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Union (ITU). The ITU-T is responsible for studying technical, operating and tariff questions and issuing Recommen-
dations on them with a view to standardizing telecommunications on a worldwide basis..

The World Telecommunication Standardization Conference (WTSC), which meets every four years, etablishes the topics
for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

The approval of Recommendations by the Members of the ITU-T is covered by the procedure laid down in WTSC
Resolution No. 1 (Helsinki, March 1-12, 1993).

ITU-T Recommendation T.125 was prepared by ITU-T Study Group 8 (1993-1996) and was approved under the WTSC
Resolution No. 1 procedure on the 7th of April 1994.

___________________

NOTE

In this Recommendation, the expression “Administration” is used for conciseness to indicate both a telecommunication
administration and a recognized operating agency.

  ITU  1994

All rights reserved. No part of this publication may be reproduced or utilized in any form or by any means, electronic or
mechanical, including photocopying and microfilm, without permission in writing from the ITU.
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This Recommendation defines a protocol operating through the hierarchy of a multipont communication domain.
It specifies the format of protocol messages and procedures governing their exchange over a set of transport connections.
The purpose of the protocol is to implement the Multipoint Communication Service defined by ITU-T Recommen-
dation T.122.
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2ECOMMENDATION�4����
Recommendation T.125     (04/94)      Superseded by a more recent version

T.125     (04/94)

-5,4)0/).4��#/--5.)#!4)/.��3%26)#%
02/4/#/,��30%#)&)#!4)/.

�'ENEVA������	

� 3COPE

This Recommendation specifies:

a) procedures for a single protocol for the transfer of data and control information from one MCS provider
to a peer MCS provider;

b) the structure and encoding of the MCS protocol data units used for the transfer of data and control
information.

The procedures are defined in terms of:

a) the interactions between peer MCS providers through the exchange of MCS protocol data units;

b) the interactions between an MCS provider and MCS users through the exchange of MCS primitives;

c) the interactions between an MCS provider and a transport service provider through the exchange of
transport service primitives;

These procedures are applicable to instances of multipeer communication among systems that support MCS and wish to
interconnect in an open systems environment.

� 2EFERENCES

The following Recommendations and other references contain provisions which, through reference in this text, constitute
provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations
and other references are subject to revision: all users of this Recommendation are therefore encouraged to investigate the
possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published.

– ITU-T Recommendation T.122 (1993), -ULTIPOINT�#OMMUNICATION�3ERVICE�FOR�AUDIOGRAPHICS�AND�AUDIO
VISUAL�CONFERENCING�SERVICE�DEFINITION.

– ITU-T Recommendation T.123 (1993), 0ROTOCOL�STACKS�FOR�AUDIOGRAPHIC�AND�AUDIOVISUAL�TELECONFERENCE
APPLICATIONS.

– CCITT Recommendation X.200 (1988), 2EFERENCE�MODEL� OF�/PEN� 3YSTEMS� )NTERCONNECTION� FOR� ##)44
APPLICATIONS.

– CCITT Recommendation X.214 (1988), 4RANSPORT� SERVICE� DEFINITION� FOR�/PEN�3YSTEMS� )NTERCONNECTION
FOR�##)44�APPLICATIONS.

– CCITT Recommendation X.208 (1988), 3PECIFICATION�OF�!BSTRACT�3YNTAX�.OTATION�/NE��!3.��	.

– CCITT Recommendation X.209 (1988), 3PECIFICATION� OF� "ASIC� %NCODING� 2ULES� FOR� !BSTRACT� 3YNTAX
.OTATION�/NE��!3.��	.

– Draft ITU-T Recommendation X.691 | ISO/IEC DIS 8825-2, )NFORMATION� 4ECHNOLOGY  /PEN� 3YSTEMS
)NTERCONNECTION  !3.���ENCODING�RULES  3PECIFICATION�OF�0ACKED�%NCODING�2ULES��0%2	.
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� $EFINITIONS
NOTE – These definitions make use of the abbreviations defined in clause 4.

This Recommendation is based on the concepts developed in CCITT Recommendation X.200 and makes use of the
following terms defined therein:

a) flow control;

b) reassembling;

c) recombining;

d) segmenting;

e) sequencing;

f) splitting;

g) transfer syntax;

h) transport connection;

i) transport connection endpoint identifier;

j) transport service;

k) transport service access point;

l) transport service access point address;

m) transport service data unit.

This Recommendation is also based on the concepts developed in ITU-T Recommendation T.122 and makes use of the
following terms defined therein:

a) Control MCSAP;

b) MCS attachment;

c) MCS channel;

d) MCS connection;

e) MCS domain;

f) MCS domain selector;

g) MCS private channel;

h) MCS private channel manager;

i) MCS provider;

j) MCS service access point;

k) MCS user;

l) MCS user id;

m) Top MCS provider.

For the purposes of this Recommendation, the following definitions apply.

��� -#3� SERVICE� DATA� UNIT� An amount of MCS user data whose identity is preserved during
the transfer from transmitter to receivers. Specifically, the content of one MCS-SEND-DATA request or one
MCS-UNIFORM-SEND-DATA request.

��� -#3�INTERFACE�DATA�UNIT� The unit of information transferred across an MCSAP between an MCS user and
an MCS provider in a single interaction. Each MCS interface data unit contains interface control information and may
also contain all or part of an MCS service data unit.

��� -#3� PROTOCOL� DATA� UNIT� A unit of information exchanged in the MCS protocol, consisting of control
information transferred between MCS providers to coordinate their joint operation and possibly data transferred on
behalf of MCS users to whom they are providing service.

��� -#3� DATA� TRANSFER� PRIORITY� One of four levels: top, high, medium, low. The value is communicated
unchanged from transmitter to receivers. Depending on an MCS domain parameter for the number of distinct data
transfer priorities implemented, two or more lowest priorities may receive the same quality of service.
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��� VALID�-#30$5� An MCSPDU whose structure and encoding complies with this Recommendation.

��� INVALID�-#30$5� An MCSPDU that is not a valid MCSPDU.

��� PROTOCOL�ERROR� Use of an MCSPDU in a manner inconsistent with the procedures of this Recommendation.

��� CONNECT�-#30$5� Any one of #ONNECT
)NITIAL, #ONNECT
2ESPONSE, #ONNECT
!DDITIONAL, #ONNECT
2ESULT.

��� DOMAIN�-#30$5� Any MCSPDU that is not a connect MCSPDU.

���� DATA�-#30$5� Any one of 3$RQ, 3$IN, 53RQ, 53IN.

���� CONTROL�-#30$5� Any domain MCSPDU that is not a data MCSPDU.

���� INITIAL�4#� The first transport connection of an MCS connection, used to exchange control MCSPDUs and
data MCSPDUs of top priority.

���� ADDITIONAL�4#� A subsequent transport connection belonging to an MCS connection, used to exchange data
MCSPDUs of lesser priority.

���� SUBTREE�OF�AN�-#3�PROVIDER: In the context of an MCS domain, this consists of the MCS provider itself and
its MCS attachments plus all MCS providers hierarchically subordinate to it and their MCS attachments.

���� HEIGHT�OF�AN�-#3�PROVIDER: In the context of an MCS domain, this is one more than the maximum height of
all hierarchically subordinate MCS providers. An MCS provider without subordinates has height one.

� !BBREVIATIONS

For the purposes of this Recommendation, the following abbreviations apply.

MCS Multipoint Communication Service

MCSAP MCS service access point

MCSPDU MCS protocol data unit

TC Transport connection

TS Transport service

TSAP Transport service access point

TSDU Transport service data unit

� /VERVIEW�OF�THE�-#3�PROTOCOL

��� -ODEL�OF�THE�-#3�LAYER

An MCS provider communicates with MCS users through an MCSAP by means of the MCS primitives defined in
ITU-T Recommendation T.122. These primitives can be the cause or result of MCSPDU exchanges between peer MCS
providers using an MCS connection, or they can be the cause or result of actions taken within a single MCS provider.
MCSPDU exchanges occur between MCS providers that host the same MCS domain.

An MCS provider can have multiple peers, each reached directly by a different MCS connection or indirectly through a
peer MCS provider. An MCS connection is composed of one or more transport connections, depending on the number of
data transfer priorities implemented in an MCS domain. Protocol exchanges are effected using the services of the
transport layer through a pair of TSAPs.
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This model of the MCS layer is illustrated in Figure 5-1.

T0812640-93/d01

MCSAP MCSAP MCSAP MCSAP

TSAP TSAP TSAP TSAP

MCS Provider MCS Provider MCS Provider

FIGURE  5-1/T.125

-ODEL�OF�THE�-#3�LAYER

FIGURE  5-1/T.125.....[D01]  =  7.5 cm

��� 3ERVICES�PROVIDED�BY�THE�-#3�LAYER

The MCS protocol supports the services defined in ITU-T Recommendation T.122. Information is transferred to and
from an MCS user using the MCS primitives listed in Table 5-1.

��� 3ERVICES�ASSUMED�FROM�THE�TRANSPORT�LAYER

The MCS protocol assumes the use of a subset of the connection-oriented transport service defined in CCITT
Recommendation X.214. Information is transferred to and from a TS provider by the primitives listed in Table 5-2.

��� &UNCTIONS�OF�THE�-#3�LAYER

Table 5-1 identifies the functional units of MCS and the MCSPDUs associated with each MCS primitive. MCSPDUs are
defined in clause 7. The relationship between primitives and MCSPDUs can be as simple as cause and effect, in either
direction. For example, MCS-ATTACH-USER request generates !5RQ, and !5CF generates MCS-ATTACH-USER
confirm. Other cases may be more complicated. The completion of MCS-CONNECT-PROVIDER, for example,
requires the exchange of additional MCSPDUs as side effects of the four-phase primitive. And any one of five
MCSPDUs can cause an MCS-DETACH-USER indication, any of four an MCS-CHANNEL-EXPEL indication.

����� $OMAIN�MANAGEMENT

The MCS layer maintains the integrity of the MCS connections comprising an MCS domain. An MCS connection is
oriented, with one end hierarchically superior to the other. There is a single MCS provider at the top of each domain.

Establishing an MCS connection merges two domains into one. The MCS layer ensures that one top provider remains. It
resolves any conflicts of unique identity or exclusive ownership that may arise.

Disconnecting an MCS connection splits a domain into two portions. The portion containing the top provider survives.
The bottom portion eradicates itself.
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The MCS layer uniquely identifies users attached to a domain. Users may become aware of each other through their
interactions via MCS primitives. The MCS layer notifies all users of a domain when one of them detaches. The MCS
layer recovers any resources of a detached user.

TABLE  5-1/T.125

-#3�PRIMITIVES

Functional Unit Primitives Associated MCSPDUs

Domain Management MCS-CONNECT-PROVIDER request
MCS-CONNECT-PROVIDER indication
MCS-CONNECT-PROVIDER response
MCS-CONNECT-PROVIDER confirm

(side effects)

#ONNECT
)NITIAL
#ONNECT
)NITIAL

#ONNECT
2ESPONSE
#ONNECT
2ESPONSE
#ONNECT
!DDITIONAL
#ONNECT
2ESULT
0$IN�%$RQ

-#RQ�-#CF�0#IN
-4RQ�-4CF�04IN

MCS-DISCONNECT-PROVIDER request
MCS-DISCONNECT-PROVIDER indication

$0UM
$0UM�2*UM

MCS-ATTACH-USER request
MCS-ATTACH-USER confirm

!5RQ
!5CF

MCS-DETACH-USER request
MCS-DETACH-USER indication

$5RQ
$5IN

-#CF�0#IN
-4CF�04IN

Channel Management MCS-CHANNEL-JOIN request
MCS-CHANNEL-JOIN confirm

#*RQ
#*CF

MCS-CHANNEL-LEAVE request
MCS-CHANNEL-LEAVE indication

#,RQ
-#CF�0#IN

MCS-CHANNEL-CONVENE request
MCS-CHANNEL-CONVENE confirm

##RQ
##CF

MCS-CHANNEL-DISBAND request
MCS-CHANNEL-DISBAND indication

#$RQ
-#CF�0#IN

MCS-CHANNEL-ADMIT request
MCS-CHANNEL-ADMIT indication

#!RQ
#!IN

MCS-CHANNEL-EXPEL request
MCS-CHANNEL-EXPEL indication

#%RQ
#%IN�#$IN
-#CF�0#IN

Data Transfer MCS-SEND-DATA request
MCS-SEND-DATA indication

3$RQ
3$IN

MCS-UNIFORM-SEND-DATA request
MCS-UNIFORM-SEND-DATA indication

53RQ
53IN
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TABLE  5-1/T.125 �END	

-#3�PRIMITIVES

����� #HANNEL�MANAGEMENT

The MCS layer records which parts of an MCS domain contain one or more users joined to a given channel, so that it
can optimize the transfer of data to destinations that wish to receive it.

The MCS layer treats user ids as single-member channels, which only the designated user is allowed to join. On request,
it can create private channels to which only admitted users are allowed access or assign public channels to which no
other users are currently joined.

����� $ATA�TRANSFER

The MCS layer maintains a sequenced flow of data to the users who have joined a channel. A channel becomes, in
effect, a multicast distribution list, with a range somewhere between zero destinations and a complete broadcast.

By default, the MCS layer routes data to each receiver over the shortest path of MCS connections. Optionally, it routes
specified MCS service data units through the top MCS provider, thereby guaranteeing their uniform receipt at all
receivers, which may include the transmitter too.

The MCS layer recognizes one or more priorities of data transfer and extends them preferential processing. Through
segmentation, it allows MCS service data units of unlimited size.

The MCS layer regulates the global flow of data within a domain. The inability of a receiver to accept data at the rate it
is offered eventually creates back-pressure that causes transmitters to be blocked. A user may be detached involuntarily
if it fails to maintain a minimum receiving rate.

The MCS layer guarantees error-free receipt of transmitted data, as long as the source and destination users remain
attached and the destination user remains joined to the channel. However, higher priority data takes precedence, and a
surfeit of it may indefinitely delay the delivery of lower priority data.

Functional Unit Primitives Associated MCSPDUs

Token Management MCS-TOKEN-GRAB request
MCS-TOKEN-GRAB confirm

4'RQ
4'CF

MCS-TOKEN-INHIBIT request
MCS-TOKEN-INHIBIT confirm

4)RQ
4)CF

MCS-TOKEN-GIVE request
MCS-TOKEN-GIVE indication
MCS-TOKEN-GIVE response
MCS-TOKEN-GIVE confirm

46RQ
46IN
46RS
46CF

MCS-TOKEN-PLEASE request
MCS-TOKEN-PLEASE indication

40RQ
40IN

MCS-TOKEN-RELEASE request
MCS-TOKEN-RELEASE confirm

42RQ
42CF

MCS-TOKEN-TEST request
MCS-TOKEN-TEST confirm

44RQ
44CF
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TABLE  5-2/T.125

4RANSPORT�SERVICE�PRIMITIVES

����� 4OKEN�MANAGEMENT

The MCS layer implements token operations at the top MCS provider, thereby ensuring consistency and exclusion.

��� (IERARCHICAL�PROCESSING

Hierarchical processing in an MCS domain is illustrated in Figure 5-2.

The nodes in the figure represent MCS providers, and the labelled arrows represent MCSPDUs. This example focuses on
a period of time after the domain has been established through connections between MCS providers and the use of data
transfer is beginning to expand. At step 1 provider D requests on behalf of a user to join a channel over which data will
be distributed, and at step 2 the request is confirmed as successful. At step 3 a user attached to provider A sends data,
and the corresponding 3$RQ begins to flow upward. Assuming that only attachments at providers A, C, and D are joined
to the channel over which the data is being sent, the request MCSPDU is reflected downward at steps 6 and 7 as 3$IN.
Provider E, aware that no other subordinate needs to receive the data, simply forwards 3$RQ upward at step 4.
Provider F forwards 3$RQ upward at step 5 but also reflects it downward at step 6, knowing that provider C has
expressed interest in the channel.

MCS providers are not especially concerned with their height in the hierarchy, except for their role in maintaining an
overall limit on the height of the domain and in the broad sense that they are either the top provider or they are not. The
top MCS provider has no upward connection. All  others have exactly one.

An MCS provider records information about channels and tokens used in its subtree of an MCS domain.

Primitives Use Parameters Use

T-CONNECT request
T-CONNECT indication

X
X

Called address
Calling address
Expedited data option
Quality of service
TS user-data

X
X
–
X
–

T-CONNECT response
T-CONNECT confirm

X
X

Responding address
Expedited data option
Quality of service
TS user-data

–
–
X
–

T-DATA request
T-DATA indication

X
X

TS user-data X

T-EXPEDITED-DATA request
T-EXPEDITED-DATA indication

–
–

TS user-data –

T-DISCONNECT request X TS user-data –

T-DISCONNECT indication X Reason
TS user-data

–
–

X The MCS protocol assumes that this feature is always available.

– The MCS protocol does not use this feature.
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(IERARCHICAL�PROCESSING�IN�AN�-#3�DOMAIN

FIGURE  5-2/T.125.....[D02]  =  9.5 cm

An MCS provider records channels that are joined by users within the subtree and, for each such channel, where the
joins originate, that is, from which attachments and from which downward MCS connections. It records user ids that are
assigned in the subtree and where they originate. It records private channels that have either a manager or an admitted
user in the subtree, and it records the associated user ids.

An MCS provider records tokens that are grabbed or inhibited by users within the subtree, and it records the associated
user ids.

An MCS provider inspects requests arising from its subtree to verify that the initiating user id is legitimately assigned to
the originating attachment or downward MCS connection. This creates rings of protection around the top MCS provider
and limits how much disruption a malicious participant can cause in an otherwise cooperative domain.

In general terms, to which there are several exceptions, the operation of the MCS layer can be described as follows.

a) An MCS primitive request invoked at an MCS attachment generates an MCSPDU at the corresponding
MCS provider and dispatches it upward towards the top MCS provider. There, where full information
about the MCS domain is held, the MCSPDU is acted on.

b) A confirm MCSPDU may be generated at the top MCS provider to return results to the requesting
attachment. MCS providers that pass it along update their records according to the impact of the operation
on their subtree. A confirm is routed to the initiating user id by consulting local records at each successive
downward hop.

c) An indication MCSPDU may be generated instead to inform other attachments about the action taken.
Indications may be replicated and sent downward on several connections that lead to affected users. MCS
providers may also update their records with the impact of an operation as part of processing an
indication.
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The preceding description is an overview intended to create a conceptual framework. Full details are specified in later
clauses concerning the information recorded in an MCS provider and how specific MCSPDUs are processed.

Among exceptions are the following: Some requests, notably #*RQ and #,RQ, may stop rising at a level short of the top
provider, and some indications, notably 3$IN, may be generated at a level below the top provider. One MCSPDU, 46RS,
belongs to the response category. And some MCSPDUs may be generated by an MCS provider as a continuation of
processing unlike MCSPDUs, such as #,RQ following $5IN.

��� $OMAIN�PARAMETERS

The MCS providers hosting a single MCS domain allocate resources and execute procedures according to the following
parameters. The values of these parameters are identical throughout a domain.

a) Maximum number of MCS channels that may be in use simultaneously. This includes channels that are
joined by any user, user ids that have been assigned, and private channels that have been created.

b) Maximum number of user ids that may be assigned simultaneously. This is a sublimit within the
constraint of the preceding parameter.

c) Maximum number of token ids that may be grabbed or inhibited simultaneously.

d) Number of data transfer priorities implemented. This equals the number of TCs in an MCS connection.
An MCS user may still send and receive data with priorities outside the limit. However, such priorities
may be treated the same as the lowest priority that is implemented.

e) Enforced throughput. Although global flow control limits data transfer within a domain to the rate of the
slowest receiver, receivers must not be allowed to run arbitrarily slowly. Otherwise, one party in a
conference may obstruct all others. This parameter instructs MCS providers to enforce a minimum
receiving rate at each MCS attachment and over each downward MCS connection. Violators run the risk
of being involuntarily detached or disconnected, respectively.

f) Maximum height. This constrains the height of all MCS providers, in particular the top provider.

g) Maximum size of domain MCSPDUs. Global flow control is based on buffering domain MCSPDUs
within an MCS provider (but not connect MCSPDUs). For simplicity, fixed-size buffers are assumed.
An MCS provider shall not generate larger MCSPDUs. This constrains the amount of information that
can be packed into a single control MCSPDU and suggests where unlimited user data should be
segmented in data MCSPDUs.

h) Protocol version. This takes one of two values defining different encodings for domain MCSPDUs.

NOTE – A given instance of an MCS provider may operate with local resource constraints that are also parameterized.
These may include the amount of memory available for buffering MCSPDUs awaiting transport, the maximum number of MCS
attachments, and the maximum number of MCS connections to other providers. Such parameters are local matters and are not
communicated across an MCS domain.

� 5SE�OF�THE�TRANSPORT�SERVICE

��� -ODEL�OF�THE�TRANSPORT�SERVICE

This description paraphrases relevant parts of CCITT Recommendation X.214 assuming that no use is made of expedited
data.
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The transport service offers these features to a TS user:

a) Means to establish a TC with another TS user for the purpose of exchanging TSDUs. More than one TC
may exist between the same pair of TS users.

b) Associated with each TC at its time of establishment, the opportunity to request, negotiate, and have
agreed by the TS provider a certain Quality of Service as specified by parameters representing
characteristics such as throughput, transit delay, residual error rate, and priority.

c) Means of transferring TSDUs on a TC. The transfer of TSDUs, which consist of an integral number of
octets, is transparent, in that the boundaries of TSDUs and the contents of TSDUs are preserved
unchanged by the TS provider.

d) Means by which a receiving TS user may control the rate at which the sending TS user may send data.

e) The unconditional and therefore possibly destructive release of a TC.

The operation of a TC is modelled in an abstract way by a pair of queues linking two TSAPs. There is one queue for
each direction of information flow. Each TC is modelled by a separate pair of queues.

The queue model is used to express the flow control feature. A queue has a limited capacity, but this capacity is not
necessarily either fixed or determinable. Connect, TSDU, and disconnect objects are entered and removed from a queue
as the result of interactions at the two TSAPs. The ability of a TS user to add objects to a queue is determined by the
behaviour of the TS user removing objects from that queue and the state of the queue. The only objects that can be
placed in a queue by the TS provider are disconnect objects. Objects are added to a queue subject to control by the TS
provider. Objects are normally removed from the queue subject to control by the receiving TS user. Objects are normally
removed in the same order that they were added. The only exception to normal removal is that an object may be deleted
by the TS provider if, and only if, the following one is a disconnect object.

A TC endpoint identification mechanism must be provided locally if the TS user and the TS provider need to distinguish
between several TCs at a TSAP. All primitives must then make use of this identification mechanism to identify the TC to
which they apply. This implicit identification is not shown as a parameter of the TS primitives and must not be confused
with the address parameters of T-CONNECT.

��� 5SE�OF�MULTIPLE�CONNECTIONS

An MCS connection consists of one or more TCs between the same pair of MCS providers. The first TC established is
called the initial TC; those established subsequently are called additional TCs. All the TCs that belong to one MCS
connection are established by the same MCS provider, in reaction to an MCS-CONNECT-PROVIDER request. This
request contains address parameters that are the calling and called TSAP addresses. These are used unmodified in the
T-CONNECT requests that result.

The number of TCs per MCS connection is uniform throughout an MCS domain. This domain parameter equals the
number of data transfer priority levels implemented. Separate TCs are required because each is a vehicle for flow
control. Blockages in lower priority data should not result in back pressure against higher priority data. To be fully
implemented, lower and higher priority data must be carried on different TCs.

The quality of service requested for a TC may vary depending on the data priority for which it is established. These
quality of service targets need not be uniform across an MCS domain.

Aspects of quality of service that are of interest include maximum or average throughput and transit delay. High priority
data may favour low transit delay for real-time response but may not require high throughput. Low priority data, on the
other hand, may favour high throughput for bulk transfers but may not require low transit delay.



3UPERSEDED�BY�A�MORE�RECENT�VERSION

2ECOMMENDATION�4���������������	������3UPERSEDED�BY�A�MORE�RECENT�VERSION 11

TC priority is another aspect of quality of service, although it does not align precisely with the concept of MCS data
transfer priority. It specifies the relative order in which TCs are to have their quality of service degraded, if necessary.
High TC priority may be requested along with other characteristics, like low transit delay, to ensure that MCS priority
data receives the preferential treatment it deserves.

Connect MCSPDUs occur only as the first TSDU carried in either direction of a TC. #ONNECT
)NITIAL and
#ONNECT
2ESPONSE traverse the initial TC of an MCS connection. #ONNECT
!DDITIONAL and #ONNECT
2ESULT traverse
additional TCs, if any.

A calling MCS provider, issuing T-CONNECT requests, controls through its own actions which TCs are part of the
same MCS connection and what data transfer priorities they represent.

A called MCS provider, receiving T-CONNECT indications, must in general accept a TC and read its first TSDU before
learning its significance. #ONNECT
)NITIAL identifies an incoming TC as the beginning of a new MCS connection.
#ONNECT
!DDITIONAL identifies an incoming TC as part of an MCS connection in progress.

#ONNECT
!DDITIONAL contains a value assigned by the called MCS provider and conveyed to the calling MCS provider in
a #ONNECT
2ESPONSE over the initial TC that designates the additional TC as belonging to the same MCS connection.
#ONNECT
!DDITIONAL also states explicitly the data priority that the TC represents.

Connect MCSPDUs are exchanged immediately following TC establishment. Once an MCS connection has been
confirmed, it becomes part of a hierarchical MCS domain. Thereafter the MCS connection conveys domain MCSPDUs.

With the exception of data MCSPDUs, domain MCSPDUs traverse the initial TC of an MCS connection. Data
MCSPDUs traverse the TC that corresponds to their data priority. If the priority specified is beyond the number
implemented in an MCS domain, a data MCSPDU traverses the TC of the lowest priority that is implemented.

If only one priority is implemented in an MCS domain, its MCS connections each consist of a single TC, no use is made
of #ONNECT
!DDITIONAL or #ONNECT
2ESULT, and all MCSPDUs travel in sequence between providers.

��� 4RANSPORT�CONNECTION�RELEASE

A TS provider adds reliability to end-to-end connections by executing enough protocol to compensate for any weakness
in underlying network services. An MCS provider does not duplicate this functionality. It does not attempt further
automatic recovery in the event of a transport failure.

Unrecoverable errors are announced through a T-DISCONNECT indication. If any of the TCs belonging to an MCS
connection is disconnected, the others are immediately disconnected too. Unless this was requested by the user, an
MCS-DISCONNECT-PROVIDER indication is generated, and the reason is given as provider-initiated.

An MCS-DISCONNECT-PROVIDER request, on the other hand, should appear as an indication at the other side with
the reason given as user-requested. Despite assurances in X.214, the simplest class of transport protocol does not allow
passing user data in T-DISCONNECT. Hence, the disconnect reason code is transferred in an explicit MCSPDU.
This MCSPDU compels an MCS provider, upon receipt, to disconnect the MCS connection that conveyed it.

� 3TRUCTURE�OF�-#30$5S

The structure of MCSPDUs is specified using the notation ASN.1 of CCITT Recommendation X.208. The use and
significance of these MCSPDUs is further described in clauses 9 and 10.
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-#3
02/4/#/,�$%&).)4)/.3�����

"%').

--  Part 1: Fundamental MCS types

#HANNEL)D�������).4%'%2����������	 

��RANGE�IS����BITS

3TATIC#HANNEL)D�������#HANNEL)D���������	 

��THOSE�KNOWN�PERMANENTLY

$YNAMIC#HANNEL)D�������#HANNEL)D�������������	 

��THOSE�CREATED�AND�DELETED

5SER)D�������$YNAMIC#HANNEL)D 

��CREATED�BY�!TTACH
5SER


��DELETED�BY�$ETACH
5SER

0RIVATE#HANNEL)D�������$YNAMIC#HANNEL)D 

��CREATED�BY�#HANNEL
#ONVENE


��DELETED�BY�#HANNEL
$ISBAND

!SSIGNED#HANNEL)D�������$YNAMIC#HANNEL)D 

��CREATED�BY�#HANNEL
*OIN�ZERO


��DELETED�BY�LAST�#HANNEL
,EAVE

4OKEN)D�������).4%'%2����������	 

��ALL�ARE�KNOWN�PERMANENTLY

4OKEN3TATUS�������%.5-%2!4%$
[

NOT)N5SE ��	�
SELF'RABBED ��	�
OTHER'RABBED ��	�
SELF)NHIBITED ��	�
OTHER)NHIBITED ��	�
SELF2ECIPIENT ��	�
SELF'IVING ��	�
OTHER'IVING ��	

]

$ATA0RIORITY�������%.5-%2!4%$
[

TOP ��	�
HIGH ��	�
MEDIUM ��	�
LOW ��	

]

3EGMENTATION�������")4�342).'
[

BEGIN ��	�
END ��	

]��3):%���		
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$OMAIN0ARAMETERS�������3%15%.#%
[

MAX#HANNEL)DS ).4%'%2�����-!8	�


��A�LIMIT�ON�CHANNEL�IDS�IN�USE�


��STATIC���USER�ID���PRIVATE���ASSIGNED

MAX5SER)DS ).4%'%2�����-!8	�


��A�SUBLIMIT�ON�USER�ID�CHANNELS�ALONE

MAX4OKEN)DS ).4%'%2�����-!8	�


��A�LIMIT�ON�TOKEN�IDS�IN�USE


��GRABBED���INHIBITED���GIVING���UNGIVABLE���GIVEN

NUM0RIORITIES ).4%'%2�����-!8	�


��THE�NUMBER�OF�4#S�IN�AN�-#3�CONNECTION

MIN4HROUGHPUT ).4%'%2�����-!8	�


��THE�ENFORCED�NUMBER�OF�OCTETS�PER�SECOND

MAX(EIGHT ).4%'%2������-!8	�


��A�LIMIT�ON�THE�HEIGHT�OF�A�PROVIDER

MAX-#30$5SIZE ).4%'%2������-!8	�


��AN�OCTET�LIMIT�ON�DOMAIN�-#30$5S

PROTOCOL6ERSION ).4%'%2�����-!8	
]

--  Part 2: Connect provider

#ONNECT
)NITIAL�������;!00,)#!4)/.����=�)-0,)#)4�3%15%.#%
[

CALLING$OMAIN3ELECTOR /#4%4�342).'�
CALLED$OMAIN3ELECTOR /#4%4�342).'�
UPWARD&LAG "//,%!.�



��425%�IF�CALLED�PROVIDER�IS�HIGHER
TARGET0ARAMETERS $OMAIN0ARAMETERS�
MINIMUM0ARAMETERS $OMAIN0ARAMETERS�
MAXIMUM0ARAMETERS $OMAIN0ARAMETERS�
USER$ATA /#4%4�342).'

]

#ONNECT
2ESPONSE�������;!00,)#!4)/.����=�)-0,)#)4�3%15%.#%
[

RESULT 2ESULT�
CALLED#ONNECT)D ).4%'%2�����-!8	�



��ASSIGNED�BY�THE�CALLED�PROVIDER


��TO�IDENTIFY�ADDITIONAL�4#S�OF


��THE�SAME�-#3�CONNECTION

DOMAIN0ARAMETERS $OMAIN0ARAMETERS�
USER$ATA /#4%4�342).'

]

#ONNECT
!DDITIONAL�������;!00,)#!4)/.����=�)-0,)#)4�3%15%.#%
[

CALLED#ONNECT)D ).4%'%2�����-!8	�
DATA0RIORITY $ATA0RIORITY

]

#ONNECT
2ESULT�������;!00,)#!4)/.����=�)-0,)#)4�3%15%.#%
[

RESULT 2ESULT
]

--  Part 3: Merge domain

0$IN�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��PLUMB�DOMAIN�INDICATION
[

HEIGHT,IMIT ).4%'%2�����-!8	


��A�RESTRICTION�ON�THE�-#30$5�RECEIVER

]
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%$RQ�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��ERECT�DOMAIN�REQUEST
[

SUB(EIGHT ).4%'%2�����-!8	�


��HEIGHT�IN�DOMAIN�OF�THE�-#30$5�TRANSMITTER

SUB)NTERVAL ).4%'%2�����-!8	


��ITS�THROUGHPUT�ENFORCEMENT�INTERVAL�IN�MILLISECONDS

]

#HANNEL!TTRIBUTES�������#(/)#%
[

STATIC ;�= )-0,)#)4�3%15%.#%
[

CHANNEL)D 3TATIC#HANNEL)D


��JOINED�IS�IMPLICITLY�425%

]�

USER)D ;�= )-0,)#)4�3%15%.#%
[

JOINED "//,%!.�

USER)D 5SER)D


��425%�IF�USER�IS�JOINED�TO�ITS�USER�ID

]�

PRIVATE ;�= )-0,)#)4�3%15%.#%
[

JOINED "//,%!.�


��425%�IF�CHANNEL�ID�IS�JOINED�BELOW

CHANNEL)D 0RIVATE#HANNEL)D�

MANAGER 5SER)D�

ADMITTED 3%4�/&�5SER)D


��MAY�SPAN�MULTIPLE�-#RQ

]�

ASSIGNED ;�= )-0,)#)4�3%15%.#%
[

CHANNEL)D !SSIGNED#HANNEL)D


��JOINED�IS�IMPLICITLY�425%

]

]

-#RQ�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��MERGE�CHANNELS�REQUEST
[

MERGE#HANNELS 3%4�/&�#HANNEL!TTRIBUTES�

PURGE#HANNEL)DS 3%4�/&�#HANNEL)D

]

-#CF�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��MERGE�CHANNELS�CONFIRM
[

MERGE#HANNELS 3%4�/&�#HANNEL!TTRIBUTES�

PURGE#HANNEL)DS 3%4�/&�#HANNEL)D

]

0#IN�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��PURGE�CHANNELS�INDICATION
[

DETACH5SER)DS 3%4�/&�5SER)D�


��PURGE�USER�ID�CHANNELS

PURGE#HANNEL)DS 3%4�/&�#HANNEL)D


��PURGE�OTHER�CHANNELS

]
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4OKEN!TTRIBUTES�������#(/)#%
[

GRABBED ;�= )-0,)#)4�3%15%.#%
[

TOKEN)D 4OKEN)D�
GRABBER 5SER)D

]�
INHIBITED ;�= )-0,)#)4�3%15%.#%
[

TOKEN)D 4OKEN)D�
INHIBITORS 3%4�/&�5SER)D



��MAY�SPAN�MULTIPLE�-4RQ
]�
GIVING ;�= )-0,)#)4�3%15%.#%
[

TOKEN)D 4OKEN)D�
GRABBER 5SER)D�
RECIPIENT 5SER)D

]�
UNGIVABLE ;�= )-0,)#)4�3%15%.#%
[

TOKEN)D 4OKEN)D�
GRABBER 5SER)D



��RECIPIENT�HAS�SINCE�DETACHED
]�
GIVEN ;�= )-0,)#)4�3%15%.#%
[

TOKEN)D 4OKEN)D�
RECIPIENT 5SER)D



��GRABBER�RELEASED�OR�DETACHED
]

]

-4RQ�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��MERGE�TOKENS�REQUEST
[

MERGE4OKENS 3%4�/&�4OKEN!TTRIBUTES�
PURGE4OKEN)DS 3%4�/&�4OKEN)D

]

-4CF�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��MERGE�TOKENS�INDICATION
[

MERGE4OKENS 3%4�/&�4OKEN!TTRIBUTES�
PURGE4OKEN)DS 3%4�/&�4OKEN)D

]

04IN�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��PURGE�TOKENS�INDICATION
[

PURGE4OKEN)DS 3%4�/&�4OKEN)D
]

--  Part 4: Disconnect provider

$0UM�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��DISCONNECT�PROVIDER�ULTIMATUM
[

REASON 2EASON
]

2*UM�������;!00,)#!4)/.��=�)-0,)#)4�3%15%.#%��

��REJECT�-#30$5�ULTIMATUM
[

DIAGNOSTIC $IAGNOSTIC�
INITIAL/CTETS /#4%4�342).'

]

--  Part 5: Attach/Detach user

!5RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��ATTACH�USER�REQUEST
[
]
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!5CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��ATTACH�USER�CONFIRM
[

RESULT 2ESULT�
INITIATOR 5SER)D�/04)/.!,

]

$5RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��DETACH�USER�REQUEST
[

REASON 2EASON�
USER)DS 3%4�/&�5SER)D

]

$5IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��DETACH�USER�INDICATION
[

REASON 2EASON�
USER)DS 3%4�/&�5SER)D

]

--  Part 6: Channel management

#*RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�JOIN�REQUEST
[

INITIATOR 5SER)D�
CHANNEL)D #HANNEL)D



��MAY�BE�ZERO
]

#*CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�JOIN�CONFIRM
[

RESULT 2ESULT�
INITIATOR 5SER)D�
REQUESTED #HANNEL)D�



��MAY�BE�ZERO
CHANNEL)D #HANNEL)D�/04)/.!,

]

#,RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�LEAVE�REQUEST
[

CHANNEL)DS 3%4�/&�#HANNEL)D
]

##RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�CONVENE�REQUEST
[

INITIATOR 5SER)D
]

##CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�CONVENE�CONFIRM
[

RESULT 2ESULT�
INITIATOR 5SER)D�
CHANNEL)D 0RIVATE#HANNEL)D�/04)/.!,

]

#$RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�DISBAND�REQUEST
[

INITIATOR 5SER)D�
CHANNEL)D 0RIVATE#HANNEL)D

]

#$IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�DISBAND�INDICATION
[

CHANNEL)D 0RIVATE#HANNEL)D
]

#!RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�ADMIT�REQUEST
[

INITIATOR 5SER)D�
CHANNEL)D 0RIVATE#HANNEL)D�
USER)DS 3%4�/&�5SER)D

]
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#!IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�ADMIT�INDICATION
[

INITIATOR 5SER)D�
CHANNEL)D 0RIVATE#HANNEL)D�
USER)DS 3%4�/&�5SER)D

]

#%RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�EXPEL�REQUEST
[

INITIATOR 5SER)D�
CHANNEL)D 0RIVATE#HANNEL)D�
USER)DS 3%4�/&�5SER)D

]

#%IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��CHANNEL�EXPEL�INDICATION
[

CHANNEL)D 0RIVATE#HANNEL)D�
USER)DS 3%4�/&�5SER)D

]

--  Part 7: Data transfer

3$RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��SEND�DATA�REQUEST
[

INITIATOR 5SER)D�
CHANNEL)D #HANNEL)D�
DATA0RIORITY $ATA0RIORITY�
SEGMENTATION 3EGMENTATION�
USER$ATA /#4%4�342).'

]

3$IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��SEND�DATA�INDICATION
[

INITIATOR 5SER)D�
CHANNEL)D #HANNEL)D�
DATA0RIORITY $ATA0RIORITY�
SEGMENTATION 3EGMENTATION�
USER$ATA /#4%4�342).'

]

53RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��UNIFORM�SEND�DATA�REQUEST
[

INITIATOR 5SER)D�
CHANNEL)D #HANNEL)D�
DATA0RIORITY $ATA0RIORITY�
SEGMENTATION 3EGMENTATION�
USER$ATA /#4%4�342).'

]

53IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��UNIFORM�SEND�DATA�INDICATION
[

INITIATOR 5SER)D�
CHANNEL)D #HANNEL)D�
DATA0RIORITY $ATA0RIORITY�
SEGMENTATION 3EGMENTATION�
USER$ATA /#4%4�342).'

]

--  Part 8: Token management

4'RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�GRAB�REQUEST
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D

]
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4'CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�GRAB�CONFIRM
[

RESULT 2ESULT�
INITIATOR 5SER)D�
TOKEN)D 4OKEN)D�
TOKEN3TATUS 4OKEN3TATUS

]

4)RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�INHIBIT�REQUEST
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D

]

4)CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�INHIBIT�CONFIRM
[

RESULT 2ESULT�
INITIATOR 5SER)D�
TOKEN)D 4OKEN)D�
TOKEN3TATUS 4OKEN3TATUS

]

46RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�GIVE�REQUEST
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D�
RECIPIENT 5SER)D

]

46IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�GIVE�INDICATION
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D�
RECIPIENT 5SER)D

]

46RS�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�GIVE�RESPONSE
[

RESULT 2ESULT�
RECIPIENT 5SER)D�
TOKEN)D 4OKEN)D

]

46CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�GIVE�CONFIRM
[

RESULT 2ESULT�
INITIATOR 5SER)D�
TOKEN)D 4OKEN)D�
TOKEN3TATUS 4OKEN3TATUS

]

40RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�PLEASE�REQUEST
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D

]

40IN�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�PLEASE�INDICATION
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D

]

42RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�RELEASE�REQUEST
[

INITIATOR 5SER)D�
TOKEN)D 4OKEN)D

]
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42CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�RELEASE�CONFIRM
[

RESULT 2ESULT�

INITIATOR 5SER)D�

TOKEN)D 4OKEN)D�

TOKEN3TATUS 4OKEN3TATUS

]

44RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�TEST�REQUEST
[

INITIATOR 5SER)D�

TOKEN)D 4OKEN)D

]

44CF�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%��

��TOKEN�TEST�CONFIRM
[

INITIATOR 5SER)D�

TOKEN)D 4OKEN)D�

TOKEN3TATUS 4OKEN3TATUS

]

--  Part 9: Status codes

2EASON�������%.5-%2!4%$ �

��IN�$0UM��$5RQ��$5IN
[

RN
DOMAIN
DISCONNECTED ��	�
RN
PROVIDER
INITIATED ��	�
RN
TOKEN
PURGED ��	�
RN
USER
REQUESTED ��	�
RN
CHANNEL
PURGED ��	

]

2ESULT�������%.5-%2!4%$ �

��IN�#ONNECT��RESPONSE��CONFIRM
[

RT
SUCCESSFUL ��	�
RT
DOMAIN
MERGING ��	�
RT
DOMAIN
NOT
HIERARCHICAL ��	�
RT
NO
SUCH
CHANNEL ��	�
RT
NO
SUCH
DOMAIN ��	�
RT
NO
SUCH
USER ��	�
RT
NOT
ADMITTED ��	�
RT
OTHER
USER
ID ��	�
RT
PARAMETERS
UNACCEPTABLE ��	�
RT
TOKEN
NOT
AVAILABLE ��	�
RT
TOKEN
NOT
POSSESSED ���	�
RT
TOO
MANY
CHANNELS ���	�
RT
TOO
MANY
TOKENS ���	�
RT
TOO
MANY
USERS ���	�
RT
UNSPECIFIED
FAILURE ���	�
RT
USER
REJECTED ���	

]

$IAGNOSTIC�������%.5-%2!4%$ �

��IN�2*UM
[

DC
INCONSISTENT
MERGE ��	�
DC
FORBIDDEN
0$5
DOWNWARD ��	�
DC
FORBIDDEN
0$5
UPWARD ��	�
DC
INVALID
"%2
ENCODING ��	�
DC
INVALID
0%2
ENCODING ��	�
DC
MISROUTED
USER ��	�
DC
UNREQUESTED
CONFIRM ��	�
DC
WRONG
TRANSPORT
PRIORITY ��	�
DC
CHANNEL
ID
CONFLICT ��	�
DC
TOKEN
ID
CONFLICT ��	�
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DC
NOT
USER
ID
CHANNEL ���	�
DC
TOO
MANY
CHANNELS ���	�
DC
TOO
MANY
TOKENS ���	�
DC
TOO
MANY
USERS ���	

]

--  Part 10: MCSPDU repertoire

#ONNECT-#30$5�������#(/)#%
[

CONNECT
INITIAL #ONNECT
)NITIAL�

CONNECT
RESPONSE #ONNECT
2ESPONSE�

CONNECT
ADDITIONAL #ONNECT
!DDITIONAL�

CONNECT
RESULT #ONNECT
2ESULT

]

$OMAIN-#30$5�������#(/)#%
[

PDIN 0$IN�
EDRQ %$RQ�
MCRQ -#RQ�
MCCF -#CF�
PCIN 0#IN�
MTRQ -4RQ�
MTCF -4CF�
PTIN 04IN�
DPUM $0UM�
RJUM 2*UM�
AURQ !5RQ�
AUCF !5CF�
DURQ $5RQ�
DUIN $5IN�
CJRQ #*RQ�
CJCF #*CF�
CLRQ #,RQ�
CCRQ ##RQ�
CCCF ##CF�
CDRQ #$RQ�
CDIN #$IN�
CARQ #!RQ�
CAIN #!IN�
CERQ #%RQ�
CEIN #%IN�
SDRQ 3$RQ�
SDIN 3$IN�
USRQ 53RQ�
USIN 53IN�
TGRQ 4'RQ�
TGCF 4'CF�
TIRQ 4)RQ�
TICF 4)CF�
TVRQ 46RQ�
TVIN 46IN�
TVRS 46RS�
TVCF 46CF�
TPRQ 40RQ�
TPIN 40IN�
TRRQ 42RQ�
TRCF 42CF�
TTRQ 44RQ�
TTCF 44CF

]

%.$
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� %NCODING�OF�-#30$5S

Each MCSPDU is transported as one TSDU across a TC belonging to an MCS connection. Connect MCSPDUs are
unlimited in size. Domain MCSPDUs are limited in size by a parameter of the MCS domain.

