descriptor, field, or choice elements.
<type class="primitive" name="..." label="..." provides="...">
<encoding ... > ... </encoding>
ééﬁcoding ... > ... </encoding>
</type>
Figure 1.11: Primitive Type Definitions
amgqp-core-complete-v1.0-0s 29 October 2012
Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. Page 21 of 124

© ISO/IEC 2014 — All rights reserved


https://standardsiso.com/api/?name=f32eb6f76783fda9110c964d88c3eee6

ISO/IEC 19464:2014(E)
PART 1. TYPES 1.3 Type Notation

The encoding element defines how a primitive type is encoded. The specification defines 4 general categories
of encodings: fixed, variable, compound, and array. A specific encoding provides further details of how data is
formatted within its general category.

<type class="primitive" ... >
ééﬁcoding name="..." code="0xNN" category="fixed|variable|compound|array" width="N" label="..."/>
</type>
Figure 1.12: Encoding Definitions

name The name of the encoding.
label A short description of the encoding.
code The numeric value that prefixes the encoded data on the wire.
category The category of the encoding: “fixed”, “variable”, “compound”, or “array”.
width The width of the encoding or the size/count prefixes depending«on the category.

1.3.2 | Composite Type Notation

A “composite” type definition specifies a new kind of record type, i.e., atype composed of a fixed number ¢f fields
whose values are each of a specific type. A composite type does ©ot*have a new encoding, but is senf on the
wire as|a list annotated by a specific descriptor value that identifies.it as a representation of the defined composite
type. A composite type definition will contain a descriptor and zero or more field elements. Composite types do
not corjtain encoding or choice elements. The source attribyte of a composite type will always be “list], other
values pre reserved for future use.

<type class="composite" namef!7.." label="..." provides="...">
<descriptor name="..." code="..."/>
<field name="..." ... >.. </field>
<field name="..."-.C; > ... </field>

</type>

Figure 1.13: Composite Type Definitions

1.3.3 | Descriptor Notation

The ddscriptor element/specifies what annotation is used to identify encoded values as representatiops of a
described type.

<type class="composite|restricted" ...>
<ii- domain-id:descriptor-id -—>
<descriptor name="domain:name" code="OxNNNNNNNN :OxNNNNNNNN"/>
</£§q§e>
Figure 1.14: Descriptor Definitions
name A symbolic name for the representation.
code The numeric value.
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1.3.4 Field Notation
The field element identifies a field within a composite type. Every field has the following attributes:

<type class="composite" ...>

<field name="..." type="..." requires="..." default="..." label="..."
mandatory="true|false"
multiple="true|false" />

</£§§e>
Figure 1.15: Field Definitions
name A name that uniquely identifies the field within the type.
type The type of the field. This attribute defines the range of values that are\permitted to|appear

in this field. It might name a specific type, in which case the values-are restricted to that
type, or it might be the special character “*”, in which case a valde of any type is pefmitted.
In the latter case the range of values might be further restricted{by the requires attribute.

requirgs A comma separated list of archetypes. Field values are restricted to types providing [at least
one of the specified archetypes.

default A default value for the field if no value is encoded.

label A short description of the field.

mandatory “true” iff a non null value for the field is always encoded.

multil “true” iff the field can have multiple values of its specified type.

1.3.5 | Restricted Type Notation

A “restiicted” type definition specifies a new kind of type whose values are restricted to a subset of the valjes that
might e represented with another type. The source attribute identifies the base type from which a restricted type
is derived. A restricted type can have a descriptor element in which case it is identified by a descriptor on the wire.
The values permitted by a restricted type, can be specified either via documentation, or directly limited to| a fixed
numbef of values by the choice elements contained within the definition.

<type class="restricted" name="..." label="..." provides="...">
<desc¢riptor name="..." code="..."/>
<choice name="..." value="..."/>
<choice name="..." value="..."/>

</type>

Figure 1.16: Restricted Type Definitions

The Ch hica alomant idantifiac 4 laaal valun far 4 ractricntad tvyna  Tha chaica alomant hac tha fallowinag attr butes
16ieEe-ereeHttaeHteSaregarYatetor—a+reStHete oty pe—re-6roice-eremehtrraStHe1onowg—att .

<type class="restricted" ...>
<choice name="..." value="..."/>
</£§§e>

Figure 1.17: Choice Definitions
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name A name for the value.
value The permitted value.

1.4 Composite Type Representation

AMQP composite types are represented as a described list. Each element in the list is positionally correlated with
the fields listed in the composite type definition. The permitted element values are determined by the type speci-
fication and multiplicity of the corresponding field definitions. When the trailing elements of the list representation
are null, they MAY be omitted. The descriptor of the list indicates the specific composite type being repredented.

<type class="composite" name="book" label="example composite type">
Xg S P P P ypP
oc
<p>An example composite type.</p>

</doc>

<descriptor name="example:book:list" code="0x00000003:0x00000002"/>

<field name="title" type="string" mandatory="true" label="title of\the book"/>
<field name="authors" type="string" multiple="true"/>

<field name="isbn" type="string" label="the ISBN code for the,"book"/>
</type>

Figure 1.18: Example Composite.Jype

The mandatory attribute of a field description controls whether a null element value is permitted in the represen-
tation.
The miltiple attribute of a field description controls whether multiple element values are permitted in the repre-
sentatipn. A single element of the type specified in the-field description is always permitted. Multiple valpies are
represgnted by the use of an array where the type of the elements in the array is the type defined in the field
definitign. Note that a null value and a zero-length array (with a correct type for its elements) both desdribe an
absence of a value and MUST be treated as.Semantically identical.

A field yhich is defined as both multiple and’mandatory MUST contain at least one value (i.e. for such a fi¢ld both
null andl an array with no entries are invalid).
The described list shown below isran example composite value of the book type defined above. A trailing null
element corresponding to the absence of an ISBN value is depicted in the example, but can optionally be pmitted
according to the encoding rdles:
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Figure 1.19: Example Composite Value

1.5 |Descriptor Values

Descrigtor values other than symbolic (symbol) or numeric (ulong) ‘are, while not syntactically invalid, rederved -
this includes numeric types other than ulong. To allow for users, of.the type system to define their own desfriptors
without{collision of descriptor values, an assignment policy for_symbolic and numeric descriptors is given below.

The namespace for both symbolic and numeric descriptors_is divided into distinct domains. Each domaip has a
defined symbol and/or 4 byte numeric id assigned by the AMQP working group. For numeric ids the agsigned
domair}-id will be equal to the IANA Private EnterpriseNumber (PEN) of the requesting organisation [IANAPEN]
with dofnain-id 0 reserved for descriptors defined in,the AMQP specification.

Descrigtors are then assigned within each domain according to the following rules:

symbollic descriptors
<domain>:<name>

numeric descriptors
(domain-id.<)< 32) | descriptor-id

1.6 |Primitive Type Definitions

1.6.1 | null

Indicatg¢s.an.empty value.
<type Ll?——lmmm >

<encoding code="0x40" category="fixed" width="0" label="the null value"/>
</type>

1.6.2 boolean

Represents a true or false value.
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<type name="boolean" class="primitive">
<encoding code="0x56" category="fixed" width="1"
label="boolean with the octet 0x00 being false and octet 0x01 being true"/>
<encoding name="true" code="0x41" category="fixed" width="0" label="the boolean value true"/>
<encoding name="false" code="0x42" category="fixed" width="0" label="the boolean value false"/>
</type>

1.6.3 ubyte

|nteger inthe range 0 {0 28 - 1 inclusive

<type Hame="ubyte" class="primitive">
<ercoding code="0x50" category="fixed" width="1" label="8-bit unsigned integer"/>
</type>

1.6.4 | ushort

Integer]|in the range 0 to 216 - 1 inclusive.

<type fame="ushort" class="primitive">

<erJcoding code="0x60" category="fixed" width="2"
label="16-bit unsigned integer in network byte order"/>
</type3

1.6.5 | uint

Integer|in the range 0 to 232 - 1 inclusive.

<type fame="uint" class="primitive">
<erJcoding code="0x70" category="fixed" width="4"
label="32-bit unsigned integer im network byte order"/>
<erJcoding name="smalluint" code="0x52" category="fixed" width="1"
label="unsigned integer valué jin the range O to 255 inclusive"/>
<erfcoding name="uint0" code="0x43" (category="fixed" width="0" label="the uint value 0"/>
</type3

1.6.6 | ulong

Integer|in the range 0 to 2°4.=1 inclusive.

<type fame="ulong" class="primitive">

<erjcoding code="0x80" category="fixed" width="8"
ldbel="64-bit unsigned integer in network byte order"/>
<ercoding<name="smallulong" code="0x53" category="fixed" width="1"
label="unsigned long value in the range O to 255 inclusive"/>

<erjc6ding name="ulong0" code="0x44" category="fixed" width="0" label="the ulong value 0"/>
</type

1.6.7 Dbyte

Integer in the range —(27) to 27 - 1 inclusive.

amgqp-core-complete-v1.0-0s 29 October 2012
Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. Page 26 of 124

© ISO/IEC 2014 — All rights reserved


https://standardsiso.com/api/?name=f32eb6f76783fda9110c964d88c3eee6

ISO/IEC 19464:2014(E)
PART 1. TYPES 1.6 Primitive Type Definitions

<type name="byte" class="primitive">
<encoding code="0x51" category="fixed" width="1"
label="8-bit two’s-complement integer"/>
</type>

1.6.8 short

Integer in the range —(2'°) to 215 - 1 inclusive.

<type name="short" class="primitive">
<erJcoding code="0x61" category="fixed" width="2"
label="16-bit two’s-complement integer in network byte order"/>

</type3

1.6.9 | int

Integer|in the range —(23!) to 23! - 1 inclusive.

<type fame="int" class="primitive">

<erJcoding code="0x71" category="fixed" width="4"
label="32-bit two’s-complement integer in network byte ondex"/>
<erjcoding name="smallint" code="0x54" category="fixed" width="1"
label="8-bit two’s-complement integer"/>
</type3

1.6.10 1long

Integer|in the range —(25%) to 252 - 1 inclusive.

<type fame="long" class="primitive">

<erJcoding code="0x81" category="fixed" widths"8"
label="64-bit two’s-complement(integer in network byte order"/>
<erJcoding name="smalllong" code="0x55"\category="fixed" width="1"
label="8-bit two’s-complement integer"/>
</type>

1.6.11 float

32-bit floating point number, HEEE 754-2008 binary32).

<type fame="float" class="primitive">
<ercoding name="Geee-754" code="0x72" category="fixed" width="4" label="IEEE 754-2008 binary32{/>
</type>

A 32-bif floating. point number (IEEE 754-2008 binary32 [IEEE754]).

1.6.1 double

64-bit floating point number (IEEE 754-2008 binary64).

<type name="double" class="primitive">
<encoding name="ieee-754" code="0x82" category="fixed" width="8" label="IEEE 754-2008 binary64"/>

</type>
A 64-bit floating point number (IEEE 754-2008 binary64 [IEEE754]).
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1.6.13 decimal3?2

32-bit decimal number (IEEE 754-2008 decimal32).

<type name="decimal32" class="primitive">
<encoding name="ieee-754" code="0x74" category="fixed" width="4"
label="IEEE 754-2008 decimal32 using the Binary Integer Decimal encoding"/>
</type>

A 32-bit decimal number (IEEE 754-2008 decimal32 [IEEE754]).

1.6.14 decimal64d

64-bit decimal number (IEEE 754-2008 decimal64).

<type fame="decimal64" class="primitive">

<erlcoding name="ieee-754" code="0x84" category="fixed" width="8"
label="IEEE 754-2008 decimal64 using the Binary Integer Decimal encoding"/>
</type3

A 64-bit decimal number (IEEE 754-2008 decimal64 [IEEE754]).

1.6.19 decimalil28

128-bit|[decimal number (IEEE 754-2008 decimal128).

<type fame="decimall28" class="primitive">

<erJcoding name="ieee-754" code="0x94" category="fixed" width="16"
label="IEEE 754-2008 decimall28 using the.BiwWary Integer Decimal encoding"/>
</type3

A 128-it decimal number (IEEE 754-2008 decimali28]IEEE754]).

1.6.16 char

A singlé Unicode character.

<type fame="char" class="primitiye!?

<erJcoding name="utf32" code="0x73" category="fixed" width="4"
label="a UTF-32BE“éncoded Unicode character"/>
</type>

A UTF{32BE encoded Uhicode character [UNICODES®].

1.6.17 timegtamp

An abspluté point in time.

<type nam&"tj_mquamp" cl aq<="P'r*im*i tive!">
<encoding name="ms64" code="0x83" category="fixed" width="8"
label="64-bit two’s-complement integer representing milliseconds since the unix epoch"/>

</type>

Represents an approximate point in time using the Unix time_t [[EEE1003] encoding of UTC, but with a precision
of milliseconds. For example, 1311704463521 represents the moment 2011-07-26T18:21:03.521Z.
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1.6.18 uuid

A universally unique identifier as defined by RFC-4122 section 4.1.2 .

<type name="uuid" class="primitive">
<encoding code="0x98" category="fixed" width="16"
label="UUID as defined in section 4.1.2 of RFC-4122"/>
</type>

UUID is defined in section 4.1.2 of RFC-4122 [RFC4122].

1.6.19 binary

A sequgnce of octets.

<type fame="binary" class="primitive">

<erJcoding name="vbin8" code="0xal0" category="variable" width="1"
label="up to 278 - 1 octets of binary data"/>
<erJcoding name="vbin32" code="0xb0" category="variable" width="4"
label="up to 2732 - 1 octets of binary data"/>
</type3

1.6.20 string

A sequgnce of Unicode characters.

<type fame="string" class="primitive">

<erfcoding name="str8-utf8" code="Oxal" category="variable" width="1"
label="up to 278 - 1 octets worth of UTF<8 Unicode (with no byte order mark)"/>
<erJcoding name="str32-utf8" code="0xbl" category='wvariable" width="4"
label="up to 2732 - 1 octets worth ofUTF-8 Unicode (with no byte order mark)"/>
</type3

A string represents a sequence of Unicode characters as defined by the Unicode V6.0.0 standard [UNICQDES®].

1.6.21 symbol

Symbolic values from a constrained.domain.

<type fame="symbol" class="primitive">

<erjcoding name="sym8'" (code="0xa3" category="variable" width="1"
label="up(to*2"8 - 1 seven bit ASCII characters representing a symbolic value"/>
<erJcoding name="sym32" code="0xb3" category="variable" width="4"
label='up to 2732 - 1 seven bit ASCII characters representing a symbolic value"/>
</type3

Symbols are.values from a constrained domain. Although the set of possible domains is open-ended, typically
the both ndmber and size of symbols in use for any given application will be small, e.g. small enough that it is
reasongble to cache all the distinct values. Symbols are encoded as ASCII characters [ASCII].

1.6.22 1list

A sequence of polymorphic values.
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<type name="list" class="primitive">
<encoding name="1list0" code="0x45" category="fixed" width="0"
label="the empty list (i.e. the list with no elements)"/>
<encoding name="1list8" code="0xc0" category="compound" width="1"
label="up to 2°8 - 1 list elements with total size less than 278 octets"/>
<encoding name="1list32" code="0xd0" category="compound" width="4"
label="up to 2732 - 1 list elements with total size less than 2732 octets"/>
</type>

1.6.23 map

A polymorphic mapping from distinct keys to values.

<type fame="map" class="primitive">

<erJcoding name="map8" code="0xcl" category="compound" width="1"
label="up to 278 - 1 octets of encoded map data"/>
<erlcoding name="map32" code="0xdl1" category="compound" width="4"
label="up to 2732 - 1 octets of encoded map data"/>
</type3

A map |s encoded as a compound value where the constituent elements form alterhating key value pairs.

item O item 1 item n-1 item n
+o——— + e et +
| key 1 | val 1 | valén/2 |
+o——= + e e +

key n/2

+—+
+—+

Figure 1.20: Layout of MapEncoding

Map enjcodings MUST contain an even number of item§*(i.e. an equal number of keys and values). Afmap in
which there exist two identical key values is invalid._Unless known to be otherwise, maps MUST be conpidered
to be ofdered, that is, the order of the key-value pairs is semantically important and two maps which are different
only in the order in which their key-value pairs.are“encoded are not equal.

1.6.24 array

A sequgnce of values of a singletype.

<type fame="array" class="primitive">
<ercoding name="array8" )code="0xe0" category="array" width="1"
label="uptp 278 - 1 array elements with total size less than 278 octets"/>
<erJcoding name='"array32" code="0xf0" category="array" width="4"
label=!up to 2732 - 1 array elements with total size less than 2732 octets"/>

</type>
amgqp-core-complete-v1.0-0s 29 October 2012
Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. Page 30 of 124

© ISO/IEC 2014 — All rights reserved


https://standardsiso.com/api/?name=f32eb6f76783fda9110c964d88c3eee6

ISO/IEC 19464:2014(E)
PART 2. TRANSPORT

Part 2: Transport

2.1 Transport

2.1.1 Conceptual Model

An AMQP network consists of nodes connected via links. Nodes are named entities responsible for’the safe
storagg and/or delivery of messages. Messages can originate from, terminate at, or be relayed by nodes.

A link ig a unidirectional route between two nodes. A link attaches to a node at a terminus. Thereyare two kinds of
terminys: sources and targets. A terminus is responsible for tracking the state of a particular stream of incoming
or outgping messages. Sources track outgoing messages and targets track incoming messages. Messages only
travel along a link if they meet the entry criteria at the source.

As a mgssage travels through an AMQP network, the responsibility for safe storage and delivery of the message
is transferred between the nodes it encounters. The link protocol (defined in section 2.6) manages the trapsfer of
responsibility between the source and target.

B + e ——— +
/ Node A \ v Node B \
-i- ---------------- +|- /+-—filter +|- ---------------- -i—
| MSG_3 <MSG_1> | _/ _ | MSG_1 |
| | (O)mmmmmmmmommmmps ™ >O) | |
| <MSG_2> MSG_4 | | [ | MSG_2 |
I | Link(Src;Tgt) |1 |
o + | | +——————————— +
| |
Src Tgt

Key: <MSG_n>“= old location of MSG_n

Figure 2.1) Message Transfer between Nodes

Nodes gxist within a container. Examples of containers are brokers and client applications. Each container MAY
hold many nodes. Examples of AMQP nodes are producers, consumers, and queues. Producers and consumers
are the|elements within an application that generate and process messages. Queues are entities that stpre and
forward messages.

e + e +
| <<Container>> | 1..1 0..n | <<Node>> |
|- Sl R - =>| |
| container-id | | name |
e + o +
/_\ /_\
| |
1 L
| I
O e + B e +
| | | | |
| | | | |
U — T - + . T - - +
| Broker | | Client | I Producer | | Consumer | | Queue |
| [ | | | [ |
T —— T — + . +  mmmmmmeeee - +

Figure 2.2: Class Diagram of Concrete Containers and Nodes

amqp-core-complete-v1.0-0s 29 October 2012
Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. Page 31 of 124

© ISO/IEC 2014 — All rights reserved


https://standardsiso.com/api/?name=f32eb6f76783fda9110c964d88c3eee6

ISO/IEC 19464:2014(E)
PART 2. TRANSPORT 2.1 Transport

2.1.2 Communication Endpoints

The AMQP transport specification defines a peer-to-peer protocol for transferring messages between nodes in an
AMQP network. This portion of the specification is not concerned with the internal workings of any sort of node,
and only deals with the mechanics of unambiguously transferring a message from one node to another.

In order for communication to occur between nodes in different containers a connection needs be established.

Client App Broker
Fom—————— + Fmm——————— +
| | AR | |
I F===" ] ] Fe——T [
| | C | | Connection | I Q| |
| +—+—+ | | +—+-+ |
| | | # R HHRHRHEHEE | | |
+o———- | ——————- + e | —————- +

| |
Consumer Queue
(Node) (Node)

Figure 2.3: An AMQP Connection

An AMQP connection consists of a full-duplex, reliably ordered sequence of frames. A frame is the unit pf work
carried|on the wire. Connections have a negotiated maximum frame size allowing byte streams to bg easily
defragmented into complete frame bodies representing the independently parsable units formally defined]in sec-
tion 2.7. The precise requirement for a connection is that if the n" framedarrives, all frames prior to n MUBT also
have afrived. It is assumed connections are transient and can faildforva variety of reasons resulting in the loss
of an upknown number of frames, but they are still subject to the aforementioned ordered reliability criterfa. This
is similar to the guarantee that TCP or SCTP provides for byte<streams, and the specification defines a framing
system|used to parse a byte stream into a sequence of frames for use in establishing an AMQP connectipn (see
section[2.3).

