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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
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with 1ISO and IEC, also take part in the work. In the field of information
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International 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 International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication 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.

ISO/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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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 (in which case the rules applicable to copyrights, as set forth in the OASIS IPR Policy, must be followed) or as
required to translate it into languages other than English.

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

This document and the information contained herein is provided on an “AS IS” basis and OASIS DISCLAIMS ALL WAR-
RANTIES, 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 requests that any OASIS Party or any other party that believes it has patent claims that would necessarily be infringed
by implementations of this OASIS Committee Specification or OASIS Standard, to notify OASIS TC Administrator and provide
an indication 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 invites any party to contact the OASIS TC Administrator if it is aware of a claim of ownership of any patent claims
that would necessarily be infringed by implementations of this specification by a patent holder that is not willing to provide a
license to such patent claims in a manner consistent with the IPR Mode of the OASIS Technical Committee that produced this
specification. OASIS may include such claims on its website, but disclaims any obligation to do so.

OASIS takes no position regarding the validity or scope of any intellectual property or other rights that might be claimed to
pertain to the implementation or use of the technology described in this document or the extent to which any license 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 any document or deliverable produced by an OASIS Technical
Committee can be found on the OASIS website. Copies of claims of rights made available for publication and any assurances
of licenses to be made available, or the result of an attempt made to obtain a general license or permission for the use of such
proprietary rights by implementers or users of this OASIS Committee Specification or OASIS Standard, can be obtained from
the OASIS TC Administrator. OASIS makes no representation that any information or list of intellectual property rights will at
any time be complete, or that any claims in such list are, in fact, Essential Claims.

The name “OASIS” is a trademark of OASIS, the owner and developer of this specification, and should be used only to
refer to the organization and its official outputs. 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-open.org/
policies-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 protocol for
transporting messages between two processes over a network. Above this, the messaging layer defines an
abstract 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 key words “MUST”, “MUST NOT”, “REQUIRED”, “SHALL”, “SHALL NOT”, “SHOULD”, “SHOULD NOT”,
“RECOMMENDED”, “MAY”, and “OPTIONAL” in this specification are to be interpreted as described in IETF
RFC 2119 [RFC2119].

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

0.1.2 Normative References

[ASCII]

American National Standards Institute, Inc., American National Standard for Information Systems, Coded Char-
acter Sets - 7-Bit American National Standard Code for Information Interchange (7-Bit ASCII), ANSI X3.4-1986,
March 26, 1986.

[BCP47]
A. Phillips, Ed., M. Davis, Ed., Tags for Identifying Languages. |IETF BCP: 47, September 2009.
http://www.ietf.org/rfc/bcp/bepl7.txt

[IANAHTTPPARAMS]
IANA (Internet Assigned Numbers Authority), Hypertext Transfer Protocol (HTTP) Parameters.
http://www.iana.org/assignments/http-parameters/http-parameters.xml

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

[IANASUBTAG]
IANA (Internet Assigned Numbers Authority), Language 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://www.ietf.org/rfc/rfc2119.txt

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

[RFC2616]

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

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

[RFC4122]

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

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

[RFCA4366]

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

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

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

[RFC4616]

K. Zeilenga, Ed., The PLAIN Simple Authentication and Security Layer (SASL) Mechanism. IETF RFC 4616,
August 2006.

http://www.ietf.org/rfc/rfc4616.txt

[RFC5246]

T. Dierks, E. Rescorla., The Transport Layer Security (TLS) Protocol Version 1.2. IETF RFC 5246, August 2008.
http://www.ietf.org/rfc/rfc5246.txt

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

[RFC5802]

C. Newman, A. Menon-Sen, A. Melnikov, N. Williams, Salted Challenge Response Authentication Mechanism
(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

[AMQPDISTMODE]
AMQP Capabilities Registry: Distribution Modes
http://www.amqgp.org/specification/1.0/distribution-modes

[AMQPFILTERS]
AMQP Capabilities Registry: Filters
http://www.amgp.org/specification/1.0/filters

[AMQPFOOTER]
AMQP Capabilities Registry: Footer
http://www.amqgp.org/specification/1.0/footer

