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1.1 INTRODUCTION

This document provides the functional specification for AUTODIN II 
a

Mode VI line control procedures. This line control is a subset of the

Proposed American National Standard for Advanced Data Communi~~tions

• Control Procedures (ADCCP) as described in X3S34/589 Draft 6 Revision 2,

11 August 1977, hereaf ter referred to as the “standard .” Users of this
document should be familiar with the standard.

• 
. 

The remaining sections of this document serve as an implementation
guide for AUTODIN II software designers and provide implementation—related

details which are not addressed in the standard. In addition, it delineates

those areas where the AUTODIN II implementation of ADCCP differs from
the standard. This document serves as the definitive source for the AUTODIN

II ADCCP functional design; it supersedes all previous doèuments concerning

AUTODIN II Mode VI (ADCCP ) line control procedures. Deviations from

the standard are permitted only in those cases explicitly addressed in

this specification.

2.1 AUTODIN II ADCCP

AUTODIN II ADCCP uses the Balanced Asynchronous (BA) class of proc.—
dures. The basic mode of operation is Asynchronous Balanced Mode (ABM)
with all stations supporting Two—Way Simultaneous (TWS) Operation. In
addition, optional func tions 1, 4, 7, 8, and 10 as described in Section 11.2

• of the standard are supported. The ADCCP frame forma t , commands , responses ,
- • and optional functions implemented in the AUTODIN II system are discussed

in the succeeding paragraphs; additional detail concerning BA, ABM, and TtJS
may be found in Sections 2 and 11 of the standard .

3.1 FRAME FORMAT

ADCCP transmissions are packaged into distinct sets of binary data called
fram es. Each frame contains~ the folloüing

:1
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• Flag Sequence (beginning)

• Address Field

• Control Field
. Information Field
. Frame Check Sequence 

a

. Flag Sequence (ending)

3.1.1 Flag Sequence

This is a single octet field which always contains the binary value

01111110. Each frame must be bounded by Flag sequences and there must
• be two or more of these sequences between frames. The ending Flag sequence

of a frame may not serve as the beginning Flag sequence of the succeeding

frame. If the Flag sequence occurs in other fields, the zero bit insertiou

technique described in the standard is used to insure transparency.

3.1.2 Address Field

This field contains the address of either the local or remote station

and is used by the receiving~ station to identify incoming frames as either
coimnand or response frames. The address field in a command frame contains

the address of the remote (receiving) station; the address field in a

response frame contains the address of the local (transmitting) station.

There are two addressing formats: Basic and Extended. The Basic

addressing format requires an address space of one octet, thereby allowing
a maximum of 255 unique addresses per station. The Extended addressing

forma t allows two octets in the address field to provide additional addressing
- . space for special applications . Optional function 7 (see Paragraph 3.2)

implements the Extended addràssing format.

AUTODIN II links using ADCCP control will be configured using Basic

addressing . Ext ended addressing is included to provide for future growth
and will not be used unless there is a valid requirement.

The two addressing form até are mutually exclusive, i.e. on any particular

link , the addressin g form at ustd must be either Basic or Extended ; a link

may not alternate between Basic and Extended addressing.

2
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P 3.1.3 Control Field

This f ield contains link control information such as cosmands,
responses, and send/receive sequence number information. AUTODIN II links

using terrestrial transmission paths use the Basic Control field format
consisting of one octet of information. AUTODIN II links using satellite
or other types of transmission media possessing long propogation delays
use the Extended Control f ield format described in Optional function 10
of the standard. The Basic Control field format uses Modulo 8 sequence

numbering ; Extended Control f ield format uses Modulo 128 sequence numbering.

The Basic and Extended Control field formats are mutually exclusive.

• Links will use either Basic or Extended Control field formats and will not

have the capability to alternate between the two formats.

3.1.3.1 Extended Address/Control Field Implementation Rules

In AUTODIN II ADCCP, the address and control fields are extended together,

i.e., if the extended address field is implemented , the extended control field

must also be implemented and vice versa. Extended address fields will be two

bytes long; extended control fields will also be two bytes long. No other

format is permitted.

3.1.4 Information Field

This field contains the actual information being transmitted over a

link. The field size is variable and ranges from zero to a maximum of

5072 bits on access lines and 5168 bits on backbone links. The content of

this field is transparent at the ADCCP level.

3.1.5 Frame Check Sequence

The Frame Check Sequence (FCS) field used in AUTODIN II deviates from
that defined in the standard. It is based on a 32nd degree polynomial
and occupies four octets (32 bits) rather than the two octet FCS given in
the standard . The polynomial X32 + X26 + X23 + X22 + X’6 + X12 + X 1’ + X ’0 + X8 

+ ~~~~
X~~+ X ~~+ X ~~+ X 2 + X + 1  is~used asadivisor for the PCS. This provides
an undetected error probability of at least 2 32 and burst error detection
of up to 32 bits .

3
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3.2 SUPPORTED OPTIONS

AUTODIN II ADCCP supports the following Optional fun ctions:

• Option I — provides the ability for stations to exchange
¶ identification

• Option 4 — provides the ability to exchange information fields
without changing the send and receive sequence number variables

• Option 7 — provides extended addressing
• Option 8 — allows Information (I) f rames as commands only

• Option 10 — provides extended (modulo 128) sequence numbering .

Further details concerning these options are contained in Section 11 of the
standard.

3.3 COMMANDS

AUTODIN II ADCCP stations generate and s~rvice a subset of the Balanced

Configuration co and repertoir. contained in the standard. In addition,

certain commands needed to support Optional functions 1, 4, and 10 are
supported.

3.3.1 Information (I) Command

I frames are considered commands when they contain the address of
the remote station. In AUTODIN II , all I frames are sent as conitnands.
Optional function 8 is implemented on all AUTODIN II ADCCP links.

3.3.2 Supervisory (S) Conmands

ATJTODIN II implements two S commands to perform supervisory link
control.

3.3.2.1 Receiver Ready (RE ) Command

The RE command is used to solicit a response from the remote station
¶ whil, indicating that the receiver is ready at the local station. In the

AUTODIN II system, all ER commands must be answered with either an ER or
Receiver Not Ready (RNR) response. During periods of link inactivity ,
RE or RI1R commands will be interjected at periodic intervals to insure
that the link is operating ~frop.rly. The t ime period between initiation
of RE commands during inactive periods is aiscussed in Section 8.

3.3.2.2 Receiver Not Ready Command

The RNR command is used to solicit a response from the remote station

-, ~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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while indicating the local station receiver is busy. In the AUTODIN II

system, all RNR commands must be answered with an RE or RNR response.
During periods of link inactivity, RE or RNR commands will be interjected
at periodic intervals. This procedure is discussed further in Section 8. a

3.3.3 Unnumbered (U) Co~~iands

• AUTODIN II supports four U conmiands.

3.3.3.1 Mode—Setting Commands

• - There are two U conmands which perform mode setting functions in
the AUTODIN II system.

3.3.3.1.1 Set Asynchronous Balanced Mode (SABN) Command

The SABM command instructs the receiving station to reset all receive
and transmit parameters and prepare to respond in the asynchronous balanced
mode. Since AUTODIN II links always operate in the asynchronous balanced

mode , the SABM serves only as a reset. Upon receipt of an SABM command ,
the send and receive sequence number variables are set to zero, existing

erro r conditions are cleared , and the sequence number of the next expected
frame is zero.

SABN commands are acknowledged via the Unnumbered Acknowledgement (UA)

response~
3.3.3.1.2- Set Asynchronous Balanced Modc Extended (SABME) Coninand

The SABME command performs the same functions as the SABM command for
those links which require the use of Optional function 10 (extended control
field) .

Receipt of an SABME command by a station which does not support
Optional function 10 will result in the generation of a Frame Reject (FRMR)
response.

SABME commands are ack~owl.dged by the UA response using the extended
control field format.

ii H S
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3.3.3.2 Information Transfer Commands

AUTODIN II ADCCP supports one U format information transfer command .

3.3.3.2.1 Unnumbered Information (UI) Command

The UI Command permits the exchange of information fields without
sequence number accountability. It supports Optional function 4.

• UI commands are acknowledged by either UA, UI or RNR responses.

If a UI co and with the P bit set is received, the next higher level
of protocol is notified that a UI response is required .

The UI command will be implemented on a per link basis within the
AUTODIN II system and is not considered part of the basic ADCCP service.

3.3.3. 3 Recovery Commands

AUTODIN II ADCCP supports one U forma t recovery co and.

3.3.3.3.1 Reset (RSET) Command

The RSET command causes the receiving station to reset all receive—
related parameters . Upon receipt of this command , the receive sequence
number variable is set to zero, all existing receive error conditions are

cleared, and the sequence number of the next expected frame is zero.

ESET commands are acknowledged with a UA response.

The primary use of the ESET command within the AUTODIN II system is
during frame sequence number error recovery. This is treated in detail

in Section 7.

- - 3.3.3.4 Miscellaneous Conmands

• AUTODIN II ADCCP supports one U format miscellaneous command .

3.3.3.4.1 Exchange Identification (XID) Command

• This command implements a subset of Optiona l function 1. It permits
the exchange of identificat~ion information between two stations. It is

included solely for dial—in supp ort and is not implemented on Mode VI
SIP—to—ScM links or on ScM—to—ScM interswitch links.

6
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XID commands will be acknowledged via XID responses.

The XID command is not considered part of the basic AUTODIN II ADCCP

• service and will be implemented on an as—required basis for dial—in links.

3.4 RESPONSES

AUTODIN U ADCCP ctations generate and react to a subsetyof the Balanced

configuration response repertoire contained in the standard. In addition ,

certain responses needed to support Optional functions I and 4 are implemented.

3.4.1 Supervisory Responses

• AUTODIN II implements two S responses. They are used to acknowledge

I command frames in certain instances, acknowledge receipt of S commands,
• 

• and report certain error conditions.

3.4.1.1 Receiver Ready Response

ER re~ ’onses are used to report the non—busy status of a receiving
station. They also acknowledge receipt of all I command frames having
sequence numbers less than that reported as the next send sequence number

in the RB response frame control field. If a receiving station is not

transmitting I counnand frames , the RE response is used to acknowledge
receipt of I frames, provided the receiving station is non—busy. RE responses
are also required as acknowledgements for RB or ENR commands, provided the

receiving station is non—busy.

3.4.1.2 Receiver Not Ready Response

RNR responses are used to report the busy status of a rec- ’ving station.

• They also acknowledge receipt of all I command frames having sequence

numbers less than that reported as th~ next send sequence number in the
RNR response frame control field. If a receiving station is not transmitting

I command frames, the RNR response is used to acknowledge receipt of I
frames, provided the receiving station is busy. RNR responses are also

required as acknowledgements for RE or R.NR co ands, provided the receiving

station i. busy. P .

H H
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3.4.2 Unnumbered Responses

AUTODIN II ADCCP supports four unnumbered responses .

3.4.2.1 Information Transfer Response

• AUTODIN II ADCCP supports one U format information transfer response.

3.4.2.1.1 Unnumbered Information Response

The UI response permits the exchange of information fields without

sequence number accountability and is used in conjunction with the UI command

(see Paragraph 3.3.3.2.1) to provide support for Optional function 4. The

UI response is generated by the next higher level o~ protocol if a UI command

frame with the P bit set is received.

Optional function 4 (UI command/response) will be implemented on a per

link basis within the AUTODIN II system and is not considered part of the basic

ADCCP service.

3.4.2.2 Miscellaneous Responses

AUTODIN ii ADCCP supports two miscellaneous responses.

3.4.2.2.1 Exchange Identification Response

This response is sent -to acknowledge receipt of an XID command frame.

It is included to provide support for Optional function I and is intended

to support dial—in links (see Paragraph 3.3.3.4.1).

The request Disconnect (RD) response listed in the standard for Optional

function 1 is not used in AUTODIN II.

3.4.2.2.2 Unnumbered Acknowledgement Response

Uk responses are used to acknowledge receipt of SARM , SABME , UI , and

RSET co ands.

3.4.2.3 Error Recovery Response

AUTODIN II supports one error recovery response.

• 3.4.2.3.1 Frame Reject Reponse

The FR}ffl response is used to report error conditions which are not

recoverable by retransmission of the errored frame. FRZ4R is generated by the

following conditions:

• 8

I .
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• Receipt of an invalid command or response
• Receipt of an I or UI frame which contains an information field

which exceeds the maximum length

Further details concerning implementation of the FR1~. response are
given in Section 7 of the standard and Section 7 of this document.

( 3.5 COMMAND/RESPONSE SUMMARY

The basic ADCCP service provided on all AUTODIN II Mode VI links
includes the following command/response repertoire:

Command Valid Responses

I I command frame

RR, RNR, TRMP

ER RE, RNR , PBMR

R1~R RR, RNR , FB~~
RSET UA FR}~.

SABM(E) UA, FRMR

Mode VI links which do not support Optional function 10 will generate FRMR
responses for SABME commands.

ADCCP commands and responses which will be supported on a per link
basis and are considered .nhaw ~.nts to the basic reper toire are:

Command Valid Responses

• UI UA,UI, RI4R, FR1IR

XID lID, FR3~
Mode VI links which do not support these enhancements will generate FR.~
responses for the XID and UI cos~ands.

• 4.1 SELF—TEST MODE

All AUTODIN II ADCCP stations are capable of operating in the Self—Test
mode upon command from the hk*her level protocol. Self—Test Mode is defined

as “ioop back” operation, i.e., data sent by the local station transmit
• • logic will “loop back” to the receive logic.

9
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Given an ADCCP controlled link AR with ADCCP station A at one end and
ADCCP station B at the other end , Self—Test mode can be described as follows:

. In the “norinal”mode of opera tion, when station A sends a command to
Station B, the command frame will contain B in the address field . •

• However , in the Self—Test mode this command frame will appear to be
a response frame from station B to station A.

• In the “normal” mode of operation, when station A sends a response
to station B, the response frame will contain an A in the addr ess
field. However, in the Self—Test mode this response frame will

- •  appear to be a command frame from station B to station A.

• • It can be stated, when a station is in Self—Test mode a command

will appear to be a response and a response will appear to be a

command.

An AL’TODIN II ADCCP station operating in Self—Test mode is also considered

to be off—line and will discard frames received from the remote station.

5.1 INITIALIZAT ION REQUIREMENTS -

The higher level protocol may initialize AUTODIN II ADCCP links by
requesting tha t the local ADCCP station transit an SABM(E) command. Upon

acceptance of the request, the local ADCCP station will transmit the SAB!4 (E)
at the earl iest opportunity and notify the higher level protocol that link

- 
initialization is in progress. All service requests from the higher level

protocol will then be denied until the local ADCCP station receives a UA

- 
- response to the SABM (E) command . Upon receipt of the Uk response, the local

ADCCP station will initialize its variables and data structures; the local

send and receive sequence number variables will be set to zero, and the
higher level protocol will be informed that the link is initialized and normal
operations may co ence. •

10
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6 • 1 AC~~OWLEDGEMENT REQUIREMENTS

AUTODIN ADCCP stations acknowled ge receipt of error—free command frames
• without waiting for a stimulus from the transmitting station. At the ADCCP

level, the state of the P bit does not have any significance. The F bit

in all response frames assumes the state of the P bit in the co and frame
which provoked the response.

I
6.1.1 Information Frame Acknowledgement

• . . Acknowledgement of I frames is accomplished by one of two methods.
These are:

• • Updating the NCR) count in an outgoing I frame. If the station is

currently transmitting I frames, the updated NCR) count is inserted
in the next outgoing I frame.

• Generating an RE or RNR response containing the updated N(R) count

in the case where the station has no I frames to transmit.

In either case, the N(R) count acknowledges all I frames having sequence
numbers up to and including N(R) — 1.

.ADCCP stations using the Basic Control field format can send a maximum
of seven I frames prior to acknowledgement. Those using the Extended Control
field format can send a maximum of 127 I frames prior to acknowledgement. In

either case, however, the actual number of I frames sent prior to acknowledge—
• ment can be decreased if existing station resources will not support the
• 

• 
preceding values. Once set, however, this parameter remains constant and
cannot be changed via ADCCP level commands.

6.1.2 Supervisory Frame Acknowledgement 
•

• AUTODIN II ADCCP requires that all S command frames be acknowledged by
an S response frame. Only qne S command may be outstanding at any one time.
Stations do not queue S co~~inds at the ADCCP level. •

6.1.3 Unnumbered Frame Acknowledgement

All U command frames are acknowledged by generating a VA response at
the earliest opportunity . Only one U command may be outstanding at any

4 11
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I
one time. Stations do not queue U commands at the ADCCP level .

6.1.4 Miscellaneous Frame Acknowledgements

The miscellaneous coiimiand XID is acknowledged via an XID response. Only • 4

one XID coumiand may be outstanding at any one time.

J 7.1 EXCEPTION CONDITION AND ERROR RECOVERY

• ADCCP level exception condition reporting and error recovery procedures

• are discussed in the following paragraphs. AUTODIN II ADCCP uses the Time—
• 

• 
Out Recovery method described in Section 8 of the standard to initiate

• • - recovery procedures. The Reject (RU), Selective Reject (SREJ), and Check—

• point recovery methods discussed in the standard are not implemented.

7.1.1 Busy Condition

A busy condition occurs when a station temporarily cannot receive or
continue to receive I frames due to internal constraints, e.g., receive
buffer limitations. The busy condition is reported by transmission of an

R.NR response frame with the N(R) of the next I frame that is expected.

Upon receipt of an R}IR refponse, the transmitting station will generate
• either an RE or RNR command. The transmitting station will continue sending

the RE or RNR command until the busy condition clears (an RE response is

received).

7.1.2 Frame Check Sequence Error

• All frames which contain FCS errors are discarded by the receiving

• station and no further processing occurs.

7.1.3 Frame Sequence Number Errors

I frames having sequence number errors, i.e., N(S) is not equal to the

I R variable of the receiving station, will be discarded after the NCR) value

is extracted from the frame. Since the I frame does not have an FCS error,

the NCR) information is sssi~ ed to be valid.

7.1.4 Time—Out Recovery

• AUTODIN II ADCCP requires that various response timers be maintained at 
• •

each transmitting station in order to implement the Time—Out Recovery .

12 •
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7.1.4.1 Unnumbered Co and Timer

This timer is started when a U command is sent. If a valid response is

not received prior to expiration of the timer, the command is retransmitted.
If the c o a nd is sent three times without a response , the ne~t higher level

- 
of protocol is notified. The ADCCP level will , however , continue to retransmit

• • the command until told otherwise by the next higher level of protocol.

The optimal U timer interval is dependent on particular link characteristics
• • • 

such as transmission speed and distance. As a general rule, the U timer value

- 
should be determined using the following: -

• • Mean U command frame transmission time

• Mean U response frame transmission time

• Mean U response generation time

• Propagation delays

• Some delta value which can be varied in order to arrive at an optimal -
U timer value for each particular link.

7.1.4.2 Supervisory Command Timer

This timer is started when an S command is sent. If a valid response is

not received prior to timer expiration, the coumand is retransmitted. If

the command is sent three times without a response, the next higher level of
• protocol is notified. The ADCCP level will, however, continue to retransmit

the command until told otherwise by the next higher level of protocol.

The optimal S timer interval is dependent on particular link character—

• istics such as transmission speed and distance. As a general rule, the S timer

value should be determined using the following:

• Mean S command frame transmission t ime
• • Mean S response frame transmission time

• • Mean S re sponse generation t ime

• Propagation delays

• • Some delta value which can be varied in order to arrive at an optimal
• S timer value for each particular link.

• 
•

• 
• 13

H • 

• 

• • • • • •

4 
- 