An AMQQP connection is divided into a negotiated number of independent unidirectional channels. Each frame
is marKed with the channel number indicating its parent channel, and the frame sequence for each channel is
multiplgxed into a single frame sequence for the connection.

An AMQP session correlates two unidirectional channels to form a bidirectional, sequential conversation between
two comtainers. Sessions provide a flow\control scheme based on the number of transfer frames trangmitted.
Since ffames have a maximum size for a given connection, this provides flow control based on the nuiber of
bytes transmitted and can be used e 0ptimize performance.

Client/ App Broker
B e At + Fom e +
| | R | |
| +-——+ |- - | +-——t |
| | C | | Session | [ Q| |
| +———+ | == ——————— | +-——+ |
| | A | |
B e e + o +

Figure 2.4: An AMQP Session

A single connection MAY have multiple independent sessions active simultaneously, up to the negotiated channel
limit. Both connections and sessions are modeled by each peer as endpoints that store local and last known
remote state regarding the connection or session in question.
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Session<—-—----- + o >Session

(ICH=1, OCH=1) | | (ICH=1, OCH=1)

\I/ \I/

Session<--> Connection <--—------—- > Connection <-->Session

(ICH=2, 0OCH=3) /I\ /I\ (ICH=3, 0CH=2)
Session<------ + F————— >Session

(ICH=3, 0OCH=2) (ICH=2, 0OCH=3)

Key: ICH -> Input Channel, OCH -> Output Channel

Figure 2.5: Session & Connection Endpoints

In ordef to transfer messages between nodes (e.g., to move messages from a queue to a consumer) a./ink needs
to be established between the nodes. A link is a unidirectional route between two nodes. A linkyattaches to a
node af a terminus. There are two kinds of terminus: sources and targets. A terminus is responsible for fracking
the stafe of a particular stream of incoming or outgoing messages. Sources track outgoing messages and|targets
track incoming messages. Messages only travel along a link if they meet the entry criteria at'the source.

Links provide a credit-based flow control scheme based on the number of messages transmitted, allowing appli-
cations|to control which nodes to receive messages from at a given point (e.g., to explicitly fetch a message from
a given[queue).

Client App Broker
o + A mm e +
| | A | |
| B I e R +-——t |
I | C l0o< 0l Q | |
| e W el e e | +---+ |
| \ [ | R | | I
R et - e e +

I |
Target | Source
Link

Figure 2.:6: An AMQP Link

Sessiofs provide the context for communication between sources and targets. A link endpoint assodiates a
terminys with a session endpoint. Within a-session, the link protocol (defined in section 2.6) is used to eftablish
links bgtween sources and targets andito transfer messages across them. A single session can be simultapeously
associgted with any number of links:

Links afe named, and the state.at-the termini can live longer than the connection on which they were established.

Client App Broker
G+ + o +
I | I |
R | R e |
[ | Cclo<=I | | 1=01 Q | |
|t | e
I | | [ |
o | ————+ +——— | +

| |
I - | -
deb€ J_deJ.llCCl shdbt: J.de.l.llecl
at Target at Source

Figure 2.7: Connection Loss

The retained state at the termini can be used to reestablish the link on a new connection (and session) with precise
control over delivery guarantees (e.g., ensuring “exactly once” delivery).
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Client App Broker
e e T +
| | A | |
|+ [- -== -== | o=t |
| | C o< ol Q| |
|+ |- —== -== | o=t |
| | A i | |
R et + e +
Figure 2.8: Link Recovery
The dl ylal LI} bU:UVV DhUVVD thc lc:at;ul |°h|'J bctvvccl 1 thc thl CT AI‘V‘IQP CUITTITTTUT |;uqt;u| I'Tl1 |dpu;l |t°, CUl LUl |U\1t;b n, SeS‘
sion and Link.
e +
| Link | Message Transport
Fmm + (Node to Node)
| name |
| source |
| target |
| timeout |
e +
/I\ 0..n
|
\Il/ 0..1
o m +
| Session | Frame Transport
Fomm + (Container to @Qontainer)
| name
e +
/I\ 0..n
|
|
\I/ 1..1
Fomm +
| Connection | Frdme Transport
Fommmmmm o +__(Container to Container)
| principal
e +

2.1.3 | Protocol Frames

Figure 2.9: Class Diagram of Communication Endpoints

The protocol consists of nine)ffame body types that are formally defined in section 2.7. The following taple lists

the frame bodies and defings which endpoints handle them.
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Frame Connection Session Link
open H
begin I H
attach I H
flow I H
transfer I H
disposition I H
detach I H
end I H
close H
Key:

H: handled by the endpoint

I: intercepted (endpoint examines
the frame, but delegates
further processing to another

endpoint)

Figure 2.10: Frame Dispatch Table

2.2 |Version Negotiation

Prior tg sending any frames on a connection, each peer MUST start by sending a protocol header that indicates
the profocol version used on the connection. The protocol header consists of the upper case ASCII letters “AMQP”
followedl by a protocol id of zero, followed by three unsigned bytes representing the major, minor, and revision of
the profocol version (currently 1 (MAJOR), 0 (MINOR), 0 (REVISIONY)). In total this is an 8-octet sequence:

4 0OCTETS 1 OCTET 1 OCTET 1"0CTET 1 OCTET
fomm pomm o + —————pm +

| "AMQP" | %d0 | major»| minor | revision |
e e = + —————t -+

Figure 2.11;Protocol Header Layout

Any dafa appearing beyond the protocol header MUST maich the version indicated by the protocol header. If
the incpming and outgoing protocol headers do not match, both peers MUST close their outgoing stream and
SHOULD read the incoming stream until it is terminated.

The AMQP peer which acted in the'rele of the TCP client (i.e. the peer that actively opened the connection] MUST
immediately send its outgoing-protocol header on establishment of the TCP connection. The AMQP peer which
acted in the role of the TCP server MAY elect to wait until receiving the incoming protocol header before serding its
own ouggoing protocol headeér. This permits a multi protocol server implementation to choose the correct grotocol
version|to fit each client.

Two ANIQP peers agree on a protocol version as follows (where the words “client” and “server” refer to the roles
being glayed by.the peers at the TCP connection level):

o When the client opens a new socket connection to a server, it MUST send a protocol header with thelclient’s
pteferred protocol version.

o If the requested protocol version is supported, the server MUST send its own protocol header with the
requested version to the socket, and then proceed according to the protocol definition.

o If the requested protocol version is not supported, the server MUST send a protocol header with a sup-
ported protocol version and then close the socket.

e When choosing a protocol version to respond with, the server SHOULD choose the highest supported
version that is less than or equal to the requested version. If no such version exists, the server SHOULD
respond with the highest supported version.
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o If the server cannot parse the protocol header, the server MUST send a valid protocol header with a sup-
ported protocol version and then close the socket.

o Note that if the server only supports a single protocol version, it is consistent with the above rules for the
server to send its protocol header prior to receiving anything from the client and to subsequently close the
socket if the client’s protocol header does not match the server’s.

Based on this behavior a client can discover which protocol versions a server supports by attempting to connect
with its highest supported version and reconnecting with a version less than or equal to the version received back

from the server.

oan._ oo Tap.q
TOr COIICIIC TOr  oerver

AMQP%d0.1.0.0 ————————————- >
{mmmmmmmmm s AMQP%d0.1.0.0 (1)
cee *proceedx*
AMQP%d0.1.1.0 ————————————- >
St AMQP%d0.1.0.0 (2)
*TCP CLOSE*
HTTP  mmmmmm—me N
Kmmmmmmmmmm - AMQP%d0.1.0.0 (3)

*TCP CLOSE=*

(1) Server accepts connection for: AMQP, protocol=0,
major=1, minor=0, revision=0

(2) Server rejects connection for: AMQP, protocol=0,
major=1, minor=1, revision=0, Server responds
that it supports: AMQP, protocol=0, major=1,
minor=0, revision=0

(3) Server rejects connection for: HITP. Server
responds it supports: AMQP, protocol=0, major=1,
minor=0, revision=0

Figure 2.12: Version Negotiation Examples

Please|note that the above examples use the literalnotation defined in RFC 2234 [RFC2234] for non alphapumeric
values.

The protocol id is not a part of the protocelversion and thus the rule above regarding the highest supported
version|does not apply. A client might request use of a protocol id that is unacceptable to a server - for example,
it migh{ request a raw AMQP connectien when the server is configured to require a TLS or SASL security layer
(See Part 5: section 5.1). In this case, the server MUST send a protocol header with an acceptable pratocol id
(and vdrsion) and then close thelsocket. It MAY choose any protocol id.

TCP)Client TCP Server

AMQP%d0.1.0.0 = ————————————- >
B S ittt AMQP%d3.1.0.0
*TCP CLOSEx*

Server rejects connection for: AMQP, protocol=0,
major=1, minor=0, revision=0, Server responds
that it requires: SASL security layer, protocol=3,
major=1, minor=0, revision=0

Figure 2.13: Protocol ID Rejection Example

2.3 Framing

Frames are divided into three distinct areas: a fixed width frame header, a variable width extended header, and a
variable width frame body.
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frame header

REQUIRED
+__

OPTIONAL

OPTIONAL

| frame header
+__

+—+

extended header | frame body |

+

—+

8 bytes

*variablex*

——+
*variablex*

Figure 2.14: Frame Layout

The frame header is a fixed size (8 byte) structure that precedes each frame. The frame
header includes mandatory information necessary to parse the rest of the frame including

size and type information.

extended header

frame body

2.3.1

The extended header is a variable width area preceding the frame body. This is anextension

point defined for future expansion. The treatment of this area depends on the frame|type.

The frame body is a variable width sequence of bytes the format of which dependg

frame type.

Frame Layout

The diggram below shows the details of the general frame layout for all frame types.

SIZE

DOFF

+0 +1 +2
+____ ———
0| SIZE
+____ ———
4 | DOFF | TYPE | <TYPE-SPECIFIC> |
+____ . . . . .
+____ g
8 |
: <TYPE-SPECIFIC>
|
+____ ———
+____ ———

4xDOFF |

<TYPE-SPECGIFIC>

)

=

-7=>“Frame Header
(8 bytes)

---> Extended Header

(DOFF * 4 - 8) bytes

---> Frame Body

(SIZE - DOFF * 4) bytes

Figure 2.15: General Frame Layout

on the

Bytes 0-3 of the frame header contain the frame size. This is an unsigned 32-bit integer that
MUST contain the total frame size of the frame header, extended header, and frame body.

The frame is malformed if the size is less than the size of the frame header (8 bytes).

Byte 4 of the frame header is the data offset. This gives the position of the body within the

frame. The value of the data offset is an unsigned, 8-bit integer specifying a count o
words. Due to the mandatory 8-byte frame header, the frame is malformed if the

4-byte
alue is

TYPE

less than 2.

Byte 5 of the frame header is a type code. The type code indicates the format and purpose
of the frame. The subsequent bytes in the frame header MAY be interpreted differently
depending on the type of the frame. A type code of 0x00 indicates that the frame is an
AMQP frame. A type code of 0x01 indicates that the frame is a SASL frame, see Part 5:

section 5.3.
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2.3.2 AMAQP Frames

Bytes 6 and 7 of an AMQP frame contain the channel number (see section 2.1). The frame body is defined as a
performative followed by an opaque payload. The performative MUST be one of those defined in section 2.7 and is
encoded as a described type in the AMQP type system. The remaining bytes in the frame body form the payload
for that frame. The presence and format of the payload is defined by the semantics of the given performative.

type: 0x00 - AMQP frame

+0 +1 +2 +3
e e + -,
0| STIZE [
o= it + |---> Frame Header
4 | DOFF | TYPE | CHANNEL I (8 bytes)
e + -
e e EE e e + -,
8 | .. (.
. |=--> Extended Header
<IGNORED> . | (DOFF * 4 - 8) bytes
L — -
e e + -,
4+DOFF | PERFORMATIVE: I
. Open / Begin / Attach o
Flow / Transfer / Disposition |
i Detach / End / Close i I
. |===> Frame\Body
. | (SIZE“~ DOFF * 4) bytes
PAYLOAD . I
________ [
| | |
i -—- ———t <

Figure 2.16: AMQP.Frame Layout

An AMQP frame with no body MAY be used to generate artificial traffic as needed to satisfy any negotiated idle
timeou{ interval (see subsection 2.4.5).

2.4 |Connections

AMQP [connections are divided jnto/a number of unidirectional channels. A connection endpoint contajins two
kinds of channel endpoints: incoming and outgoing. A connection endpoint maps incoming frames other than
open ahd close to an incoming channel endpoint based on the incoming channel number, as well as felaying
frames|produced by outgoing channel endpoints, marking them with the associated outgoing channel pumber
before sending them.

This refuires connection endpoints to contain two mappings. One from incoming channel number to incoming
channdl endpoiat, and one from outgoing channel endpoint, to outgoing channel number.
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Channgls are unidirectional, and thus at each connection endpoint the incoming and outgoing channels a

pletely

ing and outgoing channels that happen to be identified by the same number. This meansithat if a bidir

endpoi

ber usgd for incoming frames is not necessarily the same as the channel number usedfer outgoing frame

Althoug
connec
cation ¢n a given channel (see section 2.5).

2.4.1

Each AMQP connection begins'with an exchange of capabilities and limitations, including the maximu

size. P

channe

peer M
limits o

partner

+mmmmmmm OCHE X: 1
o OCHE Y: 7
<=== Frame[CH=1], Frame[CH=7] <===+
===> Frame[CH=0], Frame[CH=1] ===>+
+————— >0: ICHE A
F————— >1: ICHE B

OCHE: Outgoing Channel Endpoint
ICHE: Incoming Channel Endpoint

Figure 2.17: Unidirectional Channel Multiplexing

distinct. Channel numbers are scoped relative to direction, thus there is no causal relatioh between

it is constructed from an incoming channel endpoint and an outgoing channel endpoint, the chann

S BIDI/O: 7
<=== Frame[CH=1], Frame[CH=7] ot
===> Frame [CH=0], Frame[CH=1] ===>+

l ------ >4:)BIDI/I

BIDI/I: Incoming half of a single bidiréctional endpoint
BIDI/0: Outgoing half of a single bidirectional endpoint

Figure 2.18: Bidirectional*Channel Multiplexing

h not strictly directed at the connection endpoint, the begin and end frames are potentially usefu
tion endpoint to intercept as these frames.are how sessions mark the beginning and ending of co

Opening A Connection

e com-
incom-
pctional
Bl num-
5.

for the
mmuni-

ST send an openiframe before sending any other frames. The open frame describes the capabili
that peer. The epen frame can only be sent on channel 0. After sending the open frame and rea

s open frame-a peer MUST operate within mutually acceptable limitations from this point forward.
TCP Client TCP Server
TCP-CONNECT TCP-ACCEPT
PROTO-HDR PROTO-HDR
UPEN ==+ +---= UPEN
. \/ .
wait X wait
proceed <--+  +--> proceed

Figure 2.19: Synchronous Connection Open Sequence

frame

ior to any explicit negatiation, the maximum frame size is 512 (MIN-MAX-FRAME-SIZE) and the maximum
| number is 0. Afterestablishing or accepting a TCP connection and sending the protocol headdr, each

es and
ding its
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2.4.2 Pipelined Open

For applications that use many short-lived connections, it MAY be desirable to pipeline the connection negotiation
process. A peer MAY do this by starting to send subsequent frames before receiving the partner’s connection
header or open frame. This is permitted so long as the pipelined frames are known a priori to conform to the
capabilities and limitations of its partner. For example, this can be accomplished by keeping the use of the
connection within the capabilities and limits expected of all AMQP implementations as defined by the specification
of the open frame.

TCP Client TCP Server
TCP-CONNECT TCP-ACCEPT
PROTO-HDR PROTO-HDR
OPEN ---+  +--- OPEN

\/
pipelined frame X pipelined frame
proceed <--+  +--> proceed

Figure 2.20: Pipelined Connection Open Sequence

The usp of pipelined frames by a peer cannot be distinguished by the peer’s partner from non-pipelinedfuse so
long aslthe pipelined frames conform to the partner’s capabilities and limhitations.

2.4.3 | Closing A Connection

Prior tg closing a connection, each peer MUST write a close'frame with a code indicating the reason for ¢losing.
This frgme MUST be the last thing ever written onto a connection. After writing this frame the peer SHOULD con-
tinue tg read from the connection until it receives the partner’'s close frame (in order to guard against erroneously
or malitiously implemented partners, a peer SHOULD implement a timeout to give its partner a reasonalple time
to recejve and process the close before giving up and simply closing the underlying transport mechanism). A
close frame MAY be received on any channel up to the maximum channel number negotiated in open. Hpwever,
implemientations SHOULD send it on chaninel’'0, and MUST send it on channel 0 if pipelined in a single bajch with
the corfesponding open.

TCP Client TCP Server

CLOSE  --——-——- >
+-- CLOSE
/ TCP-CLOSE
TCP-CLOSE <--+

Figure 2.21: Synchronous Connection Close Sequence

Implementations SHOULD NOT expect to be able to reuse open TCP sockets after close performativés have
been exchanged. There Is no requirement for an iImplementation to read 1fom a SOCKet aiter a close performative
has been received.

2.4.4 Simultaneous Close

Normally one peer will initiate the connection close, and the partner will send its close in response. However, be-
cause both endpoints MAY simultaneously choose to close the connection for independent reasons, it is possible
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for a simultaneous close to occur. In this case, the only potentially observable difference from the perspective of
each endpoint is the code indicating the reason for the close.

TCP Client TCP Server

CLOSE --—+  +--- CLOSE
\/

/\
TCP-CLOSE <--+  +--> TCP-CLOSE

Figure 2.22: Simultaneous Connection Close Sequence

2.4.5 | Idle Timeout Of A Connection

Connegtions are subject to an idle timeout threshold. The timeout is triggered by a local ‘peer when no|frames
are recpived after a threshold value is exceeded. The idle timeout is measured in milliseconds, and stafts from
the time the last frame is received. If the threshold is exceeded, then a peer SHOULD try to gracefully clpse the
connedtion using a close frame with an error explaining why. If the remote peer dees not respond gracefully within
a threshold to this, then the peer MAY close the TCP socket.

Each peer has its own (independent) idle timeout. At connection open each peer communicates the m@ximum
period between activity (frames) on the connection that it desires from its partner.The open frame carries the idle-
time-oJt field for this purpose. To avoid spurious timeouts, the value.in idle-time-out SHOULD be half the peer’s
actual imeout threshold.

If a pegr can not, for any reason support a proposed idle timeout; then it SHOULD close the connection using a
close frame with an error explaining why. There is no requiretent for peers to support arbitrarily short or Iong idle
timeouts.

The usg of idle timeouts is in addition to any network:grotocol level control. Implementations SHOULD make use
of TCP|keep-alive wherever possible in order to be.good citizens.

If a pegr needs to satisfy the need to send traffic to prevent idle timeout, and has nothing to send, it MAY send
an emgty frame, i.e., a frame consisting solely-6f a frame header, with no frame body. Implementations MUST be
prepargd to handle empty frames arriving‘on any valid channel, though implementations SHOULD use channel 0
when spnding empty frames, and MUSH use channel 0 if a maximum channel number has not yet been negotiated
(i.e., bgfore an open frame has been-received). Apart from this use, empty frames have no meaning.

Empty frames can only be sent after the open frame is sent. As they are a frame, they MUST NOT be sgnt after
the cldse frame has been sent.

As an alternative to using-ah empty frame to prevent an idle timeout, if a connection is in a permissible sfate, an
implemientation MAY ehoose to send a flow frame for a valid session.

If during operation.a peer exceeds the remote peer’s idle timeout’s threshold, e.g., because it is heavily lopded, it
SHOULD gracefully close the connection by using a close frame with an error explaining why.

2.4.6 L Connection States

START In this state a connection exists, but nothing has been sent or received. This is the state an
implementation would be in immediately after performing a socket connect or socket accept.

HDR_RCVD In this state the connection header has been received from the peer but a connection header
has not been sent.

HDR_SENT In this state the connection header has been sent to the peer but no connection header has
been received.
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HDR_EXCH In this state the connection header has been sent to the peer and a connection header has
been received from the peer.

OPEN_PIPE In this state both the connection header and the open frame have been sent but nothing has
been received.

OC_PIPE In this state, the connection header, the open frame, any pipelined connection traffic, and
the close frame have been sent but nothing has been received.