[AMQPLINKCAP]
AMQP Capabilities Registry: Link Capabilities
http://www.amqgp.org/specification/1.0/1link-capabilities

[AMQPLINKPROP]
AMQP Capabilities Registry: Link Properties
http://www.amqgp.org/specification/1.0/link-properties

[AMQPLINKSTATEPROP]
AMQP Capabilities Registry: Link State Properties
http://www.amgp.org/specification/1.0/1link-state-properties

[AMQPMESSANN]
AMQP Capabilities Registry: Message Annotations

http://www.amqgp.org/specification/1.0/message-annotations

[AMQPNODEPROP]
AMQP Capabilities Registry: Node Properties
http://www.amqgp.org/specification/1.0/node-properties

[AMQPSESSCAP]

AMQP Capabilities Registry: Session Capabilities
http://www.amgp.org/specification/1.0/session-capabilities

[AMQPSESSPROP]
AMQP Capabilities Registry: Session Properties

http://www.amqp.org/specification/1.0/session-properties

[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 5 of this
specification.

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

Part 1 of this document defines the type system and type encodings that every conformant implementation MUST
implement.

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

Part 2 admits behaviors that might not be appropriate for every implementation. For example a “client library” might
not allow for its communication partner to spontaneously attempt to initiate a connection and request messages.
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 of this document defines the AMQP Messaging Layer. Every conformant implementation which processes
messages MUST implement this part of the specification.

Some implementations might not process messages (for example, an implementation acting as a “router” which
looks only at the routing information carried by the AMQP Transport layer). Such implementations do not actively
implement Part 3, but MUST NOT act in ways which violate the rules of this part of the specification.

The Messaging 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 admitted, the
implementation MUST respond according to the rules defined within this specification.

Part 4 defines the requirements for transactional messaging. Transactional messaging defines two roles, that
of the transactional resource and that of the transaction controller. A conformant implementation SHOULD be
capable of operating in one of these roles but MAY be unable to operate in either (for instance a simplistic client
library might have no ability to act as a transaction controller and would not be expected to act as a transactional
resource).

Itis RECOMMENDED that implementations designed to act as messaging intermediaries support the ability to act
as a transactional resource. It is RECOMMENDED that implementations or re-usable libraries provide Application
Programming Interfaces 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 followed.

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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AMQP-16 : References to INETCO should be “INETCO Systems Limited”

AMQP-17 : Typo in AMQP Open.hostname description

AMQP-18 : Add figure titles to the HTML presentation

AMQP-19 : Fix generated (sub-)section titles in the PDF where they contain a dash (*-”)
AMQP-20 : PDF Presentation: use correct “open” and “close” double quotes

AMQP-21 : Change presentation of cross-references to show only section number, not title
AMQP-22 : Transport: Incoporate feedback from Steve Huston’s review

AMQP-23 : Abstract/Introduction: Incoporate feedback from Steve Huston’s review
AMQP-24 : Update XML transformation to render “n byte” as “n-byte”

AMQP-25 : Types: Incoporate feedback from Steve Huston’s review

AMQP-26 : Transport: Incoporate feedback from Steve Huston’s review (2)
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AMQP-45 : Transactions: Incorporate feedback from Steve Huston’s review

AMQP-46 : Security: Incorporate feedback from Steve Huston’s review

AMQP-48 : Remove capitalization of certain terms within the specification

AMQP-49 : Description of “dynamic” field refers to non-existent concepts of “session name” and “client-id”

2011-11-08 : Working Draft 1

AMQP-1 : Make the definition of flow.echo more explicit

AMQP-2 : Make it explicit that flow.properties is only for a link

AMQP-3 : specification/overview.xml has a contributor’'s name in all caps

AMQP-4 : specification/overview.xml is slightly inconsistent in use of company legal entity names and ab-
breviations thereof
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Part 1: Types

1.1 Type System

The AMQP type system defines a set of commonly used primitive types for interoperable data representation.
AMQP values can be annotated with additional semantic information beyond that associated with the primitive
type. This allows for the association of an AMQP value with an external type that is not present as an AMQP
primitive. 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 URLs. The AMQP
type system would allow for the definition of a code with which to annotate strings when the value is intended to
represent a URL.