~~~~~~~~ ~~~~~~~~~~~~~~ _ _ _ _ _ _



I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• 

•- - -  •

• 
• 

7.1.4.3 Information Frame Timer

‘
~ This timer is started on the occurrence of one of the following conditions:

• 
a There are no more I frames to send

• The maximum number of unacknowledged I frames have
been Sent.

If the timer expires and the I frames are still outstanding (unacknowledged),
- the appropriate S command frame is sent to solicit an acknowledgement and
• the S timer is started. If the RE or RNR command is transmitted three times

• without a response, the next higher level of protocol is notified of this

• 
• 

condition. The ADCCP level then continues to send the RE or RNR command
until instructed otherwise by the higher level of protocol.

If a response to the S command frame is received prior to S timer

expiration, its N(R) will satisfy one of three cases:

• NCR) acknowledges all outstanding I frames

• NCR) acknowledges a subset of the outstanding I frames

• NCR) is unbelievable, i.e., out of range.

In the f irst case, the error recovery is successful and complete.
The outstanding I frames are no longer candidates for retransmission and

are purged. Any pending I frames are assigned sequence numbers starting

with the value of NCR) and scheduled for transmission.

• In the second case, the error recovery is partial. The acknowledged

• I frames are purged and the remaining outstanding I frames are scheduled
• - 

for transmission. In addition, pending I frames may also be scheduled

for transmission at this time, provided that the maximum outstanding

frame count is not exceeded.

• In the third case, it is assumed that the remote station has lost a.

synchronization . A RSET command is sent and the U timer is started.
If a VA response is received prior to U timer expiration, the outstanding
I frames are assigned new sequence numb ers starting with zero and normal

4.

I frame transmission resumes. If the RS?T command is sent three times
without receiving a response, the next higher level of protocol is notified

14
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that the RSET has failed . The ADCCP level then sends an SARM command and

starts the U timer. If the SABM is sent three times without receiving

a response , the next higher level of protocol is notified that the SABM

has failed. The ADCCP level continues sending SABM co ands until a

instructed otherwise by the next higher level of protocol. If a response

is received prior to the third U timer expiration, the higher level of 4
protocol is notified, the outstanding I frames are assigned new sequence

numbers starting with zero, and normal I frame transmission resumes.

.• ‘.‘
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The optimal I timer value is dependent on particular link characteris—
tics such as transmission speed and distance. In addition, the distribution

of I frame lengths is a contributing factor. The I timer value must be of 
a

• a long enough duration to insure that excessive retransmissions do not occur

due to acknowledgements arriving after timer expiration.

• I timer values should be determined during installation and test of

AUTODIN II ADCCP—controlled links on a per link basis.

• 7.1.5 Frame Reject Conditions

• AUTODIN II ADCCP stations initiate a FR~~ response upon receipt of an
error—free frame (ICS is valid) containing the following :

• • An invalid command or response

• An I field which exceeds the maximum length.

• An invalid frame format, e.g., a frame which does not conform to the
structure implied by the command/response contained in its control

field.

The AUTODIN II ADCCP implementation does not generate an FRMR response

to frames containing invalid N(R) fields. Recovery from this condition is

discussed in Paragraph 7.1.6.

Upon receipt of an FR)~~, an indication is sent to the next higher level

of protocol.

• Additional details concerning the FRNR response are contained in Sections
• 7.5.3.1 and 8.4 of the standard.

7.1.6 Invalid NCR) Resolution

An invalid NCR) is defined as a number which points to an I frame
which has previously been tr ansmitted and acknowledged , or to an I frame which

• has not been transmitted and is not the next sequential I frame pending
transmission (a.. Section 7~.3.3.1 of the standard). ~~~~

•

I Receipt of a frame containing an invalid NCR) implies that synchronization

has been lost, i.e., the send sequence number variable S at the local station

I does not match the receive sequence number variable R at the remote station.
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When an AUTODIN II ADCCP station receives a frame containing an invalid NCR)

value, it will send a RSET command to the remote station and start the U
timer. If the RSET cotenand is acknowledged prior to U timer expiration,

any outstanding I frames are assigned new sequence numbers starting with zero

and normal I frame transmission resumes. If the RSET is sent three times

without receiving a response, the next higher level of protocol is notified

• and the ADCCP level sends an SARM command. If the SABM conmiand is sent

three times and no acknowledgement is received, the next higher level of

• protocol is notified. The ADCCP level continues sending the SABM until told

otherwise. If a response to the SABM is received prior to the third time-

out, the higher level of protocol is notified, any outstanding I frames are
- 

. assigned new sequence numbers starting with zero, and normal I frame
transmission resumes.

Additional detail concerning the ESET command is contained in Section

7.4.3 of the standard.

7.1.7 Mode—Setting Contention

A mode—setting contention situation exists when a station issues a mode—

setting command, i.e., SABM or Z~~ME and receives a mode—setting command
from the remote station prior t~ receiving the proper response to the issued
command. In the AUTODIN II system, this contention is resolved as follows:

• Each station sends a VA response and enters the indicated mode.

• 

• 

8.1 TIMING AND SYNCHRONIZATION

• AUTODIN II ADCCP uses continuous Flag sequences for interframe time • -

fill, frame recognition and synchronization.

• 8.1.1 Idle—Link State

AUTODIN II ADC~P does not recognize the idle link time fill described
in Section 3.9 of the standard. AUTODIN II ADCCP—controlled links operate
only in the Active state described in Section 3.8 of the standard .I .
8.1.2 Abort Sequence

AETODIN II ADC~P stations generate and recognize the abort sequence •

described in Section 3.6 of the standard.
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8.1.3 Inactive Link Timer

AUTODIN II ADCCP stations maintain a timer which monitors link activity.

If the local station is inactive, i.e., sending Flag sequences only during

the interval of the timer , a Supervisory command will be sent upon timer
expiration and the timer will be restarted.

• The interval of this timer must be greater than that of the S command

• timer discussed in Paragraph 7.1.4.2 and S timer expiration will cause this

timer to be restarted if it is running.

The optimal value for this timer interval is dependent on particular

- - link characteristics and should be determined in conjunction with the S
- 

- 
timer interval value (see Paragraph 7.1.4.2).