OPEN_RCVD In this state the connection headers have been exchanged. An open frame has been re-
ceived from the peer but an open frame has not been sent.

OPEN_SENT TN This staie the connection Neaders have been exchanged. AN open frame nas bepn sent
to the peer but no open frame has yet been received.

CLOSE PIPE In this state the connection headers have been exchanged. An open frame, [any pipelined
connection traffic, and the close frame have been sent but no open frame has y¢t been
received from the peer.

OPENED In this state the connection header and the open frame have been both sent and redeived.

CLOSE _RCVD In this state a close frame has been received indicating that thegeer has initiated ann AMQP
close. No further frames are expected to arrive on the connection; however, frames fan still
be sent. If desired, an implementation MAY do a TCP half;Close at this point to shfit down
the read side of the connection.

CLOSE _SENT In this state a close frame has been sent to the‘peer. It is illegal to write anything more
onto the connection, however there could potentially still be incoming frames. If gesired,
an implementation MAY do a TCP half-close.at this point to shutdown the write sidg of the
connection.

DISCARDING The DISCARDING state is a variant ofthie CLOSE_SENT state where the close is trjggered
by an error. In this case any incoming frames on the connection MUST be silently digcarded
until the peer’s close frame is received.

END In this state it is illegal for ejither endpoint to write anything more onto the connectign. The
connection can be safely closed and discarded.

2.4.7 | Connection State Diagram

The grgph below depicts a complete_state diagram for each endpoint. The boxes represent states, and the|arrows
represgnt state transitions. Eachafrow is labeled with the action that triggers that particular transition.
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R =======@ S:HDR R:HDR[!=S:HDR]
+——— | | ————- + +———= e +
=======@Q |
\I/ NI/
Q==========Q @==========@ S:0PEN
+-———| HDR_RCVD | | HDR_SENT | —————— +
@==========Q @==========Q | R:HDR[!=S:HDR]
S:HDR | | R:HDR | e +
to———————+ 4 + | |
\|/ \I/ NI/
@========== o + S:CLOSE
| HDR_EXCH | | OPEN_PIPE |----+
========== + ——————————— +
R:0PEN | | S: OPEN | R:HDR |
Fo—————— + Fo—————t 4——————— +
ANV \|/ \|/ \N/
Q@===========Q Q@===========Q S CLUSE tm——————— +
I OPEN_RCVD | | OPEN_SENT | ----- + | OC_PIPE |--+
=========== =========== + _________ +
S:DPEN | | R:0PEN \1/ | R:HDR
======== e +
TR >| OPENED |<----+ | CLOSE_PIPE |<--+
=—====== Fm——————————— +
R:CLOSE | | S: CLOSE I R:0PEN
o200 gDz
\I/ \I/ I
| CLOSE_RCVD | | CLOSE_SENT* |<——--+
S CLUSE | | R:CLOSE
Fo—m >| END |< ————— +
S:HDR[!=R:HDR] | R:HDR[!=S:HDR]
Fmm +- —-— ~NN——— +

R:<CTRL> = Received <CTRL>

S:<CTRL> = Sent <CTRL>

* Also could be DISCARDING if an error condition
triggered the CLOSE

Figure 2.23: Connection State Diagram

State Legal Sends Legal Receives Legal Connection Actions
START HDR HDR

HDR_RCVD HDR OPEN

HDR_SENT OPEN HDR

HDR_EXCH OPEN OPEN

OPEN_RCVD OPEN *

OPEN_SENT *% OPEN

OPEN_PIPE *% HDR

CLOSE_PIPE < OPEN TCP Close for Write
0C_PIPE - HDR TCP Close for Write
OPENED * *

CLOSE_RCVD * - TCP Close for Read
CLOSE_SENT - * TCP Close for Write
DISCARDING - * TCP Close for Write
END - - TCP Close

*

%%

any frames

no frames

any frame known a priori to conform to the
peer’s capabilities and limitations

Figure 2.24: Connection State Table

2.5 Sessions

A session is a bidirectional sequential conversation between two containers that provides a grouping for related
links. Sessions serve as the context for link communication. Any number of links of any directionality can be
attached to a given session. However, a link MUST NOT be attached to more than one session at a time.
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Link A----——- + T —————— >Link A
(attached) |
Link B<--- Session <--—--——=——=—--- > Session <---Link B
Link C------ >% (detached) ,—————— >Link C

Figure 2.25: Instance Diagram of Session/Link attachment

Messages transferred on a link are sequentially identified within the session. A session can be viewed as multiplex-
ing link i i i i i i i i ection,
links or} a session are not entirely independent since they share a common delivery sequence scoped to.the ses-
sion. This common sequence allows endpoints to efficiently refer to sets of deliveries regardless of the originating
link. This is of particular benefit when a single application is receiving messages along a large number of different
links. In this case the session provides aggregation of otherwise independent links into a single/stream that can
be effigiently acknowledged by the receiving application.

2.5.1 | Establishing A Session

Sessions are established by creating a session endpoint, assigning it to an unused channel number, and $ending
a begip announcing the association of the session endpoint with the outgoing channel. Upon receiing the
begin the partner will check the remote-channel field and find it empty. This-indicates that the begin is refgrring to
remotely initiated session. The partner will therefore allocate an unused-outgoing channel for the remotely initiated
sessior} and indicate this by sending its own begin setting the remoté-channel field to the incoming channgl of the
remotely initiated session.

To maKe it easier to monitor AMQP sessions, it is RECOMMENDED that implementations always asdgign the
lowest favailable unused channel number.

The rerhote-channel field of a begin frame MUST be emipty for a locally initiated session, and MUST be sé¢t when
annouricing the endpoint created as a result of a rembtely initiated session.

Endpoint Endpoint

[CH3] BEGIN(name=..,/; \% =  ————————- >

remote—cﬁannel=nu11)
+-- [CH7] BEGIN(name-=...,
/ remote-channel=3)

Figure 2.26: Session Begin Sequence

2.5.2 | Ending A Session

Sessions-end automatically when the connection is closed or interrupted. Sessions are explicitly endefl when
either endpoint chooses to end the session. When a session is explicitly ended, an end frame is sent to announce
the disassociation of the endpoint from its outgoing channel, and to carry error information when relevant.
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Endpoint A

Endpoint B

[CH3] END(error=...)

(2)

(1) At this point th

2.5.3

Due to
a sessi
is actus

254

When & session is unable to process input, it MUST indicate this by issuing an END with an appropriaté¢

indicati

(2)

Simultaneous End

llly an answer to the peers initial end frame.

Endpoint A

jpoi is di . B
the outgoing channel on A, and the incoming channel on B.

¢

At this point the session endpoint is disassociated from
the outgoing channel on B, and the incoming channel on A.

Figure 2.27: Session End Sequence

EndpodnitvB

[CH3] END(error=...)

3

--+  +-~Y<JCH7] END(error=...)

(1) At this point(no-'more

(2) At this peint no more
(3) At thig point

(4) At this point

Session\Errors
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Endpoint Endpoint
FRAME 1  —————————— >
FRAME 2 —————m———o S
FRAME 3 ———+\ /+——— END(error=...)

END  ———m—m——- >

Figure 2.29: Session Error Sequence

2.5.5 | Session States

UNMAPPED In the UNMAPPED state, the session endpoint is not mapped to any in¢oming or outgoing
channels on the connection endpoint. In this state an endpoint cannot send or freceive
frames.

BEGIN|SENT In the BEGIN_SENT state, the session endpoint is assigned,an,outgoing channel number,

but there is no entry in the incoming channel map. In this\state the endpoint MAY send
frames but cannot receive them.

BEGIN|RCVD In the BEGIN_RCVD state, the session endpoint has anentry in the incoming channel map,
but has not yet been assigned an outgoing channel number. The endpoint MAY [receive
frames, but cannot send them.

MAPPED In the MAPPED state, the session endpainthas both an outgoing channel number|and an
entry in the incoming channel map. The endpoint MAY both send and receive framds.

END_SENT In the END_SENT state, the sessiontendpoint has an entry in the incoming channgl map,
but is no longer assigned an outgeing channel number. The endpoint MAY receive frames,
but cannot send them.

END_RCVD In the END_RCVD state, the'session endpoint is assigned an outgoing channel numper, but
there is no entry in the ijncoming channel map. The endpoint MAY send frames, bufjcannot
receive them.

DISCARDING The DISCARDING state is a variant of the END_SENT state where the end is trigggered by
an error. In thissease any incoming frames on the session MUST be silently discarded until
the peer’s end-frame is received.
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UNMII\PPED< ——————————————————— +
+o————— +——— +
S:BEGIN | | R:BEGIN
\ |/ \ |/
BEGIN_SENT BEGIN_RCVD
| |
R:BEGIN | | S:BEGIN
B +o—— +
|
\l/
MA1|>PED
o o +
S:END(error) I S:END I I R:END
\|/ \ I/ \l/
DISCARDING END_SENT END_RCVD
| | |
R:END | R:END | | S:END
Fomm e Fomm e +
|
|
o +

Figure 2.30: State Transitions

There ip no obligation to retain a session endpoint after it transitions to the UNMAPPED state.

2.5.6 | Session Flow Control

The sepsion endpoint assigns each outgoing transfer frameran implicit transfer-id from a session scoped se-
quenceg. Each session endpoint maintains the following state'to manage incoming and outgoing transfer frames:

next-irtoming-id The next-incoming-ididentifies theexpected transfer-id of the nextincoming transfer frame.

incoming-window The incoming-window defings the maximum number of incoming transfer frames that the
endpoint can currently receive. This identifies a current maximum incoming transfef-id that
can be computed by subtracting one from the sum of incoming-window and next-in¢oming-

id.

next-olitgoing-id  The next-outgeing-id is the transfer-id to assign to the next transfer frame. Thie next-
outgoing-id MAY be initialized to an arbitrary value and is incremented after each sucgessive
transfer according to RFC-1982 [RFC1982] serial number arithmetic.

outgoihg-window The owuigoing-window defines the maximum number of outgoing transfer frames that the
endpoint can currently send. This identifies a current maximum outgoing transfer-id that can
be/computed by subtracting one from the sum of outgoing-window and next-outgoirg-id.

remotg-incoming-window
The remote-incoming-window reflects the maximum number of outgoing transfers that can
be sent without exceeding the remote endpoint’s incoming-window. This value MUST be
decremented after every transfer frame is sent, and recomputed when informed of the

remaote session endnoint state
g

remote-outgoing-window
The remote-outgoing-window reflects the maximum number of incoming transfers that MAY
arrive without exceeding the remote endpoint’s outgoing-window. This value MUST be
decremented after every incoming transfer frame is received, and recomputed when in-
formed of the remote session endpoint state. When this window shrinks, it is an indication
of outstanding transfers. Settling outstanding transfers can cause the window to grow.
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Once initialized, this state is updated by various events that occur in the lifespan of a session and its associated
links:

sending a transfer Upon sending a transfer, the sending endpoint will increment its next-outgoing-id, decre-
ment its remote-incoming-window, and MAY (depending on policy) decrement its outgoing-
window.

receiving a transfer
Upon receiving a transfer, the receiving endpoint will increment the next-incoming-id to
match the implicit transfer-id of the incoming transfer plus one, as well as decrementing the
remote-outgoing-window, and MAY (depending on policy) decrement its incoming-window.

receivihg a flow When the endpoint receives a £1ow frame from its peer, it MUST update the next-incgming-id
directly from the next-outgoing-id of the frame, and it MUST update the remote-odtgoing-
window directly from the outgoing-window of the frame.

The remote-incoming-window is computed as follows:

next—incoming-idﬂow + incoming-windowﬂow - next—outgoing-idendpomt

If the next-incoming-id field of the flow frame is not set, then/remote-incoming-wipdow is
computed as follows:

initial-outgoing-id,,,, dpoint + incoming-windowﬂow - next—outgoing-idendpomt

2.6 |Links

A link grovides a unidirectional transport for messages between‘a“source and a target. The primary responsibility
of a soyirce or target (a terminus) is to maintain a record of-thé’status of each active delivery attempt untill such a
time ag|it is safe to forget. These are referred to as unsettled deliveries. When a terminus forgets the state asso-
ciated yith a delivery-tag, it is considered settled. Settling a delivery at a terminus is an idempotent idempotent,
i.e., a delivery can transition from unsettled to settled) but never the reverse. Each delivery attempt is assjgned a
unique |delivery-tag at the source. The status ofvan active delivery attempt is known as the delivery statg of the
delivery.

Link endpoints interface between a terminusyand a session endpoint, and maintain additional state used fgr active
communication between the local and remote endpoints. Therefore there are two types of endpoint: $enders
and regeivers. When the sending agplication submits a message to the sender for transport, it also supplies the
delivery-tag used by the sourceto-track the delivery state. The link endpoint assigns each message a|unique
delivery-id from a session scoped’sequence. These delivery-ids are used to efficiently reference subset$ of the
outstanding deliveries on asession.

Termini can exist beyond:their associated link endpoints, so it is possible for a session to terminate and the|termini
to remdin. A link is said\to be suspended if the termini exist, but have no associated link endpoints. The prdcess of
associgting new link-endpoints with existing termini and re-establishing communication is referred to as rgsuming
a link.

The original link endpoint state is not necessary for resumption of a link. Only the unsettled delivery state main-
tained atdhe termini is necessary for link resume, and this need not be stored directly. The form of delivgry-tags
is intentionatty teftopenended-sothat-theyand-theirretateddetivery statecan;ifdesired; be(rejconstrocted from
application state, thereby minimizing or eliminating the need to retain additional protocol-specific state in order to
resume a link.

2.6.1 Naming A Link

Links are named so that they can be recovered when communication is interrupted. Link names MUST uniquely
identify the link amongst all links of the same direction between the two participating containers. Link names are
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only used when attaching a link, so they can be arbitrarily long without a significant penalty.

A link’s name uniquely identifies the link from the container of the source to the container of the target node, i.e., if
the container of the source node is A, and the container of the target node is B, the link can be globally identified
by the (ordered) tuple (A,B,<name>). Consequently, a link can only be active in one connection at a time. If
an attempt is made to attach the link subsequently when it is not suspended, then the link can be ’'stolen’, i.e.,
the second attach succeeds and the first attach MUST then be closed with a link error of stolen. This behavior
ensures that in the event of a connection failure occurring and being noticed by one party, that re-establishment
has the desired effect.

2.6.2

Each li
that ref
attach
same Hh

Link Handles

nk endpoint is assigned a numeric handle used by the peer as a shorthand to refer to the lifkin all
erence the link (attach, detach, flow, transfer, disposition). This handle is assigped by th
frame and remains in use until the link is detached. The two endpoints are not REQUIRED to
andle. This means a peer is free to independently chose its handle when a linknendpoint is ass

frames
e initial
ise the
ociated

with the session. The locally chosen handle is referred to as the output handle. The remotely chosen handle is

referreq

At an ¢
handle

to as the input handle.

ndpoint, a link is considered to be attached when the link endpoint exists and has both input ang
b assigned at an active session endpoint. A link is considered to be detached when the link endpoin

output
exists,

but is n
only on

pt assigned either input or output handles. A link can be considered falf attached (or half detacheq)) when
e of the input or output handles is assigned.

| name: Link_1 | | name: Link_1 |
| handle: i | | handle: j |
| -—=—————m - | | -==———mm |
| role: receiver | | role: sender |
| source: A | <=-—+ +--->| source: A |
| target: B | | | | target: B |
e + | | o +

| |

| fo—=—————— + |

<———+--=>{JSession |<-——+--->

| Fomm + |

| |
B e e e + | | o +
| name: Link_N | | | | name: Link_N |
I handle I <-==+ +-==> I handle I
| role: sender [ | role: receiver |
| source: C | | source: C |
| target: D | | target: D |

Figure 2.31: Link Handles

2.6.3 | Establishing Or Resuming A Link

Links 4
it to an

re gstablished and/or resumed by creating a link endpoint associated with a local terminus, as
gnused handle, and sending an attach frame. This frame carries the state of the newly crea

signing
ed link

endpoi

on the

{, INCluding the Iocal and remote termini, one peing the source ana one being the target depending

directionality of the link endpoint. On receipt of the attach, the remote session endpoint creates a corresponding
link endpoint and informs its application of the attaching link. The application attempts to locate the terminus
previously associated with the link. This terminus is associated with the link endpoint and can be updated if its
properties do not match those sent by the remote link endpoint. If no such terminus exists, the application MAY
choose to create one using the properties supplied by the remote link endpoint. The link endpoint is then mapped
to an unused handle, and an attach frame is issued carrying the state of the newly created endpoint. Note that
if the application chooses not to create a terminus, the session endpoint will still create a link endpoint and issue
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an attach indicating that the link endpoint has no associated local terminus. In this case, the session endpoint
MUST immediately detach the newly created link endpoint.

Peer Partner

*create link endpointx*

ATTACH(name=N, handle=1,  --————————- > xcreate link endpointx*
role=sender, +--- ATTACH(name=N, handle=2,
source=A, / role=receiver,
target=B) / source=A,

/ target=B)
<——+

Figure 2.32: Establishing a Link

If therelis no pre-existing terminus, and the peer does not wish to create a new one, this is indieated by setting the
local tefminus (source or target as appropriate) to null.

Peer Partner

*create link endpointx*

ATTACH(name=N, handle=1,  --—-———————- > *create link‘endpoint* (1)
role=sender, +--- ATTACH(name=N, handle=2,
source=A, / role=receiver,
target=B) / source=A,

/ target=-)
(2) <——+
+--- DETACH(handle=2,
/ closed=True)
/
/
<-—+
DETACH(handle=1, = —————3T%——- >

closed=True)

(1) The link endpoint is created, but no target is created.

(2) At this point the link is established, but it is to a
nonexistent target.

Figure 2.33: Refusing a Link

If either end of the link is already associated with a terminus, the attach frame MUST include its unsettled gelivery
state.

Peer Partner

¥existing source*

ATTACH(name=N, handle=1, -----—---- > *found existing targetx*
role=sender, +--— ATTACH(name=N, handle=2, (1)
source=X, / role=receiver,
target=Y, / source=X,
unsettled=...) / target=Y,

(2) <-—+ unsettled=...)

(1) The target already exists, and its properties
match the peer’s expectations.

(2) At this point the link is reestablished with source=X,
target=Y.

Figure 2.34: Resuming a Link

Note that it is possible that the expected terminus properties do not match the actual terminus properties reported
by the remote endpoint. In this case, the link is always considered to be between the source as described by the
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sender, and the target as described by the receiver. This can happen both when establishing and when resuming
a link.

When a link is established, it is possible for an endpoint not to have all the capabilities necessary to create the
terminus exactly matching the expectations of the peer. If this happens, the endpoint MAY adjust the properties
in order to succeed in creating the terminus. In this case the endpoint MUST report the actual properties of the
terminus as created.

When resuming a link, it is possible that the properties of the source and target have changed while the link
was suspended. When this happens, the termini properties communicated in the source and target fields of the
attach frames could be in conflict. In this case, the sender is considered to hold the authoritative version of the

by the feceiver. Once the link is resumed, either peer is free to continue if the updated properties are_acceptable,
or, if ngt, detach the link.

Note that a peer MUST take responsibility for verifying that the remote terminus meets its\xequiremen{s. The
remote|peer SHOULD NOT attempt to preempt whether the terminus will meet the requirements of its partner.
This is pqually true both for creating and resuming links.

Peer Partner

*existing sourcex

ATTACH(name=N, handle=1, ---------- > *found existing targetx*
role=sender, +--— ATTACH(namé=N, handle=2, (1)
source=A, / fole=receiver,
target=B, / source=A,
unsettled=...) / target=C,

(2) <--+ unsettled=...)

(1) The terminus already exists, bub;its state
does not match the peer’s endpoint.

(2) At this point the link is established with source=A,
target=C.

Figure 2.35; Resuming an altered Link

It is pogsible to resume a link even if one ¢f the termini has lost nearly all its state. All that is necessary is[the link
name gnd direction. This is referred to as recovering a link. This is done by creating a new link endpoint jwith an
empty $ource or target for incoming.erioutgoing links respectively. The full link state is then constructed ffom the
authorifative source or target supplied by the other endpoint once the link is established. If the remote pger has
no recdrd of the link, then no terminus will be located, and local terminus (source or target as appropriate) field in
the attlach frame will be nulk;

Peex Partner

*¥create link endpoint*

ATTACH(name=N, handle=1, ---—----—- > *found existing targetx*
role=sender, +--- ATTACH(name=N, handle=2, (1)
source=X / role=receiver,
target=-) / source=X,

(2) <-—-+ target=Y)

(1) The target already exists, and its properties are
authoritative.