1.1.1 Primitive Types

The AMQP type system defines a standard set of primitive types for representing both common scalar values and
common collections. The scalar types include booleans, integral numbers, floating point numbers, timestamps,
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
programming languages, and therefore can be trivially used to exchange basic data. In practice, however, even
the simplest applications have their own set of custom types used to model concepts within the application’s
domain. In messaging applications these custom types need to be externalized for transmission.

AMQP provides a means to do this by allowing any AMQP type to be annotated with a descriptor. A descriptor
forms an 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 descriptor is
referred to as a described type.

A described type contains two distinct kinds of type information. It identifies both an AMQP type and a custom
type (as well as the relationship between them), and so can be understood at two different levels. An application
with intimate knowledge of a given domain can understand described types as the custom types they represent,
thereby decoding and processing 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 processing 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
definition. In the latter case, the nature of the restriction is specified as text in the formal type definition.

The existing type from which a restricted type is derived is referred to as the source type for the restriction. A
restricted type might or might not be annotated with a descriptor on the wire depending on the formal definition for
the type.

1.2 Type Encodings

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

constructor untyped bytes

et T e e o +

I I
0xAl1  Ox1E "Hello Glorious Messaging World"

| |1 |
| utf8 bytes

|
| |
| |
I # of data octets I
e e +

string value encoded according

|
|
|
|
|
|
|
| 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 primitive format
code is a constructor for an AMQP primitive type. A described format code consists of a descriptor and a primitive
format-code. A descriptor defines how to produce a domain specific type from an AMQP primitive value.

amgqp-core-complete-v1.0-0s Dg‘?)ﬁ&:!m&?pts

Standards Track Work Product Copyright © OASIS Open 2012. All Rights Reserved. DdRagen@nbEtR4ing Hub

© ISO/IEC 2014 — All rights reserved
Full document details: ISO_IEC 19464_2014


http://www.avadocuments.com/doc/iso-iec-19464-2014
http://www.avadocuments.com/doc/iso-iec-19464-2014

ISO/IEC 19464:2014(E)
PART 1. TYPES 1.2 Type Encodings

constructor untyped bytes

+-= ————t et A o +

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

+
|
|
|
|
|
+
|
|
|
|
|
+

+o———= -—- Fom +

descriptor

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-sixteen
variable = variable-one / variable-four
compound = compound-one / compound-four
array = array-one / array-four
descriptor = value
value = constructor untyped-bytes

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

; by the constructor

; fixed width format codes

empty = %x40-4E / %x4F %x00-FF
fixed-one = %x50-5E / %x5F %x00-FF
fixed-two = %x60-6E / %x6F 7%x00-FF
fixed-four = %x70-7E / %x7F %x00-FF
fixed-eight = %x80-8E / %x8F %x00-FF

fixed-sixteen = %x90-9E / %x9F %x00-FF

; variable width 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

Figure 1.3: Constructor BNF

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 width of the size and count is determined by the subcategory of the format
code for the array.

The bits 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 octets of data.

0x7 Fixed Width Four octets of data.

0x8 Fixed Width Eight octets of data.

0x9 Fixed Width Sixteen octets of data.

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

0xB Variable Width 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

Please note, unless otherwise specified, AMQP uses network byte order for all numeric values.

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

n OCTETs size OCTETs

fommmm e Fommm e +
| size | value |
Fomm e e +
Subcategory n
0xA 1
0xB 4

Figure 1.7: Layout of Variable Width Data Encodings

1.2.3 Compound

All compound encodings consist of a size and a count followed by count encoded items. The width of the size 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 +——= + + + ——
| size |  count | /| item I\ |
e +-—= + -/ + \-———- +
/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 are 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 binary as
described in section 1.2.

The type element formally defines a semantic type used to exchange data on the wire. Every type definition has
the following general form. The child elements present depend upon the class of the type definition (primitive,
composite, or restricted):

<type class="primitive|composite|restricted" name="..." label="..." provides="...">

</1‘:3'7;.>e>

Figure 1.10: Type Definitions

The attributes 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 are three different classes of types identified by the “class” attribute: primitive, composite, and restricted.