- - -
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9.1 DETAILED FUNCTIONAL DESCRIPTI ON

This section contains a detailed functional description of AUTODIN II

ADCCP. The description is presented as a group of functional modules, each
of which is described using a high—level structured design language. It

assumes that the top level ADCCP module communicates with a bfgher level
• protocol module and a line control module which performs basic line buffering

• and transmit/receive functions. A pictorial representation of these inter—

• - actions is shown in Figure 9.1—1.

For purposes of this description , each ADCCP station is assumed to
contain a transmitter, a receiver , and a controller which coord inates the
actions of the transnitter and receiver. An illustration of this concept

is shown in Figure 9.1—2.

9.1.1 Structured Design Language

are: 
The structured design language consists of four basic constructs. These

• BEGIN [procedure~
• END Iprocedure)

• IF [conditioni h1~~ (act~onJ-
ELSEIP (conditionj THEN [action) (optional)

• • •

•

• ELSE [action) (optional)
• • ENDIF

- • CALL [proc~~ureJ

BEGIN statements are used to delineate the beginning of a functional
procedure ; END statements are used to denote the end of a functional procedure.

IF statements are the main vehicle used to describe the AUTODIN II ADCCP

functions. Each IT ststemenI~aust consist of at least the following:• 
. ip [condition~ THEN [actionj ENDIF

-• 19
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• IF statements may contain any number of ELSEIF constructs. Only one

ELSE construct may be present and it must immediately precede the ENDIF

keyword.

CALL statements are used to pass control to subroutines which execute

and then return control to the CALLing routine at the next sequential state— a

ment.

- 9.1.2 ADCCP Control Processor States

I. 
• The ADCCP Control Processor ’s reaction to stimuli from the Higher Level

- - Protocol or Line Control Module is a function of the existing Control Processor

state. The Control Processor may assume the following states:

- 

- • Normal

• Acknowledgement Required -

• Acknowledgement Solicited

• Reset Outstanding

• Set Asynchronous Balanced Mode (Extended) Outstanding

• Supervisory Comnd Lock

• Unnumbered Command Lock

The Normal state indicates that no exception or error conditions exist.

The Acknowledgement Outstanding state indicates that the information

frame transmission queue is full, i.e., the maximum allowed number of informa-

tion frames are outstanding.

• The Acknowledgement Solicited state indicates that the Information Frame

• Timer has expired prior to reception of an acknowledgement for outstanding

information frames.

- 

- The Reset Outstanding state indicates that a RSET command has been sent

back but not yet acknowledged.

The Set Asynchronous Balanced Mode (Extended) Outstanding state indicates

that a SABM (E) command has been sent but not yet acknowledged.

The Supervisor y Command Lock state indicates that a Supervisory command H

• has been transmitted three or more times and has not been acknowledged.

- / 22
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The Unnumbered Command Lock state indicates that an Unnumbered command
has been transmitted three or more times and has not been acknowledged.

9.1.3 Flag Variables

• i The logical flow through all functional procedures is controlled by
• testing the value of certain variables which are used as flags , or switches.

These flag variables are considered active when set and inactive when reset. 4

• 9.1.4 Data Structures

The major data structure referenced in the functional description is

the Information Frame Transmission Queue, a First—In—First—Out (FIPO) queue

which holds outstanding I frames, i.e., those which have not been acknowledged
by the remote station. I frames are placed on this queue by the Information

Frame Sender module and removed by the Information Frame Acknowledgement

Processor module.

Other significant data structures which are either referenced or

implied by the functional description are:

• Supervisory Command Frame Buffer

• Supervisory Response Frame Buf fer

• Unnumbered Command Frame Buffer

• Unnumbered Response Frame Buffer

The Supervisory Command Frame Buffer holds S conmiand frames waiting for

- 
transfer to the line control module. Once the frame is transferred to the

line control module, the buffer is released since S co ands can change

• state (HR versus RNR) when retransmitted depending on the conditions at
• the local receiver.

~
• The Supervisory Response Frame Buffer holds S response frames waiting

for transfer to the line control module. Once the frame is transferred to

the line control module, the buffer is released.

The Unnumbered Command Frame Buffer holds U command frames waiting for

transfer to the line control module. In the case of the SABM(E) and RSET
command frames this buffer may be released since these frames contain no

variable data and may be easily reconstructed if retransmission is necessary.

23
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‘ In the case of the UI and lID command frames , however , the f rames must be

• 
• held in the buf fer for possible retransmission since their information content

may vary as determined by the higher level protocol.

The Unnumbered Response Frame Buffer holds U response frames waiting

for transfer to the line control module . Once the frame is passed to the

line control module, the buffer is released. -

9.1.5 Functional Procedures

- 
The remainder of this section contains the structured design language

-: functional descriptions.
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IF ems ee me.. ou ts tsmdlmg $mføp ..tIø~ Da mes Have

b eem •ckmewleeg ,d THu1d m eti fv P l e P ee l eve l  p ’~ teeel
of Ieee slots I. imf ee .etlom le arns tp sm smIs ,iop ~aueue

ELSE disca rd fe s m e
END !?

• ELSE!? ummumbspsd eO.cs,d lock s ta te  T HEP. • 
-I? ummu.beeid eo.mamd o~tst.~~imq flag Is eese~ THENes tee s o p—a l Itatep ~ot fy H $g N5 p  level oeetmeolELSE dlse ae d team .

• (NO!?
(NO!?

(NO!?
• I * * * * * *f t*f t* *f t . ,

~~ 13.aPN.is h.Ap e~ .a 3 •eu~ C L A s $ !F ! te .  P AGE ~IP~ 3
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IU l!SDlSSmSeAt ei~eiessses op
L? pespomse eeauip ed flag I, set T W( N

CA l L Sesoemse Fee.e Semdsr
Peetse t ~m$C t ive li mb ticep

(LIII? umm umbs eed com.smd tl~ er Has euoic ed THEN• IF eemm smd Has beem semt tHeie times TW (Pi
set mc unmu mbee ed pespoms. ceceived flag

-
• END!?

CALL Ummu mb .t’ed Co~cemd Semdsp
ees tae t imac tiv • l i m b ti m e p

ELSE!? sueeeviseey titse as euo tp ed TWIN
I? comm am d Has bee . aem t tHeeø t im es THEN

set me suosc visecy eesoems. ceesived fl*g
I

- 
END!?

• - CALL Sup eevlse py Comm amd Semdee

V 
- 

t’eetset Irac t lve l imb tim e t ’
ELSE!? i m.etiv• limb tithe Has eup ie.d THIN

CALL $uOse v f $opy Co imard Semd et’p
sta Pt i m act iv e l im b tim iP

(LIE!? im føe m ati om fea m ~~ w a i t imi foe tesms i$ s slem THEN
CALL !m foemat io . ~~~~~ Semdeeceet act ima c t iv e li m b  ti m ee

ELSE I? ummumbe red eern~ smd to be s.mt THEN ~~CAL L Urr umbe p ed Comm erd Serde ’
eesta t’t imict iv e l imb tI..e

ELSE!? SuoeP v iSeey Com.amd to be semt TH EN
CALL $uo ePv isop v Cem.am d $emdee
ee stap t imactiv e l imb ti m e r

£1.51!? Imfoem at iom fes.e ti e ’ lag euo l ’e , tH~P
CALL $ueet’vjsoey Commamd Semdep
resta r t im a c tive limb tf ~ et’(NO!?

I? lime eomtt ’el modu le t .sA,m it bgffi ,’ sva~ lao l . THIN
I? sueu evls e t ’y feame mait f~ g foe tesm sm jssom THEN

$ m ,eet ~jppe .~ value of loe .l eeeet ve v .eia ble lmt*
eem teol field , cooy fp am e Im to I-I.e eo’t e~ l mod~ li
tp sm sm it b u ff ee
!? Sup eev iso cy cOIe.amd ou ts tamd lmg fla g Is ~~ THEN• Star t suo e evlso p y eomm amd t irn e p
IP~OI?• ELSE!? ,ammuibe ,.d com ’amd fram e w .Itimg 3oe teams rn ls.Io~ THEN
coov ft’s— s lm to l i me Cor teol uodu le t ’am smit b u ffe ep
sta rt umAwibered comcame tim e r

• (LIII? ummum beeed ‘esoomac wa i tims for teams~ i$siem TW(N
d c v  fram e im to 1-I.. COm tt’ol mod~Ie te am s rni t buffe r

ELSE !? ce— et c ceesI vem mo5 esedy flag is ee..t THEN
• I? um mumbe... imf oe—stiom fr... .aitimg fop team sm l ,s$em THEN

IF umm umb eced command eats ta md ~mg f la g set THEN
stae t umm umb eced Semmand ti m er

(NO!?
cccv frace Imt. l i me cen teol mod u le tea r s.$t b u f3 ep

ELSE !? imfep.a tlem ft’arne wai t f mg im Im f eem atiom fe~.ett’ams .f isle . aweue THIN im sep t eu er eme value of local
~e~sivi va ria ble irti fp~me io~teel f$5ldp~~ oøyft ’eme Inte lim . c.mtpel module tt ’aøamI t buff.r
I? imf.pu’.tI.m fees . tI.ee is rgmnim g THEN

ees taet im f orm atlem Dame tim et ’
(LIE stat ’t im f op sa tlem 1p .m. ti—em
(NO!P

NelIbsaS •*UNCL$$$2?IED.e PAGE •lI5~
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END !?
I • IPIDIF

END!? 
•• (so ADCCP Tesms.it Proceseo p

a

• 
1•
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Sills Respon se ?rame Sender
!P eegu i eed reecomse Is jnmumbepe~ TW IN

I? ees.onse ci set asvreHPonejs bal afl ce d cede (emtemd.d) cemmard THEN
rese t local semo ard receive variables, e.aet al l flags

END!?
I? pets.mse to rises comm and TW( N • 

-

• eseet local ciceivi va r ie b l e t reset all ceceive .eelated flags
1501, a
IF eesuiee d eee .omse is unmum p~eped ac knowle dgement THEN• t’eset gnmu .b.eed aebmo w le dqememt resoomse reoult ’ed fla g
(LIE !? eeg,~i eed eesoens. is Ic... eiject T HEN

eesct fesme r.jsct eesoonse eeeuir.d flea ,
Insert corteel field of reje cted team . in to response

(LIE!? t’eauired eesoomse is eu cHame e ide n tif I c atio n THEN
eeset eucH .nge i de n tif i cati o n meepem se eia ulred flag ,

p • get I de r t i f ic at ier , data fp ~~, AOCCP Certeol Procep see
ELSE!? eeau i red eisoons. is unrumbe ced in f or m ation 15(5

set f bit in eeseonse teem . eemteo l field ,
get date for Infec — a tiom field from AOCCP C emt p ol Peoiissoe

END!?
bu ild aooeopPi.t , ummumb eee . e .soemse tea ’ey SCHid~l. f rame for
tes r smi 554am

ELSE I? resgiped eesoansi is suoeevisgt ’y THEN
I? local eec el v.e net eeaey fl a g reset THEN

genera te ee ce lve e ceady eeaoomse
ELSE gener ate eece ive r rot eeady reseomse

!nset’t euc rert v slue of local cice ive variable in frame control
fle l dp b u i ld sopeo oeia te su~epv isoey eesoonse ft’emi ,
scHedule team. fee teem smi ssi em

(ND!, 
- -

r eset eesoo~se reau I eed flag
(sO Resp onse Fram e Semder

L 
- 

• 

-

S.. ef te  C
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sEals InIee .etiem !rem. $s~dee -fns~p~ tpa.e at tai l of imfer cgtiom feam~ tt’ans ,i ,sfon aueueIF Imferrna !iem fPam . tea n sm l saien aueue is ful) THENsee Informa tion frame aebm.w l edq...nt ceog i ped ftegEND!?
END !n~er.atEem Frame Sender
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-

•
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5(115 SuosevisoPy Command Sendee
IF local ee cei v ep not ee .d%’flag ees.t THEN

genera te es ce iv ep eeady Command
ELSE ga mera t• eeee ive p not eetsy cemmamd -:(501? 

- -insect cup een t local re ceive variable In  frame centrel tie ld ~reset send su~sev isoey comm efld fla g ,
scHedule tram . top tPen$mj,sion p 

- aset suoeev !seey commano outstanding f la g g
(NO I~øeev I sory Comm am~ Sender

*
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5(02W Unnumbered Commend Sender 
-I! send set asvneH romous baJ .meed mode Ceit e~ded) command flag s.c THEN

reset send asyn cHronous bs laneed mode Cestended ) comm and fla ip
set asyncHronous balanced mods (eu tended ) command ou tsts ndi nq fla g

(LII!? send t’.set commend flag set THEN
rese t send reset command fla g
I? me vmmumbeeed essoonse received fla , is set TH(N

set set asynchronous balanced mode (.utemde ~1) ~ommmr d
outstandin g f la gp Peset reset comman d •u tstand lno fla g a

(LIE set peset command outstanding flag
(NO!?