(2) At this point the link is reestablished with source=X,
target=Y.

Figure 2.36: Recovering a Link
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2.6.4 Detaching And Reattaching A Link

A session endpoint can choose to unmap its output handle for a link. In this case, the endpoint MUST send a
detach frame to inform the remote peer that the handle is no longer attached to the link endpoint. If both endpoints
do this, the link MAY return to a fully detached state. Note that in this case the link endpoints MAY still indirectly

communicate via the session, as there could still be active deliveries on the link referenced via delivery-id.

Peer

Partner

*create link endpoint*
ATTACH(name=N, handle=1

—————————— > *create link endpoint*

TUTEe=SEIder s + AT FACHCTamme=N s tramdte=2 N
source=A, / role=receiver,
target=B) / source=A,
/ target=B)
<-—+
*use linkx* PN *use linkx*
DETACH(handle=1) --—-2-2---> *detach input handlex
(1) *detach output handlex Km—mm - DETACH (handle=2)

(1) At this point both endpoints are detached.

Figure 2.37: Detaching a Link

When the state of a link endpoint changes, this is can be communicated by detaching and then reattaching with
the updated state on the attach frame. This can be used to update the properties of the link endpoints, or to
update|the properties of the termini.

Peer Partner
DETACH (handle=1) ———+§' ’
\
\
*modify link endpoint* \
+--> xdetach input handlex*
ATTACH(name=N, handle=1 ---+ +--- DETACH(handle=2)
role=sender, \ 7/
source=4A’, \/
target=B’) /\
/ \
*detach. \input handlex* <--+ +--> xreattach input handlex*

*modify link endpoint*
+--— ATTACH(name=N, handle=2

/ role=receiver,
/ source=A’,
/ target=B’)
/
(L) #reattach input handle* <--+
*use linkx* <———=lllos *use linkx*

(1) At this point the link is updated and attached.

Dionea D 200 | laaaodin | inl Qiod
- oU. opuathgoicotatt

2.6.5 Link Errors

When an error occurs at a link endpoint, the endpoint MUST be detached with appropriate error information sup-
plied in the error field of the detach frame. The link endpoint MUST then be destroyed. If any input (other than
a detach) related to the endpoint either via the input handle or delivery-ids be received, the session MUST be
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terminated with an errant-1ink session-error. Since the link endpoint has been destroyed, the peer cannot reat-
tach, and MUST resume the link in order to restore communication. In order to disambiguate the resume request
from a pipelined re-attach the resuming attach performative MUST contain a non-null value for its unsettled field.
Receipt of a pipelined attach MUST result in the session being terminated with an errant-1ink session-error.

2.6.6 Closing A Link

A peer closes a link by sending the detach frame with the handle for the specified link, and the closed flag set to
true. The partner will destroy the corresponding link endpoint, and reply with its own detach frame with the closed
flag sefrtotroe

Peer Partner

*create link endpoint*

ATTACH(name=N, handle=1  ------—--- > *create link endpoint*
role=sender, +--- ATTACH(name=N, handle=2;
source=A, / role=receiver,
target=B) / source=A,

/ target=B)
<-—+

*use link* ————————= > *use linkx*

DETACH(handle=1, = -————————- > *destroy link-endpointx*
closed=True)

(1) *destroy link endpoint*  <---------- DETACH(handle=2,

closed=True)

Figure 2.39: Closing aLink

Note thiat one peer MAY send a closing detach while its;partner is sending a non-closing detach. In this case, the
partnerl MUST signal that it has closed the link by reattaching and then sending a closing detach.

2.6.7 | Flow Control

Once gttached, a link is subject to flow control of message transfers. Link endpoints maintain the following flow
control|state. This state defines when:it is legal to send transfers on an attached link, as well as indicating when
certainlinteresting conditions oceut;-such as insufficient messages to consume the currently available link-credit,
or insulfficient link-credit to sepd available messages:

deliveny-count The deélivery-count is initialized by the sender when a link endpoint is created, and is incre-
mented whenever a message is sent. Only the sender MAY independently modify tt{is field.
The receiver’s value is calculated based on the last known value from the sender g4nd any
subsequent messages received on the link. Note that, despite its name, the delivery-count
is not a count but a sequence number initialized at an arbitrary point by the sender.

link-credit The link-credit variable defines the current maximum legal amount that the deliverly-count
can be increased by. This identifies a delivery-limit that can be computed by adding the
[INK-credit to the gelivery-courit.

Only the receiver can independently choose a value for this field. The sender’s value MUST
always be maintained in such a way as to match the delivery-limit identified by the receiver.
This means that the sender’s link-credit variable MUST be set according to this formula
when flow information is given by the receiver:

link-credit,, q = delivery-countycy + link-creditrcy - delivery-count,, ;.
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In the event that the receiver does not yet know the delivery-count, i.e., delivery-countycv
is unspecified, the sender MUST assume that the delivery-count;cv is the first delivery-
count,  sent from sender to receiver, i.e., the delivery-count, 4 specified in the flow state
carried by the initial attach frame from the sender to the receiver.

Additionally, whenever the sender increases delivery-count, it MUST decrease link-credit by
the same amount in order to maintain the delivery-limit identified by the receiver.

available The available variable is controlled by the sender, and indicates to the receiver, that the
sender could make use of the indicated amount of link-credit. Only the sender can indepen-
dently modify this field. The receiver’s value is calculated based on the last known value
from the sender and any subsequent incoming messages received. The sender MAY trans-
fer messages even if the available variable is zero. If this happens, the receivery MUST
maintain a floor of zero in its calculation of the value of available.

drain The drain flag indicates how the sender SHOULD behave when insufficient messages are
available to consume the current link-credit. If set, the sender will (after sending all ajailable
messages) advance the delivery-count as much as possible, consuming all link-creflit, and
send the flow state to the receiver. Only the receiver can independently modify this field.
The sender’s value is always the last known value indicated by\the receiver.

If the link-credit is less than or equal to zero, i.e., the delivery-count is the same as'‘or greater than the delivefy-limit,
a sendg¢r MUST NOT send more messages. If the link-credit is reduced by the teceiver when transfers are ip-flight,
the recpiver MAY either handle the excess messages normally or detach the link with a transfer-limit-exceeded
error cgde.

if link-credit <= O then pause

Figure-2.40: Flow Control

If the s¢nder’s drain flag is set and there-areé no available messages, the sender MUST advance its delivery-count
until link-credit is zero, and send its updated flow state to the receiver.

The delivery-count is an absolute'vattue. While the value itself is conceptually unbounded, it is encoded as p 32-bit
integer|that wraps around andcompares according to RFC-1982 [RFC1982] serial number arithmetic.

The inifjal flow state of a link.endpoint is determined as follows. The link-credit and available variables are in|tialized
to zero| The drain flagris +nitialized to false. The sender MAY choose an arbitrary point to initialize the delivery-
count. |This value is_.éommunicated in the initial attach frame. The receiver initializes its delivery-coupt upon
receiving the sender’s attach.
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flow state
| modifies
e + o
| Sender | . -—- -——. | Recei
to—mm e + attach, transfer, flow Fo—m
| delivery-count | -—- --->| delivery-
| link-credit | | link-cred
| available | <===—=mmmmm e | available
| drain | flow | drain
e + P — ) m—————————
| modifies
flow state

count
it

Figure 2.41: Flow State & related Frames

The flo
flow co
of diffefent higher level behaviors often useful to applications, including synchronous
fetch with a timeout, asynchronous notifications, and stopping/pausing.

v control semantics defined in this section provide the primitives necessary to

| Receiver |<-----—--—---—- transfer---------+~~ [
e + +-—
\ [ —mmmmmm e flow—-——-——--Fg--- >\
oo + +
|
|
sync-get: flow(link-credit=1, ...) s>
timed-get: flow(link-credit=1, ...),
*wait*,
flow(drain=True, ...) ——>
async-notify: flow(link-credit=delta, W)~ ---->

stop: flow(link-credit=0, ...) -——=>

Figure 2.42: FlowA\Control Usage Patterns

2.6.8 | Synchronous Get

A synclpronous get of a message from'a. link is accomplished by incrementing the link-

ntrol strategies. Additionally, by manipulating the link-credit and drain flag, a receivercan provide a

implement'a wide variety of

variety

blocking fetch, synchironous

credit, sending the ypdated

flow sthte, and waiting indefinitelyfor'a transfer to arrive.
Receiver Sender
flow(Dink-credit=1) = —————————- >
+---- transfer(...)
%block until transfer arrivesx /
<--—+

Figure 2.43: Synchronous Get

Synchronous get with a timeout is accomplished by incrementing the link-credit, sending the updated flow state

and waiting for the link-credit to be consumed. When the desired time has elapsed the
flag and sends the newly updated flow state again, while continuing to wait for the
Even if no messages are available, this condition will be met promptly because of th
credit is consumed, the receiver can unambiguously determine whether a message
operation has timed out.
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Receiver Sender
flow(link-credit=1) = —————————= >
*wait for link-credit <= Ox*
flow(drain=True) ---+  +--- transfer(...)
(1) <=+ +==>
(2) Kmmmm e flow( )

(1) If a message is available within the timeout, it will
arrive at this point.
(2) If 3 i the

imeout

2.6.9

Asynch
for that
When f
credit b

drain flag will ensure that the sender promptly advances the
delivery-count until link-credit is consumed.

Figure 2.44: Synchronous Get w/ Timeout

Asynchronous Notification

ronous notification can be accomplished as follows. The receiver maintains a‘target amount of link-credit
link. As transfer arrive on the link, the sender’s link-credit decreases as' the delivery-count increases.

he sender’s link-credit falls below a threshold, the flow state MAY be‘sent to increase the senddr’s link-
ack to the desired target amount.
Receiver Sender
K———mm o transfer(...)
D transfer(...)
flow(link-credit=delta) -—-+\ /+-—- transfer(...)
X
/ \
L——+  +-=>
<=mmmmmmme- transfer(...)
<=mmmmm—m—- transfer(...)
flow(link-credit=delta) ———+\ /+——— transfer(...)
X
/ \
<-—+  4-->

The incoming,message rate for the link is limited by the
rate at which _the receiver updates the delivery-limit by

issuing linkicredit.

Figure 2.45: Asynchrnous Notification

2.6.1Q0 Stopping A Link

Stopping the transfers on a given link is accomplished by updating the link-credit to be zero and sending the
updatedl £1ow state. It is possible that some transfers could be in flight at the time the flow state is dent, so
incoming-ttansfers could still arrive on the link. The echo field of the flow frame MAY be used to request the
sender’s flow state be echoed back. This MAY be used to determine when the link has finally quiesced.
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Receiver Sender
D transfer(...)
flow(..., ---+  +-—- transfer(...)
link-credit=0, \ /
echo=True) X
(1) <——+ 4+-=>
(2) <m—mmmm e flow(...)

(1) In-flight transfers can still arrive until the flow state
is updated at the sender.

(2) At this point no further transfers will arrive.

Figure 2.46: Stopping Incoming Messages

2.6.11 Messages

The trapsport layer assumes as little as possible about messages and allows alternative-message representations
to be ’I}yered above. Message data is carried as the payload in frames containing’the’ transfer perfofmative.

Messages can be fragmented across several transfer frames as indicated by-the ‘more flag of the transfer
performative.

2.6.12 Transferring A Message

When an application initiates a message transfer, it assigns a delivery-tag used to track the state of the @lelivery
while thie message is in transit. A delivery is considered unsettled at the sender/receiver from the point at vhich it
was sefit/received until it has been settled by the sending/receiving application. Each delivery MUST be identified
by a delivery-tag chosen by the sending application. The delivery-tag MUST be unique amongst all deliverjies that
could be considered unsettled by either end of the link.

Upon initiating a transfer, the application will supply the'sending link endpoint (Sender) with the message dpta and
its assqciated delivery-tag. The sender will create-an entry in its unsettled map, and send a transfer frame that
includep the delivery-tag, the delivery’s initial state, and its associated message data. For brevity on the wire, the
delivery-tag is also associated with a delivery-id assigned by the session. The delivery-id is then used torefer to
the delivery-tag in all subsequent interactions on that session.

The following diagrams illustrate the fundamentals involved in transferring a message. For normative seantics
please |refer to the definitions of/the/transfer and disposition performatives. For simplicity the delivgry-id is
omitted in the following diagrams-and the delivery-tag is itself used directly. These diagrams also assune that
this intgraction takes place in-the context of a single established link, and as such omit other details that wpuld be
present on the wire in practice such as the channel number, link handle, fragmentation flags, etc., focusipg only
on the gssential aspects of message transfer.

e +
/ Sender \
o +
| unsettled: | transfer(delivery-tag=DT, settled=False,
... | state=S_0, ...)
DT -> (local: S_0, |-————————————- e >

|
i Temote. 1) I

Figure 2.47: Initial Transfer

Upon receiving the transfer, the receiving link endpoint (receiver) will create an entry in its own unsettled map and
make the transferred message data available to the application to process.
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transfer(delivery-tag=DT, settled=False, | unsettled: |
state=S_0, ...) | .

| DT -> (local: S_1, |

I remote: S O)I

Figure 2.48: Initial Receipt
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otiffedof the Teceived message data, the appiication processes the message, maicatng the |
state to the link endpoint as desired. Applications MAY wish to classify delivery states aspterr
minal depending on whether an endpoint will ever update the state further once it has begn. reac
ases (e.g., large messages or transactions), the receiving application MAY wish to indigate’non-t
states to the sender. This is done via the disposition frame.

/ Receiver \
+__ —_— R

+
| unsettled: I
|
|

S -—- - | DT ->~(local: S_2,
disp(role=receiver, ..., delivery-tag=DT, | remote: S_0)
settled=False, state=S_2, ...) |

Figure 2.49: Indication of Non-Terminal State

e receiving application has finished processing the message, it indicates to the link endpoint a 4
state that reflects the outcome of the application processing (successful or otherwise) and thus

hich the receiver wishes to occur at the sender.xThis state is communicated back to the sender
ition frame.
o +
/ Receiver \
+-- -— -—+
| unsettled: I
<—mm—-- i Lt | DT -> (local: T_O, |
disp(role=receiver, ..., delivery-tag=DT, | remote: S_0) |
settled=False, state=T_0, ...) | .. |
+-- -— -—+

Figure 2.50: Indication of Presumptive Terminal State

bceiving the _Updated delivery state from the receiver, the sender will, if it has not already sponta

nicate this'back to the sending application.

pdated
hinal or
hed. In
erminal

erminal
he out-
via the

neously

| a terminal(state (e.g., through the expiry of the TTL at the sender), update its view of the state and
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| unsettled:

| remote: T_0) disp(role=receiver, ..., delivery-tag=DT,

|
|
| DT -> (local: S_O, I< -----------------------------------------------
| settled=False, state=T_0, ...)

Figure 2.51: Receipt of Terminal State
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The sending application will then typically perform some action based on this terminal state and then settle the
delivery, causing the sender to remove the delivery-tag from its unsettled map. The sender will then send its final
delivery state along with an indication that the delivery is settled at the sender. Note that this amounts to the
sender announcing that it is forever forgetting everything about the delivery-tag in question, and as such it is only
possible to make such an announcement once, since after the sender forgets, it has no way of remembering to
make the announcement again. If this frame gets lost due to an interruption in communication, the receiver will
find out that the sender has settled the delivery upon link recovery. When the sender re-attaches the receiver will
examine the unsettled state of the sender (i.e., what has not been forgotten) and from this can derive that the
delivery in question has been settled (since its tag will not be in the unsettled state).

| unsettled: | disp(role=sender, ..., delivery-tag=DT,

I - I settled=True, state=T_1, ...)
-=>- |eeeee———————n—nmnnmn—mnmn——n—mnmnm—m—mn—m——,— >

Figure 2.52: Indication of Settlement

When the receiver finds out that the sender has settled the delivery, the receiver-will update its view of the|remote
state td indicate this, and then notify the receiving application.

e e +
L Receiver \

o +

disp(role=sender, ..., delivery-tag=DT, | unsettled: |
settled=True, state=T_1, ...) | . |

——————— - —————=—=-——=—=--->| DT -> (local: S_2, |
I remote: - ) I

o +

Figure 2.53: Receipt of Settlement

The application can then perform some finalaction, e.g., remove the delivery-tag from a set kept for de-duplication,
and then notify the receiver that the delivery is settled. The receiver will then remove the delivery-tag from its
unsettléd map. Note that because theireceiver knows that the delivery is already settled at the sender, i makes
no effolt to notify the other endpointthat it is settling the delivery.

/ Receiver \
+—— -_— -—t

} unsettled: |

<-4 - -—- | -5 - |

+-- -—- -+

Figure 2.54: Final Settlement

As alluded to above, it is possible for the sending application to transition a delivery to a terminal state at the
sender spontaneously (i.e., not as a consequence of a disposition that has been received from the receiver). In
this case the sender SHOULD send a disposition to the receiver, but not settle until the receiver confirms, via a
disposition in the opposite direction, that it has updated the state at its endpoint.

This set of exchanges illustrates the basic principals of message transfer. While a delivery is unsettled the end-
points exchange the current state of the delivery. Eventually both endpoints reach a terminal state as indicated by
the application. This triggers the other application to take some final action and settle the delivery, and once one
endpoint settles, this usually triggers the application at the other endpoint to settle.
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This basic pattern can be modified in a variety of ways to achieve different guarantees. For example if the sending
application settles the delivery before sending it, this results in an at-most-once guarantee. The sender has
indicated up front with his initial transmission that he has forgotten everything about this delivery and will therefore
make no further attempts to send it. If this delivery makes it to the receiver, the receiver clearly has no obligation
to respond with updates of the receiver’s delivery state, as they would be meaningless and ignored by the sender.

| unsettled: | transfer(delivery-tag=DT, settled=True,

| | state=T_0, ...)

| - > - >
| |

Figure 2.55: At-Most-Once

Similarly, if the basic scenario is modified such that the receiving application chooses to settle immediately upon
processing the message rather than waiting for the sender to settle first, that yields anm at-least-once gugrantee.
If the d|sposition frame indicated below is lost, then upon link recovery the sender will not see the delivery-tag in
the recgiver’s unsettled map and will therefore assume the delivery was lost and-resend it, resulting in duplicate
processing of the message at the receiver.

/ Receiver \

s -
disp(role=receiver, ..., delivery-tag=DTy

£ +
I Unsettled: I

|

| |
settled=True, state=T_0, ...) |

Figure 2.56{/At-Least-Once

As ong might guess, the scenario presentediinitially where the sending application settles when the rfeceiver
reaches a terminal state, and the receiving-application settles when the sender settles, results in an exactly-once
guaraniee. More generally if the receiver settles prior to the sender, it is possible for duplicate messages t¢ occur,
except |in the case where the sender Settles before the initial transmission. Similarly, if the sender settleq before
the recgiver reaches a terminal statey it is possible for messages to be lost.

The sepder and receiver policy.regarding settling can either be preconfigured for the entire link, thereby allowing
for optifnized endpoint choiges;y/or can be determined on an ad-hoc basis for each delivery. An applicatiIn MAY
also chpose to settle at an.endpoint independently of its delivery state, for example the sending applicatipn MAY
choosel to settle a delivery due to the message ttl expiring regardless of whether the receiver has redched a
termingl state.

2.6.13 Resuming Deliveries

When a-stfsperdeeHinihavingdnsettied-deliveriesis+esurmedthe-unsettfedfieldfromthe-attsachframe-will carry
the delivery-tags and delivery state of all deliveries considered unsettled by the issuing link endpoint. The set of
delivery tags and delivery states contained in the unsettled maps from both endpoints can be divided into three

categories:

Deliveries that only the source considers unsettled
Deliveries in this category MAY be resumed at the discretion of the sending application. If the sending
application marks the resend attempt as a resumed delivery then it MUST be ignored by the receiver. (This
allows the sender to pipeline resumes without risk of duplication at the sender).
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Deliveries that only the target considers unsettled
Deliveries in this category MUST be ignored by the sender, and MUST be considered settled by the receiver.

Deliveries that both the source and target consider unsettled
Deliveries in this category MUST be resumed by the sender.