A standard ASN.1 data value encoding is used to transfer MCSPDUs between peer MCS providers. Two versions of this
protocol are defined, differing only in the specification of encoding rules:

– 6ERSION�� – Uses the Basic Encoding Rules of CCITT Recommendation X.209 for all MCSPDUs.

– 6ERSION� � – Uses the Basic Encoding Rules for connect MCSPDUs and the Packed Encoding Rules
of ISO/IEC 8825-2 for all subsequent domain MCSPDUs. Specifically, the ALIGNED variant of
BASIC-PER shall be applied to the ASN.1 type $OMAIN-#30$5. The bit string produced shall be
conveyed as an integral number of octets. The leading bit of this string shall coincide with the most
significant bit of the first octet.

Appendix I provides an example of a data transfer MCSPDU under the alternative encodings of Version 1 and 2.

Negotiation of the protocol version involves the exchange of a #ONNECT
)NITIAL and a #ONNECT
2ESPONSE MCSPDU
over the initial TC. These two MCSPDUs are always encoded by the Basic Encoding Rules. So are any #ONNECT

!DDITIONAL and #ONNECT
2ESULT MCSPDUs that follow, prior to the onset of domain MCSPDUs. Domain MCSPDUs
begin with the second TSDU transmitted over a TC.

Version 2 of this protocol shall not be used until the Packed Encoding Rules have been adopted as part of an ITU-T
Recommendation or ISO/IEC International Standard.

NOTES

1 The Packed Encoding Rules yield more compact MCSPDU headers.

2 Both BER and PER are self-delimiting, in the sense that they contain enough information to locate the end of each
encoded MCSPDU. It might be argued that this makes the use of TSDUs unnecessary and that this protocol could be implemented
over non-standard transport services that convey octet streams without preserving TSDU boundaries. However, such an approach is
more vulnerable to implementation errors. If the boundary between MCSPDUs were ever lost, recovery would be difficult.

� 2OUTING�OF�-#30$5S

��� #ONNECT�-#30$5S

Figure 9-1 specifies the exchange of connect MCSPDUs.

With the receipt of a #ONNECT
2ESPONSE, the calling MCS provider learns the negotiated value for the number of data
transfer priorities implemented in the domain. For illustration, connect MCSPDUs on additional TCs are shown obeying
the strict sequence 2, 3, 4 at the called MCS provider. In reality, transport connections may not be established in the
same order that they are requested. Indeed, a #ONNECT
!DDITIONAL may arrive in a different order than it was sent,
causing a #ONNECT
2ESULT to be returned out of sequence too. Or the latter, even if sent in sequence, may still be
reordered in transit. A calling MCS provider need not wait for all additional TCs to be established before sending the
first #ONNECT
!DDITIONAL. The called MCS provider need not wait for a full set of #ONNECT
!DDITIONAL MCSPDUs to
arrive before returning the first #ONNECT
2ESULT. Receipt of a full set of successful results at the calling MCS provider,
in whatever order, generates a successful MCS-CONNECT-PROVIDER confirm.

An unsuccessful #ONNECT
2ESPONSE or #ONNECT
2ESULT or a T-DISCONNECT indication at some intermediate point
shall cause all TCs belonging to the MCS connection so far to be disconnected and shall generate an unsuccessful
MCS-CONNECT-PROVIDER confirm.
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An MCS-CONNECT-PROVIDER request specifies which of two MCS providers is higher than the other. This
hierarchical relationship determines the subsequent routing of domain MCSPDUs, and the distinction between calling
and called MCS provider is thereafter irrelevant. For example, a next step is for the MCS layer to merge the resources of
two previously independent domains. -#RQ and -4RQ are generated by the lower MCS provider and are transmitted
across the new MCS connection to the higher MCS provider. The direction in which these MCSPDUs are sent could be
either calling-to-called or called-to-calling, depending on how the upward flag was set.

T0812660-93/d03

TC 1

TC 2

TC 3

TC 4

TC 1

TC 2

TC 3

TC 4

Calling
Provider

Called
Provider

MCS-CONNECT-PROVIDER
request

MCS-CONNECT-PROVIDER
indication

Connect-Initial

MCS-CONNECT-PROVIDER
response

Connect-Response

Connect-Additional

Connect-Additional

Connect-Additional

Connect-Result

Connect-Result

Connect-ResultMCS-CONNECT-PROVIDER
confirm

NOTE – The number and relative order of additional TCs may vary

FIGURE  9-1/T.125

-ESSAGE�FLOW�OF�CONNECT�-#30$5S

FIGURE  9-1/T.125.....[D03]  =  15 cm

��� $OMAIN�-#30$5S

Table 9-1 specifies the routing of domain MCSPDUs.

If an MCS provider generates or forwards an MCSPDU of category REQUEST, it travels over the unique MCS connection
upward. %$RQ, #*RQ, and #,RQ may be consumed at some intermediate MCS provider. Other requests rise to be acted
on by the top MCS provider, unless the content of a request is determined to be invalid, in which case its MCSPDU may
be ignored, without confirmation.
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TABLE  9-1/T.125

2OUTING�OF�DOMAIN�-#30$5S

If an MCS provider generates or forwards an MCSPDU of category INDICATION, copies of it, possibly amended in
content, travel over zero or more MCS connections downward, according to the following rules:

a) 0$IN is sent on all MCS connections downward. The height limit it contains is decremented by one. An
MCS provider receiving this MCSPDU with a height limit of zero shall disconnect.

b) 0#IN is sent on all MCS connections downward. The set of user ids forwarded is unchanged, so that all
detached users will be announced to those that remain. The set of other channel ids forwarded may be
restricted to those in use in a subtree. At a former top provider that is still merging into an upper domain,
both user ids and other channel ids are restricted to those whose acceptance into the upper domain has
been confirmed.

c) 04IN is sent on all MCS connections downward. The set of token ids forwarded may be restricted to those
in use in a subtree. At a former top provider that is still merging into an upper domain, token ids are
restricted to those whose acceptance into the upper domain has been confirmed.

Category MCSPDUs TC Direction

Request %$RQ -#RQ -4RQ
!5RQ $5RQ
#*RQ #,RQ ##RQ
#$RQ #!RQ #%RQ
4'RQ 4)RQ 46RQ
40RQ 42RQ 44RQ

I Up

3$RQ 53RQ A

Indication 0$IN 0#IN 04IN
$5IN

#$IN #!IN #%IN
46IN

40IN

I Down

3$IN 53IN A

Response 46RS I Up

Confirm -#CF -4CF
!5CF
#*CF ##CF
4'CF 4)CF 46CF

42CF 44#&

I Down

Ultimatum $0UM 2*UM I Up or Down

I The MCSPDU traverses the initial TC.

A The MCSPDU may traverse an additional TC, depending on its data transfer priority.

Up The MCSPDU travels toward the top MCS provider.

Down The MCSPDU travels away from the top MCS provider.
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d) $5IN is sent on all MCS connections downward. The set of user ids forwarded is unchanged, so that all
detached users will be announced to those that remain. At a former top provider that is still merging into
an upper domain, user ids are restricted to those whose acceptance into the upper domain has been
confirmed.

e) #$IN is sent on all MCS connections downward that contain in their subtree the manager of the private
channel or any admitted user.

f) #!IN and #%IN are sent on all MCS connections downward that contain one or more of the affected users
in their subtree. The set of user ids forwarded may be restricted to those residing in a subtree.

g) 46IN is sent on a single MCS connection downward that contains the designated recipient in its subtree.

h) 40IN is sent on all MCS connections downward that contain in their subtree a user who has grabbed,
inhibited, or is being given the token.

i) 3$IN and 53IN are sent on all MCS connections downward by which the specified channel is joined,
except that when 3$IN is generated, it is not sent back on the connection by which 3$RQ arrived.

Indications 0#IN, 04IN, $5IN, #!IN, and #%IN need not be forwarded if the sets of ids they contain are empty.

If an MCS provider generates or forwards an MCSPDU of category RESPONSE, it travels over the unique MCS connection
upward. It rises to be acted on by the top MCS provider, unless its content is determined to be invalid.

If an MCS provider generates or forwards an MCSPDU of category CONFIRM, it travels over a single MCS connection
downward, according to the following rules.

a) -#CF retraces, in the opposite direction, the path of the earliest -#RQ that has not yet been answered by
a confirm. This requires each MCS provider to maintain a first-in first-out queue of pending requests.

b) -4CF retraces, in the opposite direction, the path of the earliest -4RQ that has not yet been answered by
a confirm. This requires each MCS provider to maintain a first-in first-out queue of pending requests.

c) !5CF retraces, in the opposite direction, the path of an earlier !5RQ that has not yet been answered by a
confirm. It is not critical which !5RQ, if more than one is pending, but to be fair each MCS provider
should maintain a first-in first-out queue. Upon sending !5CF, an MCS provider shall record to which
subtree the user id it contains is thereby being assigned.

d) Other MCSPDUs of category confirm contain an initiator user id that was previously assigned through the
action of !5CF as just explained. These MCSPDUs are sent on the MCS connection downward that leads
to the subtree where the user id was assigned. Continuing in this way, they eventually return to the
provider that hosts the requesting MCS attachment.

Confirms are generated in the course of processing like requests. All but #*CF are generated by the top MCS provider.

If an MCS provider generates an MCSPDU of category ULTIMATUM, it travels over a single MCS connection, either
upward or downward. $0UM commands the receiving MCS provider to disconnect the MCS connection that conveys it.
2*UM rejects an erroneous MCSPDU with a diagnostic code and invites the MCS provider that transmitted it to
disconnect. Ultimatums are not forwarded.
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�� -EANING�OF�-#30$5S

Tables 10-1 through 10-47 reiterate the contents of individual MCSPDUs as defined in clause 8.

���� #ONNECT
)NITIAL

#ONNECT
)NITIAL is generated by an MCS-CONNECT-PROVIDER request. It is sent as the first TSDU over the initial
TC of a new MCS connection. At the receiver it generates an MCS-CONNECT-PROVIDER indication.

TABLE  10-1/T.125

#ONNECT
)NITIAL�-#30$5

Calling transport address and called transport address are additional parameters of the MCS-CONNECT-PROVIDER
request and indication. They become parameters of T-CONNECT and are not passed explicitly in any MCSPDU. The
same pair of transport addresses shall be used to request all TCs belonging to the same MCS connection.

Transport quality of service is an additional parameter of the MCS-CONNECT-PROVIDER request but not of the
indication. Quality of service can vary from one TC to another, and the quality available is only disclosed in the process
of establishing a given TC. Since the number of additional TCs needed is not known until MCS-CONNECT-
PROVIDER has negotiated the domain parameter for number of data priorities implemented, this primitive cannot at the
same time fully negotiate their transport quality of service. A called MCS provider shall therefore accept incoming TCs
automatically at the offered quality of service, so long as this meets any minimum optionally specified by the calling
MCS provider and indicated through each individual T-CONNECT.

The interpretation of domain selector values is a local matter for each MCS provider. These are octet strings that have
the characteristics of an address. Acceptable values may be determined through the process of configuring an MCS
provider. More than one value may select the same domain. An unspecified domain selector is an octet string of length
zero. This may be resolved, through local convention, to some explicit value.

The upward flag specifies the direction of a new MCS connection: true if the called provider is to be considered higher
than the calling provider and false otherwise. An MCS provider plays a role in the hierarchy of a domain based on the
direction of MCS connections in which it participates. No provider shall allow two connections to higher providers. A
provider without a connection to a higher provider shall act as top MCS provider.

Contents Source Sink

Calling Domain Selector Request Indication

Called Domain Selector Request Indication

Upward Flag Request Indication

Target Domain Parameters Request Indication

Minimum Domain Parameters Request Indication

Maximum Domain Parameters Request Indication

User Data Request Indication
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The target domain parameters of #ONNECT
)NITIAL individually shall lie between the minimum and maximum values
specified. An MCS provider shall revise the requested domain parameters to reflect limits of its implementation or to
impose values already agreed among the existing members of a domain. It may increase the minimums and decrease the
maximums. It shall change targets only to keep them within the interval. An MCS provider should be prepared to honour
any response that falls within the range of values it proposes.

User data is an arbitrary octet string. It may have length zero.

An MCS provider automatically accepts each incoming TC to the limit of its capacity. User data in T-CONNECT is
unused. The first TSDU received in data transfer, being either a #ONNECT
)NITIAL or a #ONNECT
!DDITIONAL MCSPDU,
determines the nature of the TC. If the content is unacceptable, a called MCS provider may disconnect the TC
immediately. The preferred reaction is to return a #ONNECT
2ESPONSE or #ONNECT
2ESULT, as the case may be, explaining
why the MCS connection failed. The calling MCS provider shall then disconnect.

���� #ONNECT
2ESPONSE

#ONNECT
2ESPONSE is generated by an MCS-CONNECT-PROVIDER response. It is the first TSDU sent in reverse over
the initial TC of a new MCS connection. It conveys the acceptance of an MCS connection to the calling MCS provider,
which then proceeds to establish any additional TCs required.

TABLE  10-2/T.125

#ONNECT
2ESPONSE�-#30$5

If the result is successful, this MCSPDU fixes the domain parameters in effect. Among these is the number of MCS data
transfer priorities implemented, equal to the number of TCs in an MCS connection. If this exceeds one, additional TCs
shall be created and bound to the MCS connection through the exchange of #ONNECT
!DDITIONAL and #ONNECT
2ESULT
MCSPDUs.

The called connect id serves as the means for associating additional incoming TCs at the called MCS provider with this
initial TC. Its value is chosen for this purpose alone. It shall uniquely identify one MCS connection in progress at the
called provider. This id has no lasting significance following the completion of MCS-CONNECT-PROVIDER.

Most of the parameters of MCS-CONNECT-PROVIDER confirm are conveyed in #ONNECT
2ESPONSE. If the result is
unsuccessful or no additional TCs are needed, confirm is generated immediately. Otherwise, it is deferred until the
results are known for binding additional TCs to the MCS connection.

Contents Source Sink

Result Response Confirm

Domain Parameters Response Confirm

Called Connect Id Called provider Calling provider

User Data Response Confirm
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���� #ONNECT
!DDITIONAL

#ONNECT
!DDITIONAL is generated following receipt of #ONNECT
2ESPONSE. It is sent as the first TSDU over an additional
TC of a new MCS connection.

Data priority takes on the values HIGH, MEDIUM, and LOW in sequence, up to the number of additional TCs required.

TABLE  10-3/T.125

#ONNECT
!DDITIONAL�-#30$5

���� #ONNECT
2ESULT

#ONNECT
2ESULT� is generated following receipt of #ONNECT
!DDITIONAL. It is the first TSDU sent in reverse over an
additional TC of a new MCS connection.

TABLE  10-4/T.125

#ONNECT
2ESULT�-#30$5

If any result is unsuccessful, MCS-CONNECT-PROVIDER confirm shall be generated immediately. All TCs associated
with the MCS connection shall be disconnected and any MCSPDUs they convey shall be ignored.

Otherwise, successful results shall be awaited for each additional TC. These may return out of sequence. When all have
been collected, a successful MCS-CONNECT-PROVIDER confirm shall be generated.

After MCS-CONNECT-PROVIDER confirm, domain MCSPDUs may flow across an MCS connection. Each MCS
connection belongs to a single domain. In configurations where an MCS provider hosts more than one domain, the MCS
connection that carries MCSPDUs determines which domain they apply to. The descriptions of domain MCSPDUs that
occupy the remainder of this clause are set in the context of a single domain.

Contents Source Sink

Called Connect Id Calling provider Called provider

Data Priority Calling provider Called provider

Contents Source Sink

Result Called provider Confirm
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���� 0$IN

0$IN is generated following the successful completion of MCS-CONNECT-PROVIDER. It plumbs the hierarchy of
MCS providers below a new MCS connection to ensure that no cycle has been created. 0$IN is also generated by the top
MCS provider to enforce the maximum height of a domain.

TABLE  10-5/T.125

0$IN�-#30$5

0$IN is generated at the lower end of a new MCS connection, by the provider that has ceased to be top of a domain. Its
content is initialized to the domain parameter for the maximum height of the domain. 0$IN is transmitted over all MCS
connections downward.

As needed, 0$IN is generated in the same way at the top MCS provider.

Wherever 0$IN is received, the height limit it contains is inspected. If greater than zero, the limit is decremented by one
and 0$IN is forwarded over all MCS connections downward. A value of zero, on the other hand, means that the receiver
lies too far from the top provider. It shall react by disconnecting the MCS connection upward. This deletes an entire
subtree and helps to repair the height of the domain.

In the presence of a cycle, the height limit of 0$IN must decrease until it reaches zero. The provider that detects this will
break the cycle, at the expense of deleting all providers in the cycle and their subordinates from the domain.

NOTE – An MCS provider, with purely local knowledge of MCS connections, cannot prevent the creation of cycles. It can
ensure that there is at most one connection upward at all times, but it cannot ensure that the upward connection does not loop back to
some provider below. When a cycle is created, the immediate cause is a faulty upward connection from the top MCS provider.
Controller applications, which specify the MCS connections to be created, must strive to avoid such errors.

���� %$RQ

%$RQ is generated following the successful completion of MCS-CONNECT-PROVIDER. It communicates upward
changes in the height of providers and their throughput enforcement intervals. %$RQ is generated by an MCS provider
whenever its height or interval changes.

The height of an MCS provider may change when an MCS connection is added or dropped or when a subordinate
provider reports a change through %$RQ. Its monitoring interval to enforce the minimum throughput specified as a
domain parameter may change by adapting to the intervals reported by subordinates or for other reasons. If either value
changes, an MCS provider shall transmit %$RQ to its immediate superior.

TABLE  10-6/T.125

%$RQ�-#30$5

Contents Source Sink

Height Limit Former top or top Subordinates

Contents Source Sink

Height in Domain Subordinate Higher provider

Throughput Enforcement Interval Subordinate Higher provider
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���� -#RQ

-#RQ is generated following the successful completion of MCS-CONNECT-PROVIDER. It communicates upward the
attributes of channels held by a former top provider so that they may be incorporated into the merged domain.

TABLE  10-7/T.125

-#RQ�-#30$5

-#RQ may be filled with the attributes of multiple channels, up to the domain limit on MCSPDU size. As detailed in the
ASN.1 definitions of clause 7, each of the four kinds of channel in use (static, user id, private, assigned) has its relevant
set of attributes. These are held in the information base of the top MCS provider and are partially replicated into the
subtrees where a channel is used. When two domains are merged, through the action of MCS-CONNECT-PROVIDER,
channels that are in use in the lower domain must either be incorporated into the information base of the upper domain
or be purged from the lower domain. This decision rests with the top provider of the merged domain.

Each channel shall be considered individually. If the domain limits on channels in use allow it and the channel id has not
already been put to some conflicting use, the upper domain shall expand to include it. The use of a static channel id is
never a conflict. The use of a private channel id in the lower domain is not a conflict if it is also used as a private
channel id in the upper domain and has the same user id as manager. All other combinations of simultaneous use are
disallowed, requiring the channel id to be purged from the lower domain.

If a private channel has a large set of admitted users, its attributes may not fit into a single -#RQ and shall be sent
upward in multiple MCSPDUs. However, the second and succeeding requests to merge the same private channel shall be
delayed until an -#CF has been received in reply to the first. Only then is it known if domain limits have allowed the
channel to be put into use in the upper domain. If the first request fails, it shall not be repeated with a remaining subset
of admitted users.

Each -#RQ elicits an -#CF reply from the top MCS provider, in the same sequence. An -#CF contains nothing that
explicitly identifies the preceding -#RQ. Replies shall be routed solely by the order in which these MCSPDUs are
received. MCS providers above the former top shall make a record of each unanswered -#RQ and whence it arrived, so
that the corresponding -#CF may be returned via the same MCS connection.

Intermediate MCS providers shall validate the user ids proclaimed in private channel attributes, to ensure that they are
legitimately assigned to the subtree where the -#RQ originates. Invalid user ids shall be deleted. If the manager of a
private channel is deleted, all of the channel attributes shall be deleted from the merge request and the channel id alone
shall be included in the set to be purged. Except for this validation of user ids, intermediate MCS providers shall not
modify the contents of an -#RQ.

A former top provider shall await individual confirmation that all user ids and all token ids have been incorporated into a
merged domain or purged before it begins to submit static, assigned, or private channel attributes for merger.

Contents Source Sink

Merge Channels Former top Top provider

Purge Channel Ids Intermediates Top provider
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���� -#CF

-#CF replies to a preceding -#RQ. It reflects the same set of channel ids and a subset of the attributes. Channel
attributes not incorporated into the merged domain are reported as channel ids to be purged.

Accepted channel ids are reflected with the attributes that were entered into the information base of the top MCS
provider. Intermediate providers shall update their information base to conform.

TABLE  10-8/T.125

-#CF�-#30$5

Channels to be purged from the lower domain are listed by id only. If the same channel ids are used in the upper domain,
they are left undisturbed. Intermediate providers shall forward purged channel ids without acting on them.

MCS providers shall route -#CF to the source of the antecedent -#RQ, using the knowledge that there is a one-to-one
reply. -#CF returns to the former top provider that generated -#RQ. There the merged channels may be ignored, as
they have remained in the information base pending a reply. Purged channel ids shall be deleted as they are for 0#IN.

Intermediate MCS providers shall confirm that user ids proclaimed in private channel attributes are assigned to the
subtree to which -#CF is routed. If a private channel manager has been detached and reassigned elsewhere in the time
since the antecedent -#RQ was validated, an intermediate provider shall generate a #$RQ making the private channel a
casualty of domain merger and shall move the channel id into the purged set. If any admitted users have been reassigned
elsewhere, it shall exclude them from the channel.

���� 0#IN

0#IN is generated at a former top provider following receipt of -#CF. It is broadcast downward and purges the use of
specified channel ids from subordinate providers.

TABLE  10-9/T.125

0#IN�-#30$5

Contents Source Sink

Merge Channels Top provider Intermediates

Purge Channel Ids Top provider Former top

Contents Source Sink

Detach User Ids Former top Subordinates

Purge channel Ids Former top Subordinates
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Depending on the current use of a channel id, the effect of purging it is: MCS-DETACH-USER indication to all users
if a user id channel; MCS-CHANNEL-LEAVE indication to the joined users if a static or assigned channel id;
MCS-CHANNEL-DISBAND indication to the manager and MCS-CHANNEL-EXPEL indication to the admitted users
if a private channel id.

A former top provider, knowing the use of all channels in its lower domain, can generate the proper indications from
channel ids alone. Its subordinates, however, may have only partial knowledge. They must be told which channel ids
represent detached users, for which an indication is always generated, and which represent other kinds of channels, for
which an indication is generated only if the channel is in use at the subordinate provider. Therefore, 0#IN divides the
channel ids to be purged into these two categories.

The purging of a user id through 0#IN shall have the same consequences as deletion through $5IN, except that, since
the receiver of 0#IN is no longer top provider, it need not generate #$IN or 46CF as a side effect.

NOTE – A provider may receive in PCin static and assigned channel ids to which it is not joined or private channel ids for
which its attachments are neither managers nor admitted users. Records of use maintained in the information base allow a provider to
suppress primitive indications for such channel ids.

����� -4RQ

-4RQ is generated following the successful completion of MCS-CONNECT-PROVIDER. It communicates upward the
attributes of tokens held by a former top provider so that they may be incorporated into the merged domain.

TABLE  10-10/T.125

-4RQ�-#30$5

-4RQ may be filled with the attributes of multiple tokens, up to the domain limit on MCSPDU size. As detailed in the
ASN.1 definitions of clause 7, each state of a token in use (grabbed, inhibited, giving, ungivable, given) has its relevant
set of attributes. These are held in the information base of the top MCS provider and are partially replicated into the
subtrees where a token is used. When two domains are merged, through the action of MCS-CONNECT-PROVIDER,
tokens that are in use in the lower domain must either be incorporated into the information base of the upper domain or
be purged from the lower domain. This decision rests with the top provider of the merged domain.

Each token shall be considered individually. If the domain limits on tokens in use allow it and the token id has not
already been put to some conflicting use, the upper domain shall expand to include it. The inhibiting of a token id in the
lower domain is not a conflict if it is also inhibited in the upper domain. All other combinations of simultaneous use are
disallowed, requiring the token id to be purged from the lower domain.

If a token has a large set of inhibiting users, its attributes may not fit into a single -4RQ and shall be sent upward in
multiple MCSPDUs. However, the second and succeeding requests for the same inhibited token shall be delayed until an
-4CF has been received in reply to the first. Only then is it known if domain limits have allowed the token to be put into
use in the upper domain. If the first request fails, it shall not be repeated with a remaining subset of inhibitors.

Contents Source Sink

Merge Tokens Former top Top provider

Purge Token Ids Intermediates Top provider
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Each -4RQ elicits an -4CF reply from the top MCS provider, in the same sequence. An -4CF contains nothing that
explicitly identifies the preceding -4RQ. Replies shall be routed solely by the order in which these MCSPDUs are
received. MCS providers above the former top shall make a record of each unanswered -4RQ and whence it arrived, so
that the corresponding -4CF may be returned via the same MCS connection.

Intermediate MCS providers shall validate the user ids proclaimed in token attributes, to ensure that they are legitimately
assigned to the subtree where the -4RQ originates. Invalid user ids shall be deleted. A token being given shall remain
grabbed if either the grabber or the recipient, but not both, is deleted. If a token becomes released through this deletion
of user ids, all of its attributes shall be deleted from the merge request and the token id alone shall be included in the set
to be purged. An inhibited token shall remain inhibited in -4RQ even if all inhibitors are deleted, leaving an empty set
in the attributes, because inhibitors may survive from other MCSPDUs. Except for this validation of user ids,
intermediate MCS providers shall not modify the contents of an -4RQ.

A former top provider shall await individual confirmation that all user ids have been incorporated into a merged domain
or purged before it begins to submit token attributes for merger.

����� -4CF

-4CF replies to a preceding -4RQ. It reflects the same set of token ids and a subset of the attributes. Token attributes
not incorporated into the merged domain are reported as token ids to be purged.

TABLE  10-11/T.125

-4CF�-#30$5

Accepted token ids are reflected with the attributes that have been entered into the information base at the top MCS
provider. Intermediate providers shall update their information base to conform.

Tokens to be purged from the lower domain are listed by id only. If the same token ids are used in the upper domain,
they are left undisturbed. Intermediate providers shall forward purged token ids without acting on them.

MCS providers shall route -4CF to the source of the antecedent -4RQ, using the knowledge that there is a one-to-one
reply. -4CF returns to the former top provider that generated -4RQ. There the merged tokens may be ignored, as they
have remained in the information base pending a reply. Purged token ids shall be deleted as they are for 04IN.

Intermediate MCS providers shall confirm that the user ids proclaimed in token attributes are assigned to the subtree to
which -4CF is routed. If any user ids have been detached and reassigned elsewhere in the time since the antecedent
-4RQ was validated, an intermediate provider shall generate for them a $5RQ with reason code CHANNEL� PURGED,
making them casualties of domain merger. If a non-inhibited token id becomes released through this deletion of user ids,
it shall be moved into the purged set.

Contents Source Sink

Merge Tokens Top provider Intermediates

Purge Token Ids Top provider Former top
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����� 04IN

04IN is generated at a former top provider following receipt of -4CF. It is broadcast downward and purges the use of
specified token ids from subordinate providers.

TABLE  10-12/T.125

04IN�-#30$5

The effect of purging a token is severe: MCS-DETACH-USER indication to any user who has grabbed, inhibited, or is
being given one of the token ids. A provider shall implement this by generating $5RQ on behalf of the affected users
with reason TOKEN�PURGED.

NOTE – It is anticipated that Recommendation T.122 may be revised in the future to allow MCS-TOKEN-RELEASE
indication in this situation. This would allow the affected user to remain attached even though its right to use the token is withdrawn.

����� $0UM

$0UM is generated by an MCS-DISCONNECT-PROVIDER request. In turn, it generates an MCS-DISCONNECT-
PROVIDER indication at the other end of an MCS connection. $0UM compels the receiver to disconnect the MCS
connection that conveyed it.

$0UM may also be generated by an MCS provider when it detects an error condition like the existence of a cycle in the
domain hierarchy. In such cases, the reason is other than USER
REQUESTED.

TABLE  10-13/T.125

$0UM�-#30$5

����� 2*UM

2*UM is generated when an MCS provider receives an invalid MCSPDU or detects an MCS protocol error. It invites the
peer provider at the other end of an MCS connection to disconnect, since recovery is uncertain from a situation that
should not occur.

2*UM diagnoses the error and returns an initial portion of the offending TSDU, typically as many octets as will fit in the
maximum size MCSPDU. The receiving provider has the option to disconnect or to persevere.

Contents Source Sink

Purge Token Ids Former top Subordinates

Contents Source Sink

Reason Requesting provider Indication



3UPERSEDED�BY�A�MORE�RECENT�VERSION

34 2ECOMMENDATION�4���������������	������3UPERSEDED�BY�A�MORE�RECENT�VERSION

TABLE  10-14/T.125

2*UM�-#30$5

����� !5RQ

!5RQ is generated by an MCS-ATTACH-USER request. It rises to the top MCS provider, which returns an !5CF reply.
If the domain limit on number of user ids allows, a new user id is generated.

TABLE  10-15/T.125

!5RQ�-#30$5

!5RQ contains no information other than its MCSPDU type. The domain to which the user attaches is determined by the
MCS connection conveying the MCSPDU. The only initial characteristic of the user id generated is its uniqueness.

An MCS provider shall make a record of each unanswered !5RQ received and by which MCS connection it arrived, so
that a replying !5CF can be routed back to the same source. To distribute replies fairly, each provider should maintain a
first-in, first-out queue for this purpose.

����� !5CF

!5CF is generated at the top MCS provider upon receipt of !5RQ. Routed back to the requesting provider, it generates
an MCS-ATTACH-USER confirm.

TABLE  10-16/T.125

!5CF�-#30$5

Contents Source Sink

Diagnostic Rejecting provider Rejected provider

Initial Octets Rejecting provider Rejected provider

Contents Source Sink

(None) – –

Contents Source Sink

Result Top provider Confirm

Initiator (optional) Top provider Confirm



3UPERSEDED�BY�A�MORE�RECENT�VERSION

2ECOMMENDATION�4���������������	������3UPERSEDED�BY�A�MORE�RECENT�VERSION 35

!5CF contain a user id if and only if the result is successful. Providers that receive a successful !5CF shall enter the user
id into their information base.

MCS providers shall route !5CF to the source of an antecedent !5RQ, using the knowledge that there is a one-to-one
reply. A provider that transmits !5CF shall note to which downward MCS connection the new user id is thereby
assigned, so that it may validate the user id when it arises later in other requests.

����� $5RQ

$5RQ is generated by an MCS-DETACH-USER request. If valid, it rises to the top MCS provider, which deletes the
user from its information base and broadcasts $5IN to advise other providers of the change.

TABLE  10-17/T.125

$5RQ�-#30$5

An MCS-DETACH-USER request generates a $5RQ containing reason USER
REQUESTED and a single user id.

$5RQ shall also be generated by an MCS provider when a downward MCS connection is disconnected. At that point, all
users in the affected subtree are lost and shall be reported as detached with reason DOMAIN� DISCONNECTED. If user id
assignments are pending, a later reply, either -#CF or !5CF, may then be left with no route back to its source in the
disconnected subtree. A provider confronted with this shall also generate $5RQ to delete the unassignable user ids.

Providers that receive $5RQ shall validate the user ids it contains to ensure that they are legitimately assigned to the
subtree of origin. Invalid user ids shall be deleted. If no user ids remain, a $5RQ shall be ignored.

The user ids contained in $5RQ shall not be deleted from the information base until a provider receives $5IN. This
maintains consistency with the top MCS provider.

NOTE – If more than one data priority is implemented in an MCS domain, $5IN may arrive at a given provider before
data sent earlier but at a low priority by the same user. This protocol does not prevent data being delivered to an attachment even after
it was reported through $5IN that the sender had detached.

����� $5IN

$5IN is generated at the top MCS provider upon receipt of $5RQ. It is broadcast downward to all other providers and
generates MCS-DETACH-USER indications at all attachments.

At a surviving attachment, $5IN generates one MCS-DETACH-USER indication for each user id it contains. It does not
matter whether the notified user was previously aware of the existence of a detached user.

Upon receipt of a $5IN containing its own user id, an MCS attachment ceases to exist. Any channels than become
unjoined as a result of a user detaching, except for the user id channel itself, shall be left via #,RQ.

Contents Source Sink

Reason Requesting provider Top provider

User Ids Requesting provider Top provider



3UPERSEDED�BY�A�MORE�RECENT�VERSION

36 2ECOMMENDATION�4���������������	������3UPERSEDED�BY�A�MORE�RECENT�VERSION

TABLE  10-18/T.125

$5IN�-#30$5

Providers that receive $5IN shall delete the specified user ids from their information base. Private channels managed by
a detached user shall be deleted if there are no other admitted users. If other users remain, deletion of the manager shall
cause the top provider to multicast a #$IN towards them. Any tokens grabbed, being given to, or inhibited by a detached
user shall have their state adjusted accordingly. The deletion of an intended token recipient shall cause the top provider
to generate an unsuccessful 46CF towards the donor, unless it has released the token or itself detached.

����� #*RQ

#*RQ is generated by an MCS-CHANNEL-JOIN request. If valid, it rises until it reaches an MCS provider with enough
information to generate a #*CF reply. This may be the top MCS provider.

TABLE  10-19/T.125

#*RQ�-#30$5

The user id of the initiating MCS attachment is supplied by the MCS provider that receives the primitive request.
Providers that receive #*RQ subsequently shall validate the user id to ensure that it is legitimately assigned to the subtree
of origin. If the user id is invalid, the MCSPDU shall be ignored.

NOTE – This allows for the possibility that #*RQ may be racing upward against a purge of the initiating user id flowing
down. A provider that receives 0#IN first might receive a #*RQ soon thereafter that contains an invalid user id. This is a normal
occurrence and is not cause for rejecting the MCSPDU.

#*RQ may rise to an MCS provider that has the requested channel id in its information base. Any such provider, being
consistent with the top MCS provider, will agree whether the request should succeed. If the request should fail, the
provider shall generate an unsuccessful #*CF. If it should succeed and the provider is already joined to the same channel,
the provider shall generate a successful #*CF. In these two cases, MCS-CHANNEL-JOIN completes without necessarily
visiting the top MCS provider. Otherwise, if the request should succeed but the channel is not yet joined, a provider shall
forward #*RQ upward.

If #*RQ rises to the top MCS provider, the channel id requested may be zero, which is in no information base because it
is an invalid id. If the domain limit on the number of channels in use allows, a new assigned channel id shall be
generated and returned in a successful #*CF. If the channel id requested is in the static range and the domain limit on the
number of channels in use allows, the channel id shall be entered into the information base and shall likewise be returned
in a successful #*CF.

Contents Source Sink

Reason Top provider Indication

User Ids Top provider Indication

Contents Source Sink

Initiator Requesting Provider Higher provider

Channel Id Request Higher provider
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Otherwise, the request will succeed only if the channel id is already in the information base of the top MCS provider. A
user id channel can only be joined by the same user. A private channel id can be joined only by users previously
admitted by its manager. An assigned channel id can be joined by any user.

����� #*CF

#*CF is generated at a higher MCS provider upon receipt of #*RQ. Routed back to the requesting provider, it generates
an MCS-CHANNEL-JOIN confirm.

TABLE  10-20/T.125

#*CF�-#30$5

#*CF contains a joined channel id if and only if the result is successful.

The channel id requested is the same as in #*RQ. This helps the initiating attachment relate MCS-CHANNEL-JOIN
confirm to an antecedent request. Since #*RQ need not rise to the top provider, confirms may occur out of order.

If the result is successful, #*CF joins the receiving MCS provider to the specified channel. Thereafter, higher providers
shall route to it any data that users send over the channel. A provider shall remain joined to a channel as long as any of
its attachments or subordinate providers does. To leave the channel, a provider shall generate #,RQ.

Providers that receive a successful #*CF shall enter the channel id into their information base. If not already there, the
channel id shall be given type static or assigned, depending on its range.

#*CF shall be forwarded in the direction of the initiating user id. If the user id is unreachable because an MCS
connection no longer exists, the provider shall decide whether it has reason to remain joined to the channel. If not, it
shall generate #,RQ.

����� #,RQ

#,RQ is generated by an MCS provider to remove itself from a set of channels. The motivation may be an MCS-
CHANNEL-LEAVE request from the last attachment joined to a channel. #,RQ continues to rise if higher providers, as
a consequence, also lose their reason for being joined.

Providers that receive #,RQ shall stop routing to the MCS connection that conveyed it any data that users send over the
specified channels. When the last attachment or subordinate provider leaves a channel, an MCS provider shall generate a
corresponding #,RQ.

Contents Source Sink

Result Higher provider Confirm

Initiator Higher provider MCSPDU routing

Requested Higher provider Confirm

Channel Id (optional) Higher provider Confirm
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TABLE  10-21/T.125

#,RQ�-#30$5

����� ##RQ

##RQ is generated by an MCS-CHANNEL-CONVENE request. If valid, it rises to the top MCS provider, which returns
a ##CF reply. If the domain limit on number of channel ids allows, a new private channel id is generated.

##RQ contains the initiating user id, which shall be validated as explained for #*RQ.

The requester becomes manager of the private channel. Initially the channel is unjoined and its manager is the only
admitted user.

TABLE  10-22/T.125

##RQ�-#30$5

����� ##CF

##CF is generated at the top MCS provider upon receipt of ##RQ. Routed back to the requesting provider, it generates
an MCS-CHANNEL-CONVENE confirm.

TABLE  10-23/T.125

##CF�-#30$5

##CF contains a private channel id if and only if the result is successful.

Providers that receive a successful ##CF shall enter the channel id into their information base as a private channel with
the initiating user id as its manager.

##CF shall be forwarded in the direction of the initiating user id. If the user id is unreachable because an MCS
connection no longer exists, no special actions need be taken, as a $5IN must arrive later to report that the initiator has
detached. Since the initiator is its manager, this will delete the channel id from the information base.

Contents Source Sink

Channel Ids Requesting provider Higher provider

Contents Source Sink

Initiator Requesting provider Higher provider

Contents Source Sink

Result Top provider Confirm

Initiator Top provider MSCPDU routing

Channel Id (optional) Top provider Confirm
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����� #$RQ

#$RQ is generated by an MCS-CHANNEL-DISBAND request. If valid, it rises to the top MCS provider, which deletes
the private channel id and generates #$IN.

TABLE  10-24/T.125

#$RQ�-#30$5

#$RQ may also be generated by an MCS provider on its own initiative to disband a channel.

#$RQ contains the initiating user id, which shall be validated to ensure that it is legitimately assigned to the subtree of
origin. If the initiator does not equal the manager of the private channel, as recorded in the information base, the
MCSPDU shall be ignored.

����� #$IN

#$IN is generated at the top MCS provider upon receipt of #$RQ. It is multicast downward to providers that contain the
manager or an admitted user in their subtree. It generates MCS-CHANNEL-EXPEL indications to admitted users with
reason CHANNEL�DISBANDED and, if provider initiated, an MCS-CHANNEL-DISBAND indication to the manager.

TABLE  10-25/T.125

#$IN shall also be generated by the top MCS provider when the manager of a private channel is detached.

Providers that receive #$IN shall delete the channel from their information base.

����� #!RQ

#!RQ is generated by an MCS-CHANNEL-ADMIT request. If valid, it rises to the top MCS provider, which admits the
specified users to the private channel and multicasts #!IN to advise providers in whose subtree they reside.

#!RQ contains the initiating user id, which shall be validated as explained for #$RQ.

The other user ids of #!RQ, representing users to be admitted, shall be validated at the top MCS provider, which alone
knows the entire user population. Those that are invalid shall be omitted from the resulting #!IN.

Contents Source Sink

Initiator Requesting provider Top provider

Channel Id Request Top provider

#$IN�-#30$5

Contents Source Sink

Channel Id Top provider Indication
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TABLE  10-26/T.125

#!RQ�-#30$5

The user ids contained in #!RQ shall not be admitted to the private channel until a provider receives #!IN. This
maintains consistency with the top MCS provider.

����� #!IN

#!IN is generated at the top MCS provider upon receipt of #!RQ. It is multicast downward to providers that contain a
newly admitted user in their subtree. It generates MCS-CHANNEL-ADMIT indications at the affected attachments.

Providers that receive #!IN shall ordinarily update the channel in their information base, admitting the specified users
that reside in their subtree. However, if a provider is the former top of a lower domain that is being merged as a result of
MCS-CONNECT-PROVIDER, it may refuse the admission by generating $5RQ for the affected user ids with reason
CHANNEL�PURGED.

TABLE  10-27/T.125

����� #%RQ

#%RQ is generated by an MCS-CHANNEL-EXPEL request. If valid, it rises to the top MCS provider, which expels the
specified users from the private channel and multicasts #%IN to advise providers in whose subtree they reside.

#%RQ contains the initiating user id, which shall be validated as explained for #$RQ.

The other user ids of #%RQ, representing users to be expelled, shall be validated at the top MCS provider, which alone
knows the entire set of admitted users. Those that were not admitted shall be omitted from the resulting #%IN.