ELSE!? send unnumbe red infor m ation command flag set THEN
set unnumbered imfot ’mati .n Command outsta n di ng f la ~ p
reset send unmumoeeed command f l aq p

• build Infor m a tion f ield w i t h data from *0CC? Cgmteøl Peec es seep
• I? *0CC? Con trgl Peecess ee wants unnumbe red in f orm atio n response THEN

set p bit In teame •ontrol f i e l d p
set unnumbleed Inf •rma tion pesoons. rsauir ed flao

ELSE set unnumbered acbm owledgement response reaui red fla g
END!? 

-ELSE!? send set eu change I de n t i fi catio n Command fla g THEN
eeset send sucHange $dentlfic.tI or , Command f l a ~ ,set euchanee identification Command out stand in g fl a gp
build fea me w it h  I de n t i f ie s tlen data fee. A OCCP Control Ppo~.ss.rISO!?

gener ate orocer com.andp
sehedu le frame for tP ans m ls si on ,
END Unnumbered Command Sender

• 

•
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5(015 Re~elve Procie sot’
Pes taP t ina c tive link ti.ep . 

-I? fram e •Heeb seauinee is val i d T~4(NI? address field comt~ ins lo cal stat’er , a 1,iress THEN
I? not in sel f— test mo~~ THENset command eeceiv .d f la gp eeset resoonse received fia g
ELSE set e•soens• rece ived f lag,  reset command received fla g
(sO !?

(1.5(2? address fie l d co n tains remote sta tion address THEN
!? met In self — t est ~ade THENset response received flag , reset comman d received f!.a
ELSE set comma nd cee iived fla q ~ reset resoonse eeceiv ed fla g
EN D !? 

-ELSE set feam . reject f l a gp set in valid feste ~or.at fla g , save
conteol field of reje cted teems

£50!? 
-

IF com mand c•celved flag is set THEN
2? Inform ation Dame THEN

CALL Inform ation ?P.mi R eceiver
ELSE!? sup e ev i sep y Command fra m e THEN

CALL SuD eev iscey Commend Re ceiver
ELSE !? unnu mb ere d command frame tH(~~

CAL L Iln nijmbeped Ce~m and Re ce iv e r 
-ELSE set frame reject f la gp set In va lid Command f lagp

save c o n t r o l  fi e l d of ce le e tad fra m e
END!~n u t  command riçe vee fla g

(LSF!F response received fla g is set TW ( P
!? Sup eevis ory Response THEN 

-CA LL Suoee v lsee y ~esoemse tm e e e iv ee
ELSE!? Unm jmbet ’ed ~espø.se THEN

C ALL Unnu .beeed Resoonse Rec~ iv.r
(LS( set Dame reje ct f la g p set i n va l id  ces conse f la ~ t

save control  f i e l d  of rej.ctei ft’ime
£50!,
eeset reseen se received fl a ~£501? 

-!P frame rej ect  f la g  is set THEN
reset lea— c re ject f l aq p set t ee me e.ject response regj lee d fl aq p
set e•soonse reoul eed fls q

£501? 
-

ELSE discard frame w i t h  i n v a l i d  Da me chec k seouenee
(NO !?
(MD *0CC? R eceive Processor
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5(G!N Inf semetIe ~ ‘n ame R e ceiven
I? in for m ation f ie ld eu ceed~ m auimum allowed length THIN

se t freme reje ct fl.~ p set in f i rm a tio n field masimum length
eueee ded flag

END!? 
-I? send seguenc . numbee of receive d In fonmatiom frame is not eoual

to value of lo cal re ceive variable THEN
set frame discand fla g

(so!?
CALL !nforrn ation Frame A ckn owled gem ent Peece ssop
IF frame disca rd fl ag is eeset THEN

I? frame reject flag Is reset THEN
schadu le In forma tio n field contents foe  transfer to
h igm ep level orotocol vie *OCCP Contcol Pcocedyre
I? no inOoemati ~ n frames wsit img for transmission

Ce remote re ie lve r net reedy fla t Is sit THEN
se t response neogired f l sgp set sup ervisor y resoomse
resu m ed f lag

END!?
(NO I?

END!? 
-

£sO Infor mation Frame R e ce iv ee

- -
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- SE GIN $us epvl sory Command Rel e ive p

IF vali d frame format THEN
set pespomse recu i red ~la qp se~ sus ervisory response reCui re d fla g

I CALL !nfonm at iom ?rame Aqknowledge .e~t Processor 
-ELSE set frame reject fl a gp set invalid frame forma t fla ip save

control field of eeje cted frame
(NO!?
(P40 Supervisory Command ReceIve r 

. a

1
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.aIN ~upeev isery Reaporse Rece Iver

.F val id frame format THEN .
• IF eele ivee nesdy reso~nse TH(N

I? remote re ceIver not ready fIst Is set THEN
set Pemote re ceive r ready flag s 

-rese t remot , receiver met ready fla g
(NO!?

(LII!? receiver net ready nesponac THIN aset send sumeevisory eammand flag
I? remote neceiver met ready fla g is reset THEN

set remote receiver not ready flag
(NO!?

(NO!?
I? no super visor , response rec eived f l q  Is set THEN

reset no suoeevisery response rseelv ed fla e
(NO!?
!? suci nvis ory response neeu i eed flag is set THIN

reset supervisee , cespense eeauined tla gp
Step suoeevlsory command timer

£50!?
CALL Informati on Frame Acknowledqeme~t Processor

ELSE set frame reject f l a gp •5t inv al id frame format fl.gp
save control field of reje cted fra me

(NO!?
(NO Suo ervi soey Re soense Pe ce lve r

—
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51515 Unnumbe red Cem .ane Re ceiver - -IF set asynchrono us ba lanced m od eCeu tend ed) command THEN
I? val id frame format ISIEN

reset local send and receive var~ab les p reset all f la g sp
set unnumbered acknowled gement required f la gp •

reseagence all outstandin g informat ion frsmesp
• d isca rd any out standIn g sup envi sery or unnumbered acemma nd sp 

- -ELSE set fr ame re ject fl a q ~ set invalid teams format flag , save
control f ield of rejected frame

END!?
ELSE !? eeset command THEN -

I? valid fra me format THEN
reset local rece ive v an i a b le ~ rese t rece lve .eelated ~la g spset unmumbened ackflow ledgement reoui~ ed floq

EL SE set fram e reject fla g s sI~ I nvalid frame form at fl a ip save
control fi eld of rejec ted frmm~END!? 

- -ELSE!? unnumbered Info rm ation command TH(N
!? inv d lid fra m e format THEN

se t fran . re ject f l a gp set In valid frame fo rma t f l a g p save
eomtr ol fiel d of rejected fram e

ELSE!? info rm atIon field euceeds ae *~mum all ow ed l ength THEN
set frame re ject f l a gp set in for m at ion field masimum
l ength •uCeeded fl a q p save control field of reje cted
frame

ELSE I? • b i t  is set THEN 
-notify H igh e r level Ore ticel via *0CC? Control

Preceesor th at am unnumbe red in f orm at ion response is
eeaul red 

-ELI( set unnumbered acknowl ed gement resoonse reou l eed flag
£50!? 

-schedule inf ee m a t ion field contents ~or transfer to b iah e r
level orotocol via *0CC? Control Proeedure

(LIE!? euch anee Ide~t i tI c a ti e n ceamand THEN
!? valid frame forma t tsEN 

-se t eu chanqe Ide~t t fi ca t i o m ees ,onse Peau iee d f la op
schedu le Ident l f i c a tien Infor m ation for transf er to

• HIghee level .rotoe.l via *0CC? Comt p ol Proced ure
(LII se t fram e re ject fla g p set invalid frame form at fla q p

save control fIeld of re jected frame
• (50!? •• (N O ! ?

set eesp~~se reoui red fla g
(NO Unnumbered Commana Receiver

IS.A PR.tI 55555903 •SUNCLA$$!?!(Oee PA GE 1101$
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5102W Unnumbered lessens. Receiver
I? unnu mbered resoons. reout?ed flag is set THEN

1? unnumber ed sckmowl.d’gs.ent resoense THIN
I? val id frame format THEM• I? 55t asynchronous balanced mod• (extended) commend eutst andt ng

flag is set THEN —

reset set asynchronous balanced mode (extended) Command
outstandin g fl ag s reset local send and receive var Iabl.s~ste. unnumbered command tIm ee~eases all fla gs

ELSE!? rese t command outsta nding fla g I, set THEN
rese t local receive variable , reset nece lve .relsted
fl agsp n.e.c reset command outstanding fla ip
stes unnumbe red esesand tim er 

-ELSE !? unnum bened Infer matlon command outstandin g fla g is set THEN
I? unnumbered acknowled gement response Peouired fla g is set THEN

reset unnu mb ere d Infor m atIo n comman d outstand ing I lag p
- ste. unnumber ed command tim er

(NO !?
(N O!? - -EL SE se t team , reject ~la gp set In valid fram e 3ormat ttag ~ s ave
control field of reje cted team s

£501? - -(LII!? unnum bered infoem .tlon response THEN
I? va lid frame format THIN

I? unnumber ed infor m a tio n resoonse reou Ired flag Is set TIlES
res et unnu mbered infor m ation command outst andin g f la ~ p
reset unnum bered infor m ation reseonac Pegujeed f’e~~ste. unnumbered Cos.an~ timer ,
schedu le infor matIo n f ield contents ~er transfe r te
h i9PieP level orotesel v ie *0CC? Control Pr.eedune

(1.31 d iscard frame
END!? 

.

ELSE set fname reje ct fla g s set In valid fram e format fla ip save
control field ef reje cted frame

END !? 
•

ELSE!? exc~am ge Iden tifi cation resoonse THIN
!? valid fram e ferm at !ME$

I? exchan ge I dentIfi catio n PeSDense r ,aulred fla g Is set THEN
reset excha nge inf eem ation response reoulr.d fla ip
stos unmumbene Ø command ti .erp
schedu le i den tif i cati e , Inf or m atio n for transfe r te

• h igher level p rotoc ol via A~CCP Contr ol Procedure ----
EL SE disca rd frame
(NO!?

ELSE set frame reje ct f la gp set in v al i d ~eame format fla ip save
centeol field of reje cted frame

END!?
(LII!? f.aoi reject nessensi THEN

!F va lid frame f~ r.at THINI? rejected control fIeld ma tcheo that e~ ou tstand ini
unnum benee co mm and THIN 

-rese t as.resr$ ate eut standln i vn~um bered command fla g
ELSE!? re jectee senteel field catches that e~ eu tstandin e

• • iniere eties frame THIN Ret~ fy AOCCP Control
Processor

(LIE!? rejec ted sentre l h eld matches tha t o~ outstandi ng- 
• I suservlsery command frame THEN no tify AOCCP

Control P rocessar
END!?

I Ceeae.eea$e.ee 
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ELSE set frame rejec t ~lagp s.~ inval i d frame ~er mat flaip save• • Control fiel d sS~ reject ed frame- (NO!?
END!?

ELSE I? +re me reject reseense THIN
IF v a lli fraco forma t THIN

I? rejeeted frame is outs tandinq .s~..r,ise,y command THENnotif y ADCCP Contr ol Procedure
• (LII!? rejected frame Is outsta nding inf orma tio n frame THEN •

notify ADCCP Contr o l Procedure
-~~ (NO!?

(LII Oisc ard teams
£50!?

• (NO!?
- 

(N O Unnumbered Resoonse Re ceiver

I

a

4
*ee***.e*eeeee ;

t 
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•SEGI i !nfermatioi’, ?ram . Acknowled gement Processor•.!P~ recei ve seeu .nce number 1’. valid THEN

• I remove any ou tstand in g ~ nf,nm.tfo,, frames w ith  send sesueneenumbers less than the receive sesuence number from tra~sm$ss ien• sueue~ save count of number of free slots in teanseissionsuege
- IF lmfer .atios frame aqknowled,ement romulred flag set T$(N areset inferma ti on fram e acknewl edgement reouined flag(LII!? Infoefati on frame acknowl.dcement sell eite d flag Is set THEN• reset inf orm atIo n frame acknowledgcment seli sited flag- 

I END!?
(LIE set lend reset command flag

1 ’  
• (NO!?

(ND Informat ion Frame A ckn owle~geme~~ Processer

.1 ~~~
*3.A?R.1l NJSOeCc3 •.uNCi.AsI!?IED.. PAGE IIs~t -

~~ 

- 

- • -
__________________ — -v--—- - ~~~~~~~~~~~~~p. 