Note that in the case where an endpoint indicates that the unsettled map is incomplete, the absence of an entry
in the unsettled map is not an indication of settlement. In this case the two endpoints MUST reduce the levels
of unsettled state as much as they can by the sender resuming and/or settling transfers that it observes that the
receiver considers unsettled. Upon completion of this reduction of state, the two parties MUST suspend and
re-attempt to resume the link. Only when both sides have complete unsettled maps can new unsettled state be
created Dy the sending of non-resuming ransiers.

A delivery is resumed much the same way it is initially transferred with the following exceptions:
e The resume flag of the transfer frame MUST be set to true when resuming a delivery.

e The sender MAY omit message data when the delivery state of the receiver indicat€s Tetransmigsion is
necessary.

C

Note that unsettled delivery-tags do NOT have any valid delivery-ids associated until\they are resumed] as the
delivery-ids from their original link endpoints are meaningless to the new link endpoints.

2.6.14 Transferring Large Messages

Each tfransfer frame can carry an arbitrary amount of message data up to the limit imposed by the maximum
frame gize. For messages that are too large to fit within the maximum frame size, additional data MAY bg trans-
ferred ip additional transfer frames by setting the more flag oncallbut the last transfer frame. When a message
is split pp into multiple transfer frames in this manner, messages being transferred along different links MAY be
interlegved. However, messages transferred along a singledink MUST NOT be interleaved.

The sepder MAY indicate an aborted attempt to deliver-a‘message by setting the abort flag on the last transfer.
In this ¢ase the receiver MUST discard the message.data that was transferred prior to the abort.

Hmmmm e | NOTSENT |-————- +

oo o | SENDING |------- +

Key: S:XFR(M=7,A=7) --> Sent TRANSFER(more=?7, aborted=7)

Figure 2.57: Outgoing Fragmentation State Diagram
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e + R:XFR(M=1,4=0)
i | NOT_RCVD |------ +
Fomm + =
R:XFR(M=0,A=0) |
| R:XFR(M=1,A=0)
T i
. \I/ \ I/ |
e | RECEIVING |----———- +
I R:XFR(M=0,A=0) +“_“T —————— +
| |
I | R:XFR(M=0,A=1)
\1/ \1/ \1/
Fomm + B et +
| RECEIVED | | ABORTED |
R e et + Fmmmm e +
Key: R:XFR(M=7,A=7) --> Received TRANSFER(more=?7, aborted=7)
Figure 2.58: Incoming Fragmentation State Diagram
2.7 |Performatives
2.7.1 | Open

Negotigte connection parameters.

<type fame="open" class="composite" source="list" provides=!frvame">
<dgscriptor name="amqgp:open:list" code="0x00000000:0x00000010"/>
<fileld name="container-id" type="string" mandatory="true"/>
<fileld name="hostname" type="string"/>
<fileld name="max-frame-size" type="uint" defaullt="4294967295"/>
<field name="channel-max" type="ushort" default="65535"/>
<fileld name="idle-time-out" type="millisetonds"/>
<fileld name="outgoing-locales" type="iebf-language-tag" multiple="true"/>
<fileld name="incoming-locales" type="ietf-language-tag" multiple="true"/>
<fileld name="offered-capabilities" type="symbol" multiple="true"/>
<fileld name="desired-capabilities" ‘type="symbol" multiple="true"/>
<fileld name="properties" type=!fields"/>
</type>

The firgt frame sent on a cannection in either direction MUST contain an open performative. Note that the con-

nection| header which is sentfirst on the connection is not a frame.
The fields indicate thecapabilities and limitations of the sending peer.
Field Details

contalimer~id the id of the source container

hostname the name of the target host
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The name of the host (either fully qualified or relative) to which the sending peer is connecting. Itis
not mandatory to provide the hostname. If no hostname is provided the receiving peer SHOULD
select a default based on its own configuration. This field can be used by AMQP proxies to
determine the correct back-end service to connect the client to.

This field MAY already have been specified by the sasl-init frame, if a SASL layer is used, or,
the server name indication extension as described in RFC-43686, if a TLS layer is used, in which
case this field SHOULD be null or contain the same value. It is undefined what a different value
to that already specified means.

max-frame-size proposed maximum frame size

The largest frame size that the sending peer is able to accept on this connection. If this field
is not set it means that the peer does not impose any specific limit. A peer MUST NOT _serid
frames larger than its partner can handle. A peer that receives an oversized frame MUST, close
the connection with the framing-error error-code.

Both peers MUST accept frames of up to 512 (MIN-MAX-FRAME-SIZE) octets.

channfel-max the maximum channel number that can be used on the connection

The channel-max value is the highest channel number that can be used on¢the connection. This
value plus one is the maximum number of sessions that can be simultaneously active on the
connection. A peer MUST not use channel numbers outside the rangedhat’its partner can handle.
A peer that receives a channel number outside the supported range MUST close the connection
with the framing-error error-code.

idle—-time-out idle time-out

The idle timeout REQUIRED by the sender (see subsection 2.4.5). A value of zero is the same
as if it was not set (null). If the receiver is unable or unwilling to support the idle time-out then it
SHOULD close the connection with an error explainiig why (e.g., because it is too small).

If the value is not set, then the sender does notshave an idle time-out. However, senders doing
this SHOULD be aware that implementations MAY choose to use an internal default to efficiently
manage a peer’s resources.

outgoling-locales locales available fot-outgoing text

A list of the locales that the peer supports for sending informational text. This includes connection,
session and link error descriptions=” A peer MUST support at least the en-US locale (see subsec-
tion 2.8.12 IETF Language 1ag). Since this value is always supported, it need not be supplied in
the outgoing-locales. A null yalue or an empty list implies that only en-US is supported.

inconfing-locales desired locales for incoming text in decreasing level of preference

A list of locales thatthe sending peer permits for incoming informational text. This list is ordered
in decreasingdleyel of preference. The receiving partner will choose the first (most preferred)
incoming locale from those which it supports. If none of the requested locales are supported, en-
US will be chosen. Note that en-US need not be supplied in this list as it is always the fallback. A
peer MAY determine which of the permitted incoming locales is chosen by examining the partner’s
supported locales as specified in the outgoing-locales field. A null value or an empty list implies
thatonly en-US is supported.

offered-capabilities extension capabilities the sender supports

If the receiver of the offered-capabilities requires an extension capability which is not present in
the offered-capability list then it MUST close the connection.

A registry of commonly defined connection capabilities and their meanings is maintained [AMQP-
CONNCAP].

desired-capabilities extension capabilities the sender can use if the receiver supports them
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The desired-capability list defines which extension capabilities the sender MAY use if the receiver
offers them (i.e., they are in the offered-capabilities list received by the sender of the desired-
capabilities). The sender MUST NOT attempt to use any capabilities it did not declare in the
desired-capabilities field. If the receiver of the desired-capabilities offers extension capabilities
which are not present in the desired-capabilities list it received, then it can be sure those (unde-
sired) capabilities will not be used on the connection.

properties connection properties

The properties map contains a set of fields intended to indicate information about the connection
and its container.

A registry of commonly defined connection properties and their meanings is maintained [AMQP-
CONNPROP].

2.7.2 | Begin

Begin g session on a channel.

<type fame="begin" class="composite" source="list" provides="frame">
<dgscriptor name="amgp:begin:list" code="0x00000000:0x00000011"/>
<fileld name="remote-channel" type="ushort"/>
<fileld name="next-outgoing-id" type="transfer-number" mandatory="true"/>
<fijleld name="incoming-window" type="uint" mandatory="true"/>
<fileld name="outgoing-window" type="uint" mandatory="true"/>
<fileld name="handle-max" type="handle" default="4294967295"/>
<fileld name="offered-capabilities" type="symbol" multiple=Vtrue"/>
<fileld name="desired-capabilities" type="symbol" multiple="true"/>
<fileld name="properties" type="fields"/>

</type3

Indicat¢ that a session has begun on the channel.

Field Details

remotfe-channel the remote channel for this session

If a session is locally initiated;-the remote-channel MUST NOT be set. When an endpoint responds
to a remotely initiated session, the remote-channel MUST be set to the channel on which the
remote session sent the'begin.

next-outgoing-id the transfer-id of the first transfer id the sender will send
See subsection 2.5.6.

inconfing-window the initial incoming-window of the sender
See_subsection 2.5.6.

outgolingywindow the initial outgoing-window of the sender

See subsection 2.5.6.

handle-max the maximum handle value that can be used on the session

The handle-max value is the highest handle value that can be used on the session. A peer MUST
NOT attempt to attach a link using a handle value outside the range that its partner can handle.
A peer that receives a handle outside the supported range MUST close the connection with the
framing-error error-code.

offered-capabilities the extension capabilities the sender supports
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A registry of commonly defined session capabilities and their meanings is maintained
[AMQPSESSCAP].

desired-capabilities the extension capabilities the sender can use if the receiver supports them

The sender MUST NOT attempt to use any capability other than those it has declared in desired-
capabilities field.

properties session properties

The properties map contains a set of fields intended to indicate information about the session and
its container.

A registry of commonly defined session properties and their meanings is maintained
[AMQPSESSPRORP].

2.7.3 | Attach

Attach p link to a session.

<type fame="attach" class="composite" source="list" provides="frame">
<dgscriptor name="amqgp:attach:list" code="0x00000000:0x00000012"/>
<fileld name="name" type="string" mandatory="true"/>
<fileld name="handle" type="handle" mandatory="true"/>
<fijleld name="role" type="role" mandatory="true"/>
<fijleld name="snd-settle-mode" type="sender-settle-mode" default="mixed"/>
<fileld name="rcv-settle-mode" type="receiver-settle-mode" default="first"/>
<fileld name="source" type="*" requires="source"/>
<fileld name="target" type="*" requires="target"/>
<fileld name="unsettled" type="map"/>
<fileld name="incomplete-unsettled" type="boolean" \default="false"/>
<fileld name="initial-delivery-count" type="sequence-no"/>
<fileld name="max-message-size" type="ulong"/>
<fileld name="offered-capabilities" type="symbol" multiple="true"/>
<fileld name="desired-capabilities" types|'symbol" multiple="true"/>
<fileld name="properties" type="fields"/>
</type>

The attach frame indicates that a link'endpoint has been attached to the session.

Field Details

name the name of the link

This name uniguely identifies the link from the container of the source to the container of the target
node, e.g.}if-the container of the source node is A, and the container of the target node is B, the
link MAY.be globally identified by the (ordered) tuple (A,B,<name>).

handlle the handle for the link while attached

The numeric handle aeeignnrl hy the the peerasa shorthand to referto the link in all pnrfnrmafi\/nc
that reference the link until the it is detached. See subsection 2.6.2.

The handle MUST NOT be used for other open links. An attempt to attach using a handle which
is already associated with a link MUST be responded to with an immediate close carrying a
handle-in-use session-error.

To make it easier to monitor AMQP link attach frames, it is RECOMMENDED that implementations
always assign the lowest available handle to this field.

role role of the link endpoint
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The role being played by the peer, i.e., whether the peer is the sender or the receiver of messages
on the link.

snd-settle-mode settlement policy for the sender

The delivery settlement policy for the sender. When set at the receiver this indicates the desired
value for the settlement mode at the sender. When set at the sender this indicates the actual
settlement mode in use. The sender SHOULD respect the receiver’s desired settlement mode if
the receiver initiates the attach exchange and the sender supports the desired mode.

rcv-settle-mode the settlement policy of the receiver

The delivery settlement policy for the receiver. When set at the sender this indicates the desired
value for the settlement mode at the receiver. When set at the receiver this indicates the actual
settlement mode in use. The receiver SHOULD respect the sender’s desired settlement mode if
the sender initiates the attach exchange and the receiver supports the desired mode.

sourde the source for messages

If no source is specified on an outgoing link, then there is no source currently attached to the link.
A link with no source will never produce outgoing messages.

targelt the target for messages

If no target is specified on an incoming link, then there is no target-currently attached to the link.
A link with no target will never permit incoming messages.

unsetftled unsettled delivery state

This is used to indicate any unsettled delivery states when a suspended link is resumed. The
map is keyed by delivery-tag with values indicating;the delivery state. The local and remote
delivery states for a given delivery-tag MUST be eompared to resolve any in-doubt deliveries. If
necessary, deliveries MAY be resent, or resumegdibased on the outcome of this comparison. See
subsection 2.6.13.

If the local unsettled map is too large to.be encoded within a frame of the agreed maximum
frame size then the session MAY be ended with the frame-size-too-small error. The endpoint
SHOULD make use of the ability to send an incomplete unsettled map (see below) to avoid send-
ing an error.

The unsettled map MUST NQT contain null valued keys.

When reattaching (as opposed*to resuming), the unsettled map MUST be null.

incomplete-unsettled

If set to true this field-indicates that the unsettled map provided is not complete. When the map
is incomplete the-recCipient of the map cannot take the absence of a delivery tag from the map
as evidence of settlement. On receipt of an incomplete unsettled map a sending endpoint MUST
NOT send.any new deliveries (i.e. deliveries where resume is not set to true) to its partner (and
a receiving endpoint which sent an incomplete unsettled map MUST detach with an error on
receiving“a transfer which does not have the resume flag set to true).
Notecthat if this flag is set to true then the endpoints MUST detach and reattach at least once
in-order to send new deliveries. This flag can be useful when there are too many entries in the
| it et — o I 4

enough unsettled state has been cleared for an attach where this flag is set to false.

initial-delivery-count the sender’s initial value for delivery-count
This MUST NOT be null if role is sender, and it is ignored if the role is receiver. See subsec-

tion 2.6.7.
max-message-size the maximum message size supported by the link endpoint
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This field indicates the maximum message size supported by the link endpoint. Any attempt to
deliver a message larger than this results in a message-size-exceeded link-error. If this field is
zero or unset, there is no maximum size imposed by the link endpoint.

offered-capabilities the extension capabilities the sender supports
A registry of commonly defined link capabilities and their meanings is maintained [AMQ-
PLINKCAP].

desired-capabilities the extension capabilities the sender can use if the receiver supports them

The sender MUST NOT attempt to use any capability other than those it has declared in desired-
capabilities field.

propefrties link properties
The properties map contains a set of fields intended to indicate information about the ink and its
container.
A registry of commonly defined link properties and their meanings is maintained [AMQ-
PLINKPROP].
2.7.4 | Flow

Update] link state.

<type fame="flow" class="composite" source="list" provides="frame">
<ddscriptor name="amgp:flow:1list" code="0x00000000:0x00000013"/>
<fileld name="next-incoming-id" type="transfer-number"/>
<fileld name="incoming-window" type="uint" mandatory="true"/>
<fileld name="next-outgoing-id" type="transfer-numbex! mandatory="true"/>
<fileld name="outgoing-window" type="uint" mandatory="true"/>
<fijleld name="handle" type="handle"/>
<fileld name="delivery-count" type="sequence=no"/>
<fileld name="link-credit" type="uint"/>
<fileld name="available" type="uint"/>

jleld name="drain" type="boolean" default="false"/>

jleld name="echo" type="boolean".default="false"/>

ileld name="properties" type=!fields"/>

the flow state for the specified link.

etails

next-fincoming=id

Identifies'the expected transfer-id of the next incoming transfer frame. This value MUST be set
if thejpeer has received the begin frame for the session, and MUST NOT be set if it has not. See
subsection 2.5.6 for more detalils.

incoming-window
Defines the maximum number of incoming transfer frames that the endpoint can currently re-
ceive. See subsection 2.5.6 for more details.

next-outgoing-id

The transfer-id that will be assigned to the next outgoing transfer frame. See subsection 2.5.6
for more details.
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outgoing-window

Defines the maximum number of outgoing transfer frames that the endpoint could potentially
currently send, if it was not constrained by restrictions imposed by its peer’s incoming-window.
See subsection 2.5.6 for more details.

handle

If set, indicates that the flow frame carries flow state information for the local link endpoint associ-
ated with the given handle. If not set, the flow frame is carrying only information pertaining to the
session endpoint.

Y Je that I iated witl lin njent MUST

by ending the session with an unattached-handle session error.

delivlery-count the endpoint’s value for the delivery-count sequence number

See subsection 2.6.7 for the definition of delivery-count.

When the handle field is not set, this field MUST NOT be set.

When the handle identifies that the flow state is being sent from the sender link endpoint to
receiver link endpoint this field MUST be set to the current delivery-count of tHe link endpoint.
When the flow state is being sent from the receiver endpoint to the sender endpoint this field
MUST be set to the last known value of the corresponding sending endpoint. In the event that the
receiving link endpoint has not yet seen the initial attach frame from.the sender this field MUST,
NOT be set.

link-credit the current maximum number of messages that can be received

The current maximum number of messages that can be_handled at the receiver endpoint of the
link. Only the receiver endpoint can independently set this value. The sender endpoint sets this
to the last known value seen from the receiver. See subsection 2.6.7 for more details.

When the handle field is not set, this field MUST NOT be set.

availlable the number of available messages

The number of messages awaiting creditat the link sender endpoint. Only the sender can inde-
pendently set this value. The receiver.sets this to the last known value seen from the sender. See
subsection 2.6.7 for more details.

When the handle field is not set, this'field MUST NOT be set.

drain indicates drain-tnode

When flow state is sent from’the sender to the receiver, this field contains the actual drain mode of
the sender. When flow-state is sent from the receiver to the sender, this field contains the desired
drain mode of the receiver. See subsection 2.6.7 for more details.

When the handléfield is not set, this field MUST NOT be set.

echo request state from partner

If set tatrue then the receiver SHOULD send its state at the earliest convenient opportunity.

If set.te true, and the handle field is not set, then the sender only requires session endpoint state
to“be echoed, however, the receiver MAY fulfil this requirement by sending a flow performative
carrying link-specific state (since any such flow also carries session state).

If a sender makes multiple requests for the same state before the receiver can reply, the receiver
MAY send only one flow in return.

Note that if a peer responds to echo requests with flows which themselves have the echo field set
to true, an infinite loop could result if its partner adopts the same policy (therefore such a policy
SHOULD be avoided).

properties link state properties
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A registry of commonly defined link state properties and their meanings is maintained [AMQ-
PLINKSTATEPROP].
When the handle field is not set, this field MUST NOT be set.

2.7.5 Transfer

Transfer a message.

<type name="transfer" class="composite" source="list" provides="frame">
<dqSCTiptor name- amqgp:transier.list code-"UXx00UU0U00UU:UX000000TZ"7>
<fijleld name="handle" type="handle" mandatory="true"/>
<fileld name="delivery-id" type="delivery-number"/>
<fileld name="delivery-tag" type="delivery-tag"/>
<fijleld name="message-format" type="message-format"/>
<fileld name="settled" type="boolean"/>
<fileld name="more" type="boolean" default="false"/>
<fileld name="rcv-settle-mode" type="receiver-settle-mode"/>
<fileld name="state" type="*" requires="delivery-state"/>
<fileld name="resume" type="boolean" default="false"/>
<fileld name="aborted" type="boolean" default="false"/>
<fileld name="batchable" type="boolean" default="false"/>
</type>

The transfer frame is used to send messages across a link. Messages'\MAY be carried by a single transfer up
to the maximum negotiated frame size for the connection. Larger messages MAY be split across several fransfer
frames

Field Details

handlle
Specifies the link on which the message«is’transferred.

deliviery-id alias for delivery-tag

The delivery-id MUST be supplied-on the first transfer of a multi-transfer delivery. On continuation
transfers the delivery-id MAY._be omitted. It is an error if the delivery-id on a continuation transfer
differs from the delivery-idion'the first transfer of a delivery.

delivlery-tag

Uniquely identifies\the delivery attempt for a given message on this link. This field MUST be
specified for thefirst transfer of a multi-transfer message and can only be omitted for continuation
transfers. It4s-an error if the delivery-tag on a continuation transfer differs from the delivery-tag on
the first transfer of a delivery.

message-format  indicates the message format
This field MUST be specified for the first transfer of a multi-transfer message and can only be

T | e n & £ L bl £ - e b n £
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differs from the message-format on the first transfer of a delivery.

settled
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If not set on the first (or only) transfer for a (multi-transfer) delivery, then the settled flag MUST be
interpreted as being false. For subsequent transfers in a multi-transfer delivery if the settled flag
is left unset then it MUST be interpreted as true if and only if the value of the settled flag on any
of the preceding transfers was true; if no preceding transfer was sent with settled being true then
the value when unset MUST be taken as false.

If the negotiated value for snd-settle-mode at attachment is settled, then this field MUST be true
on at least one transfer frame for a delivery (i.e., the delivery MUST be settled at the sender at
the point the delivery has been completely transferred).