1.3.1 Primitive Type Notation

A “primitive” type definition will contain one or more encoding elements that describe how the data is formatted on
the wire. 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
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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., a type composed of a fixed number of fields
whose values are each of a specific type. A composite type does not have a new encoding, but is sent 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 contain encoding or choice elements. The source attribute of a composite type will always be “list”, other
values are reserved for future use.

<type class="composite" name="..." label="..." provides="...">
<descriptor name="..." code="..."/>
<field name="..." ... > ... </field>
<field name="..." ... > ... </field>

</type>

Figure 1.13: Composite Type Definitions

1.3.3 Descriptor Notation

The descriptor element specifies what annotation is used to identify encoded values as representations of a

described type.
<type class="composite|restricted" ...>
<ii- domain-id:descriptor-id -—>
<descriptor name="domain:name" code="O0xNNNNNNNN :OxNNNNNNNN"/>
</£§r}3e>
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 value of any type is permitted.
In the latter case the range of values might be further restricted by the requires attribute.

requires 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.

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

1.3.5 Restricted Type Notation

A “restricted” type definition specifies a new kind of type whose values are restricted to a subset of the values that
might be 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
number of values by the choice elements contained within the definition.

<type class="restricted" name="..." label="..." provides="...">
<descriptor name="..." code="..."/>
<choice name="..." value="..."/>
<choice name="..." value="..."/>

</type>

Figure 1.16: Restricted Type Definitions

The choice element identifies a legal value for a restricted type. The choice element has the following attributes:

<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 represented.

<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 Type

The mandatory attribute of a field description controls whether a null element value is permitted in the represen-
tation.

The multiple attribute of a field description controls whether multiple element values are permitted in the repre-
sentation. A single element of the type specified in the field description is always permitted. Multiple values are
represented by the use of an array where the type of the elements in the array is the type defined in the field
definition. Note that a null value and a zero-length array (with a correct type for its elements) both describe an
absence of a value and MUST be treated as semantically identical.

A field which is defined as both multiple and mandatory MUST contain at least one value (i.e. for such a field both
null and an array with no entries are invalid).

The described list shown below is an 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 omitted
according to the encoding rules.
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constructor list representation of a book
I I
o o e i o ———+

I [ I
0x00 OxA3 0x11 "example:book:list" 0xCO 0x40 0x03 title authors isbn

I identifies lomposite type I | I
| | 0x40
sym8 + |
(symbol)
+-- +

null value

|
|
|
| | I
0xA1 0x15 "AMQP for & by Dummies" |
|
+

T +

I I
0xEO 0x25 0x02 0xA1l OxOE "Rob J. Godfrey" 0x13 "Rafael H. Schloming"
| I [ [ I

size | | o ———— - + o pmm—m I +

count | first element second element

element constructor

Figure 1.19: Example Composite Value

1.5 Descriptor Values

Descriptor values other than symbolic (symbol) or numeric (ulong) are, while not syntactically invalid, reserved -
this includes numeric types other than ulong. To allow for users of the type system to define their own descriptors
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 domain has a
defined symbol and/or 4 byte numeric id assigned by the AMQP working group. For numeric ids the assigned
domain-id will be equal to the IANA Private Enterprise Number (PEN) of the requesting organisation [IANAPEN]
with domain-id 0 reserved for descriptors defined in the AMQP specification.

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

symbolic descriptors
<domain>:<name>

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

1.6 Primitive Type Definitions

1.6.1 null

Indicates an empty value.

<type name="null" class="primitive">
<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

Integer in the range 0 to 2% - 1 inclusive.

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

1.6.4 ushort

Integer in the range 0 to 26 - 1 inclusive.

<type name="ushort" class="primitive">
<encoding code="0x60" category="fixed" width="2"
label="16-bit unsigned integer in network byte order"/>
</type>

1.6.5 uint

Integer in the range 0 to 232 - 1 inclusive.

<type name="uint" class="primitive">
<encoding code="0x70" category="fixed" width="4"
label="32-bit unsigned integer in network byte order"/>
<encoding name="smalluint" code="0x52" category="fixed" width="1"
label="unsigned integer value in the range O to 255 inclusive"/>
<encoding name="uint0" code="0x43" category="fixed" width="0" label="the uint value 0"/>
</type>

1.6.6 ulong

Integer in the range 0 to 254 - 1 inclusive.