The user ids contained in #%RQ shall not be expelled from the private channel until a provider receives #%IN. This
maintains consistency with the top MCS provider.

Contents Source Sink

Initiator Requesting provider Top provider

Channel Id Request Top provider

User Ids Request Top provider

#!IN�-#30$5

Contents Source Sink

Initiator Top provider Indication

Channel Id Top provider Indication

User Ids Top provider MCSPDU routing
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TABLE  10-28/T.125

#%RQ�-#30$5

����� #%IN

#%IN is generated at the top MCS provider upon receipt of #%RQ. It is multicast downward to providers that contain an
expelled user in their subtree. It generates MCS-CHANNEL-EXPEL indications at the affected attachments with reason
USER
REQUESTED.

TABLE  10-29/T.125

Providers that receive #%IN shall update the channel in their information base, deleting the specified users from the set
of users admitted to the channel. If the set of users admitted to a private channel becomes empty and the manager does
not reside in the subtree, the channel id shall be deleted from the information base. Otherwise, if the channel becomes
unjoined as a result of expulsions, a provider shall generate a corresponding #,RQ.

A provider forwarding #%IN shall compute, for each destination subtree, whether it afterwards contains any attachments
admitted to the private channel. If none, a provider shall conclude that the corresponding subordinate provider is no
longer joined to the private channel and shall update its information base to this effect immediately, without waiting for
#,RQ.

����� 3$RQ

3$RQ is generated by an MCS-SEND-DATA request. If valid, it rises toward the top MCS provider. Along the way,
providers may generate from it an 3$IN with identical contents and multicast this downward.

3$RQ contains the initiating user id, which shall be validated as explained for #*RQ.

If the channel id is listed in the information base of the receiving MCS provider as a private channel and the initiator of
3$RQ is not an admitted user, the MCSPDU shall be ignored.

The initial or additional TC that conveys 3$RQ shall match its data priority, taking into account the number of priorities
implemented in the domain. MCSPDUs arriving over an MCS connection by the wrong TC shall be rejected.

Contents Source Sink

Initiator Requesting provider Top provider

Channel Id Request Top provider

User Ids Request Top provider

#%IN�-#30$5

Contents Source Sink

Channel Id Top provider Indication

User Ids Top provider MCSPDU routing
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TABLE  10-30/T.125

3$RQ�-#30$5

The segmentation flags BEGIN and END shall be set by a provider to show the relationship of user data in the 3$RQ to the
boundaries of an MCS service data unit. Providers have freedom to fragment and reassemble MCSPDUs that are part of
the same MCS service data unit, so long as this does not disturb the integrity of user data. However, there should be little
advantage in such manipulation, as the maximum size of an MCSPDU is constant throughout a domain.

A provider shall generate from 3$RQ an 3$IN with the same content and shall transmit it to all providers that are joined
to the specified channel, excepting the subordinate provider that transmitted 3$RQ upward. Unless the channel is listed
in the provider’s information base as a user id residing in its subtree, it shall also forward 3$RQ upward.

����� 3$IN

3$IN is generated at a higher MCS provider upon receipt of 3$RQ. It is multicast downward and generates MCS-SEND-
DATA indications at all attachments that are joined to the channel.

TABLE  10-31/T.125

3$IN�-#30$5

The initial or additional TC that conveys 3$IN shall match its data priority, taking into account the number of priorities
implemented in a domain. MCSPDUs arriving over an MCS connection by the wrong TC shall be rejected.

The segmentation flags BEGIN and END permit user data to be reassembled into a complete MCS service data unit. These
flags shall be interpreted in the context of 3$IN MCSPDUs arriving from the same user over the same channel and at the
same priority. A stream of fragments to be reassembled may be interleaved with other MCSPDUs and data from other
users over other channels at other priorities.

Contents Source Sink

Initiator Requesting provider Higher provider

Channel Id Request Higher provider

Data Priority Request Higher provider

Segmentation Requesting provider Higher provider

User Data Request Higher provider

Contents Source Sink

Initiator Higher provider Indication

Channel Id Higher provider Indication

Data Priority Higher provider Indication

Segmentation Higher provider Indicating provider

User Data Higher provider Indication
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It is a matter of local implementation how service data units are indicated to attached MCS users. One possibility is to
deliver each MCSPDU as a separate interface data unit, with segmentation flags included. Alternative approaches that
may seek to reassemble within the receiving provider should make some provision for large service data units and
should reflect to the user the relative order in which service data units begin to arrive.

Providers that receive 3$IN shall forward it to all subordinates that are joined to the channel.

����� 53RQ

53RQ is generated by an MCS-UNIFORM-SEND-DATA request. If valid, it rises to the top MCS provider, which
generates from it a 53IN with identical contents and multicasts this downward.

TABLE  10-32/T.125

53RQ�-#30$5

53RQ contains the initiating user id, which shall be validated as explained for #*RQ.

If the channel id is listed in the information base of the receiving MCS provider as a private channel and the initiator of
53RQ is not an admitted user, the MCSPDU shall be ignored.

The initial or additional TC that conveys 53RQ shall match its data priority, taking into account the number of priorities
implemented in the domain. MCSPDUs arriving over an MCS connection by the wrong TC shall be rejected.

The segmentation flags BEGIN and END shall be set by a provider to show the relationship of user data in the 53RQ to the
boundaries of an MCS service data unit. Providers have freedom to fragment and reassemble MCSPDUs that are part of
the same MCS service data unit, so long as this does not disturb the integrity of user data. However, there should be little
advantage in such manipulation, as the maximum size of an MCSPDU is constant throughout a domain.

The top MCS provider shall generate from 53RQ a 53IN with the same content.

����� 53IN

53IN is generated at the top MCS provider upon receipt of 53RQ. It is multicast downward and generates MCS-
UNIFORM-SEND-DATA indications at all attachments that are joined to the channel.

Contents Source Sink

Initiator Requesting provider Top provider

Channel Id Request Top provider

Data Priority Request Top provider

Segmentation Requesting provider Top provider

User Data Request Top provider
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TABLE  10-33/T.125

53IN�-#30$5

The initial or additional TC that conveys 53IN shall match its data priority, taking into account the number of priorities
implemented in the domain. MCSPDUs arriving over an MCS connection by the wrong TC shall be rejected.

The segmentation flags BEGIN and END permit user data to be reassembled into a complete MCS service data unit. These
flags shall be interpreted in the context of 53IN MCSPDUs arriving from the same user over the same channel and at the
same priority. A stream of fragments to be reassembled may be interleaved with other MCSPDUs and data from other
users over other channels at other priorities.

It is a matter of local implementation how service data units are indicated to attached MCS users.

Providers that receive 53IN shall forward it to all subordinates that are joined to the channel.

����� 4'RQ

4'RQ is generated by an MCS-TOKEN-GRAB request. If valid, it rises to the top MCS provider, which returns a 4'CF
reply.

TABLE  10-34/T.125

4'RQ�-#30$5

4'RQ contains the initiating user id, which shall be validated as explained for #*RQ.

If the token is free and the domain limit on the number of tokens in use allows, it shall become grabbed. If the token is
inhibited by the requesting user only, it shall become grabbed. Otherwise, the state of the token shall not change.

����� 4'CF

4'CF is generated at the top MCS provider upon receipt of 4'RQ. Routed back to the requesting provider, it generates
an MCS-TOKEN-GRAB confirm.

Contents Source Sink

Initiator Top provider Indication

Channel Id Top provider Indication

Data Priority Top provider Indication

Segmentation Top provider Indicating provider

User Data Top provider Indication

Contents Source Sink

Initiator Requesting provider Top provider

Token Id Request Top provider
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TABLE  10-35/T.125

4'CF�-#30$5

The result shall be SUCCESSFUL if the token was previously free or if the token was converted from inhibited to grabbed by
the same user. Other results are TOO�MANY�TOKENS and TOKEN�NOT�AVAILABLE. The latter applies to a token already grabbed by
the requester; this may be discerned by examining the token status.

Providers that receive 4'CF shall update the token state in their information base to agree with the status returned.

4'CF shall be forwarded in the direction of the initiating user id. If the user id is unreachable because an MCS
connection no longer exists, no special actions need be taken, as a $5IN must arrive later to report that the initiator has
detached. This will release its hold on the token id in the information base.

����� 4)RQ

4)RQ is generated by an MCS-TOKEN-INHIBIT request. If valid, it rises to the top MCS provider, which returns a 4)CF
reply.

TABLE  10-36/T.125

4)RQ�-#30$5

4)RQ contains the initiating user id, which shall be validated as explained for #*RQ.

If the token is free and the domain limit on the number of tokens in use allows, it shall become inhibited. If the token is
grabbed by the requesting user, it shall be become inhibited. If the token is already inhibited, the requester shall be added
to the set of inhibitors. Otherwise, the state of the token shall not change.

����� 4)CF

4)CF is generated at the top MCS provider upon receipt of 4)RQ. Routed back to the requesting provider, it generates an
MCS-TOKEN-INHIBIT confirm.

The result shall be SUCCESSFUL if the token was previously free or inhibited or if the token was converted from grabbed to
inhibited by the same user. Other results are TOO�MANY�TOKENS and TOKEN�NOT�AVAILABLE.

Contents Source Sink

Result Top provider Confirm

Initiator Top provider MCSPDU routing

Token Id Top provider Confirm

Token Status Top provider Confirm

Contents Source Sink

Initiator Requesting provider Top provider

Token Id Request Top provider
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TABLE  10-37/T.125

4)CF�-#30$5

Providers that receive 4)CF shall update the token state in their information base to agree with the status returned.

This MCSPDU is routed in the same way as 4'CF.

����� 46RQ

46RQ is generated by an MCS-TOKEN-GIVE request. If valid, it rises to the top MCS provider, which generates either
46IN or an unsuccessful 46CF.

TABLE  10-38/T.125

46RQ�-#30$5

46RQ contains the initiating user id, which shall be validated as explained for #*RQ.

If the token is grabbed by the requester and the intended recipient exists, 46IN shall be transmitted toward the recipient.
Otherwise, the request shall fail, the state of the token shall be unchanged, and 46CF shall be transmitted toward the
requester with the result TOKEN�NOT�POSSESSED or NO�SUCH�USER.

����� 46IN

46IN is generated at the top MCS provider upon receipt of 46RQ. Routed to the intended recipient, it generates an MCS-
TOKEN-GIVE indication.

Providers that receive 46IN shall ordinarily update the token id in their information base to the state of being given from
initiator to recipient. However, if a provider is the former top of a lower domain that is being merged as a result of MCS-
CONNECT-PROVIDER, it may refuse the offered token by generating 46RS with reason DOMAIN�MERGING.

Contents Source Sink

Result Top provider Confirm

Initiator Top provider MCSPDU routing

Token Id Top provider Confirm

Token Status Top provider Confirm

Contents Source Sink

Initiator Requesting provider Top provider

Token Id Request Top provider

Recipient Request Top provider
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TABLE  10-39/T.125

46IN�-#30$5

46IN shall be forwarded in the direction of the recipient user id. If the user id is unreachable because an MCS
connection no longer exists, no special actions need be taken, as a $5IN must arrive later to report that the recipient has
detached. This will release its hold on the token id in the information base.

����� 46RS

46RS is generated by an MCS-TOKEN-GIVE response. If valid, it rises to the top MCS provider, which generates 46CF
to inform the token’s donor of the outcome.

TABLE  10-40/T.125

46RS�-#30$5

A SUCCESSFUL result shall signify the recipient’s acceptance of the offered token.

The user id of the responding MCS attachment is supplied by the MCS provider that receives the primitive response.
Providers that receive 46RS subsequently shall validate the user id to ensure that it is legitimately assigned to the subtree
of origin. If the user id is invalid, the MCSPDU shall be ignored.

If the token id is not listed in the provider’s information base as being given to the recipient, the MCSPDU shall be
ignored. If the token id is still grabbed by the donor, its state shall be updated to grabbed by the recipient if the result is
successful; otherwise it shall revert to grabbed by the donor or shall be deleted from the information base, depending on
whether the donor resides in the subtree of the provider. If the token id has since been released by the donor and the
result is not successful, the token shall be deleted from the provider’s information base.

If the MCSPDU is not invalid and ignored, it shall be forwarded upward. The top MCS provider shall act on 46RS as
specified above. In addition, if the donor has not already released the token, the top provider shall generate 46CF
containing the same result as�46RS.

Contents Source Sink

Initiator Top provider Indication

Token Id Top provider Indication

Recipient Top provider MCSPDU routing

Contents Source Sink

Result Response Top provider

Recipien Responding provider Top provider

Token Id Responding provider Top provider
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����� 46CF

46CF is generated at the top MCS provider upon receipt of 46RS. Routed back to the requesting provider, it generates a
MCS-TOKEN-GIVE confirm.

TABLE  10-41/T.125

TVcf shall also be generated by the top MCS provider upon receipt of 46RQ if a token cannot be offered to the intended
recipient. This takes the place of generating 46IN. 46CF shall also be generated with result NO�SUCH�USER if the recipient
is detached before 46RS is received.

Providers that receive 46CF shall update the token state in their information base to agree with the status returned.

This MCSPDU is routed in the same way as 4'CF.

����� 40RQ

40RQ is generated by an MCS-TOKEN-PLEASE request. If valid, it rises to the top MCS provider, which multicasts
40IN to alert current users of the token.

40RQ contains the initiating user id, which shall be validated as explained for #*RQ.

TABLE  10-42/T.125

40RQ�-#30$5

����� 40IN

40IN is generated at the top MCS provider upon receipt of 40RQ. It is multicast downward and generates MCS-
TOKEN-PLEASE indications.

Providers that receive 40IN shall forward it to all subordinates that contain in their subtree a user who has grabbed,
inhibited, or is being given the specified token.

46CF�-#30$5

Contents Source Sink

Result Top provider Confirm

Initiator Top provider MCSPDU routing

Token Id Top provider Confirm

Token Status Top provider Confirm

Contents Source Sink

Initiator Requesting provider Top provider

Token Id Request Top provider
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TABLE  10-43/T.125

40IN�-#30$5

����� 42RQ

42RQ is generated by an MCS-TOKEN-RELEASE request. If valid, it rises to the top MCS provider, which returns a
42CF reply.

TABLE  10-44/T.125

42RQ�-#30$5

42RQ contains the initiating user id, which shall be validated as explained for #*RQ.

If the token is grabbed by the requester, it shall become free. If it is inhibited, the requester shall be removed from the set
of inhibitors; if this set becomes empty, the token shall become free. If the token is in the process of being given away
by the requester, it shall enter a distinct intermediate state of given to the intended recipient, pending receipt of 46RS.
Otherwise the state of the token shall not change.

����� 42CF

42CF is generated at the top MCS provider upon receipt of 42RQ. Routed back to the requesting provider, it generates
an MCS-TOKEN-RELEASE confirm.

TABLE  10-45/T.125

42CF�-#30$5

Contents Source Sink

Initiator Top provider Indication

Token Id Top provider Indication

Contents Source Sink

Initiator Requesting provider Top provider

Token Id Request Top provider

Contents Source Sink

Result Top provider Confirm

Initiator Top provider MCSPDU routing

Token Id Top provider Confirm

Token Status Top provider Confirm
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The result shall be SUCCESSFUL if the token was grabbed or inhibited by the requester or if the requester was in the process
of giving it away. The other possible result is TOKEN�NOT�POSSESSED.

Providers that receive 42CF shall update the token state in their information base to agree with the status returned.

This MCSPDU is routed in the same way as 4'CF.

����� 44RQ

44RQ is generated by an MCS-TOKEN-TEST request. If valid, it rises to the top MCS provider, which returns a 44CF
reply.

44RQ contains the initiating user id, which shall be validated as explained for #*RQ.

TABLE  10-46/T.125

44RQ�-#30$5

����� 44CF

44CF is generated at the top MCS provider upon receipt of 44RQ. Routed back to the requesting provider, it generates an
MCS-TOKEN-TEST confirm.

Providers that receive 44CF should find that the token state in their information base agrees with the status returned.

This MCSPDU is routed in the same way as 4'CF.

TABLE  10-47/T.125

44CF�-#30$5

�� -#3�PROVIDER�INFORMATION�BASE

���� (IERARCHICAL�REPLICATION

Although an MCS provider may host multiple domains, it serves each one independently. It maintains logically separate
information bases for each to record the state of channel and token resources in use. The description that follows is set in
the context of a single domain.

Contents Source Sink

Initiator Requesting provider Top provider

Token Id Request Top provider

Contents Source Sink

Initiator Top provider MCSPDU

Token Id Top provider Confirm

Token Status Top provider Confirm
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The MCS resources that need to be managed in a domain are channel ids and token ids. User ids are a subset of channel
ids. Domain parameters limit how many ids of each category can be in use simultaneously. This allows a provider to
compute how much memory is needed for the information base in the worst case of a fully utilized domain.

In the hierarchy of a domain, the ids in use at any given MCS provider stabilize to a subset of those in use at its
immediate superior. Information about an id is recorded where it can be used to support MCS services involving that id.
Recording information more widely would entail extra costs in MCSPDU traffic to keep the information up to date.
Since the information recorded at a provider is consistent with that recorded at superior providers, within the limit of
MCSPDU propagation delay, it may be said that the provider information base is partially replicated through the domain
hierarchy.

Domain parameters become fixed and unchangeable with the establishment of the first MCS connection of a domain. A
provider that lacks capacity for the maximum number of ids specified in each category may negotiate to join a domain
on false pretense. It may speculate that at its low position in a hierarchy it will not be called upon to retain more than a
fraction of the total information base. Such a provider may not support attachments and subordinates with the full range
of MCS services they expect. Nonetheless, until its capacity is actually exceeded, such a provider may appear to be an
equal member of the domain. This strategy may appeal to terminal nodes with limited aspirations.

Ids are placed into use first at the top MCS provider. They are placed into use at subordinate providers by a selective
downward flow of MCSPDUs. Most are deleted from use in the same top-down manner. There are necessarily intervals
during which a subordinate provider records as in use an id that its superiors do not, because the MCSPDU that deletes
the id remains in transit. This is not, however, a situation that endures. Control MCSPDUs are received and processed in
the order of their transmission. The consequences of processing an MCSPDU, including its creation or deletion of
channel and token ids, take effect before attention shifts to the next input event.

An exception to the preceding paragraph is the deletion of static and assigned channel ids. Although placed into use by a
downward flow of #*CF, these channel ids are deleted in the opposite order – from the bottom up. Specifically, they are
deleted when an accumulation of MCS-CHANNEL-LEAVE requests from attachments and #,RQ MCSPDUs from
subordinate providers combine to leave a channel unjoined. Such transitions motivate the transmission of #,RQ further
upward. Thus, for these two cases, the channel ids recorded as in use are a strict subset of those in use at the superior
provider. This is an accidental corollary of optimizations designed to speed channel management as a prelude to data
transfer.

Channels ids are put into use by -#CF, !5CF, #*CF, ##CF, and #!IN; they are deleted by -#CF, 0#IN, $5IN, #,RQ,
#$IN, and #%IN. Token ids are put into use by -4CF, 4'CF, 4)CF, and 46IN; they are deleted by -4CF, 04IN, 42CF,
46RS and 46CF. When an id is put into use at a given provider, the MCSPDU that is the cause may be forwarded to
zero, one, several, or all subordinate providers. The use of an id may grow or contract gradually as, for example,
individual users are admitted to and expelled from a private channel. When an id is deleted from a given provider, the
MCSPDU that effects this is forwarded to all subordinates who may still be recording the id as in use.

The use of an id is ultimately tied to actions on a channel or token by a user attached to the domain (although there may
be some delay, as explained, in communicating changes through the transmission of MCSPDUs). The ids recorded
stably as in use at a given MCS provider are those that are actively employed by some user in the subtree of the provider.
It follows that they are a subset of those recorded stably at any superior provider.

Deleting a user id has the corollary effect of deleting channel ids and token ids of which it is the sole user in a subtree.

Criteria for considering channel ids and token ids to be in use are specified in the following subclauses.
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���� #HANNEL�INFORMATION

The four kinds of channel have corresponding criteria to determine whether a given attachment is considered to be using
the channel id, hence whether it is to be represented in a provider’s information base:

a) A static channel id (range 1..1000) is in use if the user has joined the channel with a successful MCS-
CHANNEL-JOIN confirm and not left by MCS-CHANNEL-LEAVE request or indication.

b) A user id channel is in use if it was assigned to the user by a successful MCS-ATTACH-USER confirm
and the user has not detached by MCS-DETACH-USER request or indication.

c) A private channel id is in use if the user has created the channel with a successful MCS-CHANNEL-
CONVENE confirm or been admitted to it with MCS-CHANNEL-ADMIT indication and not expelled by
MCS-CHANNEL-EXPEL indication and the channel has not been disbanded by MCS-CHANNEL-
DISBAND request or indication.

d) An assigned channel id is in use if the user has joined the channel with a successful MCS-CHANNEL-
JOIN confirm and not left by MCS-CHANNEL-LEAVE request or indication.

This information shall be recorded for a channel id in use:

a) The kind of channel it represents (static, user id, private, or assigned).

b) By which MCS attachments and which MCS connections to subordinate providers the channel is joined.

c) If a user id channel, the direction to it, that is, either the local MCS attachment to which the user id is
assigned or the downward MCS connection to a subordinate provider in whose subtree the user resides.

d) If a private channel id, the user id of the manager who convened it (whether or not the manager itself is in
the subtree of the provider) and the set of all user ids in the subtree of the provider who have been
admitted to the channel.

The information recorded for channel ids is employed as explained in clause 10 to validate request MCSPDUs and to
route indication and confirm MCSPDUs.

���� 4OKEN�INFORMATION

The state transitions of a token id are shown in Figure 11-1.

An individual token id can be GRABBED by a single user or INHIBITED by one or more. The action of 46IN converts the
state to GIVING along the branch of a domain hierarchy leading from the top MCS provider toward the intended recipient.
This state decays to UNGIVABLE if the recipient detaches before its provider responds with 46RS. It resolves to GIVEN if
instead the donor releases the token explicitly or detaches. During the giving of a token, the branch of a domain
hierarchy leading from the donor intersects the branch leading toward the recipient at least at the top MCS provider. The
token state changes from GRABBED to GIVING, and possibly thereafter to UNGIVABLE or GIVEN, only along this intersection.
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The user of a token stands in relationship to it as grabber, inhibitor, recipient, or both grabber and recipient (when giving
a token to itself):

a) The user is a grabber if it has seized a token with a successful MCS-TOKEN-GRAB confirm and not
released it by MCS-TOKEN-RELEASE request or successful MCS-TOKEN-GIVE confirm nor
converted it with a successful MCS-TOKEN-INHIBIT confirm or if it has accepted an offered token with
a successful MCS-TOKEN-GIVE response.

b) The user is an inhibitor if it has seized a token with a successful MCS-TOKEN-INHIBIT confirm and not
released it with MCS-TOKEN-RELEASE request nor converted it with a successful MCS-TOKEN-
GRAB confirm.

c) The user is a recipient if it has been offered a token by MCS-TOKEN-GIVE indication and not released it
with an unsuccessful MCS-TOKEN-GIVE response.

This information shall be recorded for a token id in use:

a) The state of the token id at the MCS provider (not necessarily identical to that at the top provider).

b) If grabbed or ungivable, the user id of the grabber in the subtree of the provider.

c) If giving, the user id of the grabber (whether or not the grabber is in the subtree of the provider).

d) If giving or given, the user id of the recipient in the subtree of the provider.

e) If inhibited, the set of all user ids in the subtree of the provider who have inhibited the token.

The information recorded for token ids in use is employed as explained in clause 10 to validate response MCSPDUs and
to route indication MCSPDUs.

The state of a token id at a subordinate provider need not be identical to that at the top MCS provider. This is due to the
fact that a token donor does not in general process 46IN or 46RS and that a recipient does not in general process a
donor’s 42CF. Figure 11-2 shows states that may arise in a complex token interaction.
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The figures focuses on one token id in the information base of providers A through H. A plausible history is that the
token was given by user A, attached to provider A, to user B, attached to provider B. Before user B could respond,
however, provider G connected the domain to a new top provider H and began a merger. The new domain, unable to
accept user B because of a conflict in channel ids, initiated its purge through 0#IN. This MCSPDU is shown having
completed part of its journey through providers G and D. Provider G, as a result, has adjusted its token state from GIVING
to UNGIVABLE and merged the token, with this state, into the new domain. The new top provider H, presented with a token
in such a state, has queued for transmission an unsuccessful 46CF to return the token to user A. At the time shown, the
token has also finally been accepted by user B, and a 46RS is making its way up the recipient’s branch of the domain
hierarchy, changing the token state at each provider from GIVING to GRABBED by B. Two MCSPDUs now converge on
provider F, and whichever arrives first determines its subsequent state there: either returned to GRABBED by A or
transiently GRABBED by B and then NOT� IN�USE again after user B is detached. In either case, the state of the token will
stabilize to GRABBED by A when the new top provider transmits the 46CF it has pending.

�� %LEMENTS�OF�PROCEDURE

���� -#30$5�SEQUENCING

Control MCSPDUs remain in sequence between any pair of MCS providers because they travel over a single TC, the
initial TC of an MCS connection. MCS providers shall process received MCSPDUs and shall transmit any resulting
output MCSPDUs in the same order. This applies to MCSPDUs that are simply forwarded up or down the domain
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hierarchy as well as to MCSPDUs that are transformed, such as requests or responses into indications or confirms. The
sequencing of MCSPDUs shall be maintained within an MCS provider if it is necessary to queue outputs for later
transmission due to the back-pressure of flow control along a TC.

Data MCSPDUs of different priorities need not remain in sequence. On the contrary, the benefit of relative priorities is
only achieved when higher priority data is advanced ahead of lower priority data. This means that it should be
transmitted over separate TCs and queued separately within each MCS provider. If the number of data priorities
implemented in a domain is less than the maximum, fewer TCs are available, but providers that elect to do so may still
maintain separate queues internally. This realizes some but not all the benefits of relative priority.

An MCS provider shall maintain the sequence of data MCSPDUs transmitted at a given priority. This is a tighter
restriction than that imposed by ITU-T Recommendation T.122, which guarantees only the sequencing of service data
units transmitted at a given priority over the same destination channel.

Control MCSPDUs and data MCSPDUs of top priority are transmitted over the same initial TC and shall receive equal
attention by an MCS provider. Data of lower priorities may lag behind. Control indications advancing ahead may arrive
before lower priority data that was actually transmitted first.

���� )NPUT�FLOW�CONTROL

An MCS provider has goals that sometimes conflict: to keep data moving briskly through a domain despite transient
blockages towards some receivers, to give transmitters fair access to the available bandwidth, and to prevent any party
from lagging far behind peers who are receiving the same multicast data. MCS is a reliable service that preserves the
integrity of user data. Since a provider has limited capacity to store MCSPDUs when they cannot be transmitted
immediately, it must have a defense of sometimes refusing further inputs. While details of the interface to transport
services are a local matter, the abstract effect must be that incoming TSDUs are held in TC pipelines, intact and in
sequence, to be received at some future time when flow control is lifted. As TC pipelines fill, remote MCS providers
may find that they are blocked by back-pressure from transmitting further MCSPDUs and may need to invoke a similar
defense.

Flow control is not signalled explicitly in the MCS protocol. This is a function of lower layers that would be wasteful to
duplicate. As a result, it is difficult to sense, through the medium of an intervening TC, whether a remote provider is
resisting further inputs. To meet conflicting goals as well as possible, the policies described next may be recommended.

An MCS provider may grant each incoming TC a fixed quota of buffers that it may fill with MCSPDUs before back
pressure is applied. Each buffer is processed as specified in this protocol, then assigned for output to zero or more
outgoing TCs. Output may occur immediately or may be delayed because a transport pipeline is full. Until it is output to
the last TC, a buffer is charged against the input quota of the TC by which it arrived. After it is output to all requisite
TCs, it is recycled as an increment to that quota. When a quota is exhausted, further inputs over the corresponding TC
are halted. Input quotas may be set taking into account whether a TC is part of an upward or downward MCS connection
and what data priority it represents.

Buffering can mitigate a disparity of rates between transmitters and receivers. A quota on inputs can prevent any one TC
from monopolizing resources. It can also bound how far out of step two receivers of the same multicast data can get. The
recommended scheme is not clever enough, however, to anticipate all patterns of use and may sometimes slow the rate
of data transfer through a domain when there are acceptable alternatives. The invention of better flow control policies
(implemented locally and requiring no additional communication of MCSPDUs) may be a means of product
differentiation.
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���� 4HROUGHPUT�ENFORCEMENT

In contrast to input flow control, some support for throughput enforcement is explicit in the MCS protocol. Firstly, the
rate that is enforced is a domain parameter negotiated through MCS-CONNECT-PROVIDER. Secondly, the time
interval over which throughput is monitored before taking adverse action is communicated by each MCS provider to its
superior through %$RQ. To describe the throughput enforcement interval requires that providers share some common
principles of behaviour. Still, enforcement remains a heuristic technique with room for invention.

Enforcing a minimum input rate at each receiver is an option available to controller applications, which establish the
MCS connections of a domain. This option is selected through the domain parameter for enforced throughput, which is
stated in octets per second. While it seems intuitive that a party should not be allowed to run arbitrarily slowly and
thereby obstruct data transfer among others, there is danger in seeking to enforce throughput too strictly.

Complex patterns of multiple transmitters are a problem. The kinds of back-pressure to which an enforcement policy
reacts may not result from a single abnormally slow receiver. In the first place, MCSPDUs heading downward must
compete for attention with MCSPDUs that rise from below but are reflected back, notably 3$IN. The downward flow
experienced through a peer provider may therefore attain only a fraction of the nominal bandwidth and may vary
dynamically with the number of other connections and attachments to the peer. Secondly, only top priority MCSPDUs
can be expected to flow continuously over an MCS connection. Lesser priorities can properly be blocked by a peer
provider for long periods of time due to the intensity of traffic received from other sources at higher priorities. Finally,
there can be great variation in instantaneous throughput if it is measured by how long a blocked MCSPDU must wait
before being accepted onto an MCS connection. Among other things, this can depend on how many and in what order
MCSPDUs from other sources are queued inside the peer provider.

Nonetheless, throughput enforcement is a valuable option in practical situations where patterns of data transfer are
known to be more uniform. It shall be interpreted as requiring a minimal output of MCSPDUs to each direct MCS
attachment and to each MCS connection downward over a time interval to be specified by the enforcing MCS provider.
Each MCSPDU output, both control and data, shall count towards throughput as though it were the maximum size
allowed by domain parameters. The output of an MCSPDU to an MCS attachment shall mean delivery of the associated
primitive indication or confirm. Output to a downward MCS connection shall mean the absence of back-pressure at the
transport service interface and acceptance into the corresponding TC pipeline.

Output shall be monitored as long as one or more MCSPDUs are queued, regardless of data priority, towards a given
attachment or downward connection. Whenever the queues empty, monitoring shall cease, with no enforcement action
taken. At the same time, no credit for good behaviour shall be recorded to offset future slowdowns. Monitoring shall
resume as soon as back-pressure prevents any MCSPDU from being output and requires it to be queued instead. While
one or more MCSPDUs remain queued, the number actually output shall be counted over a set interval of time.

A throughput enforcement interval shall be chosen by each MCS provider. The interval shall be long enough to allow at
least one MCSPDU of maximum size to be output at the minimum throughput. An MCS provider shall advise its
superior of the interval chosen and of any subsequent changes to it by transmitting %$RQ upward. A provider shall act
against the offending MCS attachment or downward MCS connection at the end of any interval during which the
monitored throughput fails to meet expectations. It shall detach the user or disconnect the connection.

Superior providers may set their throughput enforcement interval to be longer than that of any subordinate plus some
margin of reaction time. The aim is to encourage enforcement action first at the lowest provider in a position to detect a
problem. When a violator is removed at the end of some lower interval, superior providers should have enough time to
sense the restoration of throughput to adequate levels. If they act too quickly, they may penalize a larger subtree than
necessary and disrupt innocents in the domain.

The controller applications that set domain parameters should be conservative in their demands, expecting that
throughput may occasionally dip during periods of intense application stimuli. If their concern is simply to defend
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against receivers that stop accepting anything at all, they may set the minimum throughput very low. Knowing the
maximum MCSPDU size and enforced throughput rate, controllers can calculate the minimum interval that must elapse
before any blockage is detected and overcome.

���� $OMAIN�CONFIGURATION

ITU-T Recommendation T.122 provides no mechanism for configuring the set of domains supported by an MCS
provider. This must be considered a local matter whose standardization may be the subject of further study. This
protocol assumes that an MCS provider will recognize some domain selectors as valid and others as invalid. It provides
for domain selectors to be communicated as part of establishing an MCS connection.

An MCS provider participates implicitly in the negotiation of domain parameters. Whether the calling or the called side,
it constrains the range of allowed parameter values according to limits for which it is configured. An MCS provider shall
freeze the negotiability of domain parameters once any user has attached to a domain or once the first MCS connection
has been established.

���� $OMAIN�MERGER

Domains are merged as a consequence of MCS-CONNECT-PROVIDER. If it is convenient to arrange that one domain
or the other be empty at this point, there is little complication in a merger. In the most general case, however, provision
must be made for updating the information base at the remaining top provider to contain the information base of the
former top provider and for resolving any conflicts that become apparent. The details of this are explained in clause 10.

To aid understanding, an example of domain merger is illustrated in the sequence of Figures 12-1 through 12-4. Here
provider E represents a former top that has joined a new domain by the highlighted MCS connection to an intermediate
provider F. It is irrelevant whether provider E or provider F initiated the MCS connection.

T0812690-93/d06
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FIGURE  12-1/T.125

$OMAIN�MERGER�STEP�ONE� �%STABLISH�HIERARCHY

FIGURE 12-1/T.125...[D06] = 10 CM
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Provider E, finding itself at the lower end of a connection upward, assumes responsibility for executing the merger.
Since it is unsafe to transact other activity while the information base is in flux, provider E stops accepting inputs from
its subtree. Any MCSPDUs already in transit from providers A and B or new ones generated before the merger is
completed will be safeguarded and processed later. The downward flow of MCSPDUs, however, is not impeded,
whether generated by provider E or forwarded from further above.

Until the merger completes, the only confirm MCSPDUs provider E will receive are -#CF and -4CF, since user
requests are not allowed upward. These will confirm or purge channel and token ids already in use. Indication
MCSPDUs 0#IN, 04IN, $5IN, and #$IN of the upper domain may also arrive, deleting channel and token ids from the
lower domain whose merger has been individually confirmed. Unconfirmed ids of the lower domain are protected
against deletion, because as yet they mean something different from the same id of the upper domain. 0$IN must be
obeyed to enforce the domain height limit. Remaining indications need not be applied by provider E while merger is in
progress. Data transfers, in particular, need not flow between the formerly separate domains until merger is completed;
they cannot flow until at least the channels conveying them have been sorted out. Two indications that can place new ids
into use may be inconvenient to apply. To keep the information base consistent, if provider E refuses #!IN or 46IN, it
will react as specified in clause 10.

The first actions of provider E are to send 0$IN downward, to ensure that the latest MCS connection has not created a
cycle that would invalidate the principle that each domain hierarchy have exactly one top provider, and to send %$RQ
upward to report its existing height and throughput enforcement interval. Provider F, advancing thereby from height 2 to
3, passes %$RQ along to the top provider, which then attains height 4.

In the second stage of domain merger, provider E sends upward as many instances of -#RQ as it takes to contain the
user ids in its information base. User ids that do not conflict with the upper domain are confirmed and the rest are purged
in equally many instances of -#CF. Provider E generates 0#IN from -#CF to report any purges throughout its subtree.
This stage ends when all user ids have either been explicitly confirmed or purged.

T0812700-93/d07
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Stage three resembles stage two, but concerns token ids rather than user id channels, using a parallel set of MCSPDUs. If
user ids had not been merged first, portions of a later -4RQ could be refused as invalid and the affected token ids would
be unnecessarily purged. In the case of an inhibited token, the entire set of inhibiting users may not fit into a single
MCSPDU. Provider E waits for confirmation of the first subset it sends upward before sending the inhibited token again
with the remaining user ids. This protects against the first set being refused due to too many token ids in use but the
remainder later being accepted, which would corrupt the information base. This stage ends when all token ids have either
been explicitly confirmed or purged.

T0812710-93/d08
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$OMAIN�MERGER�STEP�THREE� �-ERGE�TOKEN�IDS

FIGURE 12-3/T.125...[D08] =  9.5  CM

Stage four involves the same MCSPDUs as stage two, but they contain different channel ids. User id channels having
been taken care of, what remains are static, private, and assigned channel ids. If user ids had not been merged first,
portions of a later -#RQ could be refused as invalid and the affected channel ids would be unnecessarily purged. In the
case of a private channel, the entire set of users admitted by the channel manager may not fit into a single MCSPDU.
Provider E waits for confirmation of the first subset it sends upward before sending the private channel again with the
remaining user ids. This protects against the first set being refused due to too many channel ids in use but the remainder
later being accepted, which would corrupt the information base. This stage ends and domain merger completes when all
remaining channel ids have either been explicitly confirmed or purged.

NOTE – Merging token ids first makes their exclusive possession more effective in suppressing data flow conflicts.
Otherwise, data may leak between domains, as channel ids are confirmed, before the conflict is revealed through a token purge.

���� $OMAIN�DISCONNECTION

When an upward MCS connection is disconnected, an MCS provider shall eradicate its subtree of the domain by
detaching all its direct MCS attachments and disconnecting all its other MCS connections. The affected provider cannot
in general establish a residual domain in its own subtree, because it has no record of request MCSPDUs that were sent
upward for which it will never receive a matching confirm MCSPDU.



3UPERSEDED�BY�A�MORE�RECENT�VERSION

60 2ECOMMENDATION�4���������������	������3UPERSEDED�BY�A�MORE�RECENT�VERSION

When a downward MCS connection is disconnected, an MCS provider shall generate $5RQ MCSPDUs for all users
residing in that portion of its subtree, giving as reason DOMAIN�DISCONNECTED.

T0812720-93/d09
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FIGURE 12-4/T.125...[D09] = 10 CM

���� #HANNEL�ID�ALLOCATION

Channel ids in the range of 1001 and above are allocated dynamically at the top MCS provider during the processing of
primitive requests MCS-ATTACH-USER, MCS-CHANNEL-JOIN zero, and MCS-CHANNEL-CONVENE. There is
no requirement that the values allocated fit any particular pattern. Rather, it is desirable that the values be randomly
dispersed over the allowed range. This makes it more likely that two domains that operate independently for a substantial
period of time may later be merged without conflicts in their respective allocation of channel ids. It also defends against
recycling ids too quickly within a single domain as they are released from one use and then reallocated for a different
use. Applications using MCS should have time to adjust to the disappearance of a channel or user id before it returns in a
new incarnation.

In situations where the seamless merging of active domains is required, conflicts may be avoided by selecting channel
ids from a subrange unique to each provider. Subranges may be created by dividing the dynamically allocated channel
ids 1001..65535 into several bands. Furthermore, within a subrange, ids may be allocated sequentially in one direction,
from top or bottom. Providers that employ subrange allocation shall still obey all aspects of this protocol, including the
procedure for domain merger. They shall thereby accommodate peer providers that may lack unique subranges.

NOTE – It is a matter of local implementation how a provider chooses a subrange from which to allocate. Pre-arranged
conferences may be banded by a network management system.

Token ids, unlike channel ids, are not allocated, and the dividing line of value 1001 has no significance for them. A free
token id with a given value is statically available to be grabbed or inhibited at any time, subject only to a domain limit on
the total number in use at once.
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���� 4OKEN�STATUS

Token status is defined formally in clause 7. It is returned as a component of token confirm MCSPDUs and is used to
update the record for a token id in the information base of subordinate providers. Token status is not necessarily reported
directly through a confirm primitive to the initiating user but may be reported indirectly through a result value.

When more that one token status value describes the relationship of a given user to a specified token id, the order of
preference shall be as follows. 3ELF
RECIPIENT shall be reported first, if it fits, to remind the user that they must respond to
an MCS-TOKEN-GIVE indication. Next preferred is SELF
GIVING, to remind the user that they are engaged in an
uncompleted operation, followed by SELF
GRABBED or SELF
INHIBITED. Last in order are the remaining status values,
reflecting the token’s current state as a result of its sole use by other parties.

An MCS provider relies on the specified preference for token status values in order to update the token state correctly in
its information base.

�� 2EFERENCE�IMPLEMENTATION

Appendices II through VII contain an implementation of an MCS provider expressed in SDL. They demonstrate that the
protocol specified can be realized with reasonable effort. The provision of this example should save implementors the
work of reinventing equivalent logic and should speed the introduction of compatible systems.

SDL is a formal description technique more powerful than conventional state tables and better suited to the complexity
of MCS. It admits two equivalent representations, textual and graphical. The reference implementation is cast in the
former, which is more concise and easier to translate to a conventional programming language. It makes extensive use of
abstract data types like the powerset generator. Those unfamiliar with SDL may wish to consult these references:

– CCITT Recommendation Z.100 (1988), 3PECIFICATION�AND�$ESCRIPTION�,ANGUAGE��3$,	.

– Belina, Hogrefe, and Sarma: 3$,� WITH� !PPLICATIONS� FROM� 0ROTOCOL� 3PECIFICATION, (Prentice Hall,
1991), ISBN 0-13-785890-6.

– Belina and Hogrefe: 4HE�##)44�3PECIFICATION�AND�$ESCRIPTION�,ANGUAGE�3$,, Computer Networks
and ISDN Systems, 16 (1988/89), pages 311-341.

Appendix II begins with a figure that summarizes relationships codified in the system and block definitions that follow.
Processes appearing in the figure – control, domain, endpoint, and attachment – are defined individually in subsequent
Appendices III through VI. Appendix VII explains assumptions of the model and illustrates key signal flows.

The appendices have been reviewed by technical experts and are believed to constitute a correct implementation of the
MCS protocol defined in this specification, but they are not normative. In case of any discrepancy, descriptions
contained in the body of this specification take precedence.

The MCS protocol may also be realized by other designs, which need not be based on the reference implementation.

The reference implementation of Appendices II through VII is parameterized to expand to a fully general MCS provider.
Alternative implementations that are limited to a special case may be more compact and efficient. Of particular interest is
the case of an MCS provider limited to one MCS connection, a condition appropriate for a terminal node. This might be
further specialized to simplify mergers by voluntarily purging any ids employed in a lower domain. The selection of
important special cases and their implementation in SDL remains a topic for further study.
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!PPENDIX�)

!LTERNATIVE�ENCODINGS�OF�AN�-#30$5

(This appendix does not form an integral part of this Recommendation.)

)�� 3END�$ATA�2EQUEST

The relevant definitions, extracted from clause 7, are:

$OMAIN-#30$5 �����#(/)#%
[

�����
SDRQ 3$RQ�
�����

]

3$RQ�������;!00,)#!4)/.���=�)-0,)#)4�3%15%.#%
[

INITIATOR 5SER)D�
CHANNEL)D #HANNEL)D�
DATA0RIORITY $ATA0RIORITY�
SEGMENTATION 3EGMENTATION�
USER$ATA /#4%4�342).'