If the negotiated value for snd-settle-mode at attachment is unsettled, then this field MUST be
false (or unset) on every transfer frame for a delivery (unless the delivery is aborted).

more indicates that the message has more content

Note that if both the more and aborted fields are set to true, the aborted flag takes precedence.
That is, a receiver SHOULD ignore the value of the more field if the transfer is marked as\aborted.
A sender SHOULD NOT set the more flag to true if it also sets the aborted flag to true!

rcv-slettle-mode

If first, this indicates that the receiver MUST settle the delivery once it has atrived without waiting
for the sender to settle first.

If second, this indicates that the receiver MUST NOT settle until seading its disposition to the
sender and receiving a settled disposition from the sender.

If not set, this value is defaulted to the value negotiated on link attach.

If the negotiated link value is first, then it is illegal to set this-field to second.

If the message is being sent settled by the sender, the valu€ ofthis field is ignored.

The (implicit or explicit) value of this field does not fort\part of the transfer state, and is not
retained if a link is suspended and subsequently resumed.

state the state of the delivery at the sender

When set this informs the receiver of the state,of the delivery at the sender. This is particularly
useful when transfers of unsettled deliveries-are resumed after resuming a link. Setting the state
on the transfer can be thought of as being-equivalent to sending a disposition immediately before
the transfer performative, i.e., it is the-state of the delivery (not the transfer) that existed at the
point the frame was sent.

Note that if the transfer performative (or an earlier disposition performative referring to the
delivery) indicates that the delivery has attained a terminal state, then no future transfer or
disposition sent by the sender can alter that terminal state.

resume indicates a:resumed delivery

If true, the resumelag indicates that the transfer is being used to reassociate an unsettled delivery
from a dissociated'link endpoint. See subsection 2.6.13 for more details.

The receivet MUST ignore resumed deliveries that are not in its local unsettled map. The sender
MUST NOQT'send resumed transfers for deliveries not in its local unsettled map.

If a resumed delivery spans more than one transfer performative, then the resume flag MUST be
set to~true on the first transfer of the resumed delivery. For subsequent transfers for the same
delivery the resume flag MAY be set to true, or MAY be omitted.

ln“the case where the mmhnngn of unsettled maps makes clear that all message data has been
successfully transferred to the receiver, and that only the final state (and potentially settlement) at
the sender needs to be conveyed, then a resumed delivery MAY carry no payload and instead act
solely as a vehicle for carrying the terminal state of the delivery at the sender.

aborted indicates that the message is aborted

Aborted messages SHOULD be discarded by the recipient (any payload within the frame carrying
the performative MUST be ignored). An aborted message is implicitly settled.
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batchable batchable hint

If true, then the issuer is hinting that there is no need for the peer to urgently communicate
updated delivery state. This hint MAY be used to artificially increase the amount of batching
an implementation uses when communicating delivery states, and thereby save bandwidth.

If the message being delivered is too large to fit within a single frame, then the setting of batchable
to true on any of the transfer performatives for the delivery is equivalent to setting batchable to
true for all the transfer performatives for the delivery.

The batchable value does not form part of the transfer state, and is not retained if a link is sus-
pended and subsequently resumed.

2.7.6 | Disposition

Inform femote peer of delivery state changes.

<type fame="disposition" class="composite" source="list" provides="frame">
<dgscriptor name="amgp:disposition:list" code="0x00000000:0x00000015"/>
<fileld name="role" type="role" mandatory="true"/>
<fijleld name="first" type="delivery-number" mandatory="true"/>
<fileld name="last" type="delivery-number"/>
<fileld name="settled" type="boolean" default="false"/>
<fileld name="state" type="*" requires="delivery-state"/>
<fileld name="batchable" type="boolean" default="false"/>
</type

The digposition frame is used to inform the remote peer of local changes in the state of deliveries. The disposition
frame MAY reference deliveries from many different links associated with a session, although all links MUST have

Note that it is possible for a disposition sent from senderto receiver to refer to a delivery which has [not yet
ed (i.e., a delivery which is spread over multiplg,frames and not all frames have yet been sent). The use
interleaving is discouraged in favor of carrying the modified state on the next transfer performative for
the delivery.

The digposition performative MAY refer to deliveries on links that are no longer attached. As long as the links
have ngt been closed or detached with an.error then the deliveries are still “live” and the updated state MUST be
applied.

Field Details

role directionalityof disposition

The role identifies whether the disposition frame contains information about sending link endpoints
or receivinglink endpoints.

first {ower bound of deliveries
Idéntifies the lower bound of delivery-ids for the deliveries in this set.

last upper bound of deliveries

Identifies the upper bound of delivery-ids for the deliveries in this set. If not set, this is taken to be
the same as first.

settled indicates deliveries are settled
If true, indicates that the referenced deliveries are considered settled by the issuing endpoint.

state indicates state of deliveries
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Communicates the state of all the deliveries referenced by this disposition.

batchable batchable hint

If true, then the issuer is hinting that there is no need for the peer to urgently communicate the
impact of the updated delivery states. This hint MAY be used to artificially increase the amount of

batching an implementation uses when communicating delivery states, and thereby save band-
width.

L ek

Detach|the link endpoint from the session.

<type fame="detach" class="composite" source="list" provides="frame">
<ddscriptor name="amgp:detach:list" code="0x00000000:0x00000016"/>
<fileld name="handle" type="handle" mandatory="true"/>
<fileld name="closed" type="boolean" default="false"/>
<fileld name="error" type="error"/>

</type3

Detach|the link endpoint from the session. This unmaps the handle and makes-itiavailable for use by other links.

Field Details

handlle the local handle of the link to be detached

closed if true then the sender has closed the link
See subsection 2.6.6.

error]  error causing the detach

If set, this field indicates that the link is being detached due to an error condition. The value of the
field SHOULD contain details on the cause of the error.

2.7.8 | End

End th¢ session.

<type fame="end" class="composite" source="list" provides="frame">
<dgscriptor name="afmgp:end:list" code="0x00000000:0x00000017"/>
<fileld name="errox")type="error"/>

</type3

Indicatgs that the.session has ended.

Field qetails

error error causing the end

If set, this field indicates that the session is being ended due to an error condition. The value of
the field SHOULD contain details on the cause of the error.
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2.7.9 Close

Signal a connection close.

<type name="close" class="composite" source="list" provides="frame">
<descriptor name="amgp:close:list" code="0x00000000:0x00000018"/>
<field name="error" type="error"/>

</type>

Sending a close signals that the sender will not be sending any more frames (or bytes of any other kind) on the
connection. Orderly shutdown requires that this frame MUST be written by the sender. It is illegal to send any

f maoac f(orhbvdoac of anvg Athar lein A ~Aftar camAinA A Alaoa fenmaa
more frames{erbyies-oi-any-otherkind)ratiersending-a-close-frame:

Field Details

error| error causing the close

If set, this field indicates that the connection is being closed due to an error condition. The value
of the field SHOULD contain details on the cause of the error.

2.8 |Definitions

2.8.1 | Role

Link endpoint role.

<type fame="role" class="restricted" source="boolean">
<cHoice name="sender" value="false"/>
<cHoice name="receiver" value="true"/>

</type>

Valid Values
false sender
true receiver

2.8.2 | Sender Settle“lMode

Settlement policy_fora sender.

<type Hame="sender-settle-mode" class="restricted" source="ubyte">
<cHoice name="unsettled" value="0"/>
<cHodite ‘name="settled" value="1"/>

<cHei€e—name=lmixed —vatue=l121 L
</type>
Valid Values
0 The sender will send all deliveries initially unsettled to the receiver.
1 The sender will send all deliveries settled to the receiver.
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2 The sender MAY send a mixture of settled and unsettled deliveries to the receiver.

2.8.3 Receiver Settle Mode

Settlement policy for a receiver.

<type name="receiver-settle-mode" class="restricted" source="ubyte">
<choice name="first" value="0"/>
<choite Tame=*seTomt*vatue=t 7>

</type3
Valid Vialues
0 The receiver will spontaneously settle all incoming transfers.
1 The receiver will only settle after sending the disposition to the s€nder and

receiving a disposition indicating settlement of the delivery from the sender.

2.8.4 | Handle

The hahdle of a link.

<type rame="handle" class="restricted" source="uint"/>

An aliag established by the attach frame and subsequently(used by endpoints as a shorthand to refer tothe link
in all optgoing frames. The two endpoints MAY potentially use different handles to refer to the same link. Link
handles MAY be reused once a link is closed for both.génd and receive.

2.8.5 | Seconds

A duration measured in seconds.

<type fame="seconds" class="restricted" source="uint"/>

2.8.6 | Milliseconds

A durafjon measured id milliseconds.

<type fame="milliseconds" class="restricted" source="uint"/>

2.8.7 | Delivery Tag

<type name="delivery-tag" class="restricted" source="binary"/>

A delivery-tag can be up to 32 octets of binary data.

2.8.8 Delivery Number

<type name="delivery-number" class="restricted" source="sequence-no"/>
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2.8.9 Transfer Number

<type name="transfer-number" class="restricted" source="sequence-no"/>

2.8.10 Sequence No

32-bit RFC-1982 serial number.

<type name="sequence-no" class="restricted" source="uint"/>

A sequence-no encodes a serial number as defined in RFC-1982 [RFC1982]. The arithmetic and operators for
these numbers are defined by RFC-1982.

2.8.11 Message Format

32-bit message format code.
<type fame="message-format" class="restricted" source="uint"/>

The upper three octets of a message format code identify a particular message format. The lowest octet indicates
the version of said message format. Any given version of a format is forwards compatible with all higher vérsions.

3 octets 1 octet
e Fommmmm o +
| message format | version¢]
e T s %
| |

msb 1sb

Figure 2.59: Layout of Mgssage Format Code

2.8.12 IETF Language Tag

An IETF language tag as defined by BCP 47.
<type fame="ietf-language-tag" class="rlestricted" source="symbol"/>

IETF language tags are abbreviated“language codes as defined in the IETF Best Current Practice BCP-47
[BCP4T] (incorporating IETF RFC+646 [RFC5646]). A list of registered subtags is maintained in the IANA Lan-
guage Bubtag Registry [[ANASUBTAG].

All AMQP implementations SHOULD understand at the least the IETF language tag en-US (note that this|uses a
hyphen separator, not an-underscore).

2.8.13 Fields

A mapping from field name to value.

<type famé="fields" class="restricted" source="map"/>

The fields type is a map where the keys are restricted to be of type symbol (this excludes the possibility of a null
key). There is no further restriction implied by the fields type on the allowed values for the entries or the set of
allowed keys.
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2.8.14 Error

Details of an error.

<type name="error" class="composite" source="list">
<descriptor name="amgp:error:list" code="0x00000000:0x0000001d"/>
<field name="condition" type="symbol" requires="error-condition" mandatory="true"/>
<field name="description" type="string"/>
<field name="info" type="fields"/>
</type>

Field Details

condiftion error condition
A symbolic value indicating the error condition.

descriiption descriptive text about the error condition

This text supplies any supplementary details not indicated by the condition field” This text can be
logged as an aid to resolving issues.

info map carrying information about the error condition

2.8.15§ AMQP Error

Shared error conditions.

<type fame="amqgp-error" class="restricted" source="symbel" provides="error-condition">
<cHoice name="internal-error" value="amqp:internal+error"/>
<cHoice name="not-found" value="amgp:not-found!/>
<cHoice name="unauthorized-access" value="amgp:unauthorized-access"/>
<cHoice name="decode-error" value="amgp:décode-error"/>
<cHoice name="resource-limit-exceeded" value="amgp:resource-limit-exceeded"/>
<cHoice name="not-allowed" value="amgpinot-allowed"/>
<cHoice name="invalid-field" value="amgp:invalid-field"/>
<cHoice name="not-implemented" value="amgp:not-implemented"/>
<cHoice name="resource-locked™\value="amqgp:resource-locked"/>
<cHoice name="preconditionffailed" value="amgp:precondition-failed"/>
<cHoice name="resource-deleted" value="amqp:resource-deleted"/>
<cHoice name="illegal<state" value="amgp:illegal-state"/>
<cHoice name="frameFsize-too-small" value="amqgp:frame-size-too-small"/>
</type3

Valid Values

amgqp:internal-error
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operation.

amqp:not-found
A peer attempted to work with a remote entity that does not exist.

amgp:unauthorized-access
A peer attempted to work with a remote entity to which it has no access due to security

settings.
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amqp:decode-error
Data could not be decoded.

amgqp:resource-limit-exceeded
A peer exceeded its resource allocation.

amgqp:not-allowed

The peer tried to use a frame in a manner that is inconsistent with the semantics defined in
the specification.

amgqp|:invalid-field
An invalid field was passed in a frame body, and the operation could not proceed.

amqp:not-implemented
The peer tried to use functionality that is not implemented in its partner.

amgqp:resource-locked

The client attempted to work with a server entity to which it has no access-because another
client is working with it.

amqp:precondition-failed
The client made a request that was not allowed because some-precondition failed.

amqp:resource-deleted
A server entity the client is working with has been deleted.

amqp:illegal-state
The peer sent a frame that is not permitted in the current state.

amqp:frame-size-too-small

The peer cannot send a frame because the smallest encoding of the performative with the
currently valid values would be tog large to fit within a frame of the agreed maximum frame
size. When transferring a message the message data can be sent in multiple transfer
frames thereby avoiding this-error. Similarly when attaching a link with a large unsettled
map the endpoint MAY ,make use of the incomplete-unsettled flag to avoid the need for
overly large frames.

2.8.1§ Connection Error

Symbols used to.ndicate connection error conditions.

<type mfamez"connection-error" class="restricted" source="symbol" provides="error-condition">
<cHoice“name="connection-forced" value="amqp:connection:forced"/>
<chgj_ge_nam_eiﬁ];aming—prrnr" va'lnp:"nmrﬂn'r‘n'n’npr‘f'inn"Frnm‘ins—prrnr" />
<choice name="redirect" value="amqgp:connection:redirect"/>

</type>

Valid Values

amgqp:connection:forced

An operator intervened to close the connection for some reason. The client could retry at
some later date.
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amgqp:connection:framing-error
A valid frame header cannot be formed from the incoming byte stream.

amgqp:connection:redirect

The container is no longer available on the current connection. The peer SHOULD attempt
reconnection to the container using the details provided in the info map.
hosthame the hostname of the container. This is the value that SHOULD be
supplied in the hostname field of the open frame, and during the
SASL and TLS negotiation (if used).
tainer.
port the port number on the machine hosting the container.

2.8.171 Session Error

Symbols used to indicate session error conditions.

<type fame="session-error" class="restricted" source="symbol" provides="error-condition">
<cHoice name="window-violation" value="amqgp:session:window-violation"/>
<cHoice name="errant-link" value="amgp:session:errant-link"/>
<cHoice name="handle-in-use" value="amgp:session:handle-in-use'/>
<cHoice name="unattached-handle" value="amqp:session:unattached-handle"/>
</type>

Valid Values

amqp:session:window-violation
The peer violated incoming window for the-session.

amgqp:session:errant-link
Input was received for a link that was detached with an error.

amgqp:session:handle-in-use
An attach was received using a handle that is already in use for an attached link.

amgqp:session:unattachedshandle

A frame (otheptltan attach) was received referencing a handle which is not currently in use
of an attached.link.

2.8.18 Link Error

Symbo S used 10 Indicate link error conditions.

<type name="link-error" class="restricted" source="symbol" provides="error-condition">
<choice name="detach-forced" value="amgp:link:detach-forced"/>
<choice name="transfer-limit-exceeded" value="amgp:link:transfer-limit-exceeded"/>
<choice name="message-size-exceeded" value="amqgp:link:message-size-exceeded"/>
<choice name="redirect" value="amqp:link:redirect"/>
<choice name="stolen" value="amqp:link:stolen"/>

</type>
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Valid Values

amqp:link:detach-forced
An operator intervened to detach for some reason.

amgp:link:transfer-limit-exceeded
The peer sent more message transfers than currently allowed on the link.

amqp:link:message-size-exceeded

Tha o reantalaraacr macaaoaa than o aianariad oo H=A )
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amqp:link:redirect

The address provided cannot be resolved to a terminus at the current container. The info
map MAY contain the following information to allow the client to locate the attach to-the

terminus.

hostname the hostname of the container hosting the terminus. This js the value
that SHOULD be supplied in the hostname field of the‘\open frame,
and during SASL and TLS negotiation (if used).

network-host the DNS hostname or IP address of the machine_hosting the con-
tainer.

port the port number on the machine hosting the container.

address the address of the terminus at the containier.

amqp:link:stolen

The link has been attached elsewhere, causing thg, existing attachment to be forcibly
closed.

2.8.19 Constant Definitions

PORT 5672_) the IANA assigned port number for AMQP.
The standard AMQP port number that has been assigned
by IANA for TCP, UDP, and SCTP.
There are currently no UDP or SCTP mappings defined
for AMQP. The port number is reserved for future transport
mappings to these protocols.

SECURE-PORT 5671 the IANA assigned port number for secure AMQP (amqps).
The standard AMQP port number that has been assigned
by IANA for secure TCP using TLS.

Implementations listening on this port SHOULD NOT ex-
pect a protocol handshake before TLS is negotiated.

MAJOR 1 major protocol version.

MINOR 0 minor protocol version.

REVISION 0 protocol revision.
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MIN-MAX-FRAME-SIZE 512 the lower bound for the agreed maximum frame size (in
bytes).
During the initial connection negotiation, the two peers
MUST agree upon a maximum frame size. This constant
defines the minimum value to which the maximum frame
size can be set. By defining this value, the peers can guar-
antee that they can send frames of up to this size until they
have agreed a definitive maximum frame size for that con-
nection.
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Part 3: Messaging

3.1 Introduction

The messaging layer builds on top of the concepts described in Part 1 and Part 2. The transport layer defines a
afaxdancion-naointe-critahla for tiea 1n o variahygy Af Aiffarant maccaaina annlinatinne Tha mAaccoa~in

number-ef-extensior-peirts-suitable-fo Aa-varety-of messaging-appheatio messagig layer
specifigs a standardized use of these to provide interoperable messaging capabilities. This standard coveys:

e message format

— properties for the bare message

— formats for structured and unstructured sections in the bare message
— headers and footers for the annotated message

o delivery states for messages traveling between nodes

o slates for messages stored at a distribution node

e spurces and targets

— default disposition of transfers

— supported outcomes

— filtering of messages from a node

— distribution-mode for access to messages stored\at a distribution node

— on-demand node creation

3.2 |Message Format

The tem message is used with variolis connotations in the messaging world. The sender might like to think of
the megsage as an immutable payload handed off to the messaging infrastructure for delivery. The receiver often
thinks ¢f the message as not only that immutable payload from the sender, but also various annotations supplied
by the nessaging infrastructure)along the way. To avoid confusion we formally define the term bare message to
mean the message as supplied by the sender and the term annotated message to mean the message as geen at

the receiver.

An annotated message consists of the bare message plus sections for annotation at the head and tail of the
bare message. Fhere are two classes of annotations: annotations that travel with the message indefinit¢ly, and

annotafions thatare consumed by the next node.

The bdre message consists of three sections: standard properties, application-properties, and applicatipn-data
(the bogy).
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Bare Message

|

e +
| header | delivery- | message- properties | application- | application- | footer |
| | annotations | annotations | properties | data | |
o= + T —mmmm o e ———t- -—- + ————t

_———— e S )

+

Annotated Message

The bale message is immutable within the AMQP network. That is, none of the sections can be changed by any
node agting as an AMQP intermediary. If a section of the bare message is omitted, one MUST NQOT be ipserted
by an intermediary. The exact encoding of sections of the bare message MUST NOT be modified, This prg¢serves
message hashes, HMACs and signatures based on the binary encoding of the bare message.

The exfct structure of a message, together with its encoding, is defined by the messagerormat. This dogcument
defineg the structure and semantics of message format 0 (MESSAGE-FORMAT). Altogether a message donsists
of the fpllowing sections:

e Zpro or one header.
e Zpro or one delivery-annotations.
Ero Or one message-annotations.

Bro Or one properties.

he body consists of one of the following three choices:-ohe or more data sections, one or more amgptsequence

Z
z

e ZEro or one application-properties.
T
sg¢ctions, or a single amgp-value section.
z

Bro or one footer.

3.2.1 | Header

Transp¢rt headers for a message.