<type name="ulong" class="primitive">
<encoding code="0x80" category="fixed" width="8"
label="64-bit unsigned integer in network byte order"/>
<encoding name="smallulong" code="0x53" category="fixed" width="1"
label="unsigned long value in the range 0 to 255 inclusive"/>
<encoding name="ulong0" code="0x44" category="fixed" width="0" label="the ulong value 0"/>
</type>

1.6.7 byte

Integer in the range —(27) to 27 - 1 inclusive.
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<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">
<encoding code="0x61" category="fixed" width="2"
label="16-bit two’s-complement integer in network byte order"/>
</type>

1.6.9 int

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

<type name="int" class="primitive">
<encoding code="0x71" category="fixed" width="4"
label="32-bit two’s-complement integer in network byte order"/>
<encoding name="smallint" code="0x54" category="fixed" width="1"
label="8-bit two’s-complement integer"/>
</type>

1.6.10 long

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

<type name="long" class="primitive">
<encoding code="0x81" category="fixed" width="8"
label="64-bit two’s-complement integer in network byte order"/>
<encoding 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 (IEEE 754-2008 binary32).

<type name="float" class="primitive">
<encoding name="ieee-754" code="0x72" category="fixed" width="4" label="IEEE 754-2008 binary32"/>
</type>

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

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

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

1.6.15 decimalil28

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

<type name="decimall28" class="primitive">
<encoding name="ieee-754" code="0x94" category="fixed" width="16"
label="IEEE 754-2008 decimall28 using the Binary Integer Decimal encoding"/>
</type>

A 128-bit decimal number (IEEE 754-2008 decimal128 [IEEE754]).

1.6.16 char

A single Unicode character.

<type name="char" class="primitive">
<encoding name="utf32" code="0x73" category="fixed" width="4"
label="a UTF-32BE encoded Unicode character"/>
</type>

A UTF-32BE encoded Unicode character [UNICODES®].

1.6.17 timestamp

An absolute point in time.

<type name="timestamp" class="primitive">
<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 Dbinary

A sequence of octets.

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

1.6.20 string

A sequence of Unicode characters.

<type name="string" class="primitive">
<encoding name="str8-utf8" code="0Oxal" category="variable" width="1"
label="up to 278 - 1 octets worth of UTF-8 Unicode (with no byte order mark)"/>
<encoding name="str32-utf8" code="0Oxbl" category="variable" width="4"
label="up to 2732 - 1 octets worth of UTF-8 Unicode (with no byte order mark)"/>
</type>

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

1.6.21 symbol

Symbolic values from a constrained domain.

<type name="symbol" class="primitive">
<encoding name="sym8" code="0Oxa3" category="variable" width="1"
label="up to 278 - 1 seven bit ASCII characters representing a symbolic value"/>
<encoding name="sym32" code="0xb3" category="variable" width="4"
label="up to 2732 - 1 seven bit ASCII characters representing a symbolic value"/>
</type>

Symbols are values from a constrained domain. Although the set of possible domains is open-ended, typically
the both number and size of symbols in use for any given application will be small, e.g. small enough that it is
reasonable 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 name="map" class="primitive">
<encoding name="map8" code="0xcl" category="compound" width="1"
label="up to 278 - 1 octets of encoded map data"/>
<encoding name="map32" code="0xdl1" category="compound" width="4"
label="up to 2732 - 1 octets of encoded map data"/>
</type>

A map is encoded as a compound value where the constituent elements form alternating key value pairs.

item O item 1 item n-1 item n
+o——— + + ———+
| key 1 | val 1 | val n/2 |
+o——= + Fom +

+—+

key n/2

+—+

Figure 1.20: Layout of Map Encoding

Map encodings MUST contain an even number of items (i.e. an equal number of keys and values). A map in
which there exist two identical key values is invalid. Unless known to be otherwise, maps MUST be considered
to be ordered, 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 sequence of values of a single type.