~~
— 

~~~~~~~~~ •
~~ ~~~~~~~~ - •



• ~ •- •
- 

• -- 

•

-- .—— - .•~~~~-~~~~ -
------- 

•
-__

- - _ •
-

— 
. - -

• 

555 13.66
1353$ 589

DRAFT 6 REVISION— 2
- 11 August t977

—4

k SIlTS DRAF T
-

• - LUJILQI-2 -

PROPOSED -

AN ER IC i l  NAT IONAL STANDARD

FOR

ADVANCED DATA COSSONICITION -

CONTROL PROCED URES (ADCCP)

Prepared by

Task GrOup 13534

on

• - Control Procedures

• Technica l Cosaittee £353 on Data Ccsmunicatj ons

• Cosaittee £3 on Coaputers Infotsation P rocessing 

- 

~~~~~~~~~~~1~~~~~~~~~~~~~~~~~~~~~~
I!1 

~~~~~~~~~~~~~~~~~~

- 
• 

_ _ _ _ _ _



_ • , • 
4• • 4

4 
- - • -  E SH £3.66

• I3S3~ — 589
-

~~ DRAF T 6 RE V ISIO N 2
11 August 1977

— 
a

t

Proposed

A merican Nationa l Standard 
•

I: For Advanced Data Ccsrninication

Control Procedures (&DCCP)

Secretariat

Computer and Business Equipment  N anufacturers  Association

Approved ——ANERI CAN NA TIONA L STA N DA RDS INSTITOT !

- ABST RACT Data Communication Control Proced ures define the scans
for exchanging data betwee n business mac hines (e.g.,
compu ters, concentrators and terminals) over
coamuni cation circuits . The advanced data
coamsaication control procedures described in this
standard are synchronous , bit oriented (i.e. , use bit

• patterns instead of ASCII characters for control) , code
• isdependent (i.e., ca pable of handling any data code or

• 
• petters) and interactive (i.e., have relativel y high

•ffict.ncy in an interactive application). Batch
operation is handled with efficiency cosparable to -

~- 
-

previou s standards . Impr ovements have also been made - -

mith respec t to previous standards in the areas of
reliabil ity and modularity.
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FOR EWO RD (This Porevor d is not a part  of the American National
Stan dard for Advanced Data Communication Control
Procedures, 850 £3.66, 9 June 1977).

The development of advanced data communication control
• procedure standa rds began in late 1969 during final

work on the A merican National Standard, Procedures for
the Use of the Conmunication Control Characters of
American National Standa rd Code for Information
Interchange in Specified Data Communication Links,

p £ 3 . 2 8  - 1971. At that tine, i t  was recognized that
£3.28 lacked certain desirable capabilities that would
be impractical to inccrFora te due to the basic
philosophy of the standard. Consequently, several
proposals were submitted by members at the Task Group
for new and improved ways  tc perform the n ecessary link
cont rol functions. One of the most significant
proposals was a bit—oriented approach that utilized
dependent single sequence numbering.  Out of this
activity evolved a proposal for an American Rational
Stan dard for ADCC P — De pendent lumbe r ing. In late 1971
an approach was proposed based on an independent/dual
n u m b e r in g  philosophy. Acceptance of this approach
resulted in this American National  Standard. for ADCCP.

The basic objectives of the Advanced Data Co..unication
Control Procedures are tc ~~ovide:

a) Full transparency and code independence;
•b) gfficient interactive and batch operation;
C) A hi gh level of re l iabi l i ty;
1) Two— way alternate and two—wa y

simultaneous operation ; • - .

e) A high level of modula rity. ~~~ -

Suggestions for improvement  of this standard will be
• welcome. They should be sent to the American Nat ional

Standards tu s t i tu te, 1430 Broa d w a y ,  Rev York , N ew York
• 10019.
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ABS — Asynchronous  B a lan ~ ed Mode - 

aADCCP — Advanced Data Commun ication Ccntrcl  Procedures
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AR M — Asynchronou s Response Node
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-
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IS — In i t ia l iza t ion  Sta te -

ISO — In terna t ional  Stan dards Organizat ion
III’S — In format ion  Trans fe r  State
LD S — Logically Disconnected State 
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LSB — Least S i g n i f i c a n t  Bit
N — Modif ier  Funct ion Bit
N SR — Most S ign i f i can t  Bit
I — An integer var iable
WA — Not Appl icable

• N ON — N ormal Disconnect Node
I (R) — Receive Sequence Number
ION — Normal Response Node

- WO O — Normal Respon d Opportunity - 
-

N (5) — Send Sequence Number  - 
- 
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P bit — P oll B it •~~~~ - -

P — Pr imary  Station (Figure 10— 1 on ly)
P/F bit — Poll or Final Bit
Pri — Pr imary  (station )
P/S/C - Pri .ary or Secondary or Combined (station) : 

-

• Pr /Sec — Pr imary  or Secondary (stat icn) 
~~~~~~~~~~~~~~ 

-

11 — R eceive Var iab le
RD — Request Disconnect (Command)
152? — Reset (Co.mand)
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RN R — Receive N o t - R e a d y  (Command , Response)
RR — Receive Ready  (Command , Respo nse)
S — D epending upon usage: — Send var iab le

— Supervisory  Function Bit
Supervisory Fotmat  (frame)

S f r ame — Supervi sory Forma t fra me - -

S — Secondary Stat ion (Figure 10—1 cnly)
SA R M  - Set Asynchronous Balanced Mode (Command)
SAB R E — Set Asynchronous  Balanced N c de Extended (Command)
SAR N — Set Asynch ronous  Response Mode (Command)
SAR TI E — Set Asynchronous  Response Mode Extended (Command)
Sec — Secondary ( s ta t ion)
SIR — Set In i t i a l i za t ion Node (Co m mand)
SNR R — Set N o r m a l  Response Mode (Ccm .an d)
S N O R E  — Set Norma l Response Mode Extended (Command)
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TO — Timeou t
TWA — Two—Way A l t e rna te
TWS — Two—Way S imul taneou s
U — Unnumbered Format  ( f rame)
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— Unnumbered Acknowledgement  (Respcnse )
UA - Unbalanced , Asy nchronous Class
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UN — Unbalance d , No rmal  Class
UP — Un numbe ced Poll  (Ccsmaud)
K ID — Exchange Identif icat ion (Command , Response)
I ,Y ,y ,z — bits in LO M B Status Field

NOT!: The ma thema t i ca l  symbols and abbreviations used in Section
12.0, Frame Check Sequence (PCS) Genera t ion  and Checking, and
Appendi x D, Frame Check Sequence (ECS) , are not included above;
t hey are defined as in t roduced in Section 12 and Appendix D.
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1.0 SCoPE - ¶

.4

This s tandard  establi$hes the prccedures to be used on - •

synchronous c o m m u n i c a t i o n  l inks  using ADCCP. This standard does - anot de f ine  any single system and should not be regarded as a
specification for a data communicatiors system .

This standard is intended to cover a wide range of applications
(e.g., two—way alternate and two— way simultaneous data

c o m m u n i c a t i o n  between computers , concentrators  and t e rmina ls
which are n o r m a l l y  buffered) and a wide range of data l ink
confi gurations (e.g., full and half—duplex, multi—point ,
point—to— point , switched or non—switched)

This s tanda rd is def ined specifically in terms of the actions
that occur on receipt of com ma nd s at Secondary stations and
Combined stations.

In order to provide a high deg ree of standardization (and,
therefore, of compatibility), any  equipment intended to be
operated within the constraints of this standard shall implement
all features of a st ipulated ba sic class of the procedures.

11
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2.0 GENERAL

ADCCP defines a method of data link control in terms of the
various combinaticu s of pri mary l ink  control f unctions (referred
to as Primary station) and secondary link control functions
(referred to as a Secondary staticu) and balanced link control
function s (referred to as a Combined station) that •ake up the
control functions and protocols at three types of logical data
l ink  control stations:

— Pr imary  s tat ion
• — Secondary station

— Combined station

In particular, the logical functions and protocols of Secondary
• stations and Combined stations are specified identically with

respect to the action taken and the response frame (s) transmitted
as the result of receiving a given ccmm and frame(s). The Primary
station and Combined station procedures for  managing and
scheduling the data link, via the transmission of comuand frames,
are the  responsibil i ty of the system designer and are not
specified. 

•

5jnce this standard is defined in terms of logical stations it
should be no ted that a given ph ysica l station may be composed of
one or more loqical stations. For exa m ple , a physical station
imp lementation may: 1) have the capability Cf providing more than
one type of loqical sta t ion capability on a given link at
different time s (see configurable station Section 2.1.14); 2) have
the capability - of provid ing more than one logical station
canability on different Links at th. same t ime (e.g.. a
mul t ip lexor  tha t  serves several links) ; 3) house Ot serve
mul tip le  logical stations (e.g., a cluste r controller) .

2.1 Station Types

In &DCCP there are three types of sta tions: Primary Station ;
Secondary station; Combined station.

• 
NOTE: As used in this document the word staUon (by itself)

• refers to Primary , Secondary and Combined Stations.

2.1.1 Pr imary  Station -

A P r i m ary  station has (only) a p r i m a r y  link control capability.
The Pr imary  station t ransmits  comm an d f rames (commands) to and
receives response frames (responses) from the Secondary ‘

station (s) on the l ink,  A Pr imary  station maintains a separate
imformetion t r ansmi t t ing  abil i ty and/or information receiving

- 2 -
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• ability with each Secondary station cu the link.

2.1.2 Secondary Station

A secondary station has (only) a secondary link control
capability. The Secondary station transmits response fra•es
(responses) to and receives command frames (ccmmands) from the
Primacy station. It maintains one information transmitting
ability and/or one information receiiing ability with the Primary
stat ion.

2.1.1 Combined Station

A Combined station has balanced link control capability. The
Combined station transmits both command frames (commands) and
response frames (responses) to, and receives both commands and
responses f r o m , another Combined s ta t ion.  It mainta ins  one
information transnitting ability to and one information receiving
abil i ty  from the other Combined staticn.

2.1.4 Stations CapaU e of Being Conf igu red

A station is defined as configurable if it has , as the result of
mode—sett ing act ion , the capability to be, at different times,
mor e than one type of logica l station ; i.e., Primary stat ion ,
Secondary station cc Combined station.

2.2 Logical Data Link Configurations

In ADCCP there are two logical data l ink conf igura tions :

— Unbalanced configura tions which have a Primary station -:
and one or more Secondary stations.

— Balanced conf igura t ions  which have two Combined stations.

2.2.1 Unbalanced Configurations

An Unbalance d configuration has one Primary station and one or
more Secondary stations connected tc the link. The link may be
point—to— point or multipoint, two—way alternate or two—way
s imul taneous , swit ched or non—switched. In the Unbalanced
configuration the Primary s t a t i on is respcnsible for setting each
Secondary station in a logical state and node as appropriate. ~~

.- 
~~

See Sect ion 6. A ld i t i o n a l ly ,  both P r i m a r y  and Secondary stations :- • . -

are responsible fo r  exchanging data  and control information with
each other, and i n i t i a t ing  the link level error recovery ’

— funct ions  def ined in this  standard . See Figure 2-1.
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Commands
I I
I PRIMAR Y —_____
I I ’  — — ———  ———— a
I STATION A A
I I Responses I P-

~~~ I I P V V .