<type fame="header" class="composite" source="list" provides="section">
<ddscriptor name="amgp:headeér:list" code="0x00000000:0x00000070"/>
<fileld name="durable" type="boolean" default="false"/>
<fileld name="priority' type="ubyte" default="4"/>
<fileld name="ttl" type="milliseconds"/>
<fileld name="first=acquirer" type="boolean" default="false"/>
<fileld name="delivéry-count" type="uint" default="0"/>

The hepder section carries standard delivery details about the transfer of a message through the AMQP network.
If the hgader ‘'section is omitted the receiver MUST assume the appropriate default values (or the meaning|implied
lue being set) for the fields within the header unless other target or node specific defaults have otherwise
been set.

Field Details

durable specify durability requirements
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Durable messages MUST NOT be lost even if an intermediary is unexpectedly terminated and
restarted. A target which is not capable of fulfilling this guarantee MUST NOT accept messages
where the durable header is set to true: if the source allows the rejected outcome then the
message SHOULD be rejected with the precondition-failed error, otherwise the link MUST be
detached by the receiver with the same error.

priority relative message priority

This field contains the relative message priority. Higher numbers indicate higher priority mes-
sages. Messages with higher priorities MAY be delivered before those with lower priorities.
An AMQP intermediary implementing distinct priority levels MUST do so in the following manner:
e If n distinct priorities are implemented and n is less than 10 — priorities 0 to (5 - ceiling(n/2))
MUST be treated equivalently and MUST be the lowest effective priority. The priorities. (4
+ floor(n/2)) and above MUST be treated equivalently and MUST be the highest effective
priority. The priorities (5 - ceiling(n/2)) to (4 + floor(n/2)) inclusive MUST be treated as
distinct priorities.
o If n distinct priorities are implemented and n is 10 or greater — priorities 0 to-(n - 1) MUST
be distinct, and priorities n and above MUST be equivalent to priority (n ~1).
Thus, for example, if 2 distinct priorities are implemented, then levels 0 to 4.are equivalent, and
levels 5 to 9 are equivalent and levels 4 and 5 are distinct. If 3 distinct priorities are implements
the 0 to 3 are equivalent, 5 to 9 are equivalent and 3, 4 and 5 are distinct:
This scheme ensures that if two priorities are distinct for a server which implements m separate
priority levels they are also distinct for a server which implements i different priority levels where
n>m.

ttl time to live in ms

Duration in milliseconds for which the message is to‘be considered “live”. If this is set then
a message expiration time will be computed basedon the time of arrival at an intermediary.
Messages that live longer than their expiration time-will be discarded (or dead lettered). When a
message is transmitted by an intermediary thatwas received with a ttl, the transmitted message’s
header SHOULD contain a ttl that is computed as the difference between the current time and the
formerly computed message expiration time, i.e., the reduced ttl, so that messages will eventually
die if they end up in a delivery loop.

firstiacquirer

If this value is true, then this message has not been acquired by any other link (see section 3.3). If
this value is false, then this message MAY have previously been acquired by another link or links.

deliviery-count the number of prior unsuccessful delivery attempts

The number of unsuccessful previous attempts to deliver this message. If this value is non-zero
it can be takep-as‘an indication that the delivery might be a duplicate. On first delivery, the value
is zero. It isqacremented upon an outcome being settled at the sender, according to rules defined
for each.outcome.

3.2.2 | Delivery Annotations

<type name="delivery-annotations" class="restricted" source="annotations" provides="section">
<descriptor name="amgp:delivery-annotations:map" code="0x00000000:0x00000071"/>
</type>

The delivery-annotations section is used for delivery-specific non-standard properties at the head of the message.
Delivery annotations convey information from the sending peer to the receiving peer. If the recipient does not
understand the annotation it cannot be acted upon and its effects (such as any implied propagation) cannot be
acted upon. Annotations might be specific to one implementation, or common to multiple implementations. The
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capabilities negotiated on link attach and on the source and target SHOULD be used to establish which anno-
tations a peer supports. A registry of defined annotations and their meanings is maintained [AMQPDELANN]. The
symbolic key “rejected” is reserved for the use of communicating error information regarding rejected messages.
Any values associated with the “rejected” key MUST be of type error.

If the delivery-annotations section is omitted, it is equivalent to a delivery-annotations section containing an empty
map of annotations.

3.2.3 Message Annotations

<type jame=”message—annotations" class="restricted" source="annotations" provides="section">
<ddscriptor name="amqgp:message-annotations:map" code="0x00000000:0x00000072"/>
</type3

The meéssage-annotations section is used for properties of the message which are aimed at-the infrasjructure
and SHOULD be propagated across every delivery step. Message annotations convey jnfermation about the
message. Intermediaries MUST propagate the annotations unless the annotations are explicitly augmented or
modified (e.g., by the use of the modified outcome).

The capabilities negotiated on link attach and on the source and target can be.uséd to establish which anno-
tations |a peer understands; however, in a network of AMQP intermediaries it-might not be possible to [know if
every imtermediary will understand the annotation. Note that for some annatations it might not be necessary for
the intdrmediary to understand their purpose, i.e., they could be used purely)as an attribute which can belfiltered
on.

A regisjry of defined annotations and their meanings is maintained [AMQPMESSANN].

If the rLessage-annotations section is omitted, it is equivalent{te)a message-annotations section contaiping an
empty map of annotations.

3.2.4 | Properties

Immutdble properties of the message.

<type fame="properties" class="composite\ source="list" provides="section">
<ddscriptor name="amgp:properties:list" code="0x00000000:0x00000073"/>
<fileld name="message-id" type="%! requires="message-id"/>
<fijleld name="user-id" type="bimary"/>
<fileld name="to" type="x*" réquires="address"/>
<fileld name="subject" type="string"/>
<fileld name="reply-to'/ type="*" requires="address"/>
<fileld name="correlation-id" type="*" requires="message-id"/>
<fileld name="contént=type" type="symbol"/>
<fileld name="cofiterit-encoding" type="symbol"/>
<fileld name="absolute-expiry-time" type="timestamp"/>
<fileld name=!creation-time" type="timestamp"/>
<fileld name="group-id" type="string"/>
<fileld“name="group-sequence" type="sequence-no"/>
<file¥d)name="reply-to-group-id" type="string"/>
</type>

The properties section is used for a defined set of standard properties of the message. The properties section is
part of the bare message; therefore, if retransmitted by an intermediary, it MUST remain unaltered.

Field Details

message-id application message identifier
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Message-id, if set, uniquely identifies a message within the message system. The message
producer is usually responsible for setting the message-id in such a way that it is assured to be
globally unique. A broker MAY discard a message as a duplicate if the value of the message-id
matches that of a previously received message sent to the same node.

user-id creating user id

The identity of the user responsible for producing the message. The client sets this value, and it
MAY be authenticated by intermediaries.

to the address of the node the message is destined for

The to field identifies the node that is the intended destination of the message. On any given
transfer this might not be the node at the receiving end of the link.

subjelct the subject of the message
A common field for summary information about the message content and purpose,

replylto the node to send replies to
The address of the node to send replies to.

correflation-id application correlation identifier
This is a client-specific id that can be used to mark or identify messages between clients.

content-type MIME content type

The RFC-2046 [RFC2046] MIME type for the message’s.application-data section (body). As per
RFC-2046 [RFC2046] this can contain a charset parameter defining the character encoding used:
e.g., 'text/plain; charset="utf-8".

For clarity, as per section 7.2.1 of RFC-2616 [REC2616], where the content type is unknown
the content-type SHOULD NOT be set. This allows the recipient the opportunity to determine the
actual type. Where the section is known to betfuly opaque binary data, the content-type SHOULD
be set to application/octet-stream.

When using an application-data section with a section code other than data, content-type
SHOULD NOQOT be set.

content-encoding MIME content type

The content-encoding property is used as a modifier to the content-type. When present, its value
indicates what additional content encodings have been applied to the application-data, and thus
what decoding mechanisms need to be applied in order to obtain the media-type referenced by
the content-type header field.

Content-encodingyis primarily used to allow a document to be compressed without losing the
identity of its-(inderlying content type.

Content-encédings are to be interpreted as per section 3.5 of RFC 2616 [RFC2616]. Valid
content<ehcodings are registered at IANA [IANAHTTPPARAMS].

The_content-encoding MUST NOT be set when the application-data section is other than data.
The binary representation of all other application-data section types is defined completely in terms
ofthe AMQP type system.

Implementations MUST NOT use the identity encoding. Instead, implementafions SHOULD NOT
set this property. Implementations SHOULD NOT use the compress encoding, except as to re-
main compatible with messages originally sent with other protocols, e.g. HTTP or SMTP.
Implementations SHOULD NOT specify multiple content-encoding values except as to be com-
patible with messages originally sent with other protocols, e.g. HTTP or SMTP.

absolute-expiry-time the time when this message is considered expired
An absolute time when this message is considered to be expired.
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creat

ion-time the time when this message was created
An absolute time when this message was created.

group-id the group this message belongs to

Identifies the group the message belongs to.

group-sequence the sequence-no of this message within its group

The relative position of this message within its group.

reply=to-gronp-id the group the reply message belongs to
This is a client-specific id that is used so that client can send replies to this message to a specifi¢
group.

3.2.5 | Application Properties
<type fame="application-properties" class="restricted" source="map" provides=''Settion">

<ddscriptor name="amqgp:application-properties:map" code="0x00000000:0x00000074"/>
</type>
The application-properties section is a part of the bare message used for structured application data. Intermedi-
aries cgn use the data within this structure for the purposes of filtering or routing.
The keys of this map are restricted to be of type string (which excludes the possibility of a null key) and the
values pre restricted to be of simple types only, that is, excluding map, 1ist, and array types.
3.2.6 | Data
<type fame="data" class="restricted" source="binary'" provides="section">

<ddscriptor name="amgp:data:binary" code="0x00000000:0x00000075"/>
</type>
A data pection contains opaque binary data.
3.2.7 | AMQP Sequence
<type fame="amqgp-sequence" class="restricted" source="list" provides="section">

<ddscriptor name="amqgpiamgp-sequence:list" code="0x00000000:0x00000076"/>
</type3
A sequgnce section gontains an arbitrary number of structured data elements.
3.2.8 | AMQP-Value
<type namé€*"amqp-value" class="restricted" source="*" provides="section">

<descriptor name="amqgp:amgp-value:*" code="0x00000000:0x00000077"/>
</type>
An amgp-value section contains a single AMQP value.
3.2.9 Footer
Transport footers for a message.
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<type name="footer" class="restricted" source="annotations" provides="section">
<descriptor name="amqp:footer:map" code="0x00000000:0x00000078"/>
</type>

The footer section is used for details about the message or delivery which can only be calculated or evaluated
once the whole bare message has been constructed or seen (for example message hashes, HMACs, signatures
and encryption details).

A registry of defined footers and their meanings is maintained [AMQPFOQOTER].

3.2.10—Annotations

<type fame="annotations" class="restricted" source="map"/>

The arnotations type is a map where the keys are restricted to be of type symbol or of type ulong. All ulong
keys, ahd all symbolic keys except those beginning with “x-” are reserved. Keys beginning with®x-opt-" MUST be
ignored if not understood. On receiving an annotation key which is not understood, and which'does not begin with
“x-opt”,[the receiving AMQP container MUST detach the link with a not-implemented efror.

3.2.11 Message ID ULong

<type name="message-id-ulong" class="restricted" source="ulong" providess"message-id"/>

3.2.13 Message ID UUID

<type rame="message-id-uuid" class="restricted" source="uuid"“provides="message-id"/>

3.2.13 Message ID Binary

<type name="message-id-binary" class="restricted"“source="binary" provides="message-id"/>

3.2.14 Message ID String

<type name="message-id-string" class='"restricted" source="string" provides="message-id"/>

3.2.1§ Address String

Addresp of a node.

<type fame="address»>string" class="restricted" source="string" provides="address"/>

3.2.1 Constant Definitions

MESSAGE-FORBRMAT 0 the format + revision for the messages defined hy this doc-
ument.
This value goes into the message-format field of the trans-
fer frame when transferring messages of the format de-
fined herein.
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3.3 Distribution Nodes

The messaging layer defines a set of states for a distribution node, defined as a node that stores messages for
distribution. Not all nodes are distribution nodes; however, these definitions permit some standardized interaction
with those nodes that do. The transitions between these states are controlled by the transfer of messages to/from
a distribution node and the resulting terminal delivery state. Note that the state of a message at one distribution
node does not affect the state of the same message at a separate node.

By default a message will begin in the AVAILABLE state. Prior to initiating an acquiring transfer, the message will
transition to the ACQUIRED state. Once in the ACQUIRED state, a message is ineligible for acquiring transfers to
any other links.

A mesgage will remain ACQUIRED at the distribution node until the transfer is settled. The deliverystat¢ at the
receiver determines how the message transitions when the transfer is settled. If the delivery state at the fleceiver
is not ypt known, (e.g., the link endpoint is destroyed before recovery occurs) the default-outcome of the surce is
used (gee source).

State transitions can also occur spontaneously at the distribution node. For example if'a message wjth a til
expires| the effect of expiry might be (depending on specific type and configuratior,0f“the distribution node) to
move gpontaneously from the AVAILABLE state into the ARCHIVED state. In-this case any transferg of the
message are transitioned to a terminal outcome at the distribution node regardless’of receiver state.

o +
+->| AVAILABLE |
| - +,
|

terminal outcome: |

RELEASED/MODIFIED | TRANSFER (acquiring)
|
|
| \[/
| 4 +
+-—|>VACQUIRED |

e T +

terminal outcome:

ACCEPTED/REJECTED
\I/
o +
| ARCHIVED |
o +

Figure 3.1: Message State Transitions

3.4 |Delivery-State

The mgssaging layer defines a concrete set of delivery states which can be used (via the disposition frame) to
indicate the state of the message at the receiver. Delivery states can be either terminal or non-terminal. Once
a delivery Teaches a terminat detivery state, the state for that deitvery witr o fonger change. A terminat delivery
state is referred to as an outcome.

The following outcomes are formally defined by the messaging layer to indicate the result of processing at the
receiver:

e accepted: indicates successful processing at the receiver.
e rejected: indicates an invalid and unprocessable message.

e released: indicates that the message was not (and will not be) processed.
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e modified: indicates that the message was modified, but not processed.

The following non-terminal delivery-state is formally defined by the messaging layer for use during link recovery to
allow the sender to resume the transfer of a large message without retransmitting all the message data:

e received: indicates partial message data seen by the receiver as well as the starting point for a resumed
transfer.

3.4.1 Received

=*TeCeivedTlrass= TomposSite“Source= rist*provides= aerivery-state
scriptor name="amgp:received:list" code="0x00000000:0x00000023"/>

jleld name="section-number" type="uint" mandatory="true"/>

ileld name="section-offset" type="ulong" mandatory="true"/>

arget the received state indicates the furthest point in the payload of the messagéwhich the tatget will
d to have resent if the link is resumed. At the source the received state represents the earliest point in
load which the sender is able to resume transferring at in the case of link resumption. When relsuming
ry, if this state is set on the first transfer performative it indicates the offsét'in the payload at which the
umed delivery is starting. The sender MUST NOT send the received state' on transfer or dispdsition
atives except on the first transfer performative on a resumed delivery.

Field Details

sectijon—number

When sent by the sender this indicates the first section of the message (with section-number 0
being the first section) for which data can be resent. Data from sections prior to the given section
cannot be retransmitted for this delivery.

When sent by the receiver this indicates thefifst section of the message for which all data might
not yet have been received.

sectijon-offset

When sent by the sender this indicates the first byte of the encoded section data of the section
given by section-number for which data can be resent (with section-offset 0 being the first byte).
Bytes from the same sectign prior to the given offset section cannot be retransmitted for this
delivery.

When sent by the receiver this indicates the first byte of the given section which has not yet
been received. Notethat if a receiver has received all of section number X (which contains
N bytes of data)~but none of section number X + 1, then it can indicate this by sending ei-
ther Received(section-number=X, section-offset=N) or Received(section-number=X+1, section-
offset=0). «The state Received(section-number=0, section-offset=0) indicates that no message
data at alljhas been transferred.

3.4.2 L Accepted

The accepted outcome.

<type name="accepted" class="composite" source="list" provides="delivery-state, outcome">
<descriptor name="amgp:accepted:list" code="0x00000000:0x00000024"/>
</type>

At the source the accepted state means that the message has been retired from the node, and transfer of payload
data will not be able to be resumed if the link becomes suspended. A delivery can become accepted at the source
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even before all transfer frames have been sent, this does not imply that the remaining transfers for the delivery will
not be sent - only the aborted flag on the transfer performative can be used to indicate a premature termination
of the transfer.

At the target, the accepted outcome is used to indicate that an incoming message has been successfully pro-
cessed, and that the receiver of the message is expecting the sender to transition the delivery to the accepted
state at the source.

The accepted outcome does not increment the delivery-count in the header of the accepted message.

3.4.3 rRejected

The rejepcted outcome.

<type fame="rejected" class="composite" source="list" provides="delivery-state, outcome'>
<dgscriptor name="amgp:rejected:list" code="0x00000000:0x00000025"/>
<fileld name="error" type="error"/>

</type3

At the farget, the rejected outcome is used to indicate that an incoming message is\ihvalid and therefore unpro-
cessable. The rejected outcome when applied to a message will cause the delivery-count to be incremgnted in
the hedder of the rejected message.

At the qource, the rejected outcome means that the target has informed the squrce that the message was rgjected,
and the source has taken the necessary action. The delivery SHOULD NQT ever spontaneously attain the rejected
state af the source.

Field Details

error] error that caused the message to be rejected
This field contains diagnostic information abaut'the cause of the message rejection.

3.4.4 | Released

The relpased outcome.

<type fame="released" class="cgmposite" source="list" provides="delivery-state, outcome">
<ddscriptor name="amgp:released:list" code="0x00000000:0x00000026" />
</type>

At the gource the released ’outcome means that the message is no longer acquired by the receiver, and has been
made gvailable for (res)delivery to the same or other targets receiving from the node. The message is unchanged
at the node (i.e., the delivery-count of the header of the released message MUST NOT be incrementad). As
releasgd is a terminal outcome, transfer of payload data will not be able to be resumed if the link b¢gcomes
suspended. A delivery can become released at the source even before all transfer frames have been sent. This
does n¢t imply that the remaining transfers for the delivery will not be sent. The source MAY spontaneously attain
the reldased outcome for a message (for example the source might implement some sort of time-bound acquisition
lock, after which the acquisition of a message at a node is revoked to allow for delivery to an alternative consumer).

At the target, the released outcome is used to indicate that a given transfer was not and will not be acted upon.

3.4.5 Modified

The modified outcome.
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<type name="modified" class="composite" source="list" provides="delivery-state, outcome">
<descriptor name="amgp:modified:list" code="0x00000000:0x00000027"/>
<field name="delivery-failed" type="boolean"/>
<field name="undeliverable-here" type="boolean"/>
<field name="message-annotations" type="fields"/>
</type>

At the source the modified outcome means that the message is no longer acquired by the receiver, and has been
made available for (re-)delivery to the same or other targets receiving from the node. The message has been
changed at the node in the ways indicated by the fields of the outcome. As modified is a terminal outcome, transfer
of payload data will not be able to be resumed if the link becomes suspended. A delivery can become modified at
the source even before all fransfer frames have been sent. This does not imply that the remaining transferg for the
delivery will not be sent. The source MAY spontaneously attain the modified outcome for a message (fer'éxample
the soyrce might implement some sort of time-bound acquisition lock, after which the acquisition-ofa message
at a nople is revoked to allow for delivery to an alternative consumer with the message modified.in”some way to
denote[the previous failed, e.g., with delivery-failed set to true).

At the farget, the modified outcome is used to indicate that a given transfer was not and'will not be actefl upon,
and thdt the message SHOULD be modified in the specified ways at the node.

Field Details
delivlery-failed count the transfer as an unsuccessful delivery attempt
If the delivery-failed flag is set, any messages modified MUST *have their delivery-count incre-
mented.

undelliverable-here  prevent redelivery

If the undeliverable-here is set, then any messagées- released MUST NOT be redelivered to the
modifying link endpoint.

message-annotations message attributes
Map containing attributes to combine with'the existing message-annotations held in the message’s
header section. Where the existing.message-annotations of the message contain an entry with
the same key as an entry in this field, the value in this field associated with that key replaces the
one in the existing headers; where the existing message-annotations has no such value, the value
in this map is added.