]

5SER)D �����$YNAMIC#HANNEL)D

$YNAMIC#HANNEL)D �����#HANNEL)D�������������	

#HANNEL)D �����).4%'%2����������	

$ATA0RIORITY �����%.5-%2!4%$
[

TOP ��	�
HIGH ��	�
MEDIUM ��	�
LOW ��	

]

3EGMENTATION �����")4�342).'
[

BEGIN ��	�
END ��	

]��3):%���		

A sample value of this type is:

SDRQ
[

INITIATOR �����
CHANNEL)D ��
DATA0RIORITY HIGH�
SEGMENTATION [BEGIN]�
USER$ATA ��$�����(

]

)�� "ASIC�%NCODING�2ULES��"%2	

BER applies a scheme of IDENTIFIER
LENGTH
CONTENTS recursively to component types:

3$RQ ,ENGTH #ONTENTS
�� ��

).4%'%2 ,ENGTH #ONTENTS
�� �� ����!�

).4%'%2 ,ENGTH #ONTENTS
�� �� ��
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%.5-%2!4%$ ,ENGTH #ONTENTS

�! �� ��

")4�342).' ,ENGTH #ONTENTS

�� �� ������

/#4%4�342).' ,ENGTH #ONTENTS

�� �� �$��������

Header octets exclusive of user data: 18-24, depending on MCSPDU tag, channel id, and user data length.

)�� 0ACKED�%NCODING�2ULES��0%2	

PER can be decoded only if it is known in advance what ASN.1 type is contained in the encoding, since tags are not
conveyed. This is one reason for defining a combined type of domain MCSPDUs. The application tags of domain
MCSPDUs advance sequentially beginning from zero. This is convenient, because PER encodes values as offsets from
the base of their range. With this arrangement, the value 25 identifies 3$RQ under both BER and PER:

#(/)#% 

����BITS�����PAD

��

).4%'%2�������������	 

��OFFSET�����

����"#

).4%'%2����������	 

��OFFSET��

������

%.5-%2!4%$���")4�342).'��3):%���		 

����BITS�������BITS�����PAD

��

#4%4�342).' 

��LENGTH�����CONTENTS

�����$��������

Header octets exclusive of user data: 7-8, depending on user data length.

PER encodes an unconstrained octet string length up to 127 in one octet and up to 16 384 in two octets.
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!PPENDIX��))

3$,�DECOMPOSITION�OF�AN�-#3�PROVIDER

(This appendix does not form an integral part of this Recommendation.)

T0812730-93/d10
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%.$.%7490%�

'%.%2!4/2 3ET/F��490%�)TEM4YPE	 �
�SUBSETS�WITH�CHOICE�OPERATOR�
�
�
!3
�

0OWERSET�)TEM4YPE	�
!$$).'
/0%2!4/23

0ICK� 3ET/F ��)TEM4YPE� �
�CHOOSES�ANY�ELEMENT�
�
!8)/-3

0ICK�%MPTY	������%22/2��
&/2�!,,�S�).�3ET/F
�

S����%MPTY�����0ICK�S	�IN�S�
	�

$%&!5,4
%MPTY�

%.$'%.%2!4/2�

.%7490% 2EASON
,)4%2!,3

2.?DOMAIN?DISCONNECTED�
2.?PROVIDER?INITIATED�
2.?TOKEN?PURGED�
2.?USER?REQUESTED�
2.?CHANNEL?PURGED�
2.?CHANNEL?DISBANDED� �
�NOT�IN�-#30$5S�
�
2.?DOMAIN?NOT?HIERARCHICAL� �
�NOT�IN�-#30$5S�
�
2.?PARAMETERS?UNACCEPTABLE� �
�NOT�IN�-#30$5S�
�
2.?UNSPECIFIED� �
�NOT�IN�-#30$5S�
�

%.$.%7490%�

.%7490% 2ESULT

,)4%2!,3
24?SUCCESSFUL�
24?DOMAIN?MERGING�
24?DOMAIN?NOT?HIERARCHICAL�
24?NO?SUCH?CHANNEL�
24?NO?SUCH?DOMAIN�
24?NO?SUCH?USER�
24?NOT?ADMITTED�
24?OTHER?USER?ID�
24?PARAMETERS?UNACCEPTABLE�
24?TOKEN?NOT?AVAILABLE�
24?TOKEN?NOT?POSSESSED�
24?TOO?MANY?CHANNELS�
24?TOO?MANY?TOKENS�
24?TOO?MANY?USERS�
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24?UNSPECIFIED?FAILURE�
24?USER?REJECTED�
24?CONGESTED� �
�NOT�IN�-#30$5S�
�
24?DOMAIN?DISCONNECTED� �
�NOT�IN�-#30$5S�
�

%.$.%7490%�

�
�4HE�NEXT�THREE�IDENTIFIER�TYPES�DISTINGUISH�SEPARATE�INSTANCES
OF�COMMUNICATION�ACROSS�THE�INTERFACE�BETWEEN�AN�-#3�PROVIDER�AND
ITS�ENVIRONMENT���-#3#ONNECTION)D�MAPS�TO�SOME�RESOURCE�WITHIN�THE
#ONTROL�PROCESS���-#3!TTACHMENT)D��WHICH�EQUALS�THE�PROCESS�ID�OF
AN�!TTACHMENT�PROCESS��COULD�BE�CONSIDERED�IMPLICIT��SINCE�IT�IS
THE�SOURCE�OR�DESTINATION�ADDRESS�OF�CORRESPONDING�SIGNALS��BUT
THE�USAGE�IS�CLEARER�WHEN�IT�IS�MADE�AN�EXPLICIT�SIGNAL�PARAMETER�
4HE�SAME�MODEL�IS�ASSUMED�FOR�4#%NDPOINT)D��
�

39.490% -#3#ONNECTION)D�����.ATURAL
%.$39.490%�

39.490% -#3!TTACHMENT)D����0)D
%.$39.490%�

39.490% 4#%NDPOINT)D������0)D
%.$39.490%�

�
�"LOCK�DECOMPOSITION�
�

",/#+ -#3�PROVIDER 2%&%2%.#%$�

#(!..%,�#ONTROL�-#3!0
&2/-�%.6�4/�-#3�PROVIDER�7)4(

�#ONTROLLER�TO�#ONTROL	�
&2/-�-#3�PROVIDER�4/�%.6�7)4(

�#ONTROL�TO�#ONTROLLER	�

%.$#(!..%,�

3)'.!,,)34�#ONTROLLER�TO�#ONTROL���
-#3�#ONNECT�0ROVIDER�REQUEST�
-#3�#ONNECT�0ROVIDER�RESPONSE�
-#3�$ISCONNECT�0ROVIDER�REQUEST�

3)'.!,,)34�#ONTROL�TO�#ONTROLLER���
-#3�#ONNECT�0ROVIDER�INDICATION�
-#3�#ONNECT�0ROVIDER�CONFIRM�
-#3�$ISCONNECT�0ROVIDER�INDICATION�

3)'.!, -#3�#ONNECT�0ROVIDER�REQUEST
�

.ATURAL� �
�REQUESTER�S�LABEL�
�
43!0!DDRESS� �
�CALLING�
�
$OMAIN3ELECTOR�
43!0!DDRESS� �
�CALLED�
�
$OMAIN3ELECTOR�
"OOLEAN� �
�UPWARD�
�
$OMAIN0ARAMETERS� �
�TARGET�
�
$OMAIN0ARAMETERS� �
�MINIMUM�
�
$OMAIN0ARAMETERS� �
�MAXIMUM�
�
4RANSPORT1/3"Y0RI� �
�TARGET�
�
4RANSPORT1/3"Y0RI� �
�MINIMUM�
�
5SER$ATA

	�
3)'.!, -#3�#ONNECT�0ROVIDER�INDICATION

�
-#3#ONNECTION)D� �
�PROVIDER
ASSIGNED�
�
43!0!DDRESS� �
�CALLING�
�
$OMAIN3ELECTOR�
43!0!DDRESS� �
�CALLED�
�
$OMAIN3ELECTOR�
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"OOLEAN� �
�UPWARD�
�
$OMAIN0ARAMETERS� �
�TARGET�
�
$OMAIN0ARAMETERS� �
�MINIMUM�
�
$OMAIN0ARAMETERS� �
�MAXIMUM�
�
5SER$ATA

	�
3)'.!, -#3�#ONNECT�0ROVIDER�RESPONSE

�
-#3#ONNECTION)D�
2ESULT�
$OMAIN0ARAMETERS�
5SER$ATA

	�
3)'.!, -#3�#ONNECT�0ROVIDER�CONFIRM

�
.ATURAL� �
�REQUESTER�S�LABEL�
�
2ESULT�
-#3#ONNECTION)D� �
�PROVIDER
ASSIGNED�
�
$OMAIN0ARAMETERS�
5SER$ATA

	�

3)'.!, -#3�$ISCONNECT�0ROVIDER�REQUEST
�

-#3#ONNECTION)D
	�

3)'.!, -#3�$ISCONNECT�0ROVIDER�INDICATION
�

-#3#ONNECTION)D�
2EASON

	�

#(!..%,�-#3!0S
&2/-�%.6�4/�-#3�PROVIDER�7)4(

-#3�!TTACH�5SER�REQUEST�
�5SERS�TO�!TTACHMENT	�

&2/-�-#3�PROVIDER�4/�%.6�7)4(
�!TTACHMENT�TO�5SERS	�

%.$#(!..%,�

3)'.!,,)34�5SERS�TO�!TTACHMENT���
-#3�READY�
-#3�$ETACH�5SER�REQUEST�
-#3�#HANNEL�*OIN�REQUEST�
-#3�#HANNEL�,EAVE�REQUEST�
-#3�#HANNEL�#ONVENE�REQUEST�
-#3�#HANNEL�$ISBAND�REQUEST�
-#3�#HANNEL�!DMIT�REQUEST�
-#3�#HANNEL�%XPEL�REQUEST�
-#3�3END�$ATA�REQUEST�
-#3�5NIFORM�3END�$ATA�REQUEST�
-#3�4OKEN�'RAB�REQUEST�
-#3�4OKEN�)NHIBIT�REQUEST�
-#3�4OKEN�'IVE�REQUEST�
-#3�4OKEN�'IVE�RESPONSE�
-#3�4OKEN�0LEASE�REQUEST�
-#3�4OKEN�2ELEASE�REQUEST�
-#3�4OKEN�4EST�REQUEST�

3)'.!,,)34�!TTACHMENT�TO�5SERS���
-#3�READY�
-#3�!TTACH�5SER�CONFIRM�
-#3�$ETACH�5SER�INDICATION�
-#3�#HANNEL�*OIN�CONFIRM�
-#3�#HANNEL�,EAVE�INDICATION�
-#3�#HANNEL�#ONVENE�CONFIRM�
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-#3�#HANNEL�$ISBAND�INDICATION�
-#3�#HANNEL�!DMIT�INDICATION�
-#3�#HANNEL�%XPEL�INDICATION�
-#3�3END�$ATA�INDICATION�
-#3�5NIFORM�3END�$ATA�INDICATION�
-#3�4OKEN�'RAB�CONFIRM�
-#3�4OKEN�)NHIBIT�CONFIRM�
-#3�4OKEN�'IVE�INDICATION�
-#3�4OKEN�'IVE�CONFIRM�
-#3�4OKEN�0LEASE�INDICATION�
-#3�4OKEN�2ELEASE�CONFIRM�
-#3�4OKEN�4EST�CONFIRM�

3)'.!, -#3�READY �
�ALLOWS�ONE�-#3�;5NIFORM�=3END�$ATA�
�
�

-#3!TTACHMENT)D�
$ATA0RIORITY

	�

3)'.!, -#3�!TTACH�5SER�REQUEST
�

.ATURAL� �
�REQUESTER�S�LABEL�
�
$OMAIN3ELECTOR

	�

3)'.!, -#3�!TTACH�5SER�CONFIRM
�

.ATURAL� �
�REQUESTER�S�LABEL�
�
2ESULT�
-#3!TTACHMENT)D� �
�PROVIDER
ASSIGNED�
�
5SER)D

	�

3)'.!, -#3�$ETACH�5SER�REQUEST
�

-#3!TTACHMENT)D
	�

3)'.!, -#3�$ETACH�5SER�INDICATION
�

-#3!TTACHMENT)D�
5SER)D�
2EASON

	�
3)'.!, -#3�#HANNEL�*OIN�REQUEST

�
-#3!TTACHMENT)D�
#HANNEL)D

	�
3)'.!, -#3�#HANNEL�*OIN�CONFIRM

�
-#3!TTACHMENT)D�
#HANNEL)D� �
�REQUESTED�
�
2ESULT�
#HANNEL)D

	�
3)'.!, -#3�#HANNEL�,EAVE�REQUEST

�
-#3!TTACHMENT)D�
#HANNEL)D

	�
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3)'.!, -#3�#HANNEL�,EAVE�INDICATION
�

-#3!TTACHMENT)D�
#HANNEL)D�
2EASON

	�

3)'.!, -#3�#HANNEL�#ONVENE�REQUEST
�

-#3!TTACHMENT)D
	�

3)'.!, -#3�#HANNEL�#ONVENE�CONFIRM
�

-#3!TTACHMENT)D�
2ESULT�
#HANNEL)D

	�

3)'.!, -#3�#HANNEL�$ISBAND�REQUEST
�

-#3!TTACHMENT)D�
#HANNEL)D

	�

3)'.!, -#3�#HANNEL�$ISBAND�INDICATION
�

-#3!TTACHMENT)D�
#HANNEL)D�
2EASON

	�

3)'.!, -#3�#HANNEL�!DMIT�REQUEST
�

-#3!TTACHMENT)D�
#HANNEL)D�
5SER)D3ET

	�

3)'.!, -#3�#HANNEL�!DMIT�INDICATION
�

-#3!TTACHMENT)D�
#HANNEL)D�
5SER)D

	�

3)'.!, -#3�#HANNEL�%XPEL�REQUEST
�

-#3!TTACHMENT)D�
#HANNEL)D�
5SER)D3ET

	�

3)'.!, -#3�#HANNEL�%XPEL�INDICATION
�

-#3!TTACHMENT)D�
#HANNEL)D�
2EASON

	�
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3)'.!, -#3�3END�$ATA�REQUEST
�

-#3!TTACHMENT)D�
#HANNEL)D�
$ATA0RIORITY�
3EGMENTATION�
5SER$ATA

	�

3)'.!, -#3�3END�$ATA�INDICATION
�

-#3!TTACHMENT)D�
#HANNEL)D�
$ATA0RIORITY�
5SER)D�
3EGMENTATION�
5SER$ATA

	�

3)'.!, -#3�5NIFORM�3END�$ATA�REQUEST
�

-#3!TTACHMENT)D�
#HANNEL)D�
$ATA0RIORITY�
3EGMENTATION�
5SER$ATA

	�

3)'.!, -#3�5NIFORM�3END�$ATA�INDICATION
�

-#3!TTACHMENT)D�
#HANNEL)D�
$ATA0RIORITY�
5SER)D�
3EGMENTATION�
5SER$ATA

	�

3)'.!, -#3�4OKEN�'RAB�REQUEST
�

-#3!TTACHMENT)D�
4OKEN)D

	�

3)'.!, -#3�4OKEN�'RAB�CONFIRM
�

-#3!TTACHMENT)D�
4OKEN)D�
2ESULT

	�

3)'.!, -#3�4OKEN�)NHIBIT�REQUEST
�

-#3!TTACHMENT)D�
4OKEN)D

	�

3)'.!, -#3�4OKEN�)NHIBIT�CONFIRM
�

-#3!TTACHMENT)D�
4OKEN)D�
2ESULT

	�
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3)'.!, -#3�4OKEN�'IVE�REQUEST
�

-#3!TTACHMENT)D�
4OKEN)D�
5SER)D

	�

3)'.!, -#3�4OKEN�'IVE�INDICATION
�

-#3!TTACHMENT)D�
4OKEN)D�
5SER)D

	�

3)'.!, -#3�4OKEN�'IVE�RESPONSE

�
-#3!TTACHMENT)D�
4OKEN)D�
2ESULT

	�

3)'.!, -#3�4OKEN�'IVE�CONFIRM
�

-#3!TTACHMENT)D�
4OKEN)D�
2ESULT

	�

3)'.!, -#3�4OKEN�0LEASE�REQUEST
�

-#3!TTACHMENT)D�
4OKEN)D

	�

3)'.!, -#3�4OKEN�0LEASE�INDICATION
�

-#3!TTACHMENT)D�
4OKEN)D�
5SER)D

	�

3)'.!, -#3�4OKEN�2ELEASE�REQUEST
�

-#3!TTACHMENT)D�
4OKEN)D

	�

3)'.!, -#3�4OKEN�2ELEASE�CONFIRM
�

-#3!TTACHMENT)D�
4OKEN)D�
2ESULT

	�

3)'.!, -#3�4OKEN�4EST�REQUEST
�

-#3!TTACHMENT)D�
4OKEN)D

	�
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3)'.!, -#3�4OKEN�4EST�CONFIRM
�

-#3!TTACHMENT)D�
4OKEN)D�
4OKEN3TATUS

	�

#(!..%,�43!0S
&2/-�-#3�PROVIDER�4/�%.6�7)4(

�%NDPOINT�TO�4RANSPORT	�
&2/-�%.6�4/�-#3�PROVIDER�7)4(

4�#ONNECT�INDICATION�
�4RANSPORT�TO�%NDPOINT	�

%.$#(!..%,�

3)'.!,,)34�%NDPOINT�TO�4RANSPORT���
4�READY�
4�#ONNECT�REQUEST�
4�#ONNECT�RESPONSE�
4�$ATA�REQUEST�
4�$ISCONNECT�REQUEST�

3)'.!,,)34�4RANSPORT�TO�%NDPOINT���
4�READY�
4�#ONNECT�CONFIRM�
4�$ATA�INDICATION�
4�$ISCONNECT�INDICATION�

3)'.!, 4�READY �
�ALLOWS�ONE�4�$ATA�
�
�

4#%NDPOINT)D

	�

3)'.!, 4�#ONNECT�REQUEST
�

.ATURAL� �
�REQUESTER�S�LABEL�
�
43!0!DDRESS� �
�CALLING�
�
43!0!DDRESS� �
�CALLED�
�
4RANSPORT1/3� �
�TARGET�
�
4RANSPORT1/3 �
�MINIMUM�
�

	�

3)'.!, 4�#ONNECT�INDICATION
�

4#%NDPOINT)D� �
�PROVIDER
ASSIGNED�
�
43!0!DDRESS� �
�CALLING�
�
43!0!DDRESS� �
�CALLED�
�
4RANSPORT1/3� �
�OFFERED�
�
4RANSPORT1/3 �
�MINIMUM�
�

	�

3)'.!, 4�#ONNECT�RESPONSE
�

4#%NDPOINT)D�
4RANSPORT1/3 �
�SELECTED�
�

	�

3)'.!, 4�#ONNECT�CONFIRM
�

.ATURAL� �
�REQUESTER�S�LABEL�
�
4#%NDPOINT)D� �
�PROVIDER
ASSIGNED�
�
4RANSPORT1/3 �
�SELECTED�
�

	�
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3)'.!,��4�$ATA�REQUEST
�

4#%NDPOINT)D�
43$5

	�

3)'.!, 4�$ATA�INDICATION
�

4#%NDPOINT)D�
43$5

	�

3)'.!, 4�$ISCONNECT�REQUEST
�

4#%NDPOINT)D

	�

3)'.!, 4�$ISCONNECT�INDICATION
�

.ATURAL� �
�REQUESTER�S�LABEL�
�
4#%NDPOINT)D �
�PROVIDER
ASSIGNED�
�

	�

%.$3934%-�

",/#+ -#3�PROVIDER�

39./.9-�MAX0ORTAL)DS .ATURAL�����%84%2.!,� �
�AN�IMPLEMENTATION�LIMIT�
�

�
�$ATA�TYPE�DEFINITIONS�
�

.%7490% 0$5+IND �
�DOMAIN�-#30$5S�
�
,)4%2!,3

0$IN� �
�PLUMB�DOMAIN�INDICATION�
�
%$RQ� �
�ERECT�DOMAIN�REQUEST�
�
-#RQ� �
�MERGE�CHANNELS�REQUEST�
�
-#CF� �
�MERGE�CHANNELS�CONFIRM�
�
0#IN� �
�PURGE�CHANNELS�INDICATION�
�
-4RQ� �
�MERGE�TOKENS�REQUEST�
�
-4CF� �
�MERGE�TOKENS�CONFIRM�
�
04IN� �
�PURGE�TOKENS�INDICATION�
�
$0UM� �
�DISCONNECT�PROVIDER�ULTIMATUM�
�
2*UM� �
�REJECT�-#30$5�ULTIMATUM�
�
!5RQ� �
�ATTACH�USER�REQUEST�
�
!5CF� �
�ATTACH�USER�CONFIRM�
�
$5RQ� �
�DETACH�USER�REQUEST�
�
$5IN� �
�DETACH�USER�CONFIRM�
�
#*RQ� �
�CHANNEL�JOIN�REQUEST�
�
#*CF� �
�CHANNEL�JOIN�CONFIRM�
�
#,RQ� �
�CHANNEL�LEAVE�REQUEST�
�
##RQ� �
�CHANNEL�CONVENE�REQUEST�
�
##CF� �
�CHANNEL�CONVENE�CONFIRM�
�
#$RQ� �
�CHANNEL�DISBAND�REQUEST�
�
#$IN� �
�CHANNEL�DISBAND�CONFIRM�
�
#!RQ� �
�CHANNEL�ADMIT�REQUEST�
�
#!IN� �
�CHANNEL�ADMIT�CONFIRM�
�
#%RQ� �
�CHANNEL�EXPEL�REQUEST�
�
#%IN� �
�CHANNEL�EXPEL�CONFIRM�
�
3$RQ� �
�SEND�DATA�REQUEST�
�
3$IN� �
�SEND�DATA�INDICATION�
�
53RQ� �
�UNIFORM�SEND�DATA�REQUEST�
�
53IN� �
�UNIFORM�SEND�DATA�INDICATION�
�
4'RQ� �
�TOKEN�GRAB�REQUEST�
�
4'CF� �
�TOKEN�GRAB�CONFIRM�
�
4)RQ� �
�TOKEN�INHIBIT�REQUEST�
�
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4)CF� �
�TOKEN�INHIBIT�CONFIRM�
�
46RQ� �
�TOKEN�GIVE�REQUEST�
�
46IN� �
�TOKEN�GIVE�INDICATION�
�
46RS� �
�TOKEN�GIVE�RESPONSE�
�
46CF� �
�TOKEN�GIVE�CONFIRM�
�
40RQ� �
�TOKEN�PLEASE�REQUEST�
�
40IN� �
�TOKEN�PLEASE�INDICATION�
�
42RQ� �
�TOKEN�RELEASE�REQUEST�
�
42CF� �
�TOKEN�RELEASE�CONFIRM�
�
44RQ� �
�TOKEN�TEST�REQUEST�
�
44CF� �
�TOKEN�TEST�CONFIRM�
�

%.$.%7490%�

.%7490% 0$53TRUCT
3425#4

KIND 0$5+IND�
�
�FIELDS�USED�DEPEND�ON�KIND�
�
CHANNEL)D #HANNEL)D�
CHANNEL)DS #HANNEL)D3ET�
DATA0RIORITY $ATA0RIORITY�
DETACH5SER)DS 5SER)D3ET�
DIAGNOSTIC $IAGNOSTIC�
HEIGHT,IMIT .ATURAL�
INITIAL/CTETS /CTET3TRING�
INITIATOR 5SER)D�
MERGE#HANNELS #HANNEL!TTRIBUTES3ET�
MERGE4OKENS 4OKEN!TTRIBUTES3ET�
PURGE#HANNEL)DS #HANNEL)D3ET�
PURGE4OKEN)DS 4OKEN)D3ET�
REASON 2EASON�
RECIPIENT 5SER)D�
REQUESTED #HANNEL)D�
RESULT 2ESULT�
SEGMENTATION 3EGMENTATION�
SUB(EIGHT .ATURAL�
SUB)NTERVAL $URATION�
TOKEN)D 4OKEN)D�
TOKEN3TATUS 4OKEN3TATUS�
USER$ATA 5SER$ATA�
USER)DS 5SER)D3ET�

%.$.%7490%�

.%7490% #HANNEL+IND
,)4%2!,3

3TATIC� �
�RANGE����������STATIC��KNOWN�PERMANENTLY�
�
5SER)D� �
�DYNAMIC��!TTACH
5SER���$ETACH
5SER�
�
0RIVATE� �
�DYNAMIC��#HANNEL
#ONVENE���#HANNEL
$ISBAND�
�
!SSIGNED� �
�DYNAMIC��#HANNEL
*OIN�ZERO���LAST�#HANNEL
,EAVE�
�

%.$.%7490%�

.%7490% #HANNEL!TTRIBUTES
3425#4

CHANNEL)D #HANNEL)D� �
�THE�CHANNEL�WITH�THESE�ATTRIBUTES�
�
KIND #HANNEL+IND� �
��3TATIC�5SER)D�0RIVATE�!SSIGNED	�
�
MANAGER 5SER)D� �
�IF��0RIVATE	��THE�CHANNEL�MANAGER�
�
ADMITTED 5SER)D3ET� �
�IF��0RIVATE	��ZERO�OR�MORE�USERS�
�
JOINED "OOLEAN� �
�IF��5SER)D�0RIVATE	��4RUE�IF�JOINED�
�

%.$.%7490%�

.%7490% #HANNEL!TTRIBUTES3ET 3ET/F�#HANNEL!TTRIBUTES	�
%.$.%7490%�
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.%7490% 4OKEN+IND
,)4%2!,3

'RABBED� �
�ASSIGNED�EXCLUSIVELY�TO�ONE�USER�
�
)NHIBITED� �
�INHIBITED�BY�ONE�OR�MORE�USERS�
�
'IVING� �
�REASSIGNING�GRABBED�TO�A�NEW�USER�
�
5NGIVABLE� �
�THE�RECIPIENT�HAS�SINCE�DETACHED�
�
'IVEN� �
�DONOR�RELEASED�TOKEN�OR�DETACHED�
�

%.$.%7490%�

.%7490% 4OKEN!TTRIBUTES
3425#4

TOKEN)D 4OKEN)D� �
�THE�TOKEN�WITH�THESE�ATTRIBUTES�
�
KIND 4OKEN+IND� �
��'RABBED�)NHIBITED�'IVING�5NGIVABLE�'IVEN	�
�
GRABBER 5SER)D� �
�IF��'RABBED�'IVING�5NGIVABLE	��USER�
�
RECIPIENT 5SER)D� �
�IF��'IVING�'IVEN	��AN�INTENDED�USER�
�
INHIBITORS 5SER)D3ET� �
�IF��)NHIBITED	��ONE�OR�MORE�USERS�
�

%.$.%7490%�

.%7490% 4OKEN!TTRIBUTES3ET 3ET/F�4OKEN!TTRIBUTES	�
%.$.%7490%�

39.490% 0ORTAL)D ���)NTEGER�#/.34!.43���MAX0ORTAL)DS
%.$39.490%�

.%7490% 0ORTAL)D3ET 3ET/F�0ORTAL)D	�
%.$.%7490%�

.%7490% 0ORTAL+IND
,)4%2!,3

!TTACHED� �
�-#3�!TTACHMENT�THROUGH�AN�-#3!0�
�
$OWNLINK� �
�-#3�#ONNECTION�TO�A�PROVIDER�BELOW�
�
5PLINK� �
�-#3�#ONNECTION�TO�A�PROVIDER�ABOVE�
�

%.$.%7490%�

.%7490% 0)D"Y0RI !RRAY�$ATA0RIORITY��0)D	�
%.$.%7490%�

.%7490% $IAGNOSTIC
,)4%2!,3

$#?INCONSISTENT?MERGE�
$#?FORBIDDEN?0$5?DOWNWARD�
$#?FORBIDDEN?0$5?UPWARD�
$#?INVALID?"%2?ENCODING�
$#?INVALID?0%2?ENCODING�
$#?MISROUTED?USER�
$#?UNREQUESTED?CONFIRM�
$#?WRONG?TRANSPORT?PRIORITY�
$#?CHANNEL?ID?CONFLICT�
$#?TOKEN?ID?CONFLICT�
$#?NOT?USER?ID?CHANNEL�
$#?TOO?MANY?CHANNELS�
$#?TOO?MANY?TOKENS�
$#?TOO?MANY?USERS�
$#?/+� �
�NOT�IN�-#30$5S�
�
$#?IGNORE� �
�NOT�IN�-#30$5S�
�
$#?HEIGHT?LIMIT?EXCEEDED� �
�NOT�IN�-#30$5S�
�
$#?THROUGHPUT?INADEQUATE� �
�NOT�IN�-#30$5S�
�

%.$.%7490%�

�
�0ROCESS�DECOMPOSITION�
�
02/#%33 #ONTROL ����	 2%&%2%.#%$� �
�#/�
�
02/#%33 !TTACHMENT ���	 2%&%2%.#%$� �
�!4�
�
02/#%33 $OMAIN ���	 2%&%2%.#%$� �
�$-�
�
02/#%33 %NDPOINT ���	 2%&%2%.#%$� �
�%0�
�
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#/..%#4�#ONTROL�-#3!0�!.$�#ONTROL�-#3!0�#/�

3)'.!,2/54%�#ONTROL�-#3!0�#/
&2/-�%.6�4/�#ONTROL�7)4(

�#ONTROLLER�TO�#ONTROL	�
&2/-�#ONTROL�4/�%.6�7)4(

�#ONTROL�TO�#ONTROLLER	�

#/..%#4�-#3!0S�!.$�-#3!0S�#/��-#3!0S�!4�

3)'.!,2/54%�-#3!0S�#/
&2/-�%.6�4/�#ONTROL�7)4(

-#3�!TTACH�5SER�REQUEST�
&2/-�#ONTROL�4/�%.6�7)4(

-#3�!TTACH�5SER�CONFIRM�

3)'.!,2/54%�-#3!0S�!4
&2/-�%.6�4/�!TTACHMENT�7)4(

�5SERS�TO�!TTACHMENT	�
&2/-�!TTACHMENT�4/�%.6�7)4(

�!TTACHMENT�TO�5SERS	�

#/..%#4�43!0S�!.$�43!0S�#/��43!0S�%0�

3)'.!,2/54%�43!0S�#/
&2/-�%.6�4/�#ONTROL�7)4(

4�#ONNECT�INDICATION�
&2/-�#ONTROL�4/�%.6�7)4(

4�$ISCONNECT�REQUEST�

3)'.!,2/54%�43!0S�%0
&2/-�%.6�4/�%NDPOINT�7)4(

�4RANSPORT�TO�%NDPOINT	�
&2/-�%NDPOINT�4/�%.6�7)4(

�%NDPOINT�TO�4RANSPORT	�

3)'.!,2/54%�#/�!4
&2/-�#ONTROL�4/�!TTACHMENT�7)4(

1UIT�
%XIT�

&2/-�!TTACHMENT�4/�#ONTROL�7)4(
1UIT�

3)'.!,2/54%�#/�$-
&2/-�#ONTROL�4/�$OMAIN�7)4(

/PEN�PORTAL�
$ROP�PORTAL�
3HUT�PORTAL�

&2/-�$OMAIN�4/�#ONTROL�7)4(
$ROP�PORTAL�
2EPORT�PORTAL�
3HUT�PORTAL�

3)'.!,2/54%�#/�%0
&2/-�#ONTROL�4/�%NDPOINT�7)4(

�#ONNECT�0$5	�
1UIT�
%XIT�

&2/-�%NDPOINT�4/�#ONTROL�7)4(
�#ONNECT�0$5	�
2*UM�
1UIT�

3)'.!,2/54%�$-�!4
&2/-�$OMAIN�4/�!TTACHMENT�7)4(

0$5�READY�
�0$5�INDICATION	�
�0$5�CONFIRM	�

&2/-�!TTACHMENT�4/�$OMAIN�7)4(
0$5�READY�
�0$5�REQUEST	�
�0$5�RESPONSE	�
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3)'.!,2/54%�$-�%0
&2/-�$OMAIN�4/�%NDPOINT�7)4(

0$5�READY�
�0$5�MERGE	�
�0$5�REQUEST	�
�0$5�INDICATION	�
�0$5�RESPONSE	�
�0$5�CONFIRM	�
�0$5�ULTIMATUM	�

&2/-�%NDPOINT�4/�$OMAIN�7)4(
0$5�READY�
�0$5�MERGE	�
�0$5�REQUEST	�
�0$5�INDICATION	�
�0$5�RESPONSE	�
�0$5�CONFIRM	�
�0$5�ULTIMATUM	�

3)'.!, /PEN�PORTAL
�

0ORTAL)D�
0ORTAL+IND�
0)D"Y0RI

	�

3)'.!, 2EPORT�PORTAL
�

0ORTAL)D�
$IAGNOSTIC

	�

3)'.!, $ROP�PORTAL
�

0ORTAL)D�
2EASON

	�

3)'.!, 3HUT�PORTAL
�

0ORTAL)D
	�

3)'.!, 1UIT�

3)'.!, %XIT�

3)'.!,,)34�#ONNECT�0$5���
#ONNECT�)NITIAL�
#ONNECT�2ESPONSE�
#ONNECT�!DDITIONAL�
#ONNECT�2ESULT�

3)'.!, #ONNECT�)NITIAL
�

$OMAIN3ELECTOR� �
�CALLING�
�
$OMAIN3ELECTOR� �
�CALLED�
�
"OOLEAN� ��
�UPWARD�
�
$OMAIN0ARAMETERS� ��
�TARGET�
�
$OMAIN0ARAMETERS� ��
�MINIMUM�
�
$OMAIN0ARAMETERS� ��
�MAXIMUM�
�
5SER$ATA

	�

3)'.!, #ONNECT�2ESPONSE
�

2ESULT�
.ATURAL�
$OMAIN0ARAMETERS�
5SER$ATA

	�
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3)'.!,��#ONNECT�!DDITIONAL

�

.ATURAL�

$ATA0RIORITY

	�

3)'.!,��#ONNECT�2ESULT

�

2ESULT

	�

3)'.!,,)34�0$5�MERGE���

0$IN��%$RQ��-#RQ��-#CF��-4RQ�

-4CF�

3)'.!,,)34�0$5�REQUEST���

!5RQ��$5RQ��#*RQ��#,RQ��##RQ�

#$RQ��#!RQ��#%RQ��3$RQ��53RQ�

4'RQ��4)RQ��46RQ��40RQ��42RQ�

44RQ�

3)'.!,,)34�0$5�INDICATION���

0#IN��04IN��$5IN��#$IN��#!IN�

#%IN��3$IN��53IN��46IN��40IN�

3)'.!,,)34�0$5�RESPONSE���

46RS�

3)'.!,,)34�0$5�CONFIRM���

!5CF��#*CF��##CF��4'CF��4)CF�

46CF��42CF��44CF�

3)'.!,,)34�0$5�ULTIMATUM���

$0UM��2*UM�

3)'.!,��0$5�READY �
�ALLOWS�ONE�DOMAIN�-#30$5�
�

�

$ATA0RIORITY

	�

3)'.!, 0$IN �0$53TRUCT	� �
�PLUMB�DOMAIN�INDICATION�
�

3)'.!, %$RQ �0$53TRUCT	� �
�ERECT�DOMAIN�REQUEST�
�

3)'.!, -#RQ �0$53TRUCT	� �
�MERGE�CHANNELS�REQUEST�
�

3)'.!, -#CF �0$53TRUCT	� �
�MERGE�CHANNELS�CONFIRM�
�

3)'.!, 0#IN �0$53TRUCT	� �
�PURGE�CHANNELS�INDICATION�
�

3)'.!, -4RQ �0$53TRUCT	� �
�MERGE�TOKENS�REQUEST�
�

3)'.!, -4CF �0$53TRUCT	� �
�MERGE�TOKENS�CONFIRM�
�

3)'.!, 04IN�0$53TRUCT	� �
�PURGE�TOKENS�INDICATION�
�

3)'.!, $0UM �0$53TRUCT	� �
�DISCONNECT�PROVIDER�ULTIMATUM�
�

3)'.!, 2*UM �0$53TRUCT	� �
�REJECT�-#30$5�ULTIMATUM�
�

3)'.!, !5RQ �0$53TRUCT	� �
�ATTACH�USER�REQUEST�
�

3)'.!, !5CF �0$53TRUCT	� �
�ATTACH�USER�CONFIRM�
�

3)'.!, $5RQ �0$53TRUCT	� �
�DETACH�USER�REQUEST�
�

3)'.!, $5IN �0$53TRUCT	� �
�DETACH�USER�CONFIRM�
�

3)'.!, #*RQ �0$53TRUCT	� �
�CHANNEL�JOIN�REQUEST�
�

3)'.!, #*CF�0$53TRUCT	� �
�CHANNEL�JOIN�CONFIRM�
�

3)'.!, #,RQ �0$53TRUCT	� �
�CHANNEL�LEAVE�REQUEST�
�

3)'.!, ##RQ �0$53TRUCT	� �
�CHANNEL�CONVENE�REQUEST�
�

3)'.!, ##CF �0$53TRUCT	� �
�CHANNEL�CONVENE�CONFIRM�
�

3)'.!, #$RQ �0$53TRUCT	� �
�CHANNEL�DISBAND�REQUEST�
�
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3)'.!, #$IN �0$53TRUCT	� �
�CHANNEL�DISBAND�CONFIRM�
�

3)'.!, #!RQ �0$53TRUCT	� �
�CHANNEL�ADMIT�REQUEST�
�

3)'.!, #!IN �0$53TRUCT	� �
�CHANNEL�ADMIT�CONFIRM�
�

3)'.!, #%RQ �0$53TRUCT	� �
�CHANNEL�EXPEL�REQUEST�
�

3)'.!, #%IN �0$53TRUCT	� �
�CHANNEL�EXPEL�CONFIRM�
�

3)'.!, 3$RQ �0$53TRUCT	� �
�SEND�DATA�REQUEST�
�

3)'.!, 3$IN �0$53TRUCT	� �
�SEND�DATA�INDICATION�
�

3)'.!, 53RQ �0$53TRUCT	� �
�UNIFORM�SEND�DATA�REQUEST�
�

3)'.!, 53IN �0$53TRUCT	� �
�UNIFORM�SEND�DATA�INDICATION�
�

3)'.!, 4'RQ �0$53TRUCT	� �
�TOKEN�GRAB�REQUEST�
�

3)'.!, 4'CF �0$53TRUCT	� �
�TOKEN�GRAB�CONFIRM�
�

3)'.!, 4)RQ �0$53TRUCT	� �
�TOKEN�INHIBIT�REQUEST�
�

3)'.!, 4)CF �0$53TRUCT	� �
�TOKEN�INHIBIT�CONFIRM�
�

3)'.!, 46RQ �0$53TRUCT	� �
�TOKEN�GIVE�REQUEST�
�

3)'.!, 46IN�0$53TRUCT	� �
�TOKEN�GIVE�INDICATION�
�

3)'.!, 46RS �0$53TRUCT	� �
�TOKEN�GIVE�RESPONSE�
�

3)'.!, 46CF�0$53TRUCT	� �
�TOKEN�GIVE�CONFIRM�
�

3)'.!, 40RQ �0$53TRUCT	� �
�TOKEN�PLEASE�REQUEST�
�

3)'.!, 40IN�0$53TRUCT	� �
�TOKEN�PLEASE�INDICATION�
�

3)'.!, 42RQ �0$53TRUCT	� �
�TOKEN�RELEASE�REQUEST�
�

3)'.!, 42CF �0$53TRUCT	� �
�TOKEN�RELEASE�CONFIRM�
�

3)'.!, 44RQ �0$53TRUCT	� �
�TOKEN�TEST�REQUEST�
�

3)'.!, 44CF �0$53TRUCT	� �
�TOKEN�TEST�CONFIRM�
�

%.$",/#+�

!PPENDIX��)))

3$,�SPECIFICATION�OF�THE�#ONTROL�PROCESS
(This appendix does not form an integral part of this Recommendation)

02/#%33 #ONTROL�

�
�4YPE�DEFINITIONS�
�

.%7490% 0ROC
,)4%2!,3

.IL�

2ECEIVING� �
 %NDPOINT�
�

2ESPONDING� �
 %NDPOINT�
�

%NGAGED� �
�!TTACHMENT�%NDPOINT�
�

1UITTING� �
�!TTACHMENT�%NDPOINT�
�

1UIT� �
�!TTACHMENT�%NDPOINT�
�

%.$.%7490%�

.%7490% 0ROC"Y0RI !RRAY�$ATA0RIORITY��0ROC	�

%.$.%7490%�

.%7490% #ALL3IDE
,)4%2!,3

#ALLING�
#ALLED�

%.$.%7490%�
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.%7490% 0ORTAL3TRUCT
3425#4

MC)D -#3#ONNECTION)D� �
�EQUALS�0ORTAL)D�INDEX�
�
CC)D .ATURAL� �
�EQUALS�0ORTAL)D�INDEX�
�
KIND 0ORTAL+IND� �
��!TTACHED�$OWNLINK�5PLINK	�
�
PIDS 0)D"Y0RI� �
�PROCESSES�COMPRISING�A�PORTAL�
�
PROC 0ROC"Y0RI� �
�STATE�OF�EACH�CREATED�PROCESS�
�
LABEL .ATURAL� �
�REQUESTER�S�LABEL�FOR�CONFIRM�
�
DOMAIN $OMAIN3ELECTOR� �
�DOMAIN�SELECTED�BY�THE�PORTAL�
�
OPENED "OOLEAN� �
�4RUE�IF�PORTAL�HAS�BEEN�OPENED�
�
NOTIFY "OOLEAN� �
�4RUE�TO�NOTIFY�WHEN�PORTAL�QUIT�
�
MIN0ARMS $OMAIN0ARAMETERS� �
�LOWER�LIMIT�FOR�NEGOTIATION�
�
MAX0ARMS $OMAIN0ARAMETERS� �
�UPPER�LIMIT�FOR�NEGOTIATION�
�
PARAMETERS $OMAIN0ARAMETERS� �
�VALUES�NEGOTIATED�BY�PORTAL�
�
CALL3IDE #ALL3IDE� �
�PORTAL�IS�CALLING�OR�CALLED�
�
LOCAL43!0 43!0!DDRESS� �
�LOCAL�ADDRESS�FOR�4�#ONNECT�
�
REMOTE43!0 43!0!DDRESS� �
�REMOTE�ADDRESS�FOR�4�#ONNECT�
�
TARGET1/3"Y0RI 4RANSPORT1/3"Y0RI� �
�DESIRED�QUALITY�OF�SERVICE�
�
MIN1/3"Y0RI 4RANSPORT1/3"Y0RI� �
�MINIMUM�THAT�IS�ACCEPTABLE�
�
USER$ATA 5SER$ATA� �
�OF�RESPONSE��PENDING�CONFIRM�
�

%.$.%7490%�
�
�.OTE���)N�A�PRACTICAL�IMPLEMENTATION��THE�USER�DATA�STORED�FROM
#ONNECT�2ESPONSE��AWAITING�ESTABLISHMENT�OF�ADDITIONAL�4#S��NEED�BE
ONLY�ONE�TRANSPORT�INTERFACE�DATA�UNIT��NOT�A�COMPLETE�43$5���!NY
EXCESS�CAN�BE�LEFT�IN�THE�PIPELINE�OF�THE�INITIAL�4#�TO�BE�READ�OUT
WHEN�-#3�#ONNECT�0ROVIDER�CONFIRM�IS�ISSUED��
�

.%7490% 0ORTAL !RRAY�0ORTAL)D��0ORTAL3TRUCT	�
%.$.%7490%�

.%7490% $OMAIN3TRUCT
3425#4

PID 0)D� �
�PROCESS�FOR�THE�DOMAIN�OR�.ULL�
�
PORTALS .ATURAL� �
�NUMBER�OF�PORTALS�OPEN�TO�DOMAIN�
�
UPWARD PORTAL)D� �
�UNIQUE�CONNECTION�UPWARD�OR�ZERO�
�
MIN0ARMS $OMAIN0ARAMETERS� �
�LOWER�LIMIT�OF�CONFIGURATION�
�
MAX0ARMS $OMAIN0ARAMETERS� �
�UPPER�LIMIT�OF�CONFIGURATION�
�
PARAMETERS $OMAIN0ARAMETERS� �
�VALUES�ESTABLISHED�IN�DOMAIN�
�

%.$.%7490%�

.%7490% $OMAIN !RRAY�$OMAIN3ELECTOR��$OMAIN3TRUCT	�
%.$.%7490%�

.%7490% $OMAIN3ELECTOR3ET 3ET/F�$OMAIN3ELECTOR	�
%.$.%7490%�

�
�$ATA�DECLARATIONS�
�

$#, DOMAIN $OMAIN� �
�RESOURCE�ARRAYS�
�
PORTAL 0ORTAL�

�
�.OTE��4HE�FIELDS�OF�A�DOMAIN�OR�PORTAL�ARRAY�ELEMENT
ARE�UNDEFINED�IF�THE�CORRESPONDING�INDEX�IS�NOT�IN�D5SED
OR�P5SED�RESPECTIVELY��
�

$#, D5SED $OMAIN3ELECTOR3ET� �
�INDEXES�USED�
�
P5SED 0ORTAL)D3ET�

$#, P&REE 0ORTAL)D3ET� �
�INDEXES�FREE�
�

$#, NULL0ARMS $OMAIN0ARAMETERS� �
�INITIALIZER�
�

�
�0ROCEDURE�DECOMPOSITION�
�
�
 )NITIALIZE?RESOURCES

)DENTIFY?SENDER �P��DP	
-IN?PARMS �MIN��A��B	
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-AX?PARMS �MAX��A��B	
4EST?PARMS �RESULT��X��MIN��MAX	
-#3?#ONNECT?0ROVIDER?REQUEST ����	
4?#ONNECT?INDICATION ����	
#ONNECT?)NITIAL ����	
-#3?#ONNECT?0ROVIDER?RESPONSE ����	
#ONNECT?2ESPONSE ����	
#ONNECT?!DDITIONAL ����	
#ONNECT?2ESULT ����	
-#3?$ISCONNECT?0ROVIDER?REQUEST ����	
-#3?!TTACH?5SER?REQUEST ����	
/PEN?PORTAL �P	
$ROP?PORTAL �P��REASON	
2EPORT?PORTAL �P��DIAGNOSTIC	
2*UM �PDU	
1UIT?PORTAL �P��REASON	
1UIT
3HUT?PORTAL �P	
%XIT?PORTAL �P	 
�

�
































�
02/#%$52% )NITIALIZE?RESOURCES� �
��)NITIALIZE?RESOURCES��
�

�
































�
$#, P 0ORTAL)D�

DS $OMAIN3ELECTOR�
D3ET $OMAIN3ELECTOR3ET�

34!24
#/--%.4 �)NITIALIZE�DATA�STRUCTURES�DURING�PROCESS�START
UP

BEFORE�ACCEPTING�THE�FIRST�INPUT�SIGNAL�
.OTE�THAT�EACH�3ET/F�AUTOMATICALLY�DEFAULTS�TO�%MPTY�
#ONFIGURE�ONE�HYPOTHETICAL�DOMAIN�AS�AN�EXAMPLE�
3OME�LIMITS�ARE�DETERMINED�BY�THE�IMPLEMENTATION�
��

4!3+ NULL0ARMS�MAX#HANNEL)DS������
NULL0ARMS�MAX5SER)DS������
NULL0ARMS�MAX4OKEN)DS������
NULL0ARMS�NUM0RIORITIES������
NULL0ARMS�MIN4HROUGHPUT������
NULL0ARMS�MAX(EIGHT������
NULL0ARMS�MAX-#30$5SIZE������
NULL0ARMS�PROTOCOL6ERSION������
P����MAX0ORTAL)DS�

��B�� �
�FOR�P��������
�
$%#)3)/.�P�����
��4RUE	� 4!3+ PORTAL�P	�MC)D����P�

PORTAL�P	�CC)D����P�
P&REE����)NCL�P��P&REE	�
P����P�
���

*/).��B�
%,3%�%.$$%#)3)/.�
4!3+ DS����-KSTRING���	����-KSTRING���	����-KSTRING���	�

D5SED����)NCL�DS��D5SED	�
DOMAIN�DS	�0ID����.ULL�
DOMAIN�DS	�PORTALS������
DOMAIN�DS	�UPWARD������
D3ET����D5SED�

��B�� �
�FOR�DS�IN�D3ET�
�
$%#)3)/.�D3ET���%MPTY�
��&ALSE	� 4!3+ DS����0ICK�D3ET	�

D3ET����$EL�DS��D3ET	�
DOMAIN�DS	�MIN0ARMS�MAX#HANNEL)DS������
DOMAIN�DS	�MIN0ARMS�MAX5SER)DS������
DOMAIN�DS	�MIN0ARMS�MAX4OKEN)DS������
DOMAIN�DS	�MIN0ARMS�NUM0RIORITIES������
DOMAIN�DS	�MIN0ARMS�MIN4HROUGHPUT������
DOMAIN�DS	�MIN0ARMS�MAX(EIGHT������
DOMAIN�DS	�MIN0ARMS�MAX-#30$5SIZE�������
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DOMAIN�DS	�MIN0ARMS�PROTOCOL6ERSION������
DOMAIN�DS	�MAX0ARMS�MAX#HANNEL)DS����������
DOMAIN�DS	�MAX0ARMS�MAX5SER)DS����������
DOMAIN�DS	�MAX0ARMS�MAX4OKEN)DS����������
DOMAIN�DS	�MAX0ARMS�NUM0RIORITIES������
DOMAIN�DS	�MAX0ARMS�MIN4HROUGHPUT������������
DOMAIN�DS	�MAX0ARMS�MAX(EIGHT���������
DOMAIN�DS	�MAX0ARMS�MAX-#30$5SIZE����������
DOMAIN�DS	�MAX0ARMS�PROTOCOL6ERSION������

*/).��B�
%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�


























�
02/#%$52% )DENTIFY?SENDER� �
��)DENTIFY?SENDER��
�
&0!2 ).�/54 P 0ORTAL)D� �


























�

).�/54 DP $ATA0RIORITY�

$#, P3ET 0ORTAL)D3ET�
34!24
#/--%.4 �!N�ALTERNATIVE�WOULD�BE�TO�CARRY�THIS

INFORMATION�EXPLICITLY�IN�3$,�SIGNALS�
��

4!3+ P3ET����P5SED�
��B�� �
�FOR�P�IN�P3ET�
�
$%#)3)/.�P3ET���%MPTY�
��&ALSE	� 4!3+ P����0ICK�P3ET	�

P3ET����$EL�P��P3ET	�
DP������

��B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����
��4RUE	� $%#)3)/.�PORTAL�P	�PIDS�DP	���3%.$%2�

��4RUE	��2%452.�
%,3%�%.$$%#)3)/.�
4!3+ DP����DP�����
*/).��B�

%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ P������

DP������
2%452.�
%.$02/#%$52%�

�




















�
02/#%$52% -IN?PARMS� �
��-IN?PARMS��
�
&0!2 ).�/54 MIN $OMAIN0ARAMETERS� �




















�

A $OMAIN0ARAMETERS�
B $OMAIN0ARAMETERS�

34!24
#/--%.4 �2ETURN�THE�MINIMUM�OF�TWO�PARAMETER�SETS�

��
4!3+ MIN�MAX#HANNEL)DS����)&�A�MAX#HANNEL)DS���B�MAX#HANNEL)DS

4(%.�A�MAX#HANNEL)DS�%,3%�B�MAX#HANNEL)DS�&)�
MIN�MAX5SER)DS����)&�A�MAX5SER)DS���B�MAX5SER)DS

4(%.�A�MAX5SER)DS�%,3%�B�MAX5SER)DS�&)�
MIN�MAX4OKEN)DS����)&�A�MAX4OKEN)DS���B�MAX4OKEN)DS

4(%.�A�MAX4OKEN)DS�%,3%�B�MAX4OKEN)DS�&)�
MIN�NUM0RIORITIES����)&�A�NUM0RIORITIES���B�NUM0RIORITIES

4(%.�A�NUM0RIORITIES�%,3%�B�NUM0RIORITIES�&)�
MIN�MIN4HROUGHPUT����)&�A�MIN4HROUGHPUT���B�MIN4HROUGHPUT

4(%.�A�MIN4HROUGHPUT�%,3%�B�MIN4HROUGHPUT�&)�
MIN�MAX(EIGHT����)&�A�MAX(EIGHT���B�MAX(EIGHT

4(%.�A�MAX(EIGHT�%,3%�B�MAX(EIGHT�&)�
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MIN�MAX-#30$5SIZE����)&�A�MAX-#30$5SIZE���B�MAX-#30$5SIZE
4(%.�A�MAX-#30$5SIZE�%,3%�B�MAX-#30$5SIZE�&)�

MIN�PROTOCOL6ERSION����)&�A�PROTOCOL6ERSION���B�PROTOCOL6ERSION
4(%.�A�PROTOCOL6ERSION�%,3%�B�PROTOCOL6ERSION�&)�

2%452.�
%.$02/#%$52%�

�





















�
02/#%$52% -AX?PARMS� �
��-AX?PARMS��
�
&0!2 ).�/54 MAX $OMAIN0ARAMETERS� �





















�

A $OMAIN0ARAMETERS�
B $OMAIN0ARAMETERS�

34!24
#/--%.4 �2ETURN�THE�MAXIMUM�OF�TWO�PARAMETER�SETS�

��
4!3+ MAX�MAX#HANNEL)DS����)&�A�MAX#HANNEL)DS���B�MAX#HANNEL)DS

4(%.�A�MAX#HANNEL)DS�%,3%�B�MAX#HANNEL)DS�&)�
MAX�MAX5SER)DS����)&�A�MAX5SER)DS���B�MAX5SER)DS

4(%.�A�MAX5SER)DS�%,3%�B�MAX5SER)DS�&)�
MAX�MAX4OKEN)DS����)&�A�MAX4OKEN)DS���B�MAX4OKEN)DS

4(%.�A�MAX4OKEN)DS�%,3%�B�MAX4OKEN)DS�&)�
MAX�NUM0RIORITIES����)&�A�NUM0RIORITIES���B�NUM0RIORITIES

4(%.�A�NUM0RIORITIES�%,3%�B�NUM0RIORITIES�&)�
MAX�MIN4HROUGHPUT����)&�A�MIN4HROUGHPUT���B�MIN4HROUGHPUT

4(%.�A�MIN4HROUGHPUT�%,3%�B�MIN4HROUGHPUT�&)�
MAX�MAX(EIGHT����)&�A�MAX(EIGHT���B�MAX(EIGHT

4(%.�A�MAX(EIGHT�%,3%�B�MAX(EIGHT�&)�
MAX�MAX-#30$5SIZE����)&�A�MAX-#30$5SIZE���B�MAX-#30$5SIZE

4(%.�A�MAX-#30$5SIZE�%,3%�B�MAX-#30$5SIZE�&)�
MAX�PROTOCOL6ERSION����)&�A�PROTOCOL6ERSION���B�PROTOCOL6ERSION

4(%.�A�PROTOCOL6ERSION�%,3%�B�PROTOCOL6ERSION�&)�
2%452.�
%.$02/#%$52%�

�





















�
02/#%$52% 4EST?PARMS� �
��4EST?PARMS��
�
&0!2 ).�/54 RESULT 2ESULT� �





















�

Z $OMAIN0ARAMETERS�
MIN $OMAIN0ARAMETERS�
MAX $OMAIN0ARAMETERS�

34!24
#/--%.4 �#HECK�THAT�THE�PARAMETERS�LIE�BETWEEN�MIN�AND�MAX�

��
$%#)3)/. �Z�MAX#HANNEL)DS����MIN�MAX#HANNEL)DS	

���AND �Z�MAX#HANNEL)DS����MAX�MAX#HANNEL)DS	
���AND �Z�MAX5SER)DS����MIN�MAX5SER)DS	
���AND �Z�MAX5SER)DS����MAX�MAX5SER)DS	
���AND �Z�MAX4OKEN)DS����MIN�MAX4OKEN)DS	
���AND �Z�MAX4OKEN)DS����MAX�MAX4OKEN)DS	
���AND �Z�NUM0RIORITIES����MIN�NUM0RIORITIES	
���AND �Z�NUM0RIORITIES����MAX�NUM0RIORITIES	
���AND �Z�MIN4HROUGHPUT����MIN�MIN4HROUGHPUT	
���AND �Z�MIN4HROUGHPUT����MAX�MIN4HROUGHPUT	
���AND �Z�MAX(EIGHT����MIN�MAX(EIGHT	
���AND �Z�MAX(EIGHT����MAX�MAX(EIGHT	
���AND �Z�MAX-#30$5SIZE����MIN�MAX-#30$5SIZE	
���AND �Z�MAX-#30$5SIZE����MAX�MAX-#30$5SIZE	
���AND �Z�PROTOCOL6ERSION����MIN�PROTOCOL6ERSION	
���AND �Z�PROTOCOL6ERSION����MAX�PROTOCOL6ERSION	�

��4RUE	� 4!3+ RESULT����24?SUCCESSFUL�
��&ALSE	� 4!3+ RESULT����24?PARAMETERS?UNACCEPTABLE�
%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�
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�



















































�
02/#%$52% -#3?#ONNECT?0ROVIDER?REQUEST� �
��-#3?#ONNECT?0ROVIDER?REQUEST��
�
&0!2 LABEL .ATURAL� �



















































�

LOCAL43!0 43!0!DDRESS�
LOCAL$OMAIN $OMAIN3ELECTOR�
REMOTE43!0 43!0!DDRESS�
REMOTE$OMAIN $OMAIN3ELECTOR�
UPWARD "OOLEAN�
TARGET0ARMS $OMAIN0ARAMETERS�
MIN0ARMS $OMAIN0ARAMETERS�
MAX0ARMS $OMAIN0ARAMETERS�
TARGET1/3"Y0RI 4RANSPORT1/3"Y0RI�
MIN1/3"Y0RI 4RANSPORT1/3"Y0RI�
USER$ATA 5SER$ATA�

$#, RESULT 2ESULT�
P 0ORTAL)D�
DP $ATA0RIORITY�
DS $OMAIN3ELECTOR�

34!24
#/--%.4 �0ROCESS�AN�-#3�#ONNECT�0ROVIDER�REQUEST�INPUT�SIGNAL�

"EGIN�PARAMETER�NEGOTIATION�AND�ALLOCATE�A�PORTAL�
#REATE�AN�ENDPOINT�PROCESS�FOR�THE�INITIAL�4#�AND
TRANSMIT�#ONNECT�)NITIAL�THROUGH�IT�
��

$%#)3)/.�P&REE���%MPTY�
��4RUE	� 4!3+ RESULT����24?CONGESTED�

*/).��F�
%,3%�%.$$%#)3)/.�
4!3+ DS����LOCAL$OMAIN�
$%#)3)/.�DS�IN�D5SED�
��&ALSE	� 4!3+ RESULT����24?NO?SUCH?DOMAIN�

*/).��F�
%,3%�%.$$%#)3)/.�
$%#)3)/.�UPWARD�AND�DOMAIN�DS	�UPWARD������
��4RUE	� 4!3+ RESULT����24?DOMAIN?NOT?HIERARCHICAL�

*/).��F�
%,3%�%.$$%#)3)/.�
#!,, -AX?PARMS�MIN0ARMS��MIN0ARMS��DOMAIN�DS	�MIN0ARMS	�
#!,, -IN?PARMS�MAX0ARMS��MAX0ARMS��DOMAIN�DS	�MAX0ARMS	�
$%#)3)/.�DOMAIN�DS	�PORTALS�����
��4RUE	� 4!3+ TARGET0ARMS����DOMAIN�DS	�PARAMETERS�
��&ALSE	� #!,, -AX?PARMS�TARGET0ARMS��TARGET0ARMS��MIN0ARMS	�

#!,, -IN?PARMS�TARGET0ARMS��TARGET0ARMS��MAX0ARMS	�
%.$$%#)3)/.�
#!,, 4EST?PARMS�RESULT��TARGET0ARMS��MIN0ARMS��MAX0ARMS	�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	���F��

/54054 -#3�#ONNECT�0ROVIDER�CONFIRM
�LABEL��RESULT�����NULL0ARMS��.ULL3TRING	�

2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�DOMAIN�DS	�PORTALS�����
��4RUE	� 4!3+ MIN0ARMS����TARGET0ARMS�

MAX0ARMS����TARGET0ARMS�
%,3%�%.$$%#)3)/.�
#2%!4% %NDPOINT�.ULL��LOCAL43!0��REMOTE43!0�

TARGET1/3"Y0RI��	��MIN1/3"Y0RI��	�
NULL0ARMS	�

/54054 #ONNECT�)NITIAL�LOCAL$OMAIN��REMOTE$OMAIN��UPWARD�
TARGET0ARMS��MIN0ARMS��MAX0ARMS��USER$ATA	
4/�/&&302).'�

4!3+ P����0ICK�P&REE	�
P&REE����$EL�P��P&REE	�
P5SED����)NCL�P��P5SED	�
PORTAL�P	�KIND����)&�UPWARD�4(%.�5PLINK�%,3%�$OWNLINK�&)�
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PORTAL�P	�LABEL����LABEL�
PORTAL�P	�DOMAIN����DS�
PORTAL�P	�OPENED����&ALSE�
PORTAL�P	�NOTIFY����4RUE�
PORTAL�P	�MIN0ARMS����MIN0ARMS�
PORTAL�P	�MAX0ARMS����MAX0ARMS�
PORTAL�P	�PARAMETERS����NULL0ARMS�
PORTAL�P	�CALL3IDE����#ALLING�
PORTAL�P	�LOCAL43!0����LOCAL43!0�
PORTAL�P	�REMOTE43!0����REMOTE43!0�
PORTAL�P	�TARGET1/3"Y0RI����TARGET1/3"Y0RI�
PORTAL�P	�MIN1/3"Y0RI����MIN1/3"Y0RI�
PORTAL�P	�PIDS��	����/&&302).'�
PORTAL�P	�PROC��	����2ECEIVING�
DP������

��B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����
��4RUE	� 4!3+ PORTAL�P	�PIDS�DP	����.ULL�

PORTAL�P	�PROC�DP	����.IL�
DP����DP�����

*/).��B�
%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�



































�
02/#%$52% 4?#ONNECT?INDICATION� �
��4?#ONNECT?INDICATION��
�
&0!2 TC)D 4#%NDPOINT)D� �



































�

REMOTE43!0 43!0!DDRESS�
LOCAL43!0 43!0!DDRESS�
OFFERED1/3 4RANSPORT1/3�
MIN1/3 4RANSPORT1/3�

$#, P 0ORTAL)D�
DP $ATA0RIORITY�

34!24
#/--%.4 �0ROCESS�A�4�#ONNECT�INDICATION�INPUT�SIGNAL�

!LLOCATE�A�PORTAL��IN�CASE�THIS�IS�AN�INITIAL�4#�
#REATE�AN�ENDPOINT�PROCESS�TO�RECEIVE�#ONNECT�)NITIAL
OR�#ONNECT�!DDITIONAL�
��

$%#)3)/.�P&REE���%MPTY
OR�OFFERED1/3�THROUGHPUT���MIN1/3�THROUGHPUT
OR�OFFERED1/3�TRANSIT$ELAY���MIN1/3�TRANSIT$ELAY
OR�OFFERED1/3�DATA0RIORITY���MIN1/3�DATA0RIORITY�

��4RUE	� /54054 4�$ISCONNECT�REQUEST�TC)D	�
2%452.�

%,3%�%.$$%#)3)/.�
#2%!4% %NDPOINT�TC)D��LOCAL43!0��REMOTE43!0�

OFFERED1/3��MIN1/3�
NULL0ARMS	�

4!3+ P����0ICK�P&REE	�
P&REE����$EL�P��P&REE	�
P5SED����)NCL�P��P5SED	�
PORTAL�P	�KIND����$OWNLINK�
PORTAL�P	�OPENED����&ALSE�
PORTAL�P	�NOTIFY����&ALSE�
PORTAL�P	�PARAMETERS����NULL0ARMS�
PORTAL�P	�CALL3IDE����#ALLED�
PORTAL�P	�LOCAL43!0����LOCAL43!0�
PORTAL�P	�REMOTE43!0����REMOTE43!0�
PORTAL�P	�PIDS��	����/&&302).'�
PORTAL�P	�PROC��	����2ECEIVING�
DP������

��B�� �
�FOR�DP��������
�
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$%#)3)/.�DP�����
��4RUE	� 4!3+ PORTAL�P	�PIDS�DP	����.ULL�

PORTAL�P	�PROC�DP	����.IL�
DP����DP�����

*/).��B�
%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�

























�
02/#%$52% #ONNECT?)NITIAL� �
��#ONNECT?)NITIAL��
�
&0!2 REMOTE$OMAIN $OMAIN3ELECTOR� �

























�

LOCAL$OMAIN $OMAIN3ELECTOR�
UPWARD "OOLEAN�
TARGET0ARMS $OMAIN0ARAMETERS�
MIN0ARMS $OMAIN0ARAMETERS�
MAX0ARMS $OMAIN0ARAMETERS�
USER$ATA 5SER$ATA�

$#, RESULT 2ESULT�
P 0ORTAL)D�
DP $ATA0RIORITY�
DS $OMAIN3ELECTOR�

34!24
#/--%.4 �0ROCESS�A�#ONNECT�)NITIAL�INPUT�SIGNAL�

2ETAIN�THE�PORTAL�AND�BEGIN�PARAMETER�NEGOTIATION�
)NDICATE�THE�CONNECTION�TO�THE�CONTROLLING�USER�
��

#!,, )DENTIFY?SENDER�P��DP	�
$%#)3)/.�P�IN�P5SED�AND�PORTAL�P	�CALL3IDE���#ALLED

AND�DP�����AND�PORTAL�P	�PROC��	���2ECEIVING�
��&ALSE	� 4!3+ RESULT����24?UNSPECIFIED?FAILURE�

*/).��F�
%,3%�%.$$%#)3)/.�
4!3+ DS����LOCAL$OMAIN�
$%#)3)/.�DS�IN�D5SED�
��&ALSE	� 4!3+ RESULT����24?NO?SUCH?DOMAIN�

*/).��F�
%,3%�%.$$%#)3)/.�
$%#)3)/.�UPWARD�OR�DOMAIN�DS	�UPWARD�����
��&ALSE	� 4!3+ RESULT����24?DOMAIN?NOT?HIERARCHICAL�

*/).��F�
%,3%�%.$$%#)3)/.�
#!,, -AX?PARMS�MIN0ARMS��MIN0ARMS��DOMAIN�DS	�MIN0ARMS	�
#!,, -IN?PARMS�MAX0ARMS��MAX0ARMS��DOMAIN�DS	�MAX0ARMS	�
$%#)3)/.�DOMAIN�DS	�PORTALS�����
��4RUE	� 4!3+ TARGET0ARMS����DOMAIN�DS	�PARAMETERS�
��&ALSE	� #!,, -AX?PARMS�TARGET0ARMS��TARGET0ARMS��MIN0ARMS	�

#!,, -IN?PARMS�TARGET0ARMS��TARGET0ARMS��MAX0ARMS	�
%.$$%#)3)/.�
#!,, 4EST?PARMS�RESULT��TARGET0ARMS��MIN0ARMS��MAX0ARMS	�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	���F��

/54054 #ONNECT�2ESPONSE�RESULT�����NULL0ARMS��.ULL3TRING	
4/�3%.$%2�

#!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
2%452.�

%,3%�%.$$%#)3)/.�
$%#)3)/.�DOMAIN�DS	�PORTALS�����
��4RUE	� 4!3+ MIN0ARMS����TARGET0ARMS�

MAX0ARMS����TARGET0ARMS�
%,3%�%.$$%#)3)/.�
4!3+ PORTAL�P	�KIND����)&�UPWARD�4(%.�$OWNLINK�%,3%�5PLINK�&)�

PORTAL�P	�DOMAIN����DS�
PORTAL�P	�NOTIFY����4RUE�
PORTAL�P	�MIN0ARMS����MIN0ARMS�
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PORTAL�P	�MAX0ARMS����MAX0ARMS�
PORTAL�P	�PROC��	����2ESPONDING�

/54054 -#3�#ONNECT�0ROVIDER�INDICATION
�PORTAL�P	�MC)D��PORTAL�P	�LOCAL43!0��LOCAL$OMAIN��PORTAL�P	�REMOTE43!0�
REMOTE$OMAIN��UPWARD��TARGET0ARMS��MIN0ARMS��MAX0ARMS��USER$ATA	�

2%452.�
%.$02/#%$52%�

�





















































�
02/#%$52% -#3?#ONNECT?0ROVIDER?RESPONSE� �
��-#3?#ONNECT?0ROVIDER?RESPONSE��
�
&0!2 MC)D -#3#ONNECTION)D� �





















































�

RESULT 2ESULT�
PARAMETERS $OMAIN0ARAMETERS�
USER$ATA 5SER$ATA�

$#, P 0ORTAL)D�
34!24
#/--%.4 �0ROCESS�AN�-#3�#ONNECT�0ROVIDER�RESPONSE�INPUT�SIGNAL�

#HECK�NEGOTIATED�PARAMETERS�AND�FORCE�A�PREFERENCE�
4RANSMIT�#ONNECT�2ESPONSE�
)F�THERE�ARE�NO�ADDITIONAL�4#S��OPEN�THE�PORTAL�
��

4!3+ P����MC)D�
$%#)3)/.�P�IN�P5SED�AND�PORTAL�P	�PROC��	���2ESPONDING�
��&ALSE	� 2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	� 4!3+ RESULT����24?USER?REJECTED�

PORTAL�P	�NOTIFY����&ALSE�
*/).��F�

%,3%�%.$$%#)3)/.�
#!,, 4EST?PARMS�RESULT��PARAMETERS��PORTAL�P	�MIN0ARMS��PORTAL�P	�MAX0ARMS	�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	���F��

/54054 #ONNECT�2ESPONSE�RESULT�����PARAMETERS��USER$ATA	
4/�PORTAL�P	�PIDS��	�

#!,, 1UIT?PORTAL�P��2.?PARAMETERS?UNACCEPTABLE	�
2%452.�

%,3%�%.$$%#)3)/.�
#!,, -AX?PARMS�PARAMETERS��PARAMETERS��PORTAL�P	�MIN0ARMS	�
/54054 #ONNECT�2ESPONSE�RESULT��PORTAL�P	�CC)D��PARAMETERS��USER$ATA	

4/�PORTAL�P	�PIDS��	�
4!3+ PORTAL�P	�PARAMETERS����PARAMETERS�

PORTAL�P	�PROC��	����%NGAGED�
#!,, /PEN?PORTAL�P	�
2%452.�
%.$02/#%$52%�

�
































�
02/#%$52% #ONNECT?2ESPONSE� �
��#ONNECT?2ESPONSE��
�
&0!2 RESULT 2ESULT� �
































�

CC)D .ATURAL�
PARAMETERS $OMAIN0ARAMETERS�
USER$ATA 5SER$ATA�

$#, P 0ORTAL)D�
DP $ATA0RIORITY�

34!24
#/--%.4 �0ROCESS�A�#ONNECT�2ESPONSE�INPUT�SIGNAL�

#HECK�THE�NEGOTIATED�PARAMETERS�
#REATE�ENDPOINT�PROCESSES�FOR�ADDITIONAL�4#S�AND
TRANSMIT�#ONNECT�!DDITIONAL�THROUGH�THEM�
)F�THERE�ARE�NO�ADDITIONAL�4#S��OPEN�THE�PORTAL�
��

#!,, )DENTIFY?SENDER�P��DP	�
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$%#)3)/.�P�IN�P5SED�AND�PORTAL�P	�CALL3IDE���#ALLING
AND�DP�����AND�PORTAL�P	�PROC��	���2ECEIVING�

��&ALSE	� #!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
2%452.�

%,3%�%.$$%#)3)/.�
4!3+ PORTAL�P	�PARAMETERS����PARAMETERS�

PORTAL�P	�USER$ATA����USER$ATA�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	� */).��F�
%,3%�%.$$%#)3)/.�
#!,, 4EST?PARMS�RESULT��PARAMETERS��PORTAL�P	�MIN0ARMS��PORTAL�P	�MAX0ARMS	�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	���F��

/54054 -#3�#ONNECT�0ROVIDER�CONFIRM
�PORTAL�P	�LABEL��RESULT�����PARAMETERS��USER$ATA	�

4!3+ PORTAL�P	�NOTIFY����&ALSE�
#!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
2%452.�

%,3%�%.$$%#)3)/.�
4!3+ PORTAL�P	�PROC��	����%NGAGED�

DP������
��B�� �
�FOR�DP��������
�
$%#)3)/.�DP���PARAMETERS�NUM0RIORITIES�
��4RUE	� #2%!4% %NDPOINT�.ULL��PORTAL�P	�LOCAL43!0��PORTAL�P	�REMOTE43!0�

PORTAL�P	�TARGET1/3"Y0RI�DP	��PORTAL�P	�MIN1/3"Y0RI�DP	�
PARAMETERS	�

/54054 #ONNECT�!DDITIONAL�CC)D��DP	
4/�/&&302).'�

4!3+ PORTAL�P	�PIDS�DP	����/&&302).'�
PORTAL�P	�PROC�DP	����2ECEIVING�
DP����DP�����

*/).��B�
%,3%�%.$$%#)3)/.�
#!,, /PEN?PORTAL�P	�
2%452.�
%.$02/#%$52%�

�
































�
02/#%$52% #ONNECT?!DDITIONAL� �
��#ONNECT?!DDITIONAL��
�
&0!2 CC)D .ATURAL� �
































�

DP $ATA0RIORITY�

$#, P 0ORTAL)D�
R 0ORTAL)D�
X $ATA0RIORITY�

34!24
#/--%.4 �0ROCESS�A�#ONNECT�!DDITIONAL�INPUT�SIGNAL�

2ELEASE�THE�ALLOCATED�PORTAL�AND�PIGGYBACK�ONTO
THE�PRECEDING�#ONNECT�)NITIAL�
4RANSMIT�#ONNECT�2ESULT�
)F�ALL�4#S�ARE�ESTABLISHED��OPEN�THE�PORTAL�
��

#!,, )DENTIFY?SENDER�R��X	�
$%#)3)/.�R�IN�P5SED�AND�PORTAL�R	�CALL3IDE���#ALLED

AND�X�����AND�PORTAL�R	�PROC��	���2ECEIVING�
��&ALSE	� */).��F�
%,3%�%.$$%#)3)/.�
4!3+ P����CC)D�
$%#)3)/.�P�IN�P5SED�AND�PORTAL�P	�CALL3IDE���#ALLED

AND�DP�����AND�DP���PORTAL�P	�PARAMETERS�NUM0RIORITIES
AND�PORTAL�P	�PROC��	���%NGAGED�AND�PORTAL�P	�PROC�DP	���.IL�

��&ALSE	���F��
/54054 #ONNECT�2ESULT�24?UNSPECIFIED?FAILURE	

4/�3%.$%2�
#!,, 1UIT?PORTAL�R��2.?UNSPECIFIED	�
2%452.�

%,3%�%.$$%#)3)/.�
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4!3+ P5SED����$EL�R��P5SED	�
P&REE����)NCL�R��P&REE	�

/54054 #ONNECT�2ESULT�24?SUCCESSFUL	
4/�3%.$%2�

4!3+ PORTAL�P	�PIDS�DP	����3%.$%2�
PORTAL�P	�PROC�DP	����%NGAGED�

#!,, /PEN?PORTAL�P	�
2%452.�
%.$02/#%$52%�

�



























�
02/#%$52% #ONNECT?2ESULT� �
��#ONNECT?2ESULT��
�
&0!2 RESULT 2ESULT� �



























�

$#, P 0ORTAL)D�
DP $ATA0RIORITY�

34!24
#/--%.4 �0ROCESS�A�#ONNECT�2ESULT�INPUT�SIGNAL�

)F�ALL�4#S�ARE�ESTABLISHED��OPEN�THE�PORTAL�
��

#!,, )DENTIFY?SENDER�P��DP	�
$%#)3)/.�P�IN�P5SED�AND�PORTAL�P	�CALL3IDE���#ALLING

AND�DP�����AND�PORTAL�P	�PROC�DP	���2ECEIVING�
��&ALSE	� #!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�

2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��&ALSE	� /54054 -#3�#ONNECT�0ROVIDER�CONFIRM

�PORTAL�P	�LABEL��RESULT����
PORTAL�P	�PARAMETERS��PORTAL�P	�USER$ATA	�

4!3+ PORTAL�P	�NOTIFY����&ALSE�
#!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
2%452.�

%,3%�%.$$%#)3)/.�
4!3+ PORTAL�P	�PROC�DP	����%NGAGED�
#!,, /PEN?PORTAL�P	�
2%452.�
%.$02/#%$52%�

�























































�
02/#%$52% -#3?$ISCONNECT?0ROVIDER?REQUEST� �
��-#3?$ISCONNECT?0ROVIDER?REQUEST��
�
&0!2 MC)D -#3#ONNECTION)D� �























































�

$#, P 0ORTAL)D�
DS $OMAIN3ELECTOR�

34!24
#/--%.4 �0ROCESS�AN�-#3�$ISCONNECT�0ROVIDER�REQUEST�INPUT�SIGNAL�

)F�THE�PORTAL�IS�OPEN��THIS�CAN�BE�DONE�GRACEFULLY�
��

4!3+ P����MC)D�
$%#)3)/.�P�IN�P5SED�AND�PORTAL�P	�NOTIFY�
��4RUE	� 4!3+ PORTAL�P	�NOTIFY����&ALSE�

DS����PORTAL�P	�DOMAIN�
$%#)3)/.�PORTAL�P	�OPENED�AND�DOMAIN�DS	�PORTALS�����
��4RUE	� /54054�$ROP�PORTAL�P��2.?USER?REQUESTED	�4/�DOMAIN�DS	�PID�
��&ALSE	� #!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�











































�
02/#%$52% -#3?!TTACH?5SER?REQUEST� �
��-#3?!TTACH?5SER?REQUEST��
�
&0!2 LABEL .ATURAL� �
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LOCAL$OMAIN $OMAIN3ELECTOR�
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$#, P 0ORTAL)D�
DP $ATA0RIORITY�
DS $OMAIN3ELECTOR�

34!24
#/--%.4 �0ROCESS�AN�-#3�!TTACH�5SER�REQUEST�INPUT�SIGNAL�

!LLOCATE�A�PORTAL��EXPECTING�TO�CREATE�AN�ATTACHMENT�
AND�OPEN�THE�PORTAL�
��

$%#)3)/.�P&REE���%MPTY�
��4RUE	� 4!3+ RESULT����24?CONGESTED�

*/).��F�
%,3%�%.$$%#)3)/.�
4!3+ DS����LOCAL$OMAIN�
$%#)3)/.�DS�IN�D5SED�
��&ALSE	� 4!3+ RESULT����24?NO?SUCH?DOMAIN�

��F��
/54054 -#3�!TTACH�5SER�CONFIRM

�LABEL��RESULT��.ULL���	�
2%452.�

%,3%�%.$$%#)3)/.�
4!3+ P����0ICK�P&REE	�

P&REE����$EL�P��P&REE	�
P5SED����)NCL�P��P5SED	�
PORTAL�P	�KIND����!TTACHED�
PORTAL�P	�LABEL����LABEL�
PORTAL�P	�DOMAIN����DS�
PORTAL�P	�OPENED����&ALSE�
PORTAL�P	�NOTIFY����&ALSE�
PORTAL�P	�PIDS��	����.ULL�
PORTAL�P	�PROC��	����%NGAGED�
DP������

��B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����
��4RUE	� 4!3+ PORTAL�P	�PIDS�DP	����.ULL�

PORTAL�P	�PROC�DP	����.IL�
DP����DP�����

*/).��B�
%,3%�%.$$%#)3)/.�
#!,, /PEN?PORTAL�P	�
2%452.�
%.$02/#%$52%�

�






















�
02/#%$52% /PEN?PORTAL� �
��/PEN?PORTAL��
�
&0!2 P 0ORTAL)D� �






















�

$#, DP $ATA0RIORITY�
DS $OMAIN3ELECTOR�
NUM0 .ATURAL�
PARAMETERS $OMAIN0ARAMETERS�

34!24
#/--%.4 �7HEN�ALL�4#S�HAVE�BEEN�ESTABLISHED��OR�IF�THIS

IS�A�USER�ATTACHMENT��OPEN�THE�PORTAL�TO�A�DOMAIN�
)F�THE�DOMAIN�PROCESS�IS�STOPPING��TRY�AGAIN�LATER�
!TTACHMENTS�MUST�WAIT�UNTIL�DOMAIN�PARAMETERS�ARE�SET�
��

4!3+ DS����PORTAL�P	�DOMAIN�
DP������

$%#)3)/.�PORTAL�P	�KIND���!TTACHED�
��4RUE	� 4!3+ PARAMETERS����DOMAIN�DS	�MIN0ARMS�

NUM0������
��&ALSE	� 4!3+ PARAMETERS����PORTAL�P	�PARAMETERS�

NUM0����PARAMETERS�NUM0RIORITIES�
%.$$%#)3)/.�
��B�� �
�FOR�DP��������
�
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$%#)3)/.�DP���NUM0�
��4RUE	� $%#)3)/.�PORTAL�P	�PROC�DP	���%NGAGED�

��&ALSE	�2%452.�
%,3%�%.$$%#)3)/.�
4!3+ DP����DP�����
*/).��B�

%,3%�%.$$%#)3)/.�
$%#)3)/.�DOMAIN�DS	�PID���.ULL�
��&ALSE	� $%#)3)/.�DOMAIN�DS	�PORTALS�����

��4RUE	� 2%452.�
%,3%�%.$$%#)3)/.�

��4RUE	� #2%!4% $OMAIN�PARAMETERS	�
4!3+ DOMAIN�DS	�PID����/&&302).'�

DOMAIN�DS	�PORTALS������
DOMAIN�DS	�UPWARD������
DOMAIN�DS	�PARAMETERS����PARAMETERS�

%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�KIND���!TTACHED�
��4RUE	� #2%!4% !TTACHMENT�PORTAL�P	�LABEL��DOMAIN�DS	�PARAMETERS	�

4!3+ PORTAL�P	�PIDS��	����/&&302).'�
��&ALSE	� $%#)3)/.�DOMAIN�DS	�PARAMETERS���PARAMETERS�

��&ALSE	� #!,, 1UIT?PORTAL�P��2.?PARAMETERS?UNACCEPTABLE	�
2%452.�

%,3%�%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�KIND���5PLINK�
��4RUE	� $%#)3)/.�DOMAIN�DS	�UPWARD�����

��&ALSE	� #!,, 1UIT?PORTAL�P��2.?DOMAIN?NOT?HIERARCHICAL	�
2%452.�

��4RUE	� 4!3+ DOMAIN�DS	�UPWARD����P�
%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�CALL3IDE���#ALLED�
��&ALSE	� /54054 -#3�#ONNECT�0ROVIDER�CONFIRM

�PORTAL�P	�LABEL��24?SUCCESSFUL��PORTAL�P	�MC)D�
PORTAL�P	�PARAMETERS��PORTAL�P	�USER$ATA	�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
/54054 /PEN�PORTAL�P��PORTAL�P	�KIND��PORTAL�P	�PIDS	�4/�DOMAIN�DS	�PID�
4!3+ DOMAIN�DS	�PORTALS����DOMAIN�DS	�PORTALS�����

PORTAL�P	�OPENED����4RUE�
2%452.�
%.$02/#%$52%�

�





















�
02/#%$52% $ROP?PORTAL� �
��$ROP?PORTAL��
�
&0!2 P 0ORTAL)D� �





















�

REASON 2EASON�

34!24
#/--%.4� 0ROCESS�A�$ROP�PORTAL�INPUT�SIGNAL�

��
#!,, 1UIT?PORTAL�P��REASON	�
2%452.�
%.$02/#%$52%�

�
























�
02/#%$52% 2EPORT?PORTAL� �
��2EPORT?PORTAL��
�
&0!2 P 0ORTAL)D� ��























�

DIAGNOSTIC $IAGNOSTIC�

$#, REASON 2EASON�
34!24
#/--%.4 �0ROCESS�A�2EPORT�PORTAL�INPUT�SIGNAL�

&OR�TESTING��LOCAL�DIAGNOSTIC�COULD�BE�LOGGED�
��

4!3+ REASON����2.?UNSPECIFIED�
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$%#)3)/.�DIAGNOSTIC�
��$#?THROUGHPUT?INADEQUATE	�

4!3+ REASON����2.?PROVIDER?INITIATED�
��$#?HEIGHT?LIMIT?EXCEEDED	�

4!3+ REASON����2.?DOMAIN?NOT?HIERARCHICAL�
%,3%�%.$$%#)3)/.�
#!,, 1UIT?PORTAL�P��REASON	�
2%452.�
%.$02/#%$52%�

�












�
02/#%$52% 2*UM� �
��2*UM��
�
&0!2 PDU 0$53TRUCT� �












�

$#, P 0ORTAL)D�
DP $ATA0RIORITY�

34!24
#/--%.4 �0ROCESS�AN�2*UM�INPUT�SIGNAL�

&OR�TESTING��REMOTE�PDU�DIAGNOSTIC�COULD�BE�LOGGED�
��

#!,, )DENTIFY?SENDER�P��DP	�
#!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
2%452.�
%.$02/#%$52%�

�




















�
02/#%$52% 1UIT?PORTAL� �
��1UIT?PORTAL��
�
&0!2 P 0ORTAL)D�� �




















�

REASON 2EASON�

$#, RESULT 2ESULT�
DP $ATA0RIORITY�

34!24
#/--%.4 �)F�NECESSARY��NOTIFY�THE�CONTROLLING�USER�

1UIESCE�THE�PORTAL�PROCESSES�
��

$%#)3)/.�P�IN�P5SED�
��&ALSE	� 2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�NOTIFY�
��4RUE	� $%#)3)/.�PORTAL�P	�CALL3IDE���#ALLED�OR�PORTAL�P	�OPENED�

��4RUE	� /54054 -#3�$ISCONNECT�0ROVIDER�INDICATION
�PORTAL�P	�MC)D��REASON	�

��&ALSE	� $%#)3)/.�REASON�
��2.?DOMAIN?NOT?HIERARCHICAL	�

4!3+ RESULT����24?DOMAIN?NOT?HIERARCHICAL�
��2.?PARAMETERS?UNACCEPTABLE	�

4!3+ RESULT����24?PARAMETERS?UNACCEPTABLE�
%,3%�

4!3+ RESULT����24?UNSPECIFIED?FAILURE�
%.$$%#)3)/.�
/54054 -#3�#ONNECT�0ROVIDER�CONFIRM

�PORTAL�P	�LABEL��RESULT�����NULL0ARMS��.ULL3TRING	�
%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
4!3+ PORTAL�P	�NOTIFY����&ALSE�

DP������
��B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����
��4RUE	� $%#)3)/.�PORTAL�P	�PROC�DP	�

�2ECEIVING��2ESPONDING��%NGAGED	�
/54054 1UIT�4/�PORTAL�P	�PIDS�DP	�
4!3+ PORTAL�P	�PROC�DP	����1UITTING�

%,3%�%.$$%#)3)/.�
4!3+ DP����DP�����
*/).��B�
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%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�










�
02/#%$52% 1UIT� �
��1UIT��
�

�










�
$#, P 0ORTAL)D�

P3ET 0ORTAL)D3ET�
DP $ATA0RIORITY�
DS $OMAIN3ELECTOR�

34!24
#/--%.4 �0ROCESS�A�1UIT�INPUT�SIGNAL�

7HEN�ALL�PROCESSES�ARE�QUIESCED��IT�IS�SAFE
TO�SHUT�THIS�PORTAL�ON�THE�DOMAIN�
)F�AN�UPWARD�PORTAL��QUIESCE�ALL�OTHERS�TOO�
��

#!,, )DENTIFY?SENDER�P��DP	�
$%#)3)/.�P�IN�P5SED�
��&ALSE	� 2%452.�
%,3%�%.$$%#)3)/.�
4!3+ PORTAL�P	�PROC�DP	����1UIT�
#!,, 1UIT?PORTAL�P��2.?UNSPECIFIED	�
4!3+ DP������
��B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����
��4RUE	� $%#)3)/.�PORTAL�P	�PROC�DP	�

�2ECEIVING��2ESPONDING��%NGAGED��1UITTING	�
2%452.�

%,3%�%.$$%#)3)/.�
4!3+ DP����DP�����
*/).��B�

%,3%�%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�OPENED�
��&ALSE	� #!,, %XIT?PORTAL�P	�

2%452.�
%,3%�%.$$%#)3)/.�
4!3+ DS����PORTAL�P	�DOMAIN�

DOMAIN�DS	�PORTALS����DOMAIN�DS	�PORTALS�
���
/54054 3HUT�PORTAL�P	�4/�DOMAIN�DS	�PID�
$%#)3)/.�PORTAL�P	�KIND���5PLINK�
��4RUE	� 4!3+ DOMAIN�DS	�UPWARD������

P3ET����P5SED�
��B�� �
�FOR�P�IN�P3ET�
�
$%#)3)/.�P3ET���%MPTY�
��&ALSE	� 4!3+ P����0ICK�P3ET	�

P3ET����$EL�P��P3ET	�
$%#)3)/.�PORTAL�P	�OPENED�AND�PORTAL�P	�DOMAIN���DS�
��4RUE	� #!,, 1UIT?PORTAL�P��2.?DOMAIN?DISCONNECTED	�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�





















�
02/#%$52% 3HUT?PORTAL� �
��3HUT?PORTAL��
�
&0!2 P 0ORTAL)D� �





















�

$#, DS $OMAIN3ELECTOR�
P3ET 0ORTAL)D3ET�

34!24
#/--%.4 �0ROCESS�A�3HUT�PORTAL�INPUT�SIGNAL�

)T�IS�NOW�SAFE�TO�STOP�THE�PORTAL�PROCESSES�
)F�THIS�WAS�THE�LAST�PORTAL��THE�DOMAIN�PROCESS�STOPS�TOO
SO�THAT�IT�CAN�BE�RECREATED�WITH�DIFFERENT�PARAMETERS�
��
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4!3+ DS����PORTAL�P	�DOMAIN�
#!,, %XIT?PORTAL�P	�
$%#)3)/.�DOMAIN�DS	�PORTALS�����
��4RUE	� 4!3+ DOMAIN�DS	�PID����.ULL�

P3ET����P5SED�
��B�� �
�FOR�P�IN�P3ET�
�
$%#)3)/.�P3ET���%MPTY�
��&ALSE	� 4!3+ P����0ICK�P3ET	�

P3ET����$EL�P��P3ET	�
$%#)3)/.�PORTAL�P	�DOMAIN���DS�
��4RUE	� #!,, /PEN?PORTAL�P	�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�



















�
02/#%$52% %XIT?PORTAL� �
��%XIT?PORTAL��
�
&0!2 P 0ORTAL)D� �



















�

$#, DP $ATA0RIORITY�
34!24
#/--%.4 �2ELEASE�THE�PORTAL�AND�STOP�ITS�PROCESSES�

��
4!3+ P5SED����$EL�P��P5SED	�

P&REE����)NCL�P��P&REE	�
DP������

��B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����
��4RUE	� $%#)3)/.�PORTAL�P	�PROC�DP	�

��1UIT	�
/54054 %XIT�4/�PORTAL�P	�PIDS�DP	�
4!3+ PORTAL�P	�PROC�DP	����.IL�

%,3%�%.$$%#)3)/.�
4!3+ DP����DP�����
*/).��B�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�
�)NPUT�TRANSITIONS�
�
$#, P 0ORTAL)D�

DP $ATA0RIORITY�
PDU 0$53TRUCT�
MC)D -#3#ONNECTION)D�
CC)D .ATURAL�
TC)D 4#%NDPOINT)D�
REASON 2EASON�
RESULT 2ESULT�
DIAGNOSTIC $IAGNOSTIC�
LABEL .ATURAL�
LOCAL43!0 43!0!DDRESS�
LOCAL$OMAIN $OMAIN3ELECTOR�
REMOTE43!0 43!0!DDRESS�
REMOTE$OMAIN $OMAIN3ELECTOR�
UPWARD "OOLEAN�
TARGET0ARMS $OMAIN0ARAMETERS�
MIN0ARMS $OMAIN0ARAMETERS�
MAX0ARMS $OMAIN0ARAMETERS�
PARAMETERS $OMAIN0ARAMETERS�
TARGET1/3"Y0RI 4RANSPORT1/3"Y0RI�
MIN1/3"Y0RI 4RANSPORT1/3"Y0RI�
OFFERED1/3 4RANSPORT1/3�
MIN1/3 4RANSPORT1/3�
USER$ATA 5SER$ATA�
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34!24
#/--%.4 �4HE�STATE�MACHINE�CONTAINS�A�SINGLE�STATE�

��
#!,, )NITIALIZE?RESOURCES�
.%8434!4%�^�

34!4%�^�).054 -#3�#ONNECT�0ROVIDER�REQUEST�LABEL��LOCAL43!0��LOCAL$OMAIN�
REMOTE43!0��REMOTE$OMAIN��UPWARD��TARGET0ARMS��MIN0ARMS��MAX0ARMS�
TARGET1/3"Y0RI��MIN1/3"Y0RI��USER$ATA	�

#!,, -#3?#ONNECT?0ROVIDER?REQUEST�LABEL��LOCAL43!0��LOCAL$OMAIN�
REMOTE43!0��REMOTE$OMAIN��UPWARD��TARGET0ARMS��MIN0ARMS��MAX0ARMS�
TARGET1/3"Y0RI��MIN1/3"Y0RI��USER$ATA	�

.%8434!4%�
�

34!4%�^�).054 -#3�#ONNECT�0ROVIDER�RESPONSE�MC)D��RESULT��PARAMETERS��USER$ATA	�
#!,, -#3?#ONNECT?0ROVIDER?RESPONSE�MC)D��RESULT��PARAMETERS��USER$ATA	�
.%8434!4%�
�

34!4%�^�).054 -#3�$ISCONNECT�0ROVIDER�REQUEST�MC)D	�
#!,, -#3?$ISCONNECT?0ROVIDER?REQUEST�MC)D	�
.%8434!4%�
�

34!4%�^�).054 -#3�!TTACH�5SER�REQUEST�LABEL��LOCAL$OMAIN	�
#!,, -#3?!TTACH?5SER?REQUEST�LABEL��LOCAL$OMAIN	�

.%8434!4%�
�

34!4%�^�).054 4�#ONNECT�INDICATION�TC)D��REMOTE43!0��LOCAL43!0��OFFERED1/3��MIN1/3	�
#!,, 4?#ONNECT?INDICATION�TC)D��REMOTE43!0��LOCAL43!0��OFFERED1/3��MIN1/3	�
.%8434!4%�
�

34!4%�^�).054 #ONNECT�)NITIAL�REMOTE$OMAIN��LOCAL$OMAIN��UPWARD�
TARGET0ARMS��MIN0ARMS��MAX0ARMS��USER$ATA	�

#!,, #ONNECT?)NITIAL�REMOTE$OMAIN��LOCAL$OMAIN��UPWARD�
TARGET0ARMS��MIN0ARMS��MAX0ARMS��USER$ATA	�

.%8434!4%�
�

34!4%�^�).054 #ONNECT�2ESPONSE�RESULT��CC)D��PARAMETERS��USER$ATA	�
#!,, #ONNECT?2ESPONSE�RESULT��CC)D��PARAMETERS��USER$ATA	�
.%8434!4%�
�

34!4%�^�).054 #ONNECT�!DDITIONAL�CC)D��DP	�
#!,, #ONNECT?!DDITIONAL�CC)D��DP	�
.%8434!4%�
�

34!4%�^�).054 #ONNECT�2ESULT�RESULT	�
#!,, #ONNECT?2ESULT�RESULT	�
.%8434!4%�
�

34!4%�^�).054 $ROP�PORTAL�P��REASON	�
#!,, $ROP?PORTAL�P��REASON	�
.%8434!4%�
�

34!4%�^�).054 2EPORT�PORTAL�P��DIAGNOSTIC	�
#!,, 2EPORT?PORTAL�P��DIAGNOSTIC	�
.%8434!4%�
�

34!4%�^�).054 3HUT�PORTAL�P	�
#!,, 3HUT?PORTAL�P	�
.%8434!4%�
�

34!4%�^�).054 2*UM�PDU	�
#!,, 2*UM�PDU	�
.%8434!4%�
�
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34!4%�^�).054 1UIT�
#!,, 1UIT�
.%8434!4%�
�

%.$02/#%33�

!PPENDIX��)6

3$,�SPECIFICATION�OF�THE�$OMAIN�PROCESS
(This appendix does not form an integral part of this Recommendation)

02/#%33 $OMAIN�
&0!2 PARAMETERS $OMAIN0ARAMETERS� �
�VALUES�ESTABLISHED�IN�DOMAIN�
�

39./.9- MAX"UFFER)DS .ATURAL���%84%2.!,� �
�AN�IMPLEMENTATION�LIMIT�
�

4)-%2 4IME�PORTAL�0ORTAL)D	� �
�AT�MOST�ONE�TIMER�PER�PORTAL�
�

�
�4YPE�DEFINITIONS�
�

.%7490% #HANNEL3TRUCT
3425#4

KIND #HANNEL+IND� �
��3TATIC�5SER)D�0RIVATE�!SSIGNED	�
�
JOINED 0ORTAL)D3ET� �
�DIRECTIONS�WHERE�CHANNEL�IS�JOINED�
�
PORTAL 0ORTAL)D� �
�IF��5SER)D	��THE�DIRECTION�TO�IT�
�
MANAGER 5SER)D� �
�IF��0RIVATE	��CHANNEL�S�MANAGER�
�
ADMITTED 5SER)D3ET� �
�IF��0RIVATE	��ZERO�OR�MORE�USERS�
�
U-ERGE 5SER)D3ET� �
�IF��0RIVATE	��STILL�TO�BE�MERGED�
�

%.$.%7490%�

.%7490% #HAN !RRAY�#HANNEL)D��#HANNEL3TRUCT	�
%.$.%7490%�

.%7490% 4OKEN3TRUCT
3425#4

KIND 4OKEN+IND� �
��'RABBED�)NHIBITED�'IVING�5NGIVABLE�'IVEN	

�

GRABBER 5SER)D� �
�IF��'RABBED�'IVING�5NGIVABLE	��USER�
�
RECIPIENT 5SER)D� �
�IF��'IVING�'IVEN	��AN�INTENDED�USER�
�
INHIBITORS 5SER)D3ET� �
�IF��)NHIBITED	��ONE�OR�MORE�USERS�
�
U-ERGE 5SER)D3ET� �
�IF��)NHIBITED	��STILL�TO�BE�MERGED�
�

%.$.%7490%�

.%7490% 4OKEN !RRAY�4OKEN)D��4OKEN3TRUCT	�
%.$.%7490%�

.%7490% "OOLEAN"Y0RI !RRAY�$ATA0RIORITY��"OOLEAN	�
%.$.%7490%�
.%7490% .ATURAL"Y0RI !RRAY�$ATA0RIORITY��.ATURAL	�
%.$.%7490%�
.%7490% "UFFER)D"Y0RI !RRAY�$ATA0RIORITY��"UFFER)D	�
%.$.%7490%�
.%7490% "UFFER)D1UEUE"Y0RI !RRAY�$ATA0RIORITY��"UFFER)D1UEUE	�
%.$.%7490%�
.%7490% 0ORTAL)D3ET"Y0RI !RRAY�$ATA0RIORITY��0ORTAL)D3ET	�
%.$.%7490%�
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.%7490% .ATURAL"Y0RI"Y+IND !RRAY�0ORTAL+IND��.ATURAL"Y0RI	�
%.$.%7490%�

.%7490% 0ORTAL3TRUCT
3425#4

KIND 0ORTAL+IND� �
��!TTACHED�$OWNLINK�5PLINK	�
�
PIDS 0)D"Y0RI� �
�PROCESSES�CONSTITUTING�A�PORTAL�
�
IN#REDIT .ATURAL"Y0RI� �
�PERMISSION�TO�ALLOCATE�IN"UFFER�
�
IN"UFFER "UFFER)D"Y0RI� �
�0$5�INPUT�COMING�FROM�A�PROCESS�
�
OUT2EADY "OOLEAN"Y0RI� �
�4RUE�IF�PROCESS�ALLOWS�AN�OUTPUT�
�
OUT1UEUE "UFFER)D1UEUE"Y0RI� �
�0$5S�AWAITING�OUTPUT�TO�PROCESS�
�
OUT#OUNT .ATURAL� �
�NUMBER�QUEUED�FOR�ALL�PRIORITIES�
�
OUT&LOW .ATURAL� �
�NUMBER�OUTPUT�SINCE�TIMER�WAS�SET�
�
ELAPSED $URATION� �
�INTERVAL�SET�FOR�PORTAL�TIMER�
�
INTERVAL $URATION� �
�NEW�INTERVAL�TO�SET�FOR�TIMER�
�
SUB(EIGHT .ATURAL� �
�SUBORDINATE�S�HEIGHT�OR�ZERO�
�
SUB)NTERVAL $URATION� �
�SUBORDINATE�S�INTERVAL�OR�ZERO�
�

%.$.%7490%�

.%7490% 0ORTAL !RRAY�0ORTAL)D��0ORTAL3TRUCT	�
%.$.%7490%�

.%7490% 0ORTAL)D1UEUE 1UEUE�0ORTAL)D	�
%.$.%7490%�

39.490% "UFFER)D ��)NTEGER�#/.34!.43���MAX"UFFER)DS
%.$39.490%�

.%7490% "UFFER)D3ET 3ET/F�"UFFER)D	�
%.$.%7490%�

.%7490% "UFFER3TRUCT
3425#4

RECEIVER 0ORTAL)D� �
�SOURCE�OF�IN#REDIT�AND�INPUT�0$5�
�
DATA0RIORITY $ATA0RIORITY� �
�INDEX�INTO�IN"UFFER�AND�OUT1UEUE�
�
PORTALS .ATURAL� �
�NUMBER�OF�OUT1UEUES�BUFFER�IS�IN�
�
PDU 0$53TRUCT� �
�THE�CONTENT�OF�ONE�DOMAIN�-#30$5�
�

%.$.%7490%�

.%7490% "UFFER !RRAY�"UFFER)D��"UFFER3TRUCT	�
%.$.%7490%�

.%7490% "UFFER)D1UEUE 1UEUE�"UFFER)D	�
%.$.%7490%�

'%.%2!4/2 1UEUE �490%�)TEM4YPE	 �
�A�FIRST
IN�FIRST
OUT�QUEUE�
�
,)4%2!,3

%MPTY1UEUE�
/0%2!4/23

0USH� )TEM4YPE���1UEUE 
���1UEUE� �
�APPENDS�NEXT�ITEM�
�
.EXT� 1UEUE 
���)TEM4YPE� �
�REVEALS�FIRST�ITEM�
�
0ULL�1UEUE 
���1UEUE� �
�DELETES�FIRST�ITEM�
�

!8)/-3
.EXT�%MPTY1UEUE	����%22/2��
0ULL�%MPTY1UEUE	����%22/2��
&/2�!,,�Q�).�1UEUE��
&/2�!,,�ITEM�).�)TEM4YPE
�

.EXT�0USH�ITEM�Q		����)&�Q���%MPTY1UEUE�4(%.�ITEM
%,3%�.EXT�Q	�&)�

0ULL�0USH�ITEM�Q		����)&�Q���%MPTY1UEUE�4(%.�Q
%,3%�0USH�ITEM�0ULL�Q		�&)�

		�
$%&!5,4

%MPTY1UEUE�
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%.$'%.%2!4/2�

�
�$ATA�DECLARATIONS�
�

$#, CONTROL 0)D� �
�THE�#ONTROL�PROCESS�
�

$#, UPWARD 0ORTAL)D� �
�UNIQUE�-#3�#ONNECTION�UPWARD�OR�
�
�
�ZERO�IF�THIS�PROVIDER�IS�THE�TOP�
�

$#, MERGING "OOLEAN� �
�4RUE�IF�DOMAIN�IS�MERGING�UPWARD�
�
PD3END "OOLEAN� �
�4RUE�IF�0$IN�TO�BE�SENT�DOWNWARD�
�
ED3END "OOLEAN� �
�4RUE�IF�%$RQ�TO�BE�SENT�UPWARD�
�

$#, U-ERGE 5SER)D3ET� �
�USERS�STILL�TO�BE�MERGED�
�
U#ONFIRM 5SER)D3ET� �
�USERS�WITH�MERGE�CONFIRMED�
�
C-ERGE #HANNEL)D3ET� �
�CHANNELS�STILL�TO�BE�MERGED�
�
C#ONFIRM #HANNEL)D3ET� �
�CHANNELS�WITH�MERGE�CONFIRMED�
�
T-ERGE 4OKEN)D3ET� �
�TOKENS�STILL�TO�BE�MERGED�
�
T#ONFIRM 4OKEN)D3ET� �
�TOKENS�WITH�MERGE�CONFIRMED�
�

$#, MCRQ1UEUE 0ORTAL)D1UEUE� �
�ORIGIN�OF�EACH�PENDING�-#RQ�
�
MTRQ1UEUE 0ORTAL)D1UEUE� �
�ORIGIN�OF�EACH�PENDING�-4RQ�
�
AURQ1UEUE 0ORTAL)D1UEUE� �
�ORIGIN�OF�EACH�PENDING�!5RQ�
�

$#, P$ROP 0ORTAL)D3ET� �
�DROPPED�PORTALS�NEEDING�$0UM�
�
U$ETACH 5SER)D3ET� �
�DISCONNECTED�USERS�NEEDING�$5RQ�
�
U2EVOKE 5SER)D3ET� �
�REVOKED�TOKEN�USERS�NEEDING�$5RQ�
�
C,EAVE #HANNEL)D3ET� �
�UNJOINED�CHANNELS�NEEDING�#,RQ�
�
C$ISBAND #HANNEL)D3ET� �
�UNMANAGED�CHANNELS�NEEDING�#$IN�
�
T2EJECT 4OKEN)D3ET� �
�UNGIVABLE�TOKENS�NEEDING�46CF�
�

$#, P"UFFER7AIT 0ORTAL)D3ET"Y0RI� �
�PORTALS�REQUIRING�AN�IN"UFFER�
�
P)NPUT7AIT 0ORTAL)D3ET"Y0RI� �
�INPUTS�SUSPENDED�DURING�MERGE�
�

$#, CHAN #HAN� �
�RESOURCE�ARRAYS�
�
TOKEN 4OKEN�
PORTAL 0ORTAL�
BUFFER "UFFER�

�
�.OTE��4HE�FIELDS�OF�A�CHAN��TOKEN��PORTAL��OR�BUFFER
ARRAY�ELEMENT�ARE�UNDEFINED�IF�THE�CORRESPONDING�INDEX
IS�NOT�IN�C5SED��T5SED��P5SED��OR�B5SED��RESPECTIVELY��
�

$#, C5SED #HANNEL)D3ET� �
�INDEXES�USED�
�
T5SED 4OKEN)D3ET�
P5SED 0ORTAL)D3ET�
B5SED "UFFER)D3ET�

$#, C&REE #HANNEL)D3ET� �
�INDEXES�FREE�
�
T&REE 4OKEN)D3ET�
P&REE 0ORTAL)D3ET�
B&REE "UFFER)D3ET�

$#, U5SED 5SER)D3ET� �
�SUBSET�OF�C5SED�
�

$#, NUM#HANNEL)DS .ATURAL� �
�NUMBER�IN�USE�
�
NUM5SER)DS .ATURAL�
NUM4OKEN)DS .ATURAL�

$#, HEIGHT .ATURAL� �
�CURRENT�HEIGHT�OF�PROVIDER�
�
INTERVAL $URATION� �
�MIN�THROUGHPUT�OF�ONE�-#30$5�
�
MAX)NTERVAL $URATION� �
�MAXIMUM�OF�PORTAL�INTERVALS�
�

$#, IN#REDIT .ATURAL"Y0RI"Y+IND� �
�INITIALIZER�
�
�
�0ROCEDURE�DECOMPOSITION�
�
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�
 )NITIALIZE?RESOURCES
4AKE?USER �C��DIAGNOSTIC	
4AKE?CHANNEL �C��DIAGNOSTIC	
4AKE?TOKEN �T��DIAGNOSTIC	
.EW?USER �U��RESULT	
.EW?CHANNEL �C��RESULT	
/PEN?PORTAL �P��P+IND��PIDS	
4IME?PORTAL �P	
$ROP?PORTAL �P��REASON	
3HUT?PORTAL �P	
#LEAN?QUEUE �P��QUEUE	
%RECT?DOMAIN
)DENTIFY?SENDER �P��DP	
0$5?READY �DP	
)NPUT?0$5 �PDU	
!LLOCATE?BUFFER �B	
#AST?BUFFER �B��P	
2ELEASE?BUFFER �B	
2OUTE?USER �U��P	
-ULTICAST?BUFFER �B��U3ET	
"ROADCAST?BUFFER �B	
#RANK?ENGINE
$ROP?PORTALS
-ERGE?USERS
-ERGE?CHANNELS
-ERGE?TOKENS
$ETACH?USERS
,EAVE?CHANNELS
$ISBAND?CHANNELS
2EJECT?TOKENS
0ROCESS?0$5 �R��DP	
6ALIDATE?INPUT �R��B��DIAGNOSTIC	
4OP?PROVIDER �R��B	
!PPLY?0$5 �R��B��DIAGNOSTIC	
4OKEN?STATUS �PDU	
4OKEN?ROUTE �U��X��P	
$ELETE?USER �U	
$ELETE?CHANNEL �C	
$ELETE?TOKEN �T	
0URGE?USERS �U3ET	
0URGE?CHANNELS �C3ET	
0URGE?TOKENS �T3ET	
/UTPUT?BUFFER �B��P	��
�

�
































�
02/#%$52% )NITIALIZE?RESOURCES� �
��)NITIALIZE?RESOURCES��
�

�
































�
$#, C #HANNEL)D�

T 4OKEN)D�
P 0ORTAL)D�
B "UFFER)D�
N .ATURAL"Y0RI�

34!24
#/--%.4 �)NITIALIZE�DATA�STRUCTURES�DURING�PROCESS�START
UP

BEFORE�ACCEPTING�THE�FIRST�INPUT�SIGNAL�
.OTE�THAT�EACH�3ET/F�AUTOMATICALLY�DEFAULTS�TO�%MPTY
AND�EACH�1UEUE�TO�%MPTY1UEUE�
&IXED�BUFFER�CREDITS�ARE�AN�EXAMPLE��OTHER�VALUES�COULD
BE�COMPUTED�FROM�MAX0ORTAL)DS�AND�MAX"UFFER)DS�
��

4!3+ CONTROL����0!2%.4�
UPWARD������
MERGING����&ALSE�
PD3END����&ALSE�
ED3END����&ALSE�
NUM#HANNEL)DS������
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NUM5SER)DS������
NUM4OKEN)DS������
HEIGHT������
INTERVAL����)&�PARAMETERS�MIN4HROUGHPUT�����4(%.���%,3%�ONE3ECOND�


�&LOAT�PARAMETERS�MAX-#30$5SIZE	���&LOAT�PARAMETERS�MIN4HROUGHPUT		�&)�
MAX)NTERVAL������
C����������
T����������
P����MAX0ORTAL)DS�
B����MAX"UFFER)DS�

��B�� �
�FOR�C��������
�
$%#)3)/.�C�����
��4RUE	� 4!3+ C&REE����)NCL�C��C&REE	�

C����C�
���
*/).��B�

%,3%�%.$$%#)3)/.�
��B�� �
�FOR�T��������
�
4!3+ T&REE����)NCL�T��T&REE	�
$%#)3)/.�T�����
��4RUE	� 4!3+ T����T�
���

*/).��B�
%,3%�%.$$%#)3)/.�
��B�� �
�FOR�P��������
�
$%#)3)/.�P�����
��4RUE	� 4!3+ P&REE����)NCL�P��P&REE	�

P����P�
���
*/).��B�

%,3%�%.$$%#)3)/.�
��B�� �
�FOR�B��������
�
$%#)3)/.�B�����
��4RUE	� 4!3+ B&REE����)NCL�B��B&REE	�

B����B�
���
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ N��	�������N��	�������N��	�������N��	������

IN#REDIT�!TTACHED	����N�
N��	�������N��	�������N��	�������N��	������
IN#REDIT�$OWNLINK	����N�
N��	�������N��	�������N��	�������N��	������
IN#REDIT�5PLINK	����N�

2%452.�
%.$02/#%$52%�

�



















�
02/#%$52% 4AKE?USER� �
��4AKE?USER��
�
&0!2 C #HANNEL)D� �



















�

).�/54 DIAGNOSTIC $IAGNOSTIC�

$#, U 5SER)D�
34!24
#/--%.4 �0UT�THE�FREE�CHANNEL�ID�TO�USE�AS�A�USER�ID�

��
$%#)3)/.�NUM5SER)DS���PARAMETERS�MAX5SER)DS�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?TOO?MANY?USERS�

2%452.�
%,3%�%.$$%#)3)/.�
#!,, 4AKE?CHANNEL�C��DIAGNOSTIC	�
$%#)3)/.�DIAGNOSTIC���$#?/+�
��4RUE	� 4!3+ U����5SER)D�C	�

NUM5SER)DS����NUM5SER)DS�����
U5SED����)NCL�U��U5SED	�
CHAN�C	�KIND����5SER)D�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�
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�
























�
02/#%$52% 4AKE?CHANNEL� �
��4AKE?CHANNEL��
�
&0!2 C #HANNEL)D� �
























�

).�/54 DIAGNOSTIC $IAGNOSTIC�

34!24
#/--%.4 �0UT�THE�FREE�CHANNEL�ID�TO�UNSPECIFIED�USE�

��
$%#)3)/.�C�IN�C&REE�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?CHANNEL?ID?CONFLICT�

2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�NUM#HANNEL)DS���PARAMETERS�MAX#HANNEL)DS�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?TOO?MANY?CHANNELS�

2%452.�
%,3%�%.$$%#)3)/.�
4!3+ DIAGNOSTIC����$#?/+�

NUM#HANNEL)DS����NUM#HANNEL)DS�����
C&REE����$EL�C��C&REE	�
C5SED����)NCL�C��C5SED	�
CHAN�C	�JOINED����%MPTY�
CHAN�C	�ADMITTED����%MPTY�

2%452.�
%.$02/#%$52%�

�





















�
02/#%$52% 4AKE?TOKEN� �
��4AKE?TOKEN��
�
&0!2 T 4OKEN)D� �





















�

).�/54 DIAGNOSTIC $IAGNOSTIC�

34!24
#/--%.4 �0UT�THE�FREE�TOKEN�ID�TO�UNSPECIFIED�USE�

��
$%#)3)/.�T�IN�T&REE�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?TOKEN?ID?CONFLICT�

2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�NUM4OKEN)DS���PARAMETERS�MAX4OKEN)DS�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?TOO?MANY?TOKENS�

2%452.�
%,3%�%.$$%#)3)/.�
4!3+ DIAGNOSTIC����$#?/+�

NUM4OKEN)DS����NUM4OKEN)DS�����
T&REE����$EL�T��T&REE	�
T5SED����)NCL�T��T5SED	�
TOKEN�T	�INHIBITORS����%MPTY�

2%452.�
%.$02/#%$52%�

�



















�
02/#%$52% .EW?USER� �
��.EW?USER��
�
&0!2 ).�/54 U 5SER)D� �



















�

).�/54 RESULT 2ESULT�

$#, C #HANNEL)D�
34!24
#/--%.4 �!LLOCATE�A�NEW�USER�ID�OR�FAIL�AND�RETURN���

��
4!3+ U������
$%#)3)/.�NUM5SER)DS���PARAMETERS�MAX5SER)DS�
��&ALSE	� 4!3+ RESULT����24?TOO?MANY?USERS�

2%452.�
%,3%�%.$$%#)3)/.�
#!,, .EW?CHANNEL�C��RESULT	�
$%#)3)/.�RESULT���24?SUCCESSFUL�
��4RUE	� 4!3+ U����5SER)D�C	�

NUM5SER)DS����NUM5SER)DS�����



3UPERSEDED�BY�A�MORE�RECENT�VERSION

2ECOMMENDATION�4���������������	������3UPERSEDED�BY�A�MORE�RECENT�VERSION 103

U5SED����)NCL�U��U5SED	�
CHAN�C	�KIND����5SER)D�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�























�
02/#%$52% .EW?CHANNEL� �
��.EW?CHANNEL��
�
&0!2 ).�/54 C #HANNEL)D� �























�

).�/54 RESULT 2ESULT�

$#, DIAGNOSTIC $IAGNOSTIC�
34!24
#/--%.4 �!LLOCATE�A�NEW�CHANNEL�ID�OR�FAIL�AND�RETURN���

��
4!3+ C������
$%#)3)/.�NUM#HANNEL)DS���PARAMETERS�MAX#HANNEL)DS�
��&ALSE	� 4!3+ RESULT����24?TOO?MANY?CHANNELS�

2%452.�
%,3%�%.$$%#)3)/.�
��B�� �
�KEEP�TRYING�
�
4!3+ C����!.9�#HANNEL)D	����
�RANDOMIZE�
�
$%#)3)/.�C���������AND�C�IN�C&REE�
��&ALSE	� */).��B�
%,3%�%.$$%#)3)/.�
#!,, 4AKE?CHANNEL�C��DIAGNOSTIC	�
4!3+ RESULT����24?SUCCESSFUL�
2%452.�
%.$02/#%$52%�

�






















�
02/#%$52% /PEN?PORTAL� �
��/PEN?PORTAL��
�
&0!2 P 0ORTAL)D� �






















�

P+IND 0ORTAL+IND�
PIDS 0)D"Y0RI�

$#, PID 0)D�
DP $ATA0RIORITY�
C #HANNEL)D�
C3ET #HANNEL)D3ET�
T 4OKEN)D�
T3ET 4OKEN)D3ET�

34!24
#/--%.4 �0ROCESS�AN�/PEN�PORTAL�INPUT�SIGNAL�

!CCEPT�A�NEW�-#3�CONNECTION�OR�ATTACHMENT�TO�THE�DOMAIN�
)F�THIS�IS�AN�UPWARD�CONNECTION��PREPARE�FOR�MERGE�
��

$%#)3)/.�P+IND���!TTACHED�
��4RUE	� 4!3+ PID����PIDS��	�

PIDS��	����PID�
PIDS��	����PID�
PIDS��	����PID�

%,3%�%.$$%#)3)/.�
4!3+ P&REE����$EL�P��P&REE	�

P5SED����)NCL�P��P5SED	�
PORTAL�P	�KIND����P+IND�
PORTAL�P	�PIDS����PIDS�
PORTAL�P	�IN#REDIT����IN#REDIT�P+IND	�
PORTAL�P	�OUT#OUNT������
PORTAL�P	�INTERVAL����)&�P+IND���5PLINK�4(%.���%,3%�INTERVAL�&)�
PORTAL�P	�SUB(EIGHT������
PORTAL�P	�SUB)NTERVAL������
DP������

��B�� �
�FOR�DP��������
�
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$%#)3)/.�DP���PARAMETERS�NUM0RIORITIES�
��4RUE	� 4!3+ PORTAL�P	�IN"UFFER�DP	������

PORTAL�P	�OUT2EADY�DP	����&ALSE�
PORTAL�P	�OUT1UEUE�DP	����%MPTY1UEUE�
P"UFFER7AIT�DP	����)NCL�P��P"UFFER7AIT�DP		�
DP����DP�����

*/).��B�
%,3%�%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�KIND���5PLINK�
��4RUE	� 4!3+ UPWARD����P�

MERGING����4RUE�
PD3END����4RUE�
ED3END����4RUE�
U-ERGE����U5SED�
U#ONFIRM����%MPTY�
C-ERGE����C5SED�
C#ONFIRM����%MPTY�
T-ERGE����T5SED�
T#ONFIRM����%MPTY�
C,EAVE����%MPTY�
C$ISBAND����%MPTY�
T2EJECT����%MPTY�
C3ET����C-ERGE�

��B�� �
�FOR�C�IN�C3ET�
�
$%#)3)/.�C3ET���%MPTY�
��&ALSE	� 4!3+ C����0ICK�C3ET	�

C3ET����$EL�C��C3ET	�
CHAN�C	�U-ERGE����CHAN�C	�ADMITTED�

*/).��B�
%,3%�%.$$%#)3)/.�
4!3+ T3ET����T-ERGE�
��B�� �
�FOR�T�IN�T3ET�
�
$%#)3)/.�T3ET���%MPTY�
��&ALSE	� 4!3+ T����0ICK�T3ET	�

T3ET����$EL�T��T3ET	�
TOKEN�T	�U-ERGE����TOKEN�T	�INHIBITORS�

*/).��B�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
#!,, %RECT?DOMAIN�
#!,, #RANK?ENGINE�
2%452.�
%.$02/#%$52%�

�





















�
02/#%$52% 4IME?PORTAL� �
��4IME?PORTAL��
�
&0!2 P 0ORTAL)D� �





















�

34!24
#/--%.4 �0ROCESS�A�4IME�PORTAL�INPUT�SIGNAL�

%NSURE�THAT�MINIMUM�THROUGHPUT�IS�MAINTAINED�
!LLOW�FOR�THE�FACT�THAT�OUT&LOW�TAKES�INTEGER�STEPS�
��

$%#)3)/.�PORTAL�P	�ELAPSED���INTERVAL�
��&LOAT�PORTAL�P	�OUT&LOW	�������	�
��4RUE	� /54054 2EPORT�PORTAL�P��$#?THROUGHPUT?INADEQUATE	�4/�CONTROL�
��&ALSE	� 4!3+ PORTAL�P	�OUT&LOW������

PORTAL�P	�ELAPSED����PORTAL�P	�INTERVAL�
3%4�./7���PORTAL�P	�INTERVAL��4IME�PORTAL�P		�

%.$$%#)3)/.�
#!,, #RANK?ENGINE�
2%452.�
%.$02/#%$52%�
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7HEN�THE�LAST�ONE�IS�GONE��STOP�THE�DOMAIN�PROCESS�
��

2%3%4�4IME�PORTAL�P		�
4!3+ P5SED����$EL�P��P5SED	�
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$%#)3)/.�PORTAL�P	�OUT1UEUE�DP	���%MPTY1UEUE�
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PORTAL�P	�OUT1UEUE�DP	����0ULL�PORTAL�P	�OUT1UEUE�DP		�
BUFFER�B	�PORTALS����BUFFER�B	�PORTALS�
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$%#)3)/.�C3ET���%MPTY�
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34!24
#/--%.4 �0ROCESS�A�0$5�READY�INPUT�SIGNAL�

)F�A�BUFFER�IS�WAITING��IT�CAN�BE�OUTPUT�
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#!,, )DENTIFY?SENDER�P��X	�
$%#)3)/.�P�IN�P5SED�
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%,3%�%.$$%#)3)/.�
$%#)3)/.�PORTAL�P	�OUT1UEUE�DP	���%MPTY1UEUE�
��4RUE	� 4!3+ PORTAL�P	�OUT2EADY�DP	����4RUE�
��&ALSE	� 4!3+ B����.EXT�PORTAL�P	�OUT1UEUE�DP		�

PORTAL�P	�OUT1UEUE�DP	����0ULL�PORTAL�P	�OUT1UEUE�DP		�
BUFFER�B	�PORTALS����BUFFER�B	�PORTALS�
���

#!,, /UTPUT?BUFFER�B��P	�
4!3+ PORTAL�P	�OUT2EADY�DP	����&ALSE�
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4!3+ PORTAL�P	�OUT&LOW����PORTAL�P	�OUT&LOW�����

PORTAL�P	�OUT#OUNT����PORTAL�P	�OUT#OUNT�
���
$%#)3)/.�PORTAL�P	�OUT#OUNT�����
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4!3+ B5SED����$EL�B��B5SED	�

B&REE����)NCL�B��B&REE	�
P����BUFFER�B	�RECEIVER�
DP����BUFFER�B	�DATA0RIORITY�

$%#)3)/.�P�����
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�
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$%#)3)/.�P3ET���%MPTY�
��&ALSE	� 4!3+ P����0ICK�P3ET	�

P3ET����$EL�P��P3ET	�
$%#)3)/.�PORTAL�P	�KIND�
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$%#)3)/.�PDU�KIND���0$IN�
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4!3+ P"UFFER7AIT�DP	����$EL�P��P"UFFER7AIT�DP		�
BUFFER�B	�RECEIVER����P�
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�
&0!2 R 0ORTAL)D� �
























�

B "UFFER)D�
).�/54 DIAGNOSTIC $IAGNOSTIC�

$#, PDU 0$53TRUCT�
P 0ORTAL)D�
DP $ATA0RIORITY�
U 5SER)D�
U3ET 5SER)D3ET�
C #HANNEL)D�
C3ET #HANNEL)D3ET�
C!TTR #HANNEL!TTRIBUTES�
C!TTR3ET #HANNEL!TTRIBUTES3ET�
T 4OKEN)D�
T3ET 4OKEN)D3ET�
T!TTR 4OKEN!TTRIBUTES�
T!TTR3ET 4OKEN!TTRIBUTES3ET�

34!24
#/--%.4 �6ALIDATE�THE�DIRECTION�AND�USER�IDS�OF�AN�-#30$5

AND�PERFORM�OTHER�CHECKS��DEPENDING�ON�ITS�TYPE�
4OP?PROVIDER�AND�!PPLY?0$5�TRUST�THIS�PROCEDURE
TO�CATCH�IMPORTANT�ANOMALIES�AND�EASE�THEIR�LOGIC�
��

4!3+ PDU����BUFFER�B	�PDU�
DIAGNOSTIC����$#?/+�
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$%#)3)/. PORTAL�R	�KIND�
��$OWNLINK	�

$%#)3)/.�PDU�KIND�
��%$RQ��-#RQ��-4RQ��$0UM��2*UM�
��!5RQ��$5RQ��#*RQ��#,RQ��##RQ�
��#$RQ��#!RQ��#%RQ��3$RQ��53RQ�
��4'RQ��4)RQ��46RQ��46RS��40RQ�
��42RQ��44RQ	�

�
�/+�
�
%,3%�

4!3+ DIAGNOSTIC����$#?FORBIDDEN?0$5?UPWARD�
2%452.�

%.$$%#)3)/.�
��5PLINK	�

$%#)3)/.�PDU�KIND�
��0$IN��-#CF��0#IN��-4CF��04IN�
��$0UM��2*UM��!5CF��$5IN��#*CF�
��##CF��#$IN��#!IN��#%IN��3$IN�
��53IN��4'CF��4)CF��46IN��46CF�
��40IN��42CF��44CF	�

�
�/+�
�
%,3%�

4!3+ DIAGNOSTIC����$#?FORBIDDEN?0$5?DOWNWARD�
2%452.�

%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
4!3+ DP������
$%#)3)/.�PDU�KIND�
��3$RQ��3$IN��53RQ��53IN	�

4!3+ DP����PDU�DATA0RIORITY�
DP����)&�DP���PARAMETERS�NUM0RIORITIES�4(%.�DP

%,3%�PARAMETERS�NUM0RIORITIES�
���&)�
%,3%�%.$$%#)3)/.�
$%#)3)/.�BUFFER�B	�DATA0RIORITY���DP�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?WRONG?TRANSPORT?PRIORITY�

2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�PDU�KIND�
��-#RQ	� 4!3+ C!TTR3ET����PDU�MERGE#HANNELS�

C3ET����PDU�PURGE#HANNEL)DS�
��B�� �
�FOR�C!TTR�IN�C!TTR3ET�
�
$%#)3)/.�C!TTR3ET���%MPTY�
��&ALSE	� 4!3+ C!TTR����0ICK�C!TTR3ET	�

C!TTR3ET����$EL�C!TTR��C!TTR3ET	�
C����C!TTR�CHANNEL)D�

$%#)3)/.�C�IN�C3ET�
��4RUE	� 4!3+ DIAGNOSTIC����$#?INCONSISTENT?MERGE�

2%452.�
%,3%�%.$$%#)3)/.�
4!3+ C3ET����)NCL�C��C3ET	�
$%#)3)/.�C!TTR�KIND���0RIVATE�
��&ALSE	� */).��B�
%,3%�%.$$%#)3)/.�
4!3+ PDU�MERGE#HANNELS����$EL�C!TTR��PDU�MERGE#HANNELS	�
#!,, 2OUTE?USER�C!TTR�MANAGER��P	�
$%#)3)/.�P���R�
��&ALSE	� 4!3+ PDU�PURGE#HANNEL)DS���

)NCL�C��PDU�PURGE#HANNEL)DS	�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ U3ET����C!TTR�ADMITTED�
��B�� �
�FOR�U�IN�U3ET�
�
$%#)3)/.�U3ET���%MPTY�
��&ALSE	� 4!3+ U����0ICK�U3ET	�

U3ET����$EL�U��U3ET	�
#!,, 2OUTE?USER�U��P	�
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$%#)3)/.�P���R�
��&ALSE	� 4!3+ C!TTR�ADMITTED���

$EL�U��C!TTR�ADMITTED	�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ PDU�MERGE#HANNELS����)NCL�C!TTR��PDU�MERGE#HANNELS	�
*/).��B�

%,3%�%.$$%#)3)/.�
��-4RQ	� 4!3+ T!TTR3ET����PDU�MERGE4OKENS�

T3ET����PDU�PURGE4OKEN)DS�
��B�� �
�FOR�T!TTR�IN�T!TTR3ET�
�
$%#)3)/.�T!TTR3ET���%MPTY�
��&ALSE	� 4!3+ T!TTR����0ICK�T!TTR3ET	�

T!TTR3ET����$EL�T!TTR��T!TTR3ET	�
T����T!TTR�TOKEN)D�

$%#)3)/.�T�IN�T3ET�
��4RUE	� 4!3+ DIAGNOSTIC����$#?INCONSISTENT?MERGE�

2%452.�
%,3%�%.$$%#)3)/.�
4!3+ T3ET����)NCL�T��T3ET	�

PDU�MERGE4OKENS����$EL�T!TTR��PDU�MERGE4OKENS	�
$%#)3)/.�T!TTR�KIND�
��'RABBED��5NGIVABLE	�

#!,, 2OUTE?USER�T!TTR�GRABBER��P	�
$%#)3)/.�P���R�
��&ALSE	� */).��F�
%,3%�%.$$%#)3)/.�

��'IVEN	�
#!,, 2OUTE?USER�T!TTR�RECIPIENT��P	�
$%#)3)/.�P���R�
��&ALSE	� */).��F�
%,3%�%.$$%#)3)/.�

��'IVING	�
#!,, 2OUTE?USER�T!TTR�RECIPIENT��P	�
$%#)3)/.�P���R�
��4RUE	� #!,,��2OUTE?USER�T!TTR�GRABBER��P	�

$%#)3)/.�P���R�
��&ALSE	� 4!3+ T!TTR�KIND����'IVEN�
%,3%�%.$$%#)3)/.�

��&ALSE	� 4!3+ T!TTR�KIND����5NGIVABLE�
#!,, 2OUTE?USER�T!TTR�GRABBER��P	�
$%#)3)/.�P���R�
��&ALSE	���F��

4!3+ PDU�PURGE4OKEN)DS���
)NCL�T��PDU�PURGE4OKEN)DS	�

*/).��B�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
��)NHIBITED	�

4!3+ U3ET����T!TTR�INHIBITORS�
��B�� �
�FOR�U�IN�U3ET�
�
$%#)3)/.�U3ET���%MPTY�
��&ALSE	� 4!3+ U����0ICK�U3ET	�

U3ET����$EL�U��U3ET	�
#!,, 2OUTE?USER�U��P	�
$%#)3)/.�P���R�
��&ALSE	� 4!3+ T!TTR�INHIBITORS���

$EL�U��T!TTR�INHIBITORS	�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
4!3+ PDU�MERGE4OKENS����)NCL�T!TTR��PDU�MERGE4OKENS	�
*/).��B�

%,3%�%.$$%#)3)/.�
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��$5RQ	� 4!3+ U3ET����PDU�USER)DS�
��B�� �
�FOR�U�IN�U3ET�
�
$%#)3)/.�U3ET���%MPTY�
��&ALSE	� 4!3+ U����0ICK�U3ET	�

U3ET����$EL�U��U3ET	�
#!,, 2OUTE?USER�U��P	�
$%#)3)/.�P���R�
��&ALSE	� 4!3+ PDU�USER)DS����$EL�U��PDU�USER)DS	�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
$%#)3)/.�PDU�USER)DS���%MPTY�
��4RUE	� 4!3+ DIAGNOSTIC����$#?IGNORE�

2%452.�
%,3%�%.$$%#)3)/.�

��#*RQ��##RQ��#$RQ��#!RQ��#%RQ�
��3$RQ��53RQ��4'RQ��4)RQ��46RQ�
��40RQ��42RQ��44RQ	�

#!,, 2OUTE?USER�PDU�INITIATOR��P	�
$%#)3)/.�P���R�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?IGNORE�

2%452.�
%,3%�%.$$%#)3)/.�

��46IN	� $%#)3)/.�PDU�RECIPIENT�IN�U5SED�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?MISROUTED?USER�

2%452.�
%,3%�%.$$%#)3)/.�

��46RS	� #!,, 2OUTE?USER�PDU�RECIPIENT��P	�
$%#)3)/.�P���R�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?IGNORE�

2%452.�
%,3%�%.$$%#)3)/.�

��#*CF��##CF��4'CF��4)CF��46CF�
��42CF��44CF	�

$%#)3)/.�PDU�INITIATOR�IN�U5SED�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?MISROUTED?USER�

2%452.�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
$%#)3)/.�PDU�KIND�
��#$RQ��#!RQ��#%RQ	�

4!3+ C����PDU�CHANNEL)D�
$%#)3)/.�C�IN�C5SED�AND�CHAN�C	�KIND���0RIVATE

AND�PDU�INITIATOR���CHAN�C	�MANAGER�
��&ALSE	� 4!3+ DIAGNOSTIC����$#?IGNORE�

2%452.�
%,3%�%.$$%#)3)/.�

��3$RQ��53RQ	�
4!3+ C����PDU�CHANNEL)D�
$%#)3)/.�C�IN�C5SED�AND�CHAN�C	�KIND���0RIVATE�
��4RUE	� $%#)3)/.�PDU�INITIATOR�IN�CHAN�C	�ADMITTED�

��&ALSE	� 4!3+ DIAGNOSTIC����$#?IGNORE�
2%452.�

%,3%�%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�

��-#CF	� $%#)3)/.�NOT�MERGING�AND�MCRQ1UEUE���%MPTY1UEUE�
��4RUE	� 4!3+ DIAGNOSTIC����$#?UNREQUESTED?CONFIRM�

2%452.�
%,3%�%.$$%#)3)/.�

��-4CF	� $%#)3)/.�NOT�MERGING�AND�MTRQ1UEUE���%MPTY1UEUE�
��4RUE	� 4!3+ DIAGNOSTIC����$#?UNREQUESTED?CONFIRM�

2%452.�
%,3%�%.$$%#)3)/.�
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��!5CF	� $%#)3)/.�AURQ1UEUE���%MPTY1UEUE�
��4RUE	� 4!3+ DIAGNOSTIC����$#?UNREQUESTED?CONFIRM�

2%452.�
%,3%�%.$$%#)3)/.�

��#*CF��##CF��4'CF��4)CF��46CF�
��42CF��44CF	�

$%#)3)/.�MERGING�
��4RUE	� 4!3+ DIAGNOSTIC����$#?UNREQUESTED?CONFIRM�

2%452.�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
4!3+ BUFFER�B	�PDU����PDU�
2%452.
#/--%.4� �!DDITIONAL�TESTS�MIGHT�BE�APPLIED�TO�CHECK

THAT�-#30$5S�FLOWING�DOWNWARD�ARE�CONSISTENT
WITH�USER�OR�CHANNEL�STATES�ALREADY�RECORDED�
"UT�STRONGER�ASSERTIONS�COULD�CONTAIN�FLAWS�
AND�SUCH�DEFENSES�ARE�NOT�NECESSARY�FOR�THE
CONTINUED�FUNCTIONING�OF�THIS�-#3�PROVIDER�
4HE�VALUE�OF�AN�-#3�DOMAIN�INVOLVES�TRUST�IN
THE�CORRECT�OPERATION�OF�SUPERIOR�PROVIDERS�
��

%.$02/#%$52%�

�























�
02/#%$52% 4OP?PROVIDER� �
��4OP?PROVIDER��
�
&0!2 R 0ORTAL)D� �























�

B "UFFER)D�

$#, PDU 0$53TRUCT�
NEW 0$53TRUCT�
U 5SER)D�
C #HANNEL)D�
C!TTR #HANNEL!TTRIBUTES�
T 4OKEN)D�
T!TTR 4OKEN!TTRIBUTES�
RESULT 2ESULT�
DIAGNOSTIC $IAGNOSTIC�

34!24
#/--%.4 �4HE�BUFFER�CONTAINING�AN�-#30$5�WILL�BE�PROCESSED�NEXT

BY�!PPLY?0$5���)TS�CONTENTS�MAY�FIRST�BE�MODIFIED�HERE�
#HANGING�PDU�KIND�RESULTS�IN��TURNING�THE�CORNER��
��

4!3+ PDU����BUFFER�B	�PDU�
$%#)3)/.�PDU�KIND�
��%$RQ	� $%#)3)/.�PDU�SUB(EIGHT���PARAMETERS�MAX(EIGHT�

��&ALSE	� 4!3+ PD3END����4RUE�
%,3%�%.$$%#)3)/.�

��-#RQ	� 4!3+ NEW�KIND����-#CF�
NEW�MERGE#HANNELS����%MPTY�
NEW�PURGE#HANNEL)DS����PDU�PURGE#HANNEL)DS�

��B�� �
�FOR�C!TTR�IN�MERGE#HANNELS�
�
$%#)3)/.�PDU�MERGE#HANNELS���%MPTY�
��&ALSE	� 4!3+ C!TTR����0ICK�PDU�MERGE#HANNELS	�

PDU�MERGE#HANNELS����$EL�C!TTR��PDU�MERGE#HANNELS	�
C����C!TTR�CHANNEL)D�

$%#)3)/.�C�IN�C5SED�
��4RUE	� $%#)3)/.�CHAN�C	�KIND�

��3TATIC	�
*/).��F�

��0RIVATE	�
$%#)3)/.�C!TTR�KIND���0RIVATE

AND�C!TTR�MANAGER���CHAN�C	�MANAGER�
��4RUE	� */).��F�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
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��&ALSE	� $%#)3)/.�C!TTR�KIND���5SER)D�
��4RUE	� #!,, 4AKE?USER�C��DIAGNOSTIC	�
��&ALSE	� #!,, 4AKE?CHANNEL�C��DIAGNOSTIC	�
%.$$%#)3)/.�
$%#)3)/.�DIAGNOSTIC���$#?/+�
��4RUE	� 4!3+ CHAN�C	�KIND����C!TTR�KIND�

��F��
4!3+ NEW�MERGE#HANNELS���

)NCL�C!TTR��NEW�MERGE#HANNELS	�
*/).��B�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
4!3+ NEW�PURGE#HANNEL)DS����)NCL�C��NEW�PURGE#HANNEL)DS	�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ PDU����NEW�

��-4RQ	� 4!3+ NEW�KIND����-4CF�
NEW�MERGE4OKENS����%MPTY�
NEW�PURGE4OKEN)DS����PDU�PURGE4OKEN)DS�

��B�� �
�FOR�T!TTR�IN�MERGE4OKENS�
�
$%#)3)/.�PDU�MERGE4OKENS���%MPTY�
��&ALSE	� 4!3+ T!TTR����0ICK�PDU�MERGE4OKENS	�

PDU�MERGE4OKENS����$EL�T!TTR��PDU�MERGE4OKENS	�
T����T!TTR�TOKEN)D�

$%#)3)/.�T�IN�T5SED�
��4RUE	� $%#)3)/.�TOKEN�T	�KIND�

��)NHIBITED	�
$%#)3)/.�T!TTR�KIND���)NHIBITED�
��4RUE	� */).��F�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
��&ALSE	� #!,, 4AKE?TOKEN�T��DIAGNOSTIC	�

$%#)3)/.�DIAGNOSTIC���$#?/+�
��4RUE	� ��F��

4!3+ NEW�MERGE4OKENS���
)NCL�T!TTR��NEW�MERGE4OKENS	�

*/).��B�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
4!3+ NEW�PURGE4OKEN)DS������)NCL�T��NEW�PURGE4OKEN)DS	�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ PDU������NEW�

��!5RQ	� #!,, .EW?USER�U��RESULT	�
4!3+ PDU�KIND������!5CF�

PDU�RESULT������RESULT�
PDU�INITIATOR������U�

��$5RQ	� 4!3+ PDU�KIND������$5IN�
��#*RQ	� 4!3+ PDU�KIND������#*CF�

C������PDU�CHANNEL)D�
PDU�REQUESTED������C�
RESULT������24?SUCCESSFUL�

$%#)3)/.�C�����
��4RUE	� #!,, .EW?CHANNEL�C��RESULT	�

$%#)3)/.�RESULT���24?SUCCESSFUL�
��4RUE	�� 4!3+ CHAN�C	�KIND������!SSIGNED�
%,3%�%.$$%#)3)/.�
4!3+ PDU�CHANNEL)D������C�

��&ALSE	� $%#)3)/.�C�IN�C5SED�
��&ALSE	� $%#)3)/.�C��������

��&ALSE	� 4!3+ RESULT������24?NO?SUCH?CHANNEL�
��4RUE	� #!,, 4AKE?CHANEL�C��DIAGNOSTIC	�

$%#)3)/.�DIAGNOSTIC���$#?/+�
��&ALSE	� 4!3+ RESULT������24?TOO?MANY?CHANNELS�
��4RUE	� 4!3+ CHAN�C	�KIND������3TATIC�
%.$$%#)3)/.�

%.$$%#)3)/.�
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�4RUE	� $%#)3)/.�CHAN�C	�KIND�
�5SER)D	�

4!3+����U������5SER)D�C	�
$%#)3)/.�PDU�INITIATOR���U�
�&ALSE	�4!3+����RESULT������24?OTHER?USER?ID�
%,3%�%.$$%#)3)/.�

�0RIVATE	�
$%#)3)/.�PDU�INITIATOR�IN�CHAN�C	�ADMITTED�
�&ALSE	�4!3+����RESULT������24?NOT?ADMITTED�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
$%#)3)/.�RESULT���24?SUCCESSFUL�
�&ALSE	�4!3+����PDU�CHANNEL)D��������
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
4!3+ PDU�RESULT������RESULT�

�#,RQ	�� �
�NO�SPECIAL�ACTION�
�
�##RQ	�� #!,, .EW?CHANNEL�C��RESULT	�

4!3+ PDU�KIND������##CF�
PDU�RESULT������RESULT�
PDU�CHANNEL)D������C�

�#$RQ	� 4!3+ PDU�KIND������#$IN�
�#!RQ	� 4!3+ PDU�KIND������#!IN�
�#%RQ	� 4!3+ PDU�KIND������#%IN�
�3$RQ	� 4!3+ PDU�KIND������3$IN�
�53RQ	� 4!3+ PDU�KIND������53IN�
�4'RQ	� 4!3+ PDU�KIND������4'CF�

PDU�RESULT������24?SUCCESSFUL�
T������PDU�TOKEN)D�
U������PDU�INITIATOR�

$%#)3)/.�T�IN�T5SED�
�&ALSE	� #!,, 4AKE?TOKEN�T��DIAGNOSTIC	�

$%#)3)/.�DIAGNOSTIC���$#?/+�
�&ALSE	� 4!3+ PDU�RESULT������24?TOO?MANY?TOKENS�
�4RUE	�� 4!3+ TOKEN�T	�KIND������'RABBED�

TOKEN�T	�GRABBER������U�
%.$$%#)3)/.�

�4RUE	� $%#)3)/.�TOKEN�T	�KIND���)NHIBITED
AND�TOKEN�T	�INHIBITORS���)NCL�U��%MPTY	�

�&ALSE	�4!3+ PDU�RESULT������24?TOKEN?NOT?AVAILABLE�
�4RUE	��4!3+ TOKEN�T	�KIND������'RABBED�

TOKEN�T	�GRABBER������U�
%.$$%#)3)/.�

%.$$%#)3)/.�
#!,, 4OKEN?STATUS�PDU	�

�4)RQ	�� 4!3+����PDU�KIND������4)CF�
PDU�RESULT������24?SUCCESSFUL�
T������PDU�TOKEN)D�
U������PDU�INITIATOR�

$%#)3)/.�T�IN�T5SED�
�&ALSE	� #!,,����4AKE?TOKEN�T��DIAGNOSTIC	�

$%#)3)/.�DIAGNOSTIC���$#?/+�
�&ALSE	�4!3+ PDU�RESULT������24?TOO?MANY?TOKENS�
�4RUE	��4!3+ TOKEN�T	�KIND������)NHIBITED�

TOKEN�T	�INHIBITORS������)NCL�U��%MPTY	�
%.$$%#)3)/.�

�4RUE	� $%#)3)/.�TOKEN�T	�KIND���'RABBED�AND�TOKEN�T	�GRABBER���U�
�4RUE	��4!3+ TOKEN�T	�KIND������)NHIBITED�

TOKEN�T	�INHIBITORS������)NCL�U��%MPTY	�
%,3%�%.$$%#)3)/.�
$%#)3)/.�TOKEN�T	�KIND���)NHIBITED�
�&ALSE	�4!3+����PDU�RESULT������24?TOKEN?NOT?AVAILABLE�
�4RUE	��4!3+����TOKEN�T	�INHIBITORS���

��������������)NCL�U��TOKEN�T	�INHIBITORS	�
%.$$%#)3)/.�
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%.$$%#)3)/.�
#!,, 4OKEN?STATUS�PDU	�

�46RQ	� 4!3+ PDU�KIND������46CF�
PDU�RESULT������24?TOKEN?NOT?POSSESSED�
T������PDU�TOKEN)D�
U������PDU�INITIATOR�

$%#)3)/.�T�IN�T5SED�AND�TOKEN�T	�KIND���'RABBED�AND�TOKEN�T	�GRABBER���U�
�4RUE	� $%#)3)/.�PDU�RECIPIENT�IN�U5SED�

�&ALSE	�4!3+ PDU�RESULT������24?NO?SUCH?USER�
�4RUE	��4!3+ PDU�KIND������46IN�

TOKEN�T	�KIND������'IVING�
TOKEN�T	�RECIPIENT������PDU�RECIPIENT�

%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
#!,, 4OKEN?STATUS�PDU	�

�40RQ	� 4!3+ PDU�KIND������40IN�
�42RQ	� 4!3+ PDU�KIND������42CF�

PDU�RESULT������24?TOKEN?NOT?POSSESSED�
T������PDU�TOKEN)D�
U������PDU�INITIATOR�

$%#)3)/.�T�IN�T5SED�
�4RUE	� $%#)3)/.�TOKEN�T	�KIND�

�'RABBED��5NGIVABLE	�
$%#)3)/.�TOKEN�T	�GRABBER���U�
�4RUE	��4!3+����PDU�RESULT������24?SUCCESSFUL�

#!,,����$ELETE?TOKEN�T	�
%,3%�%.$$%#)3)/.�

�'IVING	�
$%#)3)/.�TOKEN�T	�GRABBER���U�
�4RUE	��4!3+����PDU�RESULT������24?SUCCESSFUL�

���������������TOKEN�T	�KIND������'IVEN�
%,3%�%.$$%#)3)/.�

�)NHIBITED	�
$%#)3)/.�U�IN�TOKEN�T	�INHIBITORS�
�4RUE	��4!3+����PDU�RESULT������24?SUCCESSFUL�

���������������TOKEN�T	�INHIBITORS���
������������������������������$EL�U��TOKEN�T	�INHIBITORS	�

%,3%�%.$$%#)3)/.�
$%#)3)/.�TOKEN�T	�INHIBITORS���%MPTY�
�4RUE	��#!,,����$ELETE?TOKEN�T	�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
#!,, 4OKEN?STATUS�PDU	�

�44RQ	� 4!3+ PDU�KIND������44CF�
#!,, 4OKEN?STATUS�PDU	�

�46RS	� 4!3+ T������PDU�TOKEN)D�
U������PDU�RECIPIENT�

$%#)3)/.�T�IN�T5SED�AND�TOKEN�T	�RECIPIENT���U�
�4RUE	� $%#)3)/.�TOKEN�T	�KIND�

�'IVING	�
4!3+ TOKEN�T	�KIND������'RABBED�

PDU�KIND������46CF�
PDU�INITIATOR������TOKEN�T	�GRABBER�

$%#)3)/.�PDU�RESULT���24?SUCCESSFUL�
�4RUE	��4!3+����TOKEN�T	�GRABBER������U�
%,3%�%.$$%#)3)/.�
#!,, 4OKEN?STATUS�PDU	�

%,3%�%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
4!3+����BUFFER�B	�PDU������PDU�
2%452.�
%.$02/#%$52%�
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).�/54 DIAGNOSTIC $IAGNOSTIC�

$#, PDU 0$53TRUCT�
NEW 0$53TRUCT�
P 0ORTAL)D�
P3ET 0ORTAL)D3ET�
X 0ORTAL)D�
U 5SER)D�
U3ET 5SER)D3ET�
C #HANNEL)D�
C3ET #HANNEL)D3ET�
C!TTR #HANNEL!TTRIBUTES�
C!TTR3ET #HANNEL!TTRIBUTES3ET�
T 4OKEN)D�
T3ET 4OKEN)D3ET�
T!TTR 4OKEN!TTRIBUTES�
T!TTR3ET 4OKEN!TTRIBUTES3ET�
RESULT 2ESULT�

34!24
#/--%.4�4HIS�IS�A�LARGE�CASE�SELECTION�BASED�ON�-#30$5�KIND�

��4HESE�ACTIONS�AND�UPDATES�TO�THE�INFORMATION�BASE
��TAKE�PLACE�IN�BOTH�THE�TOP�AND�SUBORDINATE�PROVIDERS�
����

4!3+ PDU������BUFFER�B	�PDU�
$%#)3)/.�PDU�KIND�
�-#RQ��-4RQ��!5RQ��$5RQ��##RQ�
#$RQ����#!RQ���#%RQ��53RQ��4'RQ�
4)RQ������46RQ���40RQ��42RQ���44RQ	�

#!,, #AST?BUFFER�B��UPWARD	�
�0$IN	� $%#)3)/.�PDU�HEIGHT,IMIT�����

�4RUE	�4!3+ BUFFER�B	�PDU�HEIGHT,IMIT������PDU�HEIGHT,IMIT�
���
�&ALSE	�/54054 2EPORT�PORTAL�R��$#?HEIGHT?LIMIT?EXCEEDED	�4/�CONTROL�
%.$$%#)3)/.�
#!,, "ROADCAST?BUFFER�B	�

�%$RQ	� 4!3+ PORTAL�R	�SUB(EIGHT������PDU�SUB(EIGHT�
PORTAL�R	�SUB)NTERVAL������PDU�SUB)NTERVAL�
PORTAL�R	�INTERVAL������)&�PDU�SUB)NTERVAL�����4(%.�INTERVAL

%,3%�ONE3ECOND����PDU�SUB)NTERVAL�
��	�&)�
#!,, %RECT?DOMAIN�

�-#CF	� $%#)3)/.�MERGING�
�&ALSE	�4!3+ P������.EXT�MCRQ1UEUE	�

MCRQ1UEUE������0ULL�MCRQ1UEUE	�
%,3%�%.$$%#)3)/.�
4!3+ C!TTR3ET������PDU�MERGE#HANNELS�
�B�� �
�FOR�C!TTR�IN�C!TTR3ET�
�
$%#)3)/.�C!TTR3ET���%MPTY�
�&ALSE	� 4!3+ C!TTR������0ICK�C!TTR3ET	�

C!TTR3ET������$EL�C!TTR��C!TTR3ET	�
C������C!TTR�CHANNEL)D�

$%#)3)/.�C�IN�C5SED�AND�CHAN�C	�KIND���C!TTR�KIND�
�&ALSE	� $%#)3)/.�C!TTR�KIND���5SER)D�

�4RUE	��#!,,�����4AKE?USER�C��DIAGNOSTIC	�
�&ALSE	��#!,,����4AKE?CHANNEL�C��DIAGNOSTIC	�
%.$$%#)3)/.�
$%#)3)/.�DIAGNOSTIC���$#?/+�
�&ALSE	�2%452.�
%,3%�%.$$%#)3)/.�
4!3+ CHAN�C	�KIND������C!TTR�KIND�

%,3%�%.$$%#)3)/.�
$%#)3)/.�MERGING�
�4RUE	� $%#)3)/.�CHAN�C	�KIND���5SER)D�

�4RUE	��4!3+�����U������5SER)D�C	�
����������������U#ONFIRM������)NCL�U��U#ONFIRM	�

%,3%�%.$$%#)3)/.�
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$%#)3)/.�CHAN�C	�KIND���0RIVATE
������AND��CHAN�C	�U-ERGE����%MPTY�

�4RUE	��4!3+����C-ERGE������)NCL�C��C-ERGE	�
�&ALSE	�4!3+����C#ONFIRM������)NCL�C��C#ONFIRM	�
%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+����CHAN�C	�PORTAL������P�
$%#)3)/.�C!TTR�KIND���3TATIC�OR�C!TTR�KIND���!SSIGNED

OR�C!TTR�JOINED�
�4RUE	��$%#)3)/.�P�����

�&ALSE	�4!3+����CHAN�C	�JOINED���
�������������������������������������������)NCL�P��CHAN�C	�JOINED	�
����������������������������C,EAVE������$EL�C��C,EAVE	�
�4RUE	��$%#)3)/.�CHAN�C	�JOINED���%MPTY�
��������������4RUE	��4!3+����C,EAVE������)NCL�C��C,EAVE	�
�������������%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
$%#)3)/.�C!TTR�KIND���5SER)D�AND�P�����
�4RUE	��4!3+����U������5SER)D�C	�

���������������U$ETACH������)NCL�U��U$ETACH	�
���������������C,EAVE������$EL�C��C,EAVE	�

%,3%�%.$$%#)3)/.�
$%#)3)/.�C!TTR�KIND���0RIVATE�
�&ALSE	�*/).��B�
%,3%�%.$$%#)3)/.�
#!,,����2OUTE?USER�C!TTR�MANAGER��X	�
$%#)3)/.�X���P�
�&ALSE	�4!3+����CHAN�C	�MANAGER��������

����������������BUFFER�B	�PDU�MERGE#HANNELS���
������������������������������$EL�C!TTR��BUFFER�B	�PDU�MERGE#HANNELS	�
����������������BUFFER�B	�PDU�PURGE#HANNEL)DS���
������������������������������)NCL�C��BUFFER�B	�PDU�PURGE#HANNEL)DS	�
����������������C$ISBAND������)NCL�C��C$ISBAND	�

�4RUE	��4!3+�����CHAN�C	�MANAGER������C!TTR�MANAGER�
����������������U3ET������C!TTR�ADMITTED�AND�U5SED�
�B������������
�FOR�U�IN�U3ET�
�
$%#)3)/.�U3ET���%MPTY�

�&ALSE	�4!3+ U������0ICK�U3ET	�
U3ET������$EL�U��U3ET	�

��������������#!,,��������2OUTE?USER�U��X	�
��������������$%#)3)/.�X���P�
���������������4RUE	��4!3+����CHAN�C	�ADMITTED���
�������������������������������������������������������)NCL�U� �CHAN�C	�ADMITTED	�
��������������%,3%�%.$$%#)3)/.�
��������������*/).��B�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
$%#)3)/.�MERGING�
�&ALSE	� #!,, #AST?BUFFER�B��P	�
�4RUE	�� 4!3+ NEW�KIND������0#IN�

NEW�DETACH5SER)DS������%MPTY�
NEW�PURGE#HANNEL)DS������%MPTY�
C3ET������PDU�PURGE#HANNEL)DS�AND�C5SED�

�B�� �
�FOR�C�IN�C3ET�
�
$%#)3)/.�C3ET���%MPTY�

�&ALSE	� 4!3+ C������0ICK�C3ET	�
C3ET������$EL�C��C3ET	�

$%#)3)/.�CHAN�C	�KIND�
�5SER)D	�

4!3+����U������5SER)D�C	�
��������������NEW�DETACH5SER)DS���
�������������������������������)NCL�U��NEW�DETACH5SER)DS	�
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�3TATIC��!SSIGNED��0RIVATE	�
4!3+����NEW�PURGE#HANNEL)DS���
�������������������������������)NCL�C��NEW�PURGE#HANNEL)DS	�

%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
#!,, 0URGE?USERS�NEW�DETACH5SER)DS	�
#!,, 0URGE?CHANNELS�NEW�PURGE#HANNEL)DS	�
4!3+ BUFFER�B	�PDU������NEW�
#!,, "ROADCAST?BUFFER�B	�

%.$$%#)3)/.�
�0#IN	� 4!3+ C3ET������PDU�PURGE#HANNEL)DS�AND�C5SED�

BUFFER�B	�PDU�PURGE#HANNEL)DS������C3ET�
$%#)3)/.�MERGING�
�4RUE	� 4!3+ BUFFER�B	�PDU�DETACH5SER)DS������PDU�DETACH5SER)DS

�����������������������������������������������������������AND�U#ONFIRM�
BUFFER�B	�PDU�PURGE#HANNEL)DS������C3ET�AND�C#ONFIRM�

�B�� �
�FOR�C�IN�C3ET�
�
$%#)3)/.�C3ET���%MPTY�
�&ALSE	� 4!3+ C������0ICK�C3ET	�

C3ET������$EL�C��C3ET	�
$%#)3)/.�C�IN�C#ONFIRM�
�&ALSE	�4!3+����CHAN�C	�U-ERGE������CHAN�C	�ADMITTED�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
#!,, 0URGE?USERS�BUFFER�B	�PDU�DETACH5SER)DS	�
#!,, 0URGE?CHANNELS�BUFFER�B	�PDU�PURGE#HANNEL)DS	�
#!,, "ROADCAST?BUFFER�B	�

�-4CF	� $%#)3)/.�MERGING�
�&ALSE	�4!3+ P������.EXT�MTRQ1UEUE	�

MTRQ1UEUE������0ULL�MTRQ1UEUE	�
%,3%�%.$$%#)3)/.�
4!3+ T!TTR3ET������PDU�MERGE4OKENS�
����B�� �
�FOR�T!TTR�IN�T!TTR3ET�
�
$%#)3)/.�T!TTR3ET���%MPTY�
�&ALSE	� 4!3+ T!TTR������0ICK�T!TTR3ET	�

T!TTR3ET������$EL�T!TTR��T!TTR3ET	�
T������T!TTR�TOKEN)D�

$%#)3)/.�T�IN�T5SED�
�&ALSE	� #!,, 4AKE?TOKEN�T��DIAGNOSTIC	�

$%#)3)/.�DIAGNOSTIC���$#?/+�
�&ALSE	�2%452.�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
4!3+ TOKEN�T	�KIND������T!TTR�KIND�

TOKEN�T	�GRABBER������T!TTR�GRABBER�
TOKEN�T	�RECIPIENT������T!TTR�RECIPIENT�

$%#)3)/.�MERGING�
�4RUE	�� $%#)3)/.�TOKEN�T	�KIND���)NHIBITED

AND�TOKEN�T	�U-ERGE����%MPTY�
�4RUE	��4!3+����T-ERGE������)NCL�T��T-ERGE	�
�&ALSE	�4!3+����T#ONFIRM������)NCL�T��T#ONFIRM	�

�$%#)3)/.�TOKEN�T	�KIND���)NHIBITED
������������AND�TOKEN�T	�INHIBITORS���%MPTY�
��4RUE	��#!,,����$ELETE?TOKEN�T	�
�%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
$%#)3)/.�UPWARD�����AND�TOKEN�T	�KIND���5NGIVABLE�
�4RUE	��4!3+����T2EJECT������)NCL�T��T2EJECT	�
%,3%�%.$$%#)3)/.�
$%#)3)/.�T!TTR�KIND�
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�'RABBED��5NGIVABLE	�
#!,, �4OKEN?ROUTE�T!TTR�GRABBER��X��P	�
$%#)3)/.�X���P�
�&ALSE	�*/).��F�
%,3%�%.$$%#)3)/.�

�'IVEN	�
#!,, �4OKEN?ROUTE�T!TTR�RECIPIENT��X��P	�
$%#)3)/.�X���P�
�&ALSE	�*/).��F�
%,3%�%.$$%#)3)/.�

�'IVING	�
#!,,����4OKEN?ROUTE�T!TTR�RECIPIENT��X��P	�
$%#)3)/.�X���P�
�4RUE	��#!,,����4OKEN?ROUTE�T!TTR�GRABBER��X��P	�

$%#)3)/.�X���P�
�&ALSE	�4!3+����TOKEN�T	�KIND������'IVEN�
%,3%�%.$$%#)3)/.�

�&ALSE	�#!,,����4OKEN?ROUTE�T!TTR�GRABBER��X��P	�
$%#)3)/.�X���P�
�4RUE	��4!3+����TOKEN�T	�KIND������5NGIVABLE�
�&ALSE	���F��
��������������4!3+����BUFFER�B	�PDU�MERGE4OKENS���
���������������������$EL�T!TTR��BUFFER�B	�PDU�MERGE4OKENS	�
������������������������������BUFFER�B	�PDU�PURGE4OKEN)DS���
���������������������)NCL�T��BUFFER�B	�PDU�PURGE4OKEN)DS	�
��������������#!,,����$ELETE?TOKEN�T	�
%.$$%#)3)/.�

%.$$%#)3)/.�
�)NHIBITED	�

4!3+����U3ET������T!TTR�INHIBITORS�AND�U5SED�
����B�������
�FOR�U�IN�U3ET�
�
$%#)3)/.�U3ET���%MPTY�

�&ALSE	�4!3+����U������0ICK�U3ET	�
����������������������������U3ET������$EL�U��U3ET	�
��������������#!,,����4OKEN?ROUTE�U��X��P	�
��������������$%#)3)/.�X���P�
���������������4RUE	��4!3+����TOKEN�T	�INHIBITORS���
�����������������������������������������������)NCL�U��TOKEN�T	�INHIBITORS	�
��������������%,3%�%.$$%#)3)/.�
��������������*/).��B�
%,3%�%.$$%#)3)/.�
$%#)3)/.�TOKEN�T	�INHIBITORS���%MPTY�
�4RUE	��#!,,����$ELETE?TOKEN�T	�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
$%#)3)/.�MERGING�
�&ALSE	� #!,,����#AST?BUFFER�B��P	�
�4RUE	� #!,,����0URGE?TOKENS�PDU�PURGE4OKEN)DS	�

4!3+����BUFFER�B	�PDU�KIND������04IN�
#!,,����"ROADCAST?BUFFER�B	�

%.$$%#)3)/.�
�04IN	� 4!3+ T3ET������PDU�PURGE4OKEN)DS�AND�T5SED�

BUFFER�B	�PDU�PURGE4OKEN)DS������T3ET�
$%#)3)/.�MERGING�
�4RUE	� 4!3+����BUFFER�B	�PDU�PURGE4OKEN)DS������T3ET�AND�T#ONFIRM�

����B�������
�FOR�T�IN�T3ET�
�
$%#)3)/.�T3ET���%MPTY�
�&ALSE	�4!3+����T������0ICK�T3ET	�

���������������T3ET������$EL�T��T3ET	�
$%#)3)/.�T�IN�T#ONFIRM�
�&ALSE	�4!3+����TOKEN�T	�U-ERGE������TOKEN�T	�INHIBITORS�
%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
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%,3%�%.$$%#)3)/.�
#!,, 0URGE?TOKENS�BUFFER�B	�PDU�PURGE4OKEN)DS	�
#!,, "ROADCAST?BUFFER�B	�

�$0UM	��/54054��$ROP�PORTAL�R��PDU�REASON	�4/�CONTROL�
�!5CF	� 4!3+ P������.EXT�AURQ1UEUE	�

AURQ1UEUE������0ULL�AURQ1UEUE	�
C������#HANNEL)D�U	�
U������PDU�INITIATOR�

$%#)3)/.�PDU�RESULT���24?SUCCESSFUL�
�4RUE	� $%#)3)/.�UPWARD�����

�&ALSE	�#!,,����4AKE?USER�C��DIAGNOSTIC	�
�$%#)3)/.�DIAGNOSTIC���$#?/+�
��&ALSE	�2%452.�
�%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
4!3+����CHAN�C	�PORTAL������P�
$%#)3)/.�P�����
�4RUE	��4!3+����U$ETACH������)NCL�U��U$ETACH	�

���������������C,EAVE������$EL�C��C,EAVE	�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
#!,, #AST?BUFFER�B��P	�

�$5IN	� $%#)3)/.�MERGING�
�4RUE	� 4!3+����BUFFER�B	�PDU�USER)DS������PDU�USER)DS�AND�U#ONFIRM�
%,3%�%.$$%#)3)/.�
#!,, 0URGE?USERS�BUFFER�B	�PDU�USER)DS	�
#!,, "ROADCAST?BUFFER�B	�

�#*RQ	� 4!3+ C������PDU�CHANNEL)D�
RESULT������24?SUCCESSFUL�
P������UPWARD�

$%#)3)/.�C�IN�C5SED�
�4RUE	� $%#)3)/.�CHAN�C	�KIND�

�5SER)D	�
4!3+����U������5SER)D�C	�
$%#)3)/.�PDU�INITIATOR���U�
�&ALSE	�4!3+����RESULT������24?OTHER?USER?ID�
%,3%�%.$$%#)3)/.�

�0RIVATE	�
$%#)3)/.�PDU�INITIATOR�IN�CHAN�C	�ADMITTED�
�&ALSE	�4!3+����RESULT������24?NOT?ADMITTED�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
$%#)3)/.�RESULT���24?SUCCESSFUL�
�&ALSE	�4!3+����BUFFER�B	�PDU�KIND������#*CF�

BUFFER�B	�PDU�REQUESTED������C�
BUFFER�B	�PDU�RESULT������RESULT�
BUFFER�B	�PDU�CHANNEL)D��������
P������R�

�4RUE	� $%#)3)/.�CHAN�C	�JOINED����%MPTY�OR�C�IN�C,EAVE�
�4RUE	��4!3+����CHAN�C	�JOINED���

������������������������������)NCL�R��CHAN�C	�JOINED	�
���������������C,EAVE������$EL�C��C,EAVE	�
���������������BUFFER�B	�PDU�KIND������#*CF�
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�&ALSE	� $%#)3)/.�NOT�MERGING�OR�C�IN�C#ONFIRM�

�4RUE	��#!,,����$ELETE?CHANNEL�C	�
%,3%�%.$$%#)3)/.�

�4RUE	� $%#)3)/.�P�IN�CHAN�C	�JOINED�
�4RUE	��4!3+����A3ET������CHAN�C	�ADMITTED�

����B������
�FOR�A�IN�A3ET�
�
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$%#)3)/.�A3ET���%MPTY�
�&ALSE	�4!3+����A������0ICK�A3ET	�
����������������������������A3ET������$EL�A��A3ET	�
��������������#!,,����2OUTE?USER�A��Q	�
��������������$%#)3)/.�Q���P�
���������������&ALSE	�*/).��B�
���������������4RUE	��*/).��B�
��������������%.$$%#)3)/.�
%,3%�%.$$%#)3)/.�
4!3+����CHAN�C	�JOINED������$EL�P��CHAN�C	�JOINED	�
$%#)3)/.�CHAN�C	�JOINED���%MPTY�
�4RUE	��4!3+����C,EAVE������)NCL�C��C,EAVE	�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
4!3+ T3ET������T5SED�
����B�� �
�FOR�T�IN�T3ET�
�
$%#)3)/.�T3ET���%MPTY�
�&ALSE	� 4!3+ T������0ICK�T3ET	�

T3ET������$EL�T��T3ET	�
$%#)3)/.�TOKEN�T	�KIND�
�'RABBED��5NGIVABLE	�

$%#)3)/.�TOKEN�T	�GRABBER���U�
�4RUE	��*/).��F�
%,3%�%.$$%#)3)/.�

�'IVEN	�
$%#)3)/.�TOKEN�T	�RECIPIENT���U�
�4RUE	��*/).��F�
%,3%�%.$$%#)3)/.�

�'IVING	�
$%#)3)/.�TOKEN�T	�RECIPIENT���U�
�4RUE	� 4!3+����TOKEN�T	�KIND������5NGIVABLE�

$%#)3)/.�TOKEN�T	�GRABBER�IN�U5SED�
�&ALSE	�*/).��F�
�4RUE	��$%#)3)/.�UPWARD�����

�4RUE	��4!3+����T2EJECT������)NCL�T��T2EJECT	�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
�&ALSE	� $%#)3)/.�TOKEN�T	�GRABBER���U�

�4RUE	��4!3+����TOKEN�T	�KIND������'IVEN�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
�)NHIBITED	�

4!3+ TOKEN�T	�INHIBITORS������$EL�U��TOKEN�T	�INHIBITORS	�
TOKEN�T	�U-ERGE������$EL�U��TOKEN�T	�U-ERGE	�

$%#)3)/.�TOKEN�T	�INHIBITORS���%MPTY�
�4RUE	������F��

$%#)3)/.�NOT�MERGING�OR�T�IN�T#ONFIRM�
�4RUE	��#!,,����$ELETE?TOKEN�T	�
�&ALSE	�4!3+����TOKEN�T	�KIND������)NHIBITED�

���������������TOKEN�T	�INHIBITORS������%MPTY�
%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
*/).��B�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�



























�
02/#%$52% $ELETE?CHANNEL� �
��$ELETE?CHANNEL��
�
&0!2 C #HANNEL)D� �


























�
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$#, U 5SER)D�
34!24
#/--%.4�5PDATE�THE�INFORMATION�BASE�TO�DELETE�A�CHANNEL�ID�

����
$%#)3)/.�C�IN�C5SED�
�&ALSE	�2%452.�
%,3%�%.$$%#)3)/.�
$%#)3)/.�CHAN�C	�KIND���5SER)D�
�4RUE	� 4!3+ U������5SER)D�C	�

#!,, $ELETE?USER�U	�
�&ALSE	� 4!3+ C5SED������$EL�C��C5SED	�

C&REE������)NCL�C��C&REE	�
NUM#HANNEL)DS������NUM#HANNEL)DS�
���
C#ONFIRM������$EL�C��C#ONFIRM	�
C,EAVE������$EL�C��C,EAVE	�
C$ISBAND������$EL�C��C$ISBAND	�

%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�























�
02/#%$52% $ELETE?TOKEN� �
��$ELETE?TOKEN��
�
&0!2 T 4OKEN)D� �























�

34!24
#/--%.4�5PDATE�THE�INFORMATION�BASE�TO�DELETE�A�TOKEN�ID�

����
$%#)3)/.�T�IN�T5SED�
�&ALSE	�2%452.�
%,3%�%.$$%#)3)/.�
4!3+ T5SED������$EL�T��T5SED	�

T&REE������)NCL�T��T&REE	�
NUM4OKEN)DS������NUM4OKEN)DS�
���
T#ONFIRM������$EL�T��T#ONFIRM	�
T2EJECT������$EL�T��T2EJECT	�

2%452.�
%.$02/#%$52%�

�























�
02/#%$52% 0URGE?USERS� �
��0URGE?USERS��
�
&0!2 U3ET 5SER)D3ET� �






















�

$#, U 5SER)D�
34!24
#/--%.4�$ELETE�A�SET�OF�USER�IDS�

����
����B�� ���
�FOR�U�IN�U3ET�
�
$%#)3)/.�U3ET���%MPTY�
�&ALSE	� 4!3+ U������0ICK�U3ET	�

U3ET������$EL�U��U3ET	�
#!,, $ELETE?USER�U	�
*/).��B�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�




