<type name="array" class="primitive">
<encoding name="array8" code="0xe0" category="array" width="1"
label="up to 278 - 1 array elements with total size less than 278 octets"/>
<encoding name="array32" code="0xf0" category="array" width="4"
label="up to 2732 - 1 array elements with total size less than 2732 octets"/>
</type>
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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
storage and/or delivery of messages. Messages can originate from, terminate at, or be relayed by nodes.

A link is a unidirectional route between two nodes. A link attaches to a node at a terminus. There are two kinds of
terminus: sources and targets. A terminus is responsible for tracking the state 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.

As a message 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 transfer of
responsibility between the source and target.

B + o +
/ Node A \ / Node B \
-i- ---------------- +|- /+-—filter +|- ---------------- -i-
| MSG_3 <MSG_1> | _/ _ | MSG_1 |
| | (O)mmmmmmmmmm oo >O) | |
| <MSG_2> MSG_4 | | [ | MSG_2 |
I |1 Link(Src,Tgt) |1 |
o + | | +——————————— +
| |
Src Tgt

Key: <MSG_n> = old location of MSG_n

Figure 2.1: Message Transfer between Nodes

Nodes exist 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 store and
forward messages.

T + e +
| <<Container>> | 1..1 0..n | <<Node>> |
|- - - <>- - =>|
| container-id | | name |
e + o +
/_\ /_\
| |
| |
O e + B e +
| | | | |
| | | | |
Fmmmm———— +  dmm—————e + o +  dmmmm—m e +  mmm——— +
| Broker | | Client | I Producer | | Consumer | | Queue |
| [ | | | [ |
T —— T — + . +  mmmmmmeeee - +

Figure 2.2: Class Diagram of Concrete Containers and Nodes
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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——————— +
| | #A S | |
| 4+ | R e
| | 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 of work
carried on the wire. Connections have a negotiated maximum frame size allowing byte streams to be 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 frame arrives, all frames prior to n MUST also
have arrived. It is assumed connections are transient and can fail for a variety of reasons resulting in the loss
of an unknown number of frames, but they are still subject to the aforementioned ordered reliability criteria. 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 connection (see
section 2.3).

An AMQP 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
multiplexed into a single frame sequence for the connection.

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

Client App Broker
Fomm s + Fom e +
| | R | |
| +-——t |- - | +-——t |
| | C | | Session | I 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 order to transfer messages between nodes (e.g., to move messages from a queue to a consumer) a link needs
to be established between the nodes. A link is a unidirectional route between two nodes. A link attaches to a
node at a terminus. There are two kinds of terminus: sources and targets. A terminus is responsible for tracking
the state 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 + o +
| | A | |
| B I +-——t |
I | C l0o< 0l Q | |
| e N el | +---+ |
| \ [ | S | | I
R et -+ e e +

I |
Target | Source
Link

Figure 2.6: An AMQP Link

Sessions provide the context for communication between sources and targets. A link endpoint associates a
terminus with a session endpoint. Within a session, the link protocol (defined in section 2.6) is used to establish
links between sources and targets and to transfer messages across them. A single session can be simultaneously
associated with any number of links.

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

Client App Broker
o + o +
I | I |
R e | R e |
| | C lo<=] | | (=0l Q | |
|t | e
I | | [ |
o | ————+ +——— | +

| |

State retained State retained

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
Rt + o e +
| | it | |
| 4t - i - I
| | C o< 0l Q| |
= |- —- —- | 4t
| | R | |
- + Fom +

Figure 2.8: Link Recovery

The diagram below shows the relationship between the three AMQP communication endpoints, Connection, Ses-
sion and Link.

e +
| Link | Message Transport
o + (Node to Node)
| name |
| source |
| target |
| timeout |
e +
/I\ 0..n
|
|
\l/ 0..1
e +
| Session | Frame Transport
tomm + (Container to Container)
| name
. +
/I\ 0..n
|
|
\l/ 1..1
e +
| Connection | Frame Transport
Fom + (Container to Container)

| principal |
+
Figure 2.9: Class Diagram of Communication Endpoints

2.1.3 Protocol Frames

The protocol consists of nine frame body types that are formally defined in section 2.7. The following table lists
the frame bodies and defines which endpoints handle them.
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