~~~

• ___I •1

I I I P
I SECONDABY I I SECONDARY I
I I I

1 STATION I I STATION I
I “A” I I “B” I

a I I I I
p 

— _ j  a

FIGURE 2—1 Unba lanced Conf igu ra t i on

2.2.2 Balanced Conf igura tion

A Balanced conf igura tion  is two Ccmbin ed stations connected
point- to—point , two—way a l ternate or two—may simultaneous,
switched or non—switched. Both Combined stations have identical
data t r ans fe r  and l ink control capabil i ty.  See Figure 2—2 .

- 
~~~~ 1 

Comma nds
I I I I - --~~~~~~~~~~

-

COMB INED I C—- > I COMBINED I
I U I I

STATION )I STATION p
I I I I

“A” I C— > I “B” I
I I I
p Response s ;:~~

Figure 2—2 Ba lanced Configurat ion

2.2.3 Symmetric  Configurat ions

Two indep .ndent p oint—to— point Unbalanced logical station
con f igurations nay be connected in a Symmetric manner and
multipleved on a si ngle link. This configura tion may be two—way • ~~

- • - -:

a l te rna te  or two-way simultaneous, switched or mon—switched. In
this comfigu ration there are two independen t Primary ~~~~~~~~~~~~ 

-
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station—to-Secondary station logica l channels where the Primary
stations have overall responsibility for mode setting. Each of
the  four stations maintains one informa tion transmitting ability -

• and/or one infctmation receiving ability. See Figure 2—3. a

1 •__-l -
I I I I
I P R I M A R Y  I I SECONDARY I
I I I I

r I I I STATION I
I STATION I I I
I I Commands I “B”

I SECONDAR Y I I P RI M AR Y p
I I Responses I I
I STATION I I I
I I I STATION I
I I I — I
I “A ” I I i
I I—

2 Station s 2 Stations

-
, ‘-‘-

Figure 2— 3 Symmetr ic  Configura tion

2.1 Log ical States and Modes

- Communication between two stations is conducted in three logical - ‘ -

states: In fo rma t ion  Transfer  State , Ini t ial izat ion State , or
• Log ica l ly Disconnected State.

~~•2.3.1 Informat ion  Transfer State (ITS)

Rhile in ITS the Secondary/Combined station may t ransmi t  and _ _
_ . :

rece ive in fo rma t ion .  Communica t i ons  shall observe the
constraints of a mode established in a Second ary/Combined station
by the remote Primary/Comb ined staticu. Each mode specifies a ~ , -respond opport uni ty  and a logica l data l ink configuration. See
Section 6.2.
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2.3.1.1 Normal Response Mode (NRM)

NRM is an Unbalanced configu ration oierationa l mode in wh ich the
secondary station nay initia te t r an smi s s ion  of frames conta in ing
i n f o r mat i o n  only  as the  result  of receiving explicit  permission
to do so from the Primary station. After receiving permission,
the ~econ4ary station shall initiate a response transmission.
The response t r ansmiss ion  m a y  consist of cne or more fra.es whi le
m a i n t a i n i n g  an active channel state. The last f rame of the
response t ransmission will be exp l ici t ly  indicated by the
Secondary station. Following the indica tion of the last frame,
the Secondary station will stop transmitting until •xplicit
permission is again received from the Primary station.

2.3. 1.2 Asynch ronous Response Node (AR M )  -

AM is an Unbalanced conf igura t ion  o~etationat mode in which the
Secondary station may ini t iate  t ran smission wi thout  receiving
explicit permissi on from the Prima ry station. Such an
asynchronous transmission may contain single or multiple frames
and is used for information field transfer and/or to indicate
s ta tus  changes in the Secondary statiOn (e.g., the ndmber of the
next expected f rame , tra nsit ion f r c m  a ready to a bus y condition
or vice versa , occurrance of an  exceptioà cond i tion) .

2.3.1.3 Asy nchronous Balanced Node (ARM)

A SM is a Balanced configuration operational mode in which a
Combined station may ini tiate t ran smiss ion without receiving
permission from the other Combined station. Such an asynchronous :-. - ,

transmission may contain single or multiple frames for
information transfer and/or to indicate status changes at the
transmitting Combi ned station (e.g., the number of the next
expected frame , transition from a rea dy to a bmsy condition or • , 

-

vice versa , occurra nce of an exception condition).

2.1.2 Initialization State (IS) - ‘- :
_ - -  

-

While in IS comm un ications shall cbserve the constraints of a
• system—defined procedure. The system—defined procedure may,  for

example , cause the Secondary/Combined station ’s 1i~ k con trol to
be init ialized or regenerated by the remote Primary/Combined ~~~~~~~~~~

station. See Section 6.4.
• —• - _ -~~c~’-

.
- -

• 
2.3.1 Logically Disconnected State (itS)

• Whi le  in LOS the Secondary/Combined sta tion is logically
disconnected from the link and is not permitted to transmi t or - 

~~
• -

receive information.  Communicat ic ns  shall observe the
constraints of a mode selected by s~ stee definition; •ach mode ~-~~~ •: 

-
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specifies a respond opportunity. See Section 6.3.

2.3.3.1 Normal Disconnected Mode (NDM)

11DM is an Unbalanced configura tion non—operational mode in which
the Secondary station is log ically disconnected from the link and- :  is not permitted to initiate or receive information . The
Secondary stat ion may initiate transuissi cn only as the result of
receiving explici t permission to do so frci the Primary station.
After receiving permission, the Seconda ry station shall initiate

• a single frame transmission indicating its status.

2.3.3.2 Asynch ronous Disconnected Mod e (ACM)

ADM is an Unbalanced or Balanced configuration non—operational
mod e in which the Secondary/Combined station is logically
disconn ected from the link and is not permitted to initiate or• receive information. A station in AtM may in i t i a te  t ran smission
without receiving explicit permissicn from the Primary/Combined
station but the transmission shall be a single frame ind icating
the station status.

I
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3.0 F R A N ?  S T R U C T u R E  j
In A DCCP, all transmissjo s are in frames and each frame conforms
to the following structure:

F, A , C, Info , FCS , Fl
Where :
F Flag Sequence -

A = Address Field
C = Control Field
Info = Information Field
PCS Frame Check Sequence

Frames containing only data link cortrol sequences form a special
case where there is no Info field. The short frame structure is
the refor e:

F , A , C, FCS, P

The elements of the frame are described in the following
‘ paragraphs. • See also Figure 3—1.

3.1 Flag Sequence (F)

All frames start and end with the flag sequence. This sequence
is a zero bit followed by 6 one bits ‘followed by a zero bit
(01111110). All stations attached to the data link continuously
hun t, on a bi t—by—bit basis, for this sequence. A transmitter
must se nd only complete eight—bit flag sequences, however the
sequence of 01111 1101111110 at the receiver is two flag
sequences. The flag is used for frame synchronization.

In order to achieve transparency the flag sequence is prohibited
from occurring in the Address, Ccntrol, Information and FCS
fields via a “zero bit insertion” ptccedure described in Section
3.7.

• The flag sequence which closes a f rame  may also be the opening
• flag sequence for the next frame. Any number of complete flags

• may he used between frames. See alsc Append ix B3.1.
- 

-

3.2 Address Field (A)

The Address f i e ld  contains the link level address of a Secondary
station or a Combined station. The leng th of this field (A) is N

• octets 1 greater tha n or equal to 1). The encoding of this
field is described in Section 4.

H

• 
_________
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3.3 Control Piel~ (C)

The Con t ro l  field con tai~ s a command or response and may contain
sequence nu m bers. The cçntrol f ie ld  is used by the t r ansmi t t i ng

* - — Primary / Combin ed station to ins t ruc t  the  addressed
Secon .iary/Combined stat ion what  operation i t  is to perform. It
is also used by the Secondary station or Combi ned station to
respond to the remote Primary station or Combined station. The
length  of th i s  field (C) is one octet in the case of the basic
control field. It is two octets in length in the case of the
extended control field. See Section ~.2.2.I.

Sequence numbers and the formatting of the Control Field are
described in Section 5. Commands  and responses are funct ionally
described in Section 7.

3.4 Information Field (Info)

The I n f o r m a t i o n  f i e ld  may be a n y  number  and sequence of bits ; the
data link procethires are completely transpa rent. Data contained
in the information field is unrestricted with respect to code or
grouping of bits. See Append ix  83. 14 for  examples of typical
limitations on mazimun length.

3.S Frame Check Sequence (FCS)

All frames include a 16—bit frame check.sequence (FCS) just prior
to the closing flag for error detection purposes. The contents
of the Add ress, Control a~ d Information fields, excluding the
zeros inserted to maintain transparency per Section 3.7, are
included in the calculation of the ICS sequence.

The FCS is the remainder of a modulo 2 divi sion process utilizing - - - 
—

a generator polynomial as a divisor. The generator polynomial is
tha t used in CCITT Recommendation V.41 and is: I~’ + I~~ + I~ + • 

- 

-

1.

Section 12 gives a complete descciçtion of the FCS generation
process and the error checking prccess which utilizes the FCS.
Appendix D gives an example of FCS generation and error
detection. • - -

10?! : If future applications show that a higher degree of
protection is needed , the length of the PCS shall be increased by
multiples of e ight bits. This requires a higher degree generator
polynomial the implementation and use of wh ich is outside of this 

•standard.
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3.6 Ab ort

Abort is the procedure by which a station in the process of
sending a fra me, ends the frame in an unusual manner such that
the receiving s tat ion will ignore the frame.

Abor t ing  a f ra me is performed by transmitting at least seven , but
less than fifteen , contiguous one bits (with no inserted zeros).
Receipt of seven contiguous one bits is interpreted as an abort. •

Receipt of f i f t ee n or more cont iguous one bits is interpreted as
an abort  and Idle Link State. See Section 3.9. 

-

3.7 Transparency

P *~CCP provides transparency for data coded in the Information
f ield. The occurrence of the f lag sequence wi th in  a f r a m e  is
prevented via a “zero bit insertion ” procedure as follows:

The transmitter inserts a zero bit fclloving five contiguous
one bits anywhere between the opening flag and the closing
f lag  of the fra me. The inser t ion of the zero bit thus

• applies to the contents of the Address, Control, Info and
PCS f i elds ( inc lud ing  the last S b i ts  of the FCS) . The
receiver continously monitors  the received bit  stream; upon
receiving a zero bit followed by five contiguous one bits,
the receiver inspects the following bit: If a zero, the 5
one bits are passed as data and the zero bit deleted. If
the sixth bit is a one , the receiver inspects the seventh
bi t ; if it is zero, a flag sequence has been received ; if it
is a one an abort has been received. See Section 3.6.

3.8 Act ive Link State and Interframe Time Fill

A l ink  is in an ACTIVE state when a Prima ry station , Secondary •

station , or Combined station is actively t ransmi t t ing  a f rame , an
abort sequence , or int e r fr ame  time fill. When the link is in the
active state, the r ight  of the t ransmit t ing station to cont inue
transmission is reserved.

I Int er fr ame  t in e  f i l l  is accomplished by t ransmit t ing  continuous
flags between frames.  There is no provi si on for in tra fram e t ime

• fill. See also Appendix B.

3.9 Idle Link State

A l ink is defined to be in an IDLE state when a continuous ones
state is detected that  persists for a t  least 15 bit times.

• -
•

Ida. link time f i l l  is defined to be a continuous one condition •

on the link. • 

I
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3.10 Invalid Frame

An invalid frame is defined as one that is not properly bounded
by two f lags ( th us an a borted f r a m e  is a n  inval id frame) or one
which is too short (i.e., shor ter than  32 bits between flags) . A
Secondary s ta t ion  or Combined s ta t icu  will ignore any  inval id
fra me.

3.11 Order of Bit Transmission

Addresses, commands and responses, and sequence numbers are to be
transmitted low- order bit first (e.g., the first bit of a
sequence number tha t is t ransmit ted  carries the weight 20) .

The order of bit transmission for data contained within the
information field is application—deperdent and not specified.

The order of bit transmission for the TCS is most significant bit
first. See Appendix D.
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4.0 A DDR ESS FIELD

4.1 T7nb alanced Operat ion

A unique address is associated with every Secondary station on a
• link. Additionally, a Secondary staticn nay be capable of

accepting f ra mes wh ich  utilize a group or global address ;
however , when such a Secondary s taticn responds , it will utilize
its unique  address.

The address f ie ld  in a comma nd f r ame  tra n smitted by a Pr imary
station contains the address of the (remote) Secondary station.
The address field in a response fra me transmitted by a Secondary
stat ion contai ns the  address of the (local) Secondary station.

14.2 Balanced Operation

A un ique address is associated with each Combined station on the
link. Additionally, a Combined station may be capable of
accepting fra mes wh ich utilize a group or global address;
however , whe n such a Combined staticn responds it will utilize
it~ unique address.

The address field in a command frame transmitted by a Combined
station contai ns the address of the remote Combined station. The
a dd r ess f ie ld in a response frame transmitted by a Combined
station contains the address of the iccal Combined station.

14.3 Address Encoding

Two addressing encoding formats  are def ined for the addtess
field: Basic and Extended.  These f c r m a t s  are mutua l ly  exclusive
for any given Secondary station or Combined station on a lin k
and , thetefore, the addressing f c r mat  must  be explicitly
specified. S -

4.3. 1 Basic Address Format
- 

• In basic address forma t , the address field contains one ad drsss,
whic h ma y be a single Secondary/Combined station address, or a
group or global Secondary/Combined station address. This field ‘•

_
~ 

-con sists of one octet wi th  the following format:

— 1 2 — ;~~
-

~~~~~~ __________________________
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Add ress Field
Bittluaber 1 2  3 4  5 6 7 8

U

1 1 1 1 1 1 1 1  I
Address a

Least Significant Bit
First Bit Transmitted

4.3.2 Extended Address Format

In extended fo rma t , the  address f ie ld  is a sequence of octets
which comprises one address which may be a single
Secondary/Combined station address, or a group or global
Secondary/Combined station address. When the first bit of an
address octet is “0”, the following octet is an extension of the
address field. See Section 4.3 for exception. The address field
is terminated by an octet having a “1” in bit position one.
Thus, the address field is recursively extendable. The format of
the extended address field is:

!, •sr~Ian fn.It• .i’,i ;——-  — •— — — — — — — -  ——— — 

I I I
I I • I
I I I
I - I V S

Al4r.~ c PI’.II 1 ~ 1 I 5 6 7 ii en
lit. •Piti• r — — — t———— — - - —————— a ,

13 1 I I I I I I 1 1 0 1 I I I I I I I I I I  I I I I I I a 
_j  I__ _ — — — — —_  —5--. I__________ •_ -

£ £
A $ I &
I I
I I I

Plr, t lil t 7rcn~i,tIt ~~ I-. - -— I  - I

I I - I
I I I

Lp,, t !~LqaltLeui t lIlt——— ’ I

I • I
Pirat flct.t nf £llr ’~~. Ficid ——-—— —-————J

Lc~ t ‘Ict ot of AIId r.si% Ij•~~~
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4.14 Global Address

The single octet address of eight “1” bits (11111111) is reserved
as the global (universal, or broadcast) address in the basic and

• extended address formats.