3.4.6 | Resuming Deliveries Using Delivery States

Part 2:]12.6.13 Resumihg Deliveries provides the general scheme for how two endpoints can re-establigh state
after lifk resumption~was provided. The concrete delivery states defined above allow for a more comprehensive
set of gxamples.oflink resumption.
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Peer Partner
ATTACH(name=N, handle=1, -—+ +-— ATTACH(name=N, handle=2,

role=sender, \ / role=receiver,

source=X, \/ source=X,

target=Y, X target=Y,

unsettled= / \ unsettled=

{1 -> null, /\ { 2 -> Received(3,0),
2 => null, <-+ +-> 3 -> Accepted,
3 -> null, 4 -> null,
4 -> null, 6 -> Received(2,0),
5 -> Received(0,200), 7 -> Received(0,100),
6 -> Received(1,150), 8 -> Accepted,
7 > Receivedgo,SQO), 9 -> null, , .
& Recetredt3+5 44+ Recetred526067
9 -> Received(2,0), 12 -> Accepted,
10 -> Accepted, 13 -> Released,
11 -> Accepted, 14 -> null }
12 -> Accepted,
13 -> Accepted,
14 -> Accepted }

Key:

Received(x,y) means Received(section-number=x, section-offset=y)

In this ¢xample, for delivery-tags 1 to 4 inclusive the sender indicates that it-Can resume sending from the(start of
the megsage.

For deljvery-tag 1, the receiver has no record of the delivery. To preserve “exactly once” or “at least once” ¢lelivery
guaraniees, the sender MUST resend the message; however, the delivery is not being resumed (since the receiver
does npt remember the delivery tag) so transfers MUST NOT have the resume flag set to true. If the sender were
to marl the transfers as resumes then they would be ignored at the receiver.

For dellvery-tag 2, the receiver has retained some of the data making up the message, but not the whole. |n order
to complete the delivery the sender needs to resume sénding from some point before or at the next positiop which
the recgiver is expecting.

TRANSFER(delivery-id=1, S ———-———-——--- > *x*x Append message data not **
delivery-tag=2; ** seen previously to delivery **
(1) state=Received(3,0), ** state. *ok

resume=true)
{ ** payload ** }

(1) state could be
a) nuld, Teaning that the transfer is being resumed from the first

byte/ of section number O (and the receiver MUST ignore all data
up/to the first position it has not previously received).

b)Y )Received with section number O, 1 or 2 and an offset, indicating
that the paﬁload data on the first frame of the resumed deliver
starts at the given point, and that the receiver MUST ignore al
data up to the first position it has not previously received.

c) Received(3,0) indicating that the resumption will start at the
first point which the receiver has not previously received.

For dellvery-tag 3, the receiver indicates that it has processed the delivery to the point where it desires a terminal
outcome (in this case accepted). In this case the sender will either apply that outcome at the source, or in the
rare case that it cannot apply that outcome, indicate the terminal outcome that has been applied. To do this the
sender MUST send a resuming transfer to associate delivery-tag 3 with a delivery-id. On this transfer the sender
SHOULD set the delivery-state at the source. If this is the same outcome as at the receiver then the sender MAY
also send the resuming transfer as settled.
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TRANSFER(delivery-id=2, = ----—--—---— > *x Processes confirmation that **
delivery-tag=3, ** yas accepted, and settles. *x*

settled=true,
more=false,
state=Accepted,
resume=true)

For delivery-tag 4, the receiver indicates that it is aware that the delivery had begun, but does not provide any
indication that it has retained any data about that delivery except the fact of its existence. To preserve “exactly
once” or “at least once” delivery guarantees, the sender MUST resend the whole message. Unlike the case
with delivery-tag 1 the resent delivery MUST be sent with the resume flag set to true and the delivery-tag set to 4.
(While thist et fre ap- ieh--is- —HHsR AEN 3 ver-SHOULD
NOT retain such an entry in its map, in which case the situation would be as for delivery-tag 1 in this exa

ple).
TRANSFER(delivery-id=3, = ----——-—--- > *x Processes in the same way  **
delivery-tag=4, ** as we be done for a non- *¥
(1) state=null, *x* resumed delivery. 3

resume=true)
{ ** payload ** }

(1) Alternatively (and equivalently) state could be
Received(section-number=0, section-offset=0)

For delivery-tags 5 to 9 inclusive the sender indicates that it can resume at some point beyond start of the message
data. This is usually indicative of the fact that the receiver had previously confirmed reception of message data
to the given point, removing responsibility from the sender to retain the ability to resend that data after rgsuming
the link. The sender MAY still retain the ability to resend the message as a new delivery (i.e. it MAY npt have
completely discarded the data from which the original delivery was generated).

For deljvery-tag 5, the receiver has no record of the delivery.Jo'preserve “exactly once” or “at least once” glelivery
guaranjees, the sender MUST resend the message; howeyer, the delivery is not being resumed (since the receiver
does npt remember the delivery tag) so transfers MUS T, NOT have the resume flag set to true. If the sender does
not have enough data to resend the message, then.thie'sender MAY take some action to indicate that it helieves
there i a possibility that there has been messagedoss, for example, notify the application.

For deljvery-tag 6, the receiver has retained seme of the data making up the message, but not the whole. The first
position within the message which the receiver has not received is after the first position at which the senfler can
resumg sending. In order to complete the delivery the sender needs to resume sending from some poin{ before
or at the next position which the receiver is expecting.

TRANSFER(delivery-id=4, = ---—------ > %% Append message data not *k
d¢livery-tag=6, ** seen previously to delivery *x*
(1) (state=Received(2,0), ** state. *%

reésume=true)
{ ** _pagload ** }

(1) state could be any point between Received(1,150) and Received(2,0)
inclusive. The receiver MUST ignore all data up to the first

position it has not previously received (i.e. section 2 offset 0).

For deljvery-tag 7, the receiver has retained some of the data making up the message, but not the whole. The first
position within the message which the receiver has not received is before the first position at which the sender can
resume sending. It is thus not possible for the sender to resume sending the message to completion. The only
option available to the sender is to abort the transfer and to then (if possible) resend as a new delivery or else to
report the possible message loss in some way if it cannot.

TRANSFER(delivery-id=5, = -—-—----—---—- > *x Discard any state relating **
delivery-tag=7, ** to the message delivery. *ok
resume=true,
aborted=true)

amqp-core-complete-v1.0-0s 29 October 2012
Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. Page 93 of 124

© ISO/IEC 2014 — All rights reserved


https://standardsiso.com/api/?name=f32eb6f76783fda9110c964d88c3eee6

ISO/IEC 19464:2014(E)
PART 3. MESSAGING 3.4 Delivery State

For delivery-tag 8, the receiver indicates that it has processed the delivery to the point where it desires a terminal
outcome (in this case accepted). This is the same case as for delivery-tag 3.

TRANSFER(delivery-id=6, = ---------- > *x Processes confirmation that *x*
delivery-tag=8, ** was accepted, and settles. **
settled=true,
more=false,
state=Accepted,

resume=true)

For delivery-tag 9, the receiver indicates that it is aware that the delivery had begun, but does not provide any

indicatiprthatithasretainedany-dataaboutthat-detiveryexceptthe-factof-tsexistence—Thisisthe—same case

as for delivery-tag 7.

TRANSFER(delivery-id=7, = ------——--- > ** Discard any state relating *x*
delivery-tag=9, ** to the message delivery. * K
resume=true,
aborted=true)

For deljvery-tags 10 to 14 inclusive the sender indicates that it has reached a terminalloutCome, namely ac¢epted.
Once the sender has arrived at a terminal outcome it MUST NOT change. As.such, if a sender is cagable of
resuming a delivery (even if the only possible outcome of the delivery is a pre-defined terminal outcome guch as
acceptpd) it MUST NOT use this state as the value of the state in its unsettled miap until it is sure that the feceiver
will not|require the resending of the message data.

For delfvery-tag 10 the receiver has no record of the delivery. Howeyer,)in contrast to the cases of delivefy-tag 1
and delivery-tag 5, since it is known that the sender can only have atrived at this state through knowing that the
receiver has received the whole message (or that the sender had spontaneously reached a terminal outcome with
no possibility of resumption) there is no need to resend the mgssage.

For deljvery-tag 11 it MUST be assumed that the sender“spontaneously attained the terminal outcome|(and is
unable fto resume). In this case the sender can simply abort the delivery as it cannot be resumed.

TRANSFER(delivery-id=8,  —F§————-—-- > *x Discard any state relating **
delivery-tag=11, ** to the message delivery. *ok
resume=true,
aborted=true)

For deljvery-tag 12 both the sender andreceiver have attained the same view of the terminal outcome, but|neither
has settled. In this case the sendet SHOULD simply settle the delivery.

TRANSFER(delivery-id=9, = ------—--- > **x Locally settle the delivery x*x*
delivery-tag=12,
settled=true,
resume=true)

For delfvery-tag #3,the sender and receiver have both attained terminal outcomes, but the outcomes diffen} In this
case, since the-olitcome actually takes effect at the sender, it is the sender’s view that is definitive. The|sender
thus MUSTcrestate this as the terminal outcome, and the receiver SHOULD then echo this and settle.

FRANSFER (et ivery—id=16 —Ypdate—any—state—affected—*
delivery-tag=13, ** by the actual outcome, then **
settled=false, ** settle the delivery *%
state=Accepted

resume=true)
<m—mmmm DISPOSITION(first=10, last=10,
state=Accepted,

settled=true)

For delivery-tag 14 the case is essentially the same as for delivery-tag 11, as the null state at the receiver is
essentially identical to having the state Received with section-number=0 and section-offset=0.
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TRANSFER(delivery-id=11, ----—---—--- > *x Discard any state relating **
delivery-tag=14, ** to the message delivery. *ok

resume=true,
aborted=true)

3.5 Sources and Targets

The messaging layer defines two concrete types (source and target) to be used as the source and target of a
link. These types are supplied in the source and target fields of the attach frame when establishing or resuming
link. The source is comprised of an address (which the container of the outgoing link endpaint will resalve to a
node wijthin that container) coupled with properties which determine:

¢ which messages from the sending node will be sent on the link,
e hpw sending the message affects the state of that message at the sending node,

o tHe behavior of messages which have been transferred on the link, but have not yet reached a terminal state
af the receiver, when the source is destroyed.

3.5.1 | Filtering Messages

A sourge can restrict the messages transferred from a source by specifying-a-filter. A filter can be thought|of as a
functiof which takes a message as input and returns a boolean value: trGe if the message will be accepteI by the
source/ false otherwise. A filter MUST NOT change its return value fot\a)message unless the state or anngtations
on the message at the node change (e.g., through an updated delivery state).

3.5.2 | Distribution Modes

The sojrce optionally defines a distribution-mode that informs and/or indicates how distribution nodeq are to
behave] with respect to the link. The distribution-mode of a source determines how messages from a distfribution
node are distributed among its associated links., There are two defined distribution-modes: move and copy. When
specifigd, the distribution-mode has two related effects on the behavior of a distribution node with respeqt to the
link asqociated with the source.

The move distribution-mode causes messages transferred from the distribution node to transition to the AC-
QUIRED state prior to transfer over'the link, and subsequently to the ARCHIVED state when the trapsfer is
settled with a successful outcomé. ;The copy distribution-mode leaves the state of the message unchangefp at the
distribution node.

A sourge MUST NOT resenhd-a message which has previously been successfully transferred from the source, i.e.,
reacheql an ACCEPTED\delivery state at the receiver. For a move link with a default configuration this is|trivially
achievegd as such aniend result will lead to the message in the ARCHIVED state on the node, and thus irjeligible
for transfer. For a.cOpy link, state MUST be retained at the source to ensure compliance. In practice, fof nodes
which maintaina\strict order on messages at the node, the state might simply be a record of the mos{ recent
message trafsferred.

A regisfry-of commonly defined non-standard distribution-modes and their meanings is maintained [AMQPDIST-
MODE].
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3.5 Sources and Targets

3.5.3

Source

<type name="source" class="composite" source="list" provides="source">
<descriptor name="amgp:source:list" code="0x00000000:0x00000028" />
<field name="address" type="*" requires="address"/>
<field name="durable" type="terminus-durability" default="none"/>
<field name="expiry-policy" type="terminus-expiry-policy" default="session-end"/>
<field name="timeout" type="seconds" default="0"/>
<field name="dynamic" type="boolean" default="false"/>
<field name="dynamic-node-properties" type="node-properties"/>
<field name="distribution-mode" type="symbol" requires="distribution-mode"/>

<fijleld name="filter" type="filter-set"/>
<fileld name="default-outcome" type="*" requires="outcome"/>
<fileld name="outcomes" type="symbol" multiple="true"/>
<fileld name="capabilities" type="symbol" multiple="true"/>
</type
For corntainers which do not implement address resolution (and do not admit spontaneousZink attachmegnt from
their pgrtners) but are instead only used as producers of messages, it is unnecessaryto provide spurious detail
on the $ource. For this purpose it is possible to use a “minimal” source in which all the fields are left unsef.
Field Details
addrefss the address of the source
The address of the source MUST NOT be set when sent onia attach frame sent by the receiving
link endpoint where the dynamic flag is set to true (thatis where the receiver is requesting the
sender to create an addressable node).
The address of the source MUST be set when sent on a attach frame sent by the sending
link endpoint where the dynamic flag is set to_true (that is where the sender has created an
addressable node at the request of the receiver and is now communicating the address of that
created node). The generated name of the address SHOULD include the link name and the
container-id of the remote container to allow for ease of identification.
durablle indicates the:durability of the terminus
Indicates what state of the terminus will be retained durably: the state of durable messages, only
existence and configuration.ofithe terminus, or no state at all.
expiry-policy the)expiry policy of the source
See subsection 3.5:6.Terminus Expiry Policy.
timeout duration that an expiring source will be retained
The source ‘starts expiring as indicated by the expiry-policy.
dynamjic request dynamic creation of a remote node
When 'set to true by the receiving link endpoint, this field constitutes a request for the sending
peer to dynamically create a node at the source. In this case the address field MUST NOT be set.
WRERN Set 1o true by the sending NNk endpoint this 1ield indicates creation of a dynamically created
node. In this case the address field will contain the address of the created node. The generated
address SHOULD include the link name and other available information on the initiator of the
request (such as the remote container-id) in some recognizable form for ease of traceability.
dynamic-node-properties properties of the dynamically created node
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If the dynamic field is not set to true this field MUST be left unset.

When set by the receiving link endpoint, this field contains the desired properties of the node
the receiver wishes to be created. When set by the sending link endpoint this field contains
the actual properties of the dynamically created node. See subsection 3.5.9 Node Properties for
standard node properties. A registry of other commonly used node-properties and their meanings
is maintained [AMQPNODEPROP].

distribution-mode the distribution mode of the link

This field MUST be set by the sending end of the link if the endpoint supports more than one
distribution-mode. This field MAY be set by the receiving end of the link to indicate a preference
when a node supports multiple distribution modes.

filtelr a set of predicates to filter the messages admitted onto the link

See subsection 3.5.8 Filter Set. The receiving endpoint sets its desired filter, the sending ,endpoint
sets the filter actually in place (including any filters defaulted at the node). The receiving endpoint
MUST check that the filter in place meets its needs and take responsibility for detaching if it does
not.

defauflt-outcome default outcome for unsettled transfers

Indicates the outcome to be used for transfers that have not reached a terminal state at the
receiver when the transfer is settled, including when the source is déstroyed. The value MUST be
a valid outcome (e.g., released Or rejected).

outcomes descriptors for the outcomes that cafi)be chosen on this link

The values in this field are the symbolic descriptors of, the-outcomes that can be chosen on this
link. This field MAY be empty, indicating that the default-outcome will be assumed for all message
transfers (if the default-outcome is not set, and ng outcomes are provided, then the accepted
outcome MUST be supported by the source).

When present, the values MUST be a.@ymbolic descriptor of a valid outcome, e.g.,
“amgp:accepted:list”.

capabilities the extension capabilities the sender supports/desires
A registry of commonly defined Source capabilities and their meanings is maintained [AMQP-
SOURCECAP].

3.5.4 | Target

<type fame="target" classs"composite" source="list" provides="target">
<ddscriptor name=‘amgp:target:list" code="0x00000000:0x00000029"/>
<fileld name="address" type="*" requires="address"/>
<fileld name="durable" type="terminus-durability" default="none"/>
<fileld name="expiry-policy" type="terminus-expiry-policy" default="session-end"/>
<fileld/name="timeout" type="seconds" default="0"/>
<filexd. name="dynamic" type="boolean" default="false"/>
<fie;d—nam-e-—"d-y-nam* —nr\r‘c\—P'rr\pc'r‘F'; o +ypa—"nnAn_Pvnpav+4 nc",/\
<field name="capabilities" type="symbol" multiple="true"/>
</type>

For containers which do not implement address resolution (and do not admit spontaneous link attachment from
their partners) but are instead only used as consumers of messages, it is unnecessary to provide spurious detail
on the source. For this purpose it is possible to use a “minimal” target in which all the fields are left unset.

Field Details
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address The address of the target.

The address of the target MUST NOT be set when sent on a attach frame sent by the sending
link endpoint where the dynamic flag is set to true (that is where the sender is requesting the
receiver to create an addressable node).

The address of the source MUST be set when sent on a attach frame sent by the receiving
link endpoint where the dynamic flag is set to true (that is where the receiver has created an
addressable node at the request of the sender and is now communicating the address of that
created node). The generated name of the address SHOULD include the link name and the
container-id of the remote container to allow for ease of identification.

durablle indicates the durability of the terminus

Indicates what state of the terminus will be retained durably: the state of durable messages;.only
existence and configuration of the terminus, or no state at all.

expiry-policy the expiry policy of the target
See subsection 3.5.6 Terminus Expiry Policy.

timeout duration that an expiring target will be retained
The target starts expiring as indicated by the expiry-policy.

dynamic request dynamic creation of a remote node

When set to true by the sending link endpoint, this field constitutes a request for the receiving
peer to dynamically create a node at the target. In this case-the’address field MUST NOT be set.
When set to true by the receiving link endpoint this field indicates creation of a dynamically created
node. In this case the address field will contain the address of the created node. The generated
address SHOULD include the link name and other cavailable information on the initiator of the
request (such as the remote container-id) in some<recognizable form for ease of traceability.

dynanfic-node-properties properties of the dynamically created node

If the dynamic field is not set to true this field MUST be left unset.

When set by the sending link endpoint, this field contains the desired properties of the node
the sender wishes to be created..\When set by the receiving link endpoint this field contains
the actual properties of the dynamically created node. See subsection 3.5.9 Node Properties for
standard node properties. A registry of other commonly used node-properties and their meanings
is maintained [AMQPNODEPROP].

capablilities the extension capabilities the sender supports/desires

A registry of comnienly defined target capabilities and their meanings is maintained [AMQPTAR-
GETCAP].

3.5.5 | Terminus Durability

Durabiljty-policy for a terminus.

<type name="terminus-durability" class='restricted" source=ruint'>
<choice name="none" value="0"/>
<choice name="configuration" value="1"/>
<choice name="unsettled-state" value="2"/>

</type>

Determines which state of the terminus is held durably.

Valid Values
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0 No terminus state is retained durably.
1 Only the existence and configuration of the terminus is retained durably.
2 In addition to the existence and configuration of the terminus, the unsettled state

for durable messages is retained durably.

3.5.6 Terminus Expiry Policy

Expiry policy for a terminus.

<type fame="terminus-expiry-policy" class="restricted" source="symbol">
<cHoice name="link-detach" value="link-detach"/>
<cHoice name="session-end" value="session-end"/>
<cHoice name="connection-close" value="connection-close"/>
<cHoice name="never" value="never"/>
</type3

Determlines when the expiry timer of a terminus starts counting down from the timeéut value. If the link|is sub-
sequently re-attached before the terminus is expired, then the count down is aborted. If the conditions| for the
terminys-expiry-policy are subsequently re-met, the expiry timer restarts frantits originally configured fimeout

value.
Valid Values
link-detach The expiry timer starts when terminus is‘detached.
sessjon-end The expiry timer starts when the most recently associated session is ended.

connection-close The expiry timer starts when_most recently associated connection is closed.

nevey The terminus never expires.

3.5.7 | Standard Distribution.Mode

Link digtribution policy.

<type fame="std-dist-mode'_class="restricted" source="symbol" provides="distribution-mode">
<cHoice name="move"(Vvalue="move"/>
<cHoice name="cop§y")Value="copy"/>

</type3

Policieg for distributing messages when multiple links are connected to the same node.

Valid Vlalues

move once successfully transferred over the link, the message will no longer be avail-
able to other links from the same node

copy once successfully transferred over the link, the message is still available for other
links from the same node
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