�
02/#%$52% 0URGE?CHANNELS� �
��0URGE?CHANNELS��
�
&0!2 C3ET #HANNEL)D3ET� �



























�

$#, C #HANNEL)D�
34!24
#/--%.4�$ELETE�A�SET�OF�CHANNEL�IDS�

����
����B�� ���
�FOR�C�IN�C3ET�
�
$%#)3)/.�C3ET���%MPTY�
�&ALSE	� 4!3+�����C������0ICK�C3ET	�

C3ET������$EL�C��C3ET	�
#!,, $ELETE?CHANNEL�C	�
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*/).��B�
%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�
























�
02/#%$52% 0URGE?TOKENS� �
��0URGE?TOKENS��
�
&0!2 T3ET 4OKEN)D3ET� �
























�

$#, T 4OKEN)D�
34!24
#/--%.4�$ELETE�A�SET�OF�TOKEN�IDS�

����
����B�� ���
�FOR�T�IN�T3ET�
�
$%#)3)/.�T3ET���%MPTY�
�&ALSE	� 4!3+ T������0ICK�T3ET	�

T3ET������$EL�T��T3ET	�
#!,,����$ELETE?TOKEN�T	�
*/).��B�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�
























�
02/#%$52% /UTPUT?BUFFER� �
��/UTPUT?BUFFER��
�
&0!2 B "UFFER)D� �
























�

P 0ORTAL)D�

$#, DP $ATA0RIORITY�
PDU 0$53TRUCT�
PID 0)D�

34!24
#/--%.4�3END�THE�OUTPUT�SIGNAL�REPRESENTING�AN�-#30$5�

��4HE�NEXT�MUST�WAIT�UNTIL�0$5�READY�IS�RECEIVED�
����

4!3+ DP������BUFFER�B	�DATA0RIORITY�
PDU������BUFFER�B	�PDU�
PID������PORTAL�P	�PIDS�DP	�

$%#)3)/.�P���UPWARD�AND�PDU�KIND���3$IN�
�4RUE	� 4!3+����PDU�KIND������3$RQ�
%,3%�%.$$%#)3)/.�
$%#)3)/.�PDU�KIND�

�0$IN	 � /54054 0$IN�PDU	 4/PID�
�%$RQ	 � /54054 %$RQ�PDU	 4/PID�
�-#RQ	 � /54054 -#RQ�PDU	 4/�PID�
�-#CF	 � /54054 -#CF�PDU	 4/PID�
�0#IN	 � /54054 0#IN�PDU	 4/PID�
�-4RQ	 � /54054 -4RQ�PDU	 4/PID�
�-4CF	 � /54054 -4CF�PDU	 4/PID�
�04IN	 � /54054 04IN�PDU	 4/PID�
�$0UM	 � /54054 $0UM�PDU	4/ PID�
�2*UM	 � /54054 2*UM�PDU	 4/PID�
�!5RQ	 � /54054 !5RQ�PDU	 4/PID�
�!5CF	 � /54054 !5CF�PDU	 4/PID�
�$5RQ	 � /54054 $5RQ�PDU	 4/PID�
�$5IN	 � /54054 $5IN�PDU	 4/PID�
�#*RQ	 � /54054 #*RQ�PDU	 4/PID�
�#*CF	 � /54054 #*CF�PDU	 4/PID�
�#,RQ	 � /54054 #,RQ�PDU	 4/PID�
�##RQ	 � /54054 ##RQ�PDU	 4/PID�
�##CF	 � /54054 ##CF�PDU	 4/PID�
�#$RQ	 � /54054 #$RQ�PDU	 4/PID�
�#$IN	 � /54054 #$IN�PDU	 4/PID�
�#!RQ	 � /54054 #!RQ�PDU	 4/PID�
�#!IN	 � /54054 #!IN�PDU	 4/PID�
�#%RQ	 � /54054 #%RQ�PDU	 4/PID�
�#%IN	 � /54054 #%IN�PDU	 4/PID�
�3$RQ	 � /54054 3$RQ�PDU	 4/PID�
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�3$IN	 � /54054 3$IN�PDU	 4/PID�
�53RQ	 � /54054 53RQ�PDU	 4/PID�
�53IN	 � /54054 53IN�PDU	 4/PID�
�4'RQ	 � /54054 4'RQ�PDU	 4/PID�
�4'CF	 � /54054 4'CF�PDU	 4/PID�
�4)RQ	 � /54054 4)RQ�PDU	 4/PID�
�4)CF	 � /54054 4)CF�PDU	 4/PID�
�46RQ	 � /54054 46RQ�PDU	 4/PID�
�46IN	 � /54054 46IN�PDU	 4/PID�
�46RS	 � /54054 46RS�PDU	 4/PID�
�46CF	 � /54054 46CF�PDU	 4/PID�
�40RQ	 � /54054 40RQ�PDU	 4/PID�
�40IN	 � /54054 40IN�PDU	 4/PID�
�42RQ	 � /54054 42RQ�PDU	 4/PID�
�42CF	 � /54054 42CF�PDU	 4/PID�
�44RQ	 � /54054 44RQ�PDU	 4/PID�
�44CF	 � /54054 44CF�PDU	 4/PID�
%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�
�)NPUT�TRANSITIONS�
�

$#, P 0ORTAL)D�
DP $ATA0RIORITY�
PDU 0$53TRUCT�
P+IND 0ORTAL+IND�
PIDS 0)D"Y0RI�
REASON 2EASON�

34!24
#/--%.4�4HE�STATE�MACHINE�CONTAINS�A�SINGLE�STATE�

����
#!,, )NITIALIZE?RESOURCES�
.%8434!4%�^�

34!4%�^� ).054 /PEN�PORTAL�P��P+IND��PIDS	�
#!,, /PEN?PORTAL�P��P+IND��PIDS	�
.%8434!4%�
�

34!4%�^� ).054 4IME�PORTAL�P	�
#!,, 4IME?PORTAL�P	�
.%8434!4%�
�

34!4%�^� ).054 $ROP�PORTAL�P��REASON	�
#!,, $ROP?PORTAL�P��REASON	�
.%8434!4%�
�

34!4%�^� ).054 3HUT�PORTAL�P	�
#!,, 3HUT?PORTAL�P	�
$%#)3)/.�P5SED���%MPTY�
�&ALSE	�.%8434!4%�
�
�4RUE	��34/0�
%.$$%#)3)/.�

34!4%�^� ).054 0$5�READY�DP	�
#!,, 0$5?READY�DP	�
.%8434!4%�
�

34!4%�^� ).054 0$IN�PDU	� 4!3+�PDU�KIND ����0$IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 %$RQ�PDU	� 4!3+�PDU�KIND ����%$RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 -#RQ�PDU	��4!3+�PDU�KIND ����-#RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 -#CF�PDU	� 4!3+�PDU�KIND ����-#CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 0#IN�PDU	� 4!3+�PDU�KIND ����0#IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 -4RQ�PDU	� 4!3+�PDU�KIND ����-4RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 -4CF�PDU	� 4!3+�PDU�KIND ����-4CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 04IN�PDU	� 4!3+�PDU�KIND ����04IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 $0UM�PDU	��4!3+�PDU�KIND�������$0UM��#!,,�)NPUT?0$5�PDU	�.%8434!4%� �
34!4%�^� ).054 2*UM�PDU	��4!3+�PDU�KIND ����2*UM�#!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 !5RQ�PDU	� 4!3+�PDU�KIND ����!5RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
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34!4%�^� ).054 !5CF�PDU	� 4!3+�PDU�KIND ����!5CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 $5RQ�PDU	� 4!3+�PDU�KIND ����$5RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 $5IN�PDU	� 4!3+�PDU�KIND ����$5IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #*RQ�PDU	� 4!3+�PDU�KIND ����#*RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #*CF�PDU	� 4!3+�PDU�KIND ����#*CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #,RQ�PDU	� 4!3+�PDU�KIND ����#,RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 ##RQ�PDU	� 4!3+�PDU�KIND ����##RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 ##CF�PDU	� 4!3+�PDU�KIND ����##CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #$RQ�PDU	� 4!3+�PDU�KIND ����#$RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #$IN�PDU	� 4!3+�PDU�KIND ����#$IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #!RQ�PDU	� 4!3+�PDU�KIND ����#!RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #!IN�PDU	� 4!3+�PDU�KIND ����#!IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #%RQ�PDU	� 4!3+�PDU�KIND ����#%RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 #%IN�PDU	� 4!3+�PDU�KIND ����#%IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 3$RQ�PDU	� 4!3+�PDU�KIND ����3$RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 3$IN�PDU	� 4!3+�PDU�KIND ����3$IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 53RQ�PDU	� 4!3+�PDU�KIND ����53RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 53IN�PDU	� 4!3+�PDU�KIND ����53IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 4'RQ�PDU	� 4!3+�PDU�KIND ����4'RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 4'CF�PDU	� 4!3+�PDU�KIND ����4'CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 4)RQ�PDU	� 4!3+�PDU�KIND ����4)RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 4)CF�PDU	� 4!3+�PDU�KIND ����4)CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 46RQ�PDU	� 4!3+�PDU�KIND ����46RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 46IN�PDU	� 4!3+�PDU�KIND ����46IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 46RS�PDU	� 4!3+�PDU�KIND ����46RS� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 46CF�PDU	� 4!3+�PDU�KIND ����46CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 40RQ�PDU	� 4!3+�PDU�KIND ����40RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 40IN�PDU	� 4!3+�PDU�KIND ����40IN� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 42RQ�PDU	� 4!3+�PDU�KIND ����42RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 42CF�PDU	� 4!3+�PDU�KIND ����42CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 44RQ�PDU	� 4!3+�PDU�KIND ����44RQ� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �
34!4%�^� ).054 44CF�PDU	� 4!3+�PDU�KIND ����44CF� #!,,�)NPUT?0$5�PDU	� .%8434!4%� �

%.$02/#%33�

!PPENDIX�6

3$,�SPECIFICATION�OF�THE�%NDPOINT�PROCESS
(This appendix does not form an integral part of this Recommendation)

02/#%33�%NDPOINT�
&0!2 TC)D 4#%NDPOINT)D� �
�INCOMING�4#�IF�NOT�.ULL�
�

LOCAL43!0 43!0!DDRESS� �
�OWN�TRANSPORT�ADDRESS�
�
REMOTE43!0 43!0!DDRESS� �
�OTHER�TRANSPORT�ADDRESS�
�
GIVEN1/3 4RANSPORT1/3� �
�TARGET�OR�OFFERED�1/3�
�
MIN1/3 4RANSPORT1/3� �
�MINIMUM�ACCEPTABLE�1/3�
�
PARAMETERS $OMAIN0ARAMETERS� �
�VALUES�ESTABLISHED�OR�NULL�
�

�
�$ATA�DECLARATIONS�
�

$#, CONTROL 0)D� �
�SINGLE�#ONTROL�PROCESS�
�
DOMAIN 0)D� �
�SELECTED�$OMAIN�PROCESS�
�

�
�)NPUT�TRANSITIONS�
�

$#, LOCAL$OMAIN $OMAIN3ELECTOR�
REMOTE$OMAIN $OMAIN3ELECTOR�
UPWARD "OOLEAN�
TARGET0ARMS $OMAIN0ARAMETERS�
MIN0ARMS $OMAIN0ARAMETERS�
MAX0ARMS $OMAIN0ARAMETERS�
USER$ATA 5SER$ATA�
RESULT 2ESULT�
CC)D .ATURAL�
LABEL .ATURAL�
TSDU 43$5�
DP $ATA0RIORITY�
PDU 0$53TRUCT�
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34!24
#/--%.4�3TATE�MACHINE� .%8434!4%

����CONNECTING 
 � � � � � �
����CONNBUSY 
 � � � � � �
����CONNREADY � � � � � �
����BUSY � � � � � �
����READY � � � � � �
����DISCONNECTED � � � � � �

��
4!3+ CONTROL������0!2%.4�

LABEL��������
$%#)3)/.�TC)D���.ULL�
�4RUE	� /54054��4�#ONNECT�REQUEST�LABEL��LOCAL43!0��REMOTE43!0�

GIVEN1/3��MIN1/3	�
.%8434!4%�CONNECTING�

�&ALSE	� /54054��4�#ONNECT�RESPONSE�TC)D��GIVEN1/3	�
/54054��4�READY�TC)D	�
.%8434!4%�CONNBUSY�

%.$$%#)3)/.�

34!4%�
�
).054 %XIT�
34/0�

34!4%�
�
).054 4�$ISCONNECT�INDICATION�LABEL��TC)D	�
/54054 1UIT�4/�CONTROL�
.%8434!4%�DISCONNECTED�

34!4%�CONNECTING�
).054 4�#ONNECT�CONFIRM�LABEL��TC)D��GIVEN1/3	�
/54054 4�READY�TC)D	�
.%8434!4%�CONNBUSY�

34!4%�CONNECTING�
3!6% 
����
�AWAIT�OUTCOME�OF�4#�
�

34!4%�CONNBUSY��CONNREADY��BUSY��READY�
).054 
�
/54054 4�$ISCONNECT�REQUEST�TC)D	�
/54054 1UIT�4/�CONTROL�
.%8434!4%�DISCONNECTED�

34!4%�CONNBUSY�
).054 4�READY�TC)D	�
.%8434!4%�CONNREADY�

34!4%�CONNBUSY�
3!6% #ONNECT�)NITIAL��#ONNECT�2ESPONSE��#ONNECT�!DDITIONAL��#ONNECT�2ESULT�

34!4%�CONNREADY�
).054 #ONNECT�)NITIAL�LOCAL$OMAIN��REMOTE$OMAIN��UPWARD�

TARGET0ARMS��MIN0ARMS��MAX0ARMS��USER$ATA	�
4!3+�TSDU������ENCODE�#ONNECT
)NITIAL�USING�"%2��
����B��
/54054 4�$ATA�REQUEST�TC)D��TSDU	�
.%8434!4%�CONNBUSY�

34!4%�CONNREADY�
).054 #ONNECT�2ESPONSE�RESULT��CC)D��PARAMETERS��USER$ATA	�
4!3+�TSDU������ENCODE�#ONNECT
2ESPONSE�USING�"%2��
*/).��B�

34!4%�CONNREADY�
).054 #ONNECT�!DDITIONAL�CC)D��DP	�
4!3+�TSDU������ENCODE�#ONNECT
!DDITIONAL�USING�"%2��
*/).��B�

34!4%�CONNREADY�
).054 #ONNECT�2ESULT�RESULT	�
4!3+�TSDU������ENCODE�#ONNECT
2ESULT�USING�"%2��
*/).��B�
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34!4%�CONNBUSY��CONNREADY�
).054 4�$ATA�INDICATION�TC)D��TSDU	�
4!3+�CONNECT�-#30$5������DECODE�TSDU�USING�"%2��
$%#)3)/.�CONNECT�-#30$5��
��#ONNECT
)NITIAL�	�

/54054 #ONNECT�)NITIAL�LOCAL$OMAIN��REMOTE$OMAIN��UPWARD�
TARGET0ARMS��MIN0ARMS��MAX0ARMS��USER$ATA	�4/�CONTROL�

.%8434!4%�
�
��#ONNECT
2ESPONSE�	�

/54054 #ONNECT�2ESPONSE�RESULT��CC)D��PARAMETERS��USER$ATA	�4/�CONTROL�
.%8434!4%�
�

��#ONNECT
!DDITIONAL�	�
/54054 #ONNECT�!DDITIONAL�CC)D��DP	�4/�CONTROL�
.%8434!4%�
�

��#ONNECT
2ESULT�	�
/54054 #ONNECT�2ESULT�RESULT	�4/�CONTROL�
.%8434!4%�
�

%,3%�
/54054 4�$ISCONNECT�REQUEST�TC)D	�
/54054 1UIT�4/�CONTROL�
.%8434!4%�DISCONNECTED�

%.$$%#)3)/.�

34!4%�CONNBUSY�
).054 0$5�READY�DP	�
4!3+ DOMAIN������3%.$%2�
/54054 4�READY�TC)D	�
.%8434!4%�READY�

34!4%�CONNREADY�
).054 0$5�READY�DP	�
4!3+ DOMAIN������3%.$%2�
/54054 0$5�READY�DP	�4/�DOMAIN�
/54054 4�READY�TC)D	�
.%8434!4%�READY�

34!4%�BUSY�
).054 0$5�READY�DP	�
/54054 4�READY�TC)D	�
.%8434!4%�READY�

34!4%�BUSY��READY�
).054 4�READY�TC)D	�
/54054 0$5�READY�DP	�4/�DOMAIN�
.%8434!4%�
�

34!4%�BUSY��READY�
).054 0$IN�PDU	� 4!3+�PDU�KIND �� 0$IN� �*/). �F�
).054 %$RQ�PDU	� 4!3+�PDU�KIND �� %$RQ� �*/). �F�
).054 -#RQ�PDU	��4!3+�PDU�KIND �� -#RQ� �*/). �F�
).054 -#CF�PDU	� 4!3+�PDU�KIND �� -#CF� �*/). �F�
).054 0#IN�PDU	� 4!3+�PDU�KIND �� 0#IN� �*/). �F�
).054 -4RQ�PDU	� 4!3+�PDU�KIND �� -4RQ� �*/). �F�
).054 -4CF�PDU	� 4!3+�PDU�KIND �� -4CF� �*/). �F�
).054 04IN�PDU	� 4!3+�PDU�KIND �� 04IN� �*/). �F�
).054 $0UM�PDU	�4!3+�PDU�KIND �� $0UM��*/). �F�
).054 2*UM�PDU	�4!3+�PDU�KIND �� 2*UM��*/). �F�
).054 !5RQ�PDU	� 4!3+�PDU�KIND �� !5RQ� */). �F�
).054 !5CF�PDU	� 4!3+�PDU�KIND �� !5CF� */). �F�
).054 $5RQ�PDU	� 4!3+�PDU�KIND �� $5RQ� */). �F�
).054 $5IN�PDU	� 4!3+�PDU�KIND �� $5IN� */). �F�
).054 #*RQ�PDU	� 4!3+�PDU�KIND �� #*RQ� */). �F�
).054 #*CF�PDU	� 4!3+�PDU�KIND �� #*CF� */). �F�
).054 #,RQ�PDU	� 4!3+�PDU�KIND �� #,RQ� */). �F�
).054 ##RQ�PDU	� 4!3+�PDU�KIND �� ##RQ� */). �F�
).054 ##CF�PDU	� 4!3+�PDU�KIND �� ##CF� */). �F�
).054 #$RQ�PDU	� 4!3+�PDU�KIND �� #$RQ� */). �F�
).054 #$IN�PDU	� 4!3+�PDU�KIND �� #$IN� */). �F�
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).054 #!RQ�PDU	� 4!3+�PDU�KIND �� #!RQ� */). �F�
).054 #!IN�PDU	� 4!3+�PDU�KIND �� #!IN� */). �F�
).054 #%RQ�PDU	� 4!3+�PDU�KIND �� #%RQ� */). �F�
).054 #%IN�PDU	� 4!3+�PDU�KIND �� #%IN� */). �F�
).054 3$RQ�PDU	� 4!3+�PDU�KIND �� 3$RQ� */). �F�
).054 3$IN�PDU	� 4!3+�PDU�KIND �� 3$IN� */). �F�
).054 53RQ�PDU	� 4!3+�PDU�KIND �� 53RQ� */). �F�
).054 53IN�PDU	� 4!3+�PDU�KIND �� 53IN� */). �F�
).054 4'RQ�PDU	� 4!3+�PDU�KIND �� 4'RQ� */). �F�
).054 4'CF�PDU	� 4!3+�PDU�KIND �� 4'CF� */). �F�
).054 4)RQ�PDU	� 4!3+�PDU�KIND �� 4)RQ� */). �F�
).054 4)CF�PDU	� 4!3+�PDU�KIND �� 4)CF� */). �F�
).054 46RQ�PDU	� 4!3+�PDU�KIND �� 46RQ� */). �F�
).054 46IN�PDU	� 4!3+�PDU�KIND �� 46IN� */). �F�
).054 46RS�PDU	� 4!3+�PDU�KIND �� 46RS� */). �F�
).054 46CF�PDU	� 4!3+�PDU�KIND �� 46CF� */). �F�
).054 40RQ�PDU	� 4!3+�PDU�KIND �� 40RQ� */). �F�
).054 40IN�PDU	� 4!3+�PDU�KIND �� 40IN� */). �F�
).054 42RQ�PDU	� 4!3+�PDU�KIND �� 42RQ� */). �F�
).054 42CF�PDU	� 4!3+�PDU�KIND �� 42CF� */). �F�
).054 44RQ�PDU	� 4!3+�PDU�KIND �� 44RQ� */). �F�
).054 44CF�PDU	� 4!3+�PDU�KIND �� 44CF�

����F��
4!3+�TSDU������ENCODE�PDU�USING�"%2�OR�0%2�

��DEPENDING�ON�PARAMETERS�PROTOCOL6ERSION��
/54054 4�$ATA�REQUEST�TC)D��TSDU	�
.%8434!4%�
�

34!4%�READY�

).054 4�$ATA�INDICATION�TC)D��TSDU	�
4!3+�PDU������DECODE�TSDU�USING�"%2�OR�0%2�

��DEPENDING�ON�PARAMETERS�PROTOCOL6ERSION��
$%#)3)/.�PDU�KIND�
�2*UM	� /54054��2*UM�PDU	�4/�CONTROL�

/54054��4�READY�TC)D	�
.%8434!4%�
�

�0$IN	� /54054 0$IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�%$RQ	� /54054 %$RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�-#RQ	� /54054 -#RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�-#CF	� /54054 -#CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�0#IN	� /54054 0#IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�-4RQ	� /54054 -4RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�-4CF	� /54054 -4CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�04IN	� /54054 04IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�$0UM	� /54054 $0UM�PDU	�4/�DOMAIN� .%8434!4% BUSY�
�!5RQ	� /54054 !5RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�!5CF	� /54054 !5CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�$5RQ	� /54054 $5RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�$5IN	� /54054 $5IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#*RQ	� /54054 #*RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#*CF	� /54054 #*CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#,RQ	� /54054 #,RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�##RQ	� /54054 ##RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�##CF	� /54054 ##CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#$RQ	� /54054 #$RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#$IN	� /54054 #$IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#!RQ	� /54054 #!RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#!IN	� /54054 #!IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#%RQ	� /54054 #%RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�#%IN	� /54054 #%IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�3$RQ	� /54054 3$RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�3$IN	� /54054 3$IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�53RQ	� /54054 53RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�53IN	� /54054 53IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�4'RQ	� /54054 4'RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�4'CF	� /54054 4'CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
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�4)RQ	� /54054 4)RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�4)CF	� /54054 4)CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�46RQ	� /54054 46RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�46IN	� /54054 46IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�46RS	� /54054 46RS�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�46CF	� /54054 46CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�40RQ	� /54054 40RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�40IN	� /54054 40IN�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�42RQ	� /54054 42RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�42CF	� /54054 42CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�44RQ	� /54054 44RQ�PDU	 4/�DOMAIN� .%8434!4% BUSY�
�44CF	� /54054 44CF�PDU	 4/�DOMAIN� .%8434!4% BUSY�
%,3%�

4!3+�PDU�INITIAL/CTETS������TRUNCATE�TSDU��
4!3+�PDU�DIAGNOSTIC������$#?INVALID?�%2?ENCODING��
/54054��2*UM�PDU	�4/�DOMAIN�
.%8434!4%�BUSY�

%.$$%#)3)/.�

34!4%�DISCONNECTED�
).054���1UIT�
/54054��1UIT�4/�CONTROL�
.%8434!4%�DISCONNECTED�

%.$02/#%33�

!PPENDIX�6)

3$,�SPECIFICATION�OF�THE�!TTACHMENT�PROCESS
(This appendix does not form an integral part of this Recommendation)

02/#%33�!TTACHMENT�
&0!2 LABEL .ATURAL� �
�FOR�-#3�!TTACH�5SER�CONFIRM�
�

PARAMETERS $OMAIN0ARAMETERS� �
�VALUES�ESTABLISHED�IN�DOMAIN�
�

�
�4YPE�DEFINITIONS�
�

.%7490% -#32EQUEST
3425#4

KIND 0$5+IND� �
�3$RQ��53RQ��#!RQ��#%RQ�
�
CHANNEL)D#HANNEL)D� �
�PARAMETER�OF�REQUEST�
�
SEGMENTATION 3EGMENTATION� �
�PARAMETER�OF�REQUEST�
�
USER$ATA 5SER$ATA� �
�PARAMETER�OF�REQUEST�
�
OFFSET )NTEGER� �
�OCTETS�SENT�SO�FAR�
�
USER)DS 5SER)D3ET� �
�REMAINING�TO�AFFECT�
�

%.$.%7490%�

.%7490% 0RIORITY3ET 3ET/F�$ATA0RIORITY	�
%.$.%7490%�

.%7490% -#32EQUEST"Y0RI !RRAY�$ATA0RIORITY��-#32EQUEST	�
%.$.%7490%�
.%7490% 0$53TRUCT"Y0RI !RRAY�$ATA0RIORITY��0$53TRUCT	�
%.$.%7490%�

�
�$ATA�DECLARATIONS�
�

$#, MA)D -#3!TTACHMENT)D� �
�THIS�!TTACHMENT�PROCESS�
�
CONTROL 0)D� �
�SINGLE�#ONTROL�PROCESS�
�
DOMAIN 0)D� �
�SELECTED�$OMAIN�PROCESS�
�

$#, USER 5SER)D� �
�UNIQUE�ID�OF�ATTACHED�USER�
�

$#, C*OINED #HANNEL)D3ET� �
�CHANNELS�THE�USER�HAS�JOINED�
�
C#ONVENED #HANNEL)D3ET� �
�CHANNELS�THE�USER�HAS�CONVENED�
�
C!DMITTED #HANNEL)D3ET� �
�CHANNELS�USER�WAS�ADMITTED�TO�
�

$#, T0OSSESSED 4OKEN)D3ET� �
�TOKENS�GRABBED�OR�INHIBITED�
�
T2ECIPIENT 4OKEN)D3ET� �
�TOKENS�GIVEN�WAITING�RESPONSE�
�

$#, U0ENDING 0RIORITY3ET� �
�REQUEST�IS�PENDING�AT������
�
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MCSREQ -#32EQUEST"Y0RI� �
�CONTENT�OF�SEGMENTED�REQUEST�
�
D2EADY 0RIORITY3ET� �
�DOMAIN�-#30$5�ALLOWED������
�

$#, D0ENDING 0RIORITY3ET� �
�3$IN�OR�53IN�PENDING�AT������
�
MCSPDU 0$53TRUCT"Y0RI� �
�CONTENT�OF�THE�DOMAIN�-#30$5�
�
U2EADY 0RIORITY3ET� �
�DATA�INDICATION�ALLOWED������
�

�
�0ROCEDURE�DECOMPOSITION�
�

�
 3EGMENT?REQUEST �DP	
)NDICATE?DATA
4RACK?TOKEN �T��STATUS	�����
�

�






























�
02/#%$52% 3EGMENT?REQUEST� �
��3EGMENT?REQUEST��
�
&0!2 DP $ATA0RIORITY� �





























�

$#, UDP $ATA0RIORITY�
REQ -#32EQUEST�
PDU 0$53TRUCT�
B "OOLEAN�
M )NTEGER�
N )NTEGER�
U 5SER)D�

34!24
#/--%.4�&EED�DOMAIN�PROCESS�THE�NEXT�SEGMENT�OF�USER�DATA

��OR�THE�NEXT�SUBSET�OF�PRIVATE�CHANNEL�USER�IDS�
��IF�READY��FOR�THE�SPECIFIED�TRANSPORT�PRIORITY�
��

$%#)3)/.�DP�IN�D2EADY�
�&ALSE	�2%452.�
%,3%�%.$$%#)3)/.�
4!3+ UDP������DP�
����B�� �
�FOR�UDP���DP����
�
$%#)3)/.�UDP���DP�OR��UDP����PARAMETERS�NUM0RIORITIES�AND�UDP����	�
�&ALSE	� 2%452.�
�4RUE	�� $%#)3)/.�UDP�IN�U0ENDING�

�&ALSE	� 4!3+����UDP������UDP�����
*/).��B�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
4!3+ D2EADY������$EL�DP��D2EADY	�

DP������UDP�
REQ������MCSREQ�DP	�
PDU�INITIATOR������USER�
PDU�CHANNEL)D������REQ�CHANNEL)D�

$%#)3)/.�REQ�KIND�
�3$RQ��53RQ	�

4!3+ PDU�DATA0RIORITY������DP�
B������REQ�SEGMENTATION�BEGIN�
PDU�SEGMENTATION�BEGIN������)&�REQ�OFFSET�����4(%.�B�%,3%�&ALSE�&)�
M������PARAMETERS�MAX-#30$5SIZE�
M������)&�PARAMETERS�PROTOCOL6ERSION�����4(%.�M�
����%,3%�M�
���&)�
N������,ENGTH�REQ�USER$ATA	�
�REQ�OFFSET�
N������)&�N���M�4(%.�M�%,3%�N�&)�
PDU�USER$ATA������3UBSTRING�REQ�USER$ATA������REQ�OFFSET��N	�
REQ�OFFSET������REQ�OFFSET���N�
N������,ENGTH�REQ�USER$ATA	�
�REQ�OFFSET�
B������REQ�SEGMENTATION�END�
PDU�SEGMENTATION�END������)&�N�����4(%.�B�%,3%�&ALSE�&)�
MCSREQ�DP	�OFFSET������REQ�OFFSET�

�#!RQ��#%RQ	�
4!3+ PDU�USER)DS������%MPTY�

N��������
M������PARAMETERS�MAX-#30$5SIZE�
M������)&�PARAMETERS�PROTOCOL6ERSION�����4(%.��M�
���	����

����%,3%��M�
��	�����&)�
����B�� �
�WHILE�N���M�
�
$%#)3)/.�REQ�USER)DS���%MPTY�
�4RUE	� 4!3+ N��������
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�&ALSE	� 4!3+ U������0ICK�REQ�USER)DS	�
REQ�USER)DS������$EL�U��REQ�USER)DS	�

$%#)3)/.�U���������
�4RUE	� 4!3+����PDU�USER)DS������)NCL�U��PDU�USER)DS	�
%,3%�%.$$%#)3)/.�
4!3+ N������N�����
$%#)3)/.�N���M�
�4RUE	��*/).��B�
%,3%�%.$$%#)3)/.�

%.$$%#)3)/.�
%.$$%#)3)/.�
$%#)3)/.�REQ�KIND�
�3$RQ	� /54054��3$RQ�PDU	�4/�DOMAIN�
�53RQ	�� /54054��53RQ�PDU	�4/�DOMAIN�
�#!RQ	�� /54054��#!RQ�PDU	�4/�DOMAIN�
�#%RQ	�� /54054��#%RQ�PDU	�4/�DOMAIN�
%.$$%#)3)/.�
$%#)3)/.�N�����
�4RUE	�� 4!3+ U0ENDING������$EL�DP��U0ENDING	�

$%#)3)/.�REQ�KIND�
�3$RQ��53RQ	�

/54054��-#3�READY�MA)D��DP	�
%,3%�%.$$%#)3)/.�

%,3%�%.$$%#)3)/.�
2%452.�
%.$02/#%$52%�

�
























�

02/#%$52% )NDICATE?DATA� �
��)NDICATE?DATA��
�
�























�

$#, DP $ATA0RIORITY�

PDU 0$53TRUCT�
34!24
#/--%.4�)NDICATE�THE�RECEIPT�OF�USER�DATA��IF�READY

��AND�NONE�PENDING�AT�HIGHER�PRIORITIES�
����

4!3+ DP��������
����B�� �
�FOR�DP��������
�
$%#)3)/.�DP�����AND��DP�IN�U2EADY�OR�NOT�DP�IN�D0ENDING	�
�&ALSE	� 2%452.�
�4RUE	� $%#)3)/.�DP�IN�D0ENDING�

�&ALSE	� 4!3+����DP������DP�����
*/).��B�

%,3%�%.$$%#)3)/.�
%.$$%#)3)/.�
4!3+ D0ENDING������$EL�DP��D0ENDING	�

PDU������MCSPDU�DP	�
$%#)3)/.�PDU�KIND�
�3$IN	� /54054��-#3�3END�$ATA�INDICATION�MA)D��PDU�CHANNEL)D�

��PDU�DATA0RIORITY��PDU�INITIATOR��PDU�SEGMENTATION��PDU�USER$ATA	�
�53IN	� /54054��-#3�5NIFORM�3END�$ATA�INDICATION�MA)D��PDU�CHANNEL)D�

��PDU�DATA0RIORITY��PDU�INITIATOR��PDU�SEGMENTATION��PDU�USER$ATA	�
%.$$%#)3)/.�
4!3+ U2EADY������$EL�DP��U2EADY	�

DP������)&�DP���PARAMETERS�NUM0RIORITIES�4(%.�DP
%,3%�PARAMETERS�NUM0RIORITIES�
���&)�

/54054 0$5�READY�DP	�4/�DOMAIN�
*/).��B�
%.$02/#%$52%�

�






















�

02/#%$52% 4RACK?TOKEN� �
��4RACK?TOKEN��
�
&0!2 T 4OKEN)D� �
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!PPENDIX�6))

#HARACTERISTICS�OF�THE�REFERENCE�IMPLEMENTATION
(This appendix does not form an integral part of this Recommendation)

6))�� 3$,�DECOMPOSITION

Figure II.1 depicts an MCS provider in the context of a system, with three channels binding it to its environment:
Control.MCSAP to a single controller application, MCSAPs to zero or more attached users, and TSAPs to zero or more
transport service providers. In a decomposition of the provider, these external channels connect with signal routes to and
from component processes.

Each octagonal element represents a process type and gives bounds (minimum, maximum) on its number of instances.
One Control process exists permanently. Dashed lines show that it creates instances of the remaining three processes.
Attachment, Domain, and Endpoint do not exist initially, but their potential number is unlimited.

Signal routes to and from component processes convey SDL signals. The set of signals transmitted in a given direction is
shown near the corresponding arrow head. Identifiers in parentheses are lists of related signals. The expansion of these
lists is to long to include in the figure. Details appear in the text of Appendix II.
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6))�� 3ERVICE�DEFINITIONS

Signals over the external channels represent uses of MCS and the transport services defined abstractly in ITU-T
Recommendation T.122 and CCITT Recommendation X.214. Modeling these in SDL requires further assumptions about
details of the interactions. Two aspects are worth special note: a use of endpoints identifiers to specify the context of a
service primitive and a use of flow control ready signals to invite data transfer.

The three identifiers involved are: MCSConnectionId, MCSAttachmentId, and TCEndpointId. These parameters are
implicit (not depicted) in the service definition documents. The model here assumes that they are assigned by the
responsible provider. For example, TCEndpointId appears in T.Connect.indication and T.Connect.confirm. To enable
the user of a service to relate a confirm to a preceding request, the user may specify an arbitrary label to be echoed back.

Flow control is modeled here by a window-of-one mechanism. A ready signal must be sent in one direction before a data
transfer signal may be sent in the opposite direction. Before the next transfer, another ready must be received. In a
practical implementation, ready might take the form of moving a pointer or incrementing a counter. Casting ready as a
signal does not imply it must be as ponderous as data transfer. There are three ready signals: T.ready, PDU.ready, and
MCS.ready. These allow the transfer of, respectively, one TSDU, one domain MCSPDU, and one MCS service data
unit. Flow control applies independently to the two directions of a signal route.

Transport quality of service on a TC is modeled here with parameters for throughput, transit delay, and data priority.
This is an amalgam of standards which are not consistent among themselves. In practice, the details will surely differ.
The specification of QOS is a burden that controller applications must bear.

6))�� 0ORTALS�ONTO�A�DOMAIN

The Domain process is central to this decomposition of an MCS provider. Different instances represent different
domains hosted by the same provider. A Domain process is created with a set of parameters that remain frozen for its
lifetime. These domain parameters are provided by the Control process. The Control process decides which domain
selectors are valid and how the corresponding Domain processes shall be configured. If there is room for parameter
negotiation during MCS.Connect.Provider, the Control process supervises the interaction.

To keep the Domain process as simple as possible, the MCS attachments and MCS connections it interfaces to are
abstracted to appear as portals with a number of common features. A portal is either a single Attachment process or a set
of Endpoint processes, one for each constituent TC of an MCS connection. The Control process assigns portal ids and
opens and shuts their associations to a Domain process. It hides details of building up and tearing down processes and
hides the exchange of connect MCSPDUs.

To the Domain process, a portal looks like a set of signal routes, one for each data priority implemented. Each conveys
MCSPDUs subject to PDU.ready flow control. Where distinctions in processing cannot be avoided, they are invoked by
classifying a portal as one of three kinds: Attached, Uplink, or Downlink.

Figures VII.1 through VII.8 illustrate signal flows for typical operations. They assume a single user attached locally to a
domain with one MCS connection to another provider. Endpoint1 and Endpoint2 arise from an assumption that two data
priorities are implemented in the domain.

The signaling to shut a portal is rather lengthy. It defends against the possibility that one of the processes involved might
send a signal to another that has already stopped, which would be a run-time error in SDL. Attachment and Endpoint
processes make Quit the last signal they send, and they stop on receipt of Exit. Domain sends no further signals to a
portal after replying Shut.portal to Control, and it stops after indicating thus that the last portal is shut.
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Of remaining miscellaneous signals, Drop.portal is bidirectional and corresponds to $0UM. Report.portal alerts Control
that a diagnostic was issued towards another MCS provider. An 2*UM that originates in Endpoint is sent through
Domain to get onto the initial TC. An 2*UM received externally is dispatched directly from Endpoint to Control.

Note that MCS.Attach.User.request and T.Connect.indication are directed to Control, since they are stimuli to create
corresponding portals. Control can decline with a negative MCS.Attach.User.confirm or T.Disconnect.request.

The present model does not limit the number of MCS attachments or MCS connections per domain, except through a
local limit (maxPortalIds) on the number of portals across all domains hosted by the provider. Many aspects of domain
configuration must be managed locally until further standardization is undertaken.

6))�� !LIGNMENT�OF�-#30$5S

Clarity requires that the MCSPDUs defined in clause 7 be represented individually by SDL signals. But simplicity of the
Domain process depends on a more unified treatment. The resolution here is to define a PDUStruct data type, with
components that can be selected to match any one of the domain MCSPDUs. Connect MCSPDUs, which are handled
outside the Domain process, continue each to have its own structure.

A key component of PDUStruct is kind, which identifies the intended domain MCSPDU. Based on kind, a subset of
other fields then become relevant: those listed in ASN.1 as components of the MCSPDU. The SDL-defined data types
match as closely as possible the ASN.1-defined data types of clause 7. The intention should be clear that a PDUStruct is
the internal, decoded representation of a domain MCSPDU.

Three MCSPDUs have optional components, !5CF, #*CF, and ##CF. In SDL their absence is indicated by coding zero
for the corresponding field. This is an illegal value for a static or dynamic channel id.

The signals sent between Attachment, Domain, and Endpoint processes, with the exception of PDU.ready, take a
PDUStruct as their single parameter. In a practical implementation, this kind of communication might be as simple as
moving a buffer pointer.

6))�� -ETHOD�OF�USING�3$,

The reference implementation uses the textual representation of SDL as a programming language whose power is
enhanced by the ability to define abstract data types. In Control and Domain, the objects managed are too complex and
numerous to benefit from the kind of finite state machine that SDL supports. These processes remain in a single state
processing input signals. Attachment and Endpoint, with smaller scope, can use a handful of states to better advantage.

Appendix II contains a definition of the SetOf generator, whose scope is the entire provider. This takes any other defined
type, such as channel ids, and formalizes the concept of subsets of values of that type. SetOf extends the built-in
generator Powerset by adding a new operator that chooses an arbitrary element from a non-empty subset. The meaning
of this Pick operator is defined through simple axioms.

Sets are used heavily throughout the implementation. Part of the information base, for example, is to record which subset
of channel ids are in use and which subset of portal ids have joined a given channel.

In SDL, arrays are deployed over the full range of the indexing data type. Channel structures, for example, exist for each
channel id from 0 to 65535. A practical implementation must deal in much sparser arrays. To this end, separate id sets
are kept to record which channels and other resources are in use at a given time. A principle of the design is that array
values need not be stored in the information base for ids that are not explicitly marked as in use.
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Many iterations follow a familiar pattern: create a candidate set of interest, then pick and delete one member of it at a
time, until no more remain. Such iterations are built out of decisions and joins. Comments show the higher-level control
structure intended. Labels are numbered sequentially within a procedure, with one letter appended to indicate whether
branches to the label are backward or forward.

A table of contents, which shows calling sequences, occurs before the first procedure definition in each process. SDL
procedures may return results through formal parameters that are declared to be in/out.

A few constants appear dispersed throughout the code, like the maximum number of data priorities (4) and the dividing
line between static and dynamic channel ids (1001). These are not parameters whose value can be redefined.

It is an important idea in MCS that user ids are a subset of channel ids. But the contexts in which each is used differ, so
two separate types are appropriate. Appendix II formalizes a pair of operators for casting between them.

The processes of Appendices III through VI cooperate in the framework specified by Appendix II. Signals are
constrained to the specified routes, and misbehavior across internal interfaces is not allowed. Defensive coding focuses
its attention on controller and user applications residing in the environment outside the provider and on MCSPDUs
received externally from peer providers.

The reference implementation allows input signals to be scheduled in arbitrary sequence if more than one are pending. It
makes no assumption about the relative priority of processes. But it does rely on individual input transitions executing to
completion without preemption.

6))�� 2EMARKS�ON�THE�$OMAIN�PROCESS

Significant use is made of the Queue generator in addition to SetOf. Buffers are queued in user-transmitted sequence to
an output portal, and portal ids are queued in the order of unanswered -#RQ, -4RQ, and !5RQ MCSPDUs.

To avoid copying user data, MCSPDUs are manipulated in buffers, which may be output to multiple ports. The number
of buffers available to a Domain process is modeled as a fixed external parameter. This could easily be changed to vary
by configuration from domain to domain. The implementation degrades gracefully, through global flow control, if the
number of buffers provided is low. It applies buffers, as they become free, to the highest priority data flow.

When an MCSPDU arrives as input, the Domain process needs to know the portal of origin and data priority. The
procedure Identify_sender does an exhaustive search of opened portals based on the process id reported by SDL. The
needed information could be defined to be part of the signal parameter set, except that the intuitive meaning of signals
would then be obscured. In a practical implementation this modeling is not a significant issue.

The heart of the Domain process is the procedure Process_PDU, which calls in sequence Validate_input, Top_provider,
and Apply_PDU. Each of these is a large case selection based on the kind of PDU at hand. The details for any given
kind are mostly straightforward. A good way to approach these procedures may be to cut across them horizontally,
following the course of especially important MCSPDUs, like 3$RQ, one by one.

The encoding of MCSPDUs, using either BER or PER depending on the protocol version, is a detail left mostly to the
Endpoint process. All Domain needs to know is how large it can make MCSPDUs with variable content, like $5RQ with
its multiple user ids. Such considerations are expressed through decision statements with informal text, using worst-case
constants for the BER encoding. In practice, some limits on variable content may be precalculated in terms that Domain
understands, like maximum numbers of ids. Others may require more direct knowledge of the encoding.
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