The global address is used in situations where a specific
Secondary station or Combined station address is not known (e.g.,
switched connection) or is not necessary to the situation (e.g., -

broadcast transmission).

4.S Null Address

Vhen the first octet of the addre ss field appears as eight “0”
bits (00000000) the address is consideced to be a null (no
stat ion ) address and  the f rame will be ignored.

•
1 

*

— 1* — 
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5.0 TRANS M ISSION P A R A M E T E R S  A N D  F O R M A T S

For definitions of th~ following commonly used terms see
Glossary, Appendix A.

— Accep t/Accep tance - — l ip l e m e n t
— Action — Receive
— Discard — Respond Opportunity
— Invalid

5.1 Pa rame te r s
I.

• The various parameters associa ted with frames are described in
the following sections. Figure 5—1 shows the position of
parameters w i t h i n a frame.

5.1.1 ~odulus

Each I n f or m a ticu (I) frame is sequentially numbered and may have
the value 0 through modulus — 1 (where modulus is the modulus of
the sequence numbers). Modulus equals 8 for the basic control
field format and 128 for the extended control field format. The
sequence numbers cycle through the entire range.

The maximu m number of sequentially numbered I frames that a
station may have outstanding (i.e., unacknowledged) at any given
time may never exceed one less than the modulus of the sequence
numbers. Th is restriction is to prevent any ambi guity in the
association of transmitted I fra mes with sequence numbers during
normal operation and/or error recovery action. The number of
outstandinq I frames may be further restricted by either the
sending or receiving station storage capability; e.g., the number
of I frames that can be stored for transmission and/or
retransmission in the event of a transmission error.

5.1.2 Frame Variables and Sequence Nu mbers

Every Secondary station in an Irformation Transfer State
maintains a Send Variable on the I frames it transmits to, and a
Receive Variable on the I f rames  i t  correc tly receives from , the
Primary station. Every Primary station maintains an individual
Send Variab le on the I frames it transmits to, and an individual
Receive Variable on the I frames it ccrrectly receives from, each
Secondary statio n in an Informa ticn Transfer  State. Every
Combined station in an Information Transfer State maintains one
Send Variable on the I frames it transmits to, and one Receive
Variable on the I frames it correctly receives from, the remote
Combined station.

- 
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5.1.2.1 Send Variable (5)

Each station capable of transmitting I frames has a Send Variable
S which indicates the sequence number of the next I frame to be
transmitted . S shall take on the value  0 t h rough  m o d u l u s — i .  S
is incremented by one with each cospleted I frame transmission
(i.e., S will not be incremented when an I frame transmission ii
aborted).

5.1.2.2 Send Sequence Number (N(S))

Only I frames contain N (S), the sequence number of the
transmitted frame. Prior to transmission of an I frame, N (S) is
set equal to S.

5.1.2.3 Receive Variable (N)

Each station capable of receiving I frames shall have a Receive
Variable R equal to the expected N (S) contained in the next I
frame received. R is incremented by one upon receipt of an
error—free I f r a m e  whose N ( S ) R .

5.1.2.14 Receive Sequence Numbe r (N(R)) 
-

All I frames and Supervisory (S) frames contain an N (R), the
expected sequence number of the next received I frame
Immedia te l y before transmitting or retransmitting an I or S
frame, N (R) is set equal to N. N(B) thus indicates that the
station transmitting the N (R) has correctly received all I frames

• numbered up to and including N (R)—1.

• 5.1.3 Poll/Final (P/F) Bit

Poll and Final Uts are used for:

1) indicating when a Secondary station nay begin and has finished 
. 

- 
- 

-

a response transmission under NRM . See Section 6.2.1.

2) ch~ckpointing to determine if error recovery is required. See
Section 6.5.2.

3) obtaining a response from a Seccndary station or Combined - 
Sstation. See Section 6.1.

The Poll (P) bit set to “1” is used by the Primary station or
Combined station in command frames to solicit (poll) a response 

~
. ..

or sequence of response frames from a Secøndary station(s) or a
Combined st3tion.

The Final (F) bit is used by a Secondary station to:

— 1 6 -

_ _ _ _ _ _ _ _ _ _ _ _  

_ _ _  
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1) indicate in ARM the response frame sent in reply to the
receipt of a poll command.

2) in NRM to indicate t~e tina l frame transmitted as the result
of a previous poll comma nd.

The Final (F) bit is used by a Combined station to indicate in
AB~ the  response frame sent in reply to the receipt of a poll
command .

Se~ Section 6. 1 for further descripticu of the P/F bit operation.

5.2 Control Field Formats

The three foruats defined for the ccntrol field are used to
per form information transfer, basic supervisor y control
functions, and special or infrequent ccntrol functi ons.

5.2.1 Basic Control Field

The basic contro l field accommodates nodulo 8 N (S) and 1(R)
sequence number ing .

I — I
I I
3< Control Field >3

First Bit Transmitted $
(V 3
I I

Control Pield Bits: Ii 2 3 14 5 6 7 8 3I— — — — — — — — I

Information Transfer, I $0 I N(S) I P/F I 1(R) I
I I I I I
I—— — -—- #————— +— -- — ,

Supervisory Commands/Responses, S (1 0 I S SI P/F 3 1(9) 3
I I I I I
I— —4 —4 —+— —

• Unnumbered Commands/Responses, U (1 1 I N N( P/F IN N N $
I I $ $ I
I — _ _ _ _—

Where: N (S) Transmitting station send sequence number.
(Bi t 2 = low order bi t)

1(R) Transmitting station receive sequence number.
(Bit 6 low order bit) 

~~~~~~~~ 1:~-
:

S Supervisory function bits 
~~~~~~~~~~~N z ~odifier function bitsP/V a Poll bit — Primary station or Combined

station command frame transmissions.

_ _  
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Final tit —
~ Secondary station or Combined station

response frame transmissions.
(1 = Poll/FInal)

5.2.2 Extended Control Field

The extended contro l field accommodates modulo 128 N(S) and 1(9)
sequence num bering. (On long propcgation delay links (e.g.,
satellite transnissicn) it is desirable for reasons of efficiency
to extend the modulus of the sequence numbers N (S) and NIB). The
met hod of extension is defined below.)

Control field extension for the three formats is as follows:

s ~~
- ‘ —

• I I
S ~ <—- - - -—-— ——— —Cnnttr,t PioLd—— .—-— --—-- — ———— — -———-— — )

P I 
_ _  _ _ _~(—.——— I~it O Ct P t —~~~~~

S .——---— - 4I ( — —  2n3 Cct.t — ———— 3
P I
I I

Pir.t ~t( T r a n ~.~ t t e ~ ———————— . ,
II I-
II I —I, I -

Co,trnI £I.’14 Ilit i It 7 3 ~ A 1 R ~ 10 II 13 13 II 15 t~I—— ——— _ _ - _ -_ - - _ 1  I e—————— ~~~~~~~~~~~~~~~~~~~~~~~~~~
?iiFn rs -itl ’ ,. F~. L -%a t  1111 I )P/1 I NIP) I

I——— ~~~ I I—— — 4-————-— — —— — — —— —— ————- — —— I
isip’i.itv,r~ ‘.-~~ ..qP II 0 ~ I I I X I t  IP/1 ~ P(P)

I——— ~ — --————e - -———— I I——— — ,—— ——— — —————— I
ln,,,.h—t.A Pnr.it Ii I I II ~ PP/PIN ~ ~I PP/F I I I I I £ I R~— -—-- — 

_, ‘-—---—--- ___&

where I bits are reserved and set tc ~~~
In extended cont rol field forma t the t ransmi t te r  sets the P/F
bits in bit positions 5 mmd 9 for Unnumbered format commands and
responses. A receiver in extended ccntrol field format
interprets the P/F bit in bit position 9. & receiver in basic
control field format receiving an extended control field foriat
interprets the P/P bit in bit positict S.

* 5.1 Informat ion  Transfer  Format (1)

The I format is used to perform an information transfsr.

Tb. functions of 1(5), 9 (B) , P/P are ind•peudent; i.e., each

- — 
_____ -~~~~~~~

.-1~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~ ——— -~~ - __
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I frame has an p4(S) sequence number , the 9(R) sequence number may
or may not acknowled ge additiona l I frames at the receiving
station, and the P/F bit may or say nc t  be set to “1”.

5.14 Supervisory Format  (5)

Th e S fo rmat  is used to p e r f o r m  l ink  supervisory control
funct ions such as acknowledge I frames, request retransmi ssion of
I frames, and indicate temporary interruption of capability to
r eceive 1,101 frames. The functions of 11(R) and P/F are
independent. -

5.5 Unnumbered Format (U)

The U format is used to provide additional link control
funct ions. This forma t contains no sequence numbers and
consequently S “modifier” bit positions are available which
aUovs definition of up to 32 additional command and 32
additional response functions.

— —  PPAII- - . -

I’ ———— ——— —— —  — ———— — —— —— —)I
I I
P ~~~~~~~ 1 it
I I t r4~ .aj p t n .I .

I I  — p
I I  I
P I P C ~Jnf . ) (‘CS F I
I’  • P 

———I
p A h i l i l lO  I I I ~ Z i 5  Z G If l lhlIhlU p
I I I I I I
I_SS•S•___.S_~~. __ ___4_ _ __ __ _ _  I———— ————-— ——— — —— ~~~~~ 1

I I
L N I L  ~ I N L

- S 51 5 Sp S S
N SIP SI I B

I I
I COlittol I

I PL.14 I

I Por..e: V -

01

L N L N *55 — Ld •1~~t ~ L~ nt f i e . i at  Nit
• 1 S S 5 ISS — 1,M ,ini tLc~ ,it 5~~IP II N I

S I POr.at
~~~~~—-—— —————i

I 0 1 S 3~ P/?~ 5151 1
______

I II
1 3
I I

I Pu rest :
~~~~~~~~~~~~~~~~ 1 

—

I I I A Af P/P~ 5 a a I
-5- ______a

P0IIP!0U*I. SI0NIVIC~~UCS 0’ 531! II PIELDS OP IDCCP N5~~IC £0555?

Pt-run . ‘—1
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6.0 SECONDARY/CONBINED STATION STATES AN t nODES

& Secondary/Combined station tra nsmits response frames to a
Primary/combined station based on previous receipt of a command
frame. In certai n cases, a Secondary/Combined station can also
initiate transmission of response frames to a Primary/Combined
station. The characteristics of a Secondary/Combined station
response are dotermined by: 1) the type of respond opportunity
which exists at the Secondary/Combined station, 2) the current
state of the Secondary/Conbined station, and 3) the particular
mode within the Secondary/Combined station. Secondary/Combined
stations do not queue sequential re~ ponnes for command frames
received. A Secondary/Combined staticn response is predicated
on: 1) station status at the time the response is transmitted , 2)
an exception condition previously established , or 3) the previous
receipt of a coemand which requires a specific tespons~ form at.

6.1 Poll/Final Bit Usages

The Poll/Final (P/F) bit serves a functicn in both cc n~ r I frames
and response frames. In command fra mes the P/F bit ~s :eferred
to as the P bit. In response frames it is referred to as the F
bit.

The P bit is used to solicit a response f tame with the P bit set
to “1” from the Secondary/Combined station at the earliest
opportunity. & response frame with the P bit set to “1” also
indicates the end of transmission under Normal Respond
Opportunity.

For each Primary—Secondary pair on Unbalanced links and each
direction on Balanced links only one frame with a P bit set to
“1” may be outstanding at a given time. Before a
Primary/Combined stattcn can issue arether frame vith P bit set
to “1” it must receive a response -frame from the
Secondary/Combined station with the P bit set to “1”. If no
valid response frame is obtained within a system defined
tim e—ou t, the retransmission of a comma nd with the P bit set to
“1” for error recovery purposes is permitted.

6.2 Respond Opportunities

6.2.1 Normal Respon d Opportunity (WRO)

$90 is a Secondary station tespond oppo rtmnity in which the
Secondary stat ion ini t ia tes transmission of response frames omly - - -

as the result of receiving a command frame with the P bit set to
“1” or a UP command. See Section 7.14.2.2.

The respons. transmission may  consist Cf on• or more frames wbil•

— 2 0 —
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maintaining an Active Link State. In all cases the last frame of
the response transmission viii have the F bit set to “1”. When
the response frame with the P bit set to “1” is transmitted the
Secondary stat ion will stop transmitting response frames and not

• initiate any additiona l transmission of response frames until a
subsequent command  frame is received with the P bit set to “1” or
a UP command  is received.

6.2.2 Asynch ronous Respond Opportunity (ARO)

&Rfl is a Secondary/Combined station respcnd opportunity in which
the Secondary/Combined station initia tes transmission of response
frames without regard to the receipt of a command frame with the
P hit set to “1”. Asynchronous transmission of response frames
say be initiated at the first cpportunity. In two—way
simultaneous (TWS ) transmission the cpportunity is immediately.
In two -way  a l te rna te  (T WA) t ransmiss ion the opportuni ty is the
det ection of an Idle Link State. An asynchronous transmission
may contain multi ple frames and is owed to initiate information
transfer (I/UI) and/or to report status changes in the
Secondary/Combined Station, (e.g., 9(P) number change, transition
from a ready to a busy condition or vice versa, establishment of
an exception condition.)

The Secondary/Combined station must transmit a frame with the F
bit set to “1” only in response to a received ccnmand frame with
the P bit set to “1”. The F bit is not to be interpreted as the
end of transmission by the Secondary~Conbined station.
Addit ional response frames with the P bit set to “0” may be
transmitted following the response frame which had the F bit set
to “1”. -

In TWS operation a Secondary/Combined station in the process of
transmitting when the command frame with the P bit set to “1” is
received viii set the F bit to “1” in the earliest possible
response frame to be transmitted .

When a station has Asynchronous Resrond Opportunity, it shall
• utilize a response time—out function wh ich mill cause initiation

of appropriate recovery procedures if previously transmitted
unsolicit ed response frames have not  been acknowledged wi th in  a
system—defined time—out period. Since simultaneous contention
may occur , in TWA configurations the response timers at each end
of the l ink shall be unequal. In TWA , the interval employed by a
Secondary station shall be greater than that employed by the
Primary s tat ion to permit contention situations to be resolved in
favor of the Primary station.

~~~
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6.3 Log ically Disconnected State (LOS) -

The LOS is provided to ~revent a Seccndary/Combined station fromappearing on the link in a fully operational sense during unusual
— situations or exception conditions since such operations could

cause 1) unintended contention, 2) sequence number mismatc h or 3)
ambigu i ty  as to the Secondary/Combined station status or mode.

— 
Wh ile in LDS the Secondary station, cr response capability of a
Combined station, is logically d iscc~ nected from the data link;
i.e., no Information (I), Unnumbered Information (U!) or S
response frames are transmitted cc accepted. The Secondary
station capability, or response capability of a Combined station,

I is l imi ted  to 1) accepting one of the mode—setting commands, 2)
tra nsmi t t ing  a DM or RIM response frame at each respond 

—

opportunity and 3) responding to an lID ccamand.

A Secondary/Combined station in LOS, as a minim um capability.
must respond D~ (Disconnected Mode) to any valid command frame
received with the P bit set to “1”. A RI M ( Bequest
Initialization Mode) response may be transmitted instead of DM ;

• the conditions which cause a Seccndary/Combined station to
transmit RIM are system defined.

A mode—setting , lID or UP command may be accepted and responded
to at the first respcn d opportunity if the station is capable of
accepting and actioning the command. Any cther frame received ,
including a mode setting, ITO or UP command that is not accepted,.
is discarded except for the response requirement described in the

T paragraph above.

A Secondary or Combined station is system defined as to the
condition (s) that cause it to assume cue of the two predetermined
modes (AWl or BUM).

Examples of possible system—defined conditions (in addition to
r.ceiving a DISC command) which may cause a Secondary/Combined k;-: 

-

station to enter LDS are:

1. the Secondary/Combined staticn powe r is turned on

2. the Secondary/Combined station has a temporary loss of power

• 3. the Secondary/Combined station link level log ic is manually
reset

• I .  the Second ary/Combined station is manually switched from a
local (home) coaditicn to a connected—to—the—link condition.

II - While in LOS a Secondary/Combined station may not establish a
Pram . R.i.ct exception condition.
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6.3.1 Modes Vithin LDS

While in LDS a Seconda ry/Combined station communicates under the
constraints of one of the following two modes.

6.3.1.1 Normal Disconnected Node (9DM) 
a

NON is a disconnected mode in which the Secondary station is
logically disconnected from the data link and follows Normal

• Respond Opportunity protocol. See Section 6.2.1.

6.3.1.2 Asynch ronous Disconnected Mcde (AON)

A D!I is a disconnected node in which the Secondary station, or
• response capability of a Combined station, is logically

disconnected from the data link and tollcws Asynch ronous Respond
Opportunity protocol. See Section 6.2.2.

6,4 Initialization State (IS)

While in IS the Secondary/Combined station may be initialized ot
regenerated by the  remote P r i mary  s tat ion or Combined station and
communicates under the constraints of the following mode.

6.4.1 Initialization Node (IN) •

& Secondary/C ombined station enters the IN upon sending a DA
response, unde r a system—defined respcnd opportuni ty ,  in reply to
the  receipt of a Set Initialization Node (SIN) command. The
Secondary/Combined station nay request SIN by sending a Request
Initialization flode (RI M ) response. While in IN the stations may
exchange information in any manne r specified for that
Secondary/ Combined s ta t ion (e.g., unformatted and unchecked bit
streams, UI frames, or I frames); howe ver, in a multipoint
conf igura t ion  care shall be taken to prevent interfetence with
other stations on the link. IN is ended when the
Secondary/Combined station receives, actions, and acknowledges a
set—mode command (i.e., SNPN, SAWN , SIMM, SNRNE. SAB RE, SABRE , or
DISC) .

6.3 Information Transfer State (ITS)

While in ITS a station is fully cperational and capable of
transmitting and receiving I, S. and U format frames.

6.3.1 Modes Withi n ITS

While in ITS a Secondary/Combined station communicates under the
• constraints of one of the following modes. The particular mode

utilized is determined by the Primary/Combined station with an

-7
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appropriate set—node command and is entered - when the
Secou lary/Combinad station receives, actions, and acknowledges
t h at set—mode command.

- • 6.S.1.1 Normal  ~esponse !~ode (UN )

IBM is a Secondary station infornatict transfer mode in which the a
Secondary station utilizes Norma l Respond Opportunity on an
unbalanced link configuration. See Sections 2.2.1 and 6.2.1.
This mol e is selected by a SUN or SNENE command. S

- : 6.3.1.2 Asynch ronous Response Mode (ARM) 
—

ARM is a Secondary station informaticr transfer mode in which the
Seconlary station utilizes Asynchronous Respond Opportunity on an
unbalanced link configuration . see Secticns 2.2.1 and 6.2.2.
This mode is selected by a SARM or SaBRE command.

6.3.1.3 Asy nchronous Balanced Mode (1PM)

ARN is a Combined staticn information transfer mode in which the
Combined stations utilize &synchroccus Respon d Opportunity on a
balanced lin k configuration. See Sections 2.2.2 and 6.2.2. This
mod e is selected by a SAWN or SABME command. A Combined s ta t ion
may transmit command frames at any time ; therefove, the AWN
def inition only describes and applies to the response frame
transmitting and ccnmand fra me receiving capability of the
Combined stations. -

6.5.2 Checkpointinq

As the P and F bits are always exchanged as a pair (for every P
there is one F, and the next P must not be issued until the
previous P has been ma tched with an F or until the response timer
exp ires), the 11 (R) contained in a frame with a P or F bit set to
•1” can be used to detect I frame sequence errors. This
capability can provide early detection of frame sequence errors
and indicate the I frame sequence number to begin retransmission.
This capabilit y is referred to as checkpointing.

While in ITS the Primary/Combined station shall examine the NCR)
contained in any received I or S frame with the F bit set to “1”.
See Section 3.2.1 for addit ional qualifying conditions. 

- 
-

• Appropriate error recovery procedures shall be initiated if this - - • S

1(R) does not acknowledge all I fra•es transmitted by the ~~~~~~~ -

Primary/Combined station prior to and including the last command
frame sent with the P bit set to “1g. See Section 8.2.1 for •~~ -

• a dditional qualifying conditions. •. -

Similarly, whil , in ITS the Secondary station shall exa m ine the
1(R )  cont aim.d is any received I or S frame with the P bit set to S

— 2 4 —
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“1”. Appropr ia te  error recovery procedure shall be in i t ia ted if
this N (R) doe s not acknowledge all I frames transmitted by the
Secondary station prior to and including the last response frame
wit h the F bit set to “i”. See Section 8.2.1 for additional

- • qualifying conditions. -

In all cases the 11(R) of a correctly received I or S f r a m e  shall
confirm previously tiansmitted I frames through 11 (R)—i.

$
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7.0 COMMANDS AND RESPONSES

This standard defines the link contrcl operation in terms of the
action s and internal modes of the Seccndary/Combined station. - a

The actual link management procedure (i.e., sequence of commands
and related responses ) is app l i ca t ion  and link con f igu ra t i oD
dependent. Consequently, specific Primary/Combined station
command sequences are not defined but left to the designer of the
Pr imary/ Combined  s ta t ion l i n k  control .

Sections 7.1 through 7.3 contain the definiticn of the set of
commands and responses (listed below) fo r  each of the
transmission f o r m a t s .

~~~~~~~~~ Format  c M~JL~~ L~~~~ 3~jjQn Iran~~ 5.~ rQULt ~U2~U
I — Tnfor ma t ion  I — Informatio n

~ uperyJ~s9u ~~~~~~~ ~i~~.&yi~~~x ~oti~ t, 1 2onSe~PR — R eceive Ready  RB — Receive Ready
RU — Receive Not Ready RU — Receive Not Ready
PP.3 - Reject REJ — Reject
SR!J — Selective Reject SREJ — Selective Reject

— 26 — 
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!QLJi~ !! LU~~ QD.U!~HS4 Zormat ~~~
ponses

- Set t ij~ c2J!!inhi! nQ r•~~1tI1~.g ~~SPQ uses

SUM — Set N o r m a l  Res ponse Mode 3* — Unnumbered Acknowled gement 
a

SA RN - Set Asynch ronous Response Mode DN - Disconnected Node.
— Set Asynchronous  Balanced Mode

SNRME — Set Normal Response Mode RIM — Request Initialization Node
Rxtended

SARME — Set Asynchronous
• Respon se Node Extended
r S AW N ! — Set Asynchronous Balanced Node

Extended
SIN — Set Initialization Mode
DISC — Disconnect

Infoi~~~j~~ Irans1~~ cgmman~~ ~~~~~~j ~J 1Qfl T.r•An~L5.~ ~esponse~
UI — Unnumbered Information DI — Unnu mbered  In format ion
up — u n n u m b e r e d  Poll

~ecoveu ~~~~~~~ ~~cove~1 ~5A
p )nses

PSET — Reset FBMP — Frame Reject

~j~~ce l1an eou s ~~~~~~~ ~ j~ c 1 ~~~~~j~~ ~~!~~onse~
lID — Exchange Identification lID — Exchange Ident i f ica t ion

RD — Request Disconnect

1~a-!eser~~~ Cc!. an d~ lu-i ~tL!t4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~

14 Encoud tugs 1$ Encodings

7.1 I n f o r m a t i o n Tra n sfer Format (I) Ccmmand/Respon se L

The funct ion of the Informat ion  (I) ccmma nd/response is to eff ic ient ly  •

transfer sequentially numbered frames con taining am optional infornatlon ~~ 
-

field. - :‘ 
-
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The encoding of the I command/response control field is:

I Format Ccmmand/Response -

• 1< Control Field—— >1 a

I —

I I

First Bit Transmitted
I
V • -~~~~~~~~~~~~

Control Field Bits: 1 2 3 4 S 6 7 8

Lo I N (S) IP/ ?IN (R)

I I I I
I I I I
I I I V
I I I

V 1 Receive Sequence
I I lumber Mod ulo 8

I n f o r m a t i o n  I V
Transfer Format $

I Ccmmand : Poll
$ Respon se: Final 5

V

Send Sequence
Number Nodulo 8 L - - ;  

-

- 
-

For extended control field forma t see Section S.2.2.

The I frame ccntrol field contains two sequence numbers: N (S),
Send Sequence Number , wh ich indicates the sequence number
associated with the I frame; 11(R ) , Receive Sequence Number , which
indicates the sequence number of the next expected I frame (i.e., 

- -•I frames numbered up to and inc luding N ( R ) - 1  are accepted. )

An I fra.e with P/F bit set to “i~ may report the end of a —

station busy condition as specified im Section 8.1.3.

See Sections 6.1, 6.5.2 and 8.2.1 for description of P/P bit
operation.

S — 2 8 —
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7.2 Supervisory Format  (B) Commands/Responses

Supervisory (5) commands/responses ate used to perform basic
supervisory link control functions such as I frame
acknowledgement , polling, temporary interruption of informatioc
(I/UI) t r ans fe r, and  error recovery.

Frames with the S forma t do not ccrtain an information field.
Therefore, a station does not incremen t its Send Variable (S)
upon the transmission of an S format frame nor does it increment
its Receive Variable (B) upon acceptirg an S format frame.

The encoding of the S command/response control field is:

- N - - 5

- 2 9 -
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S u p e r v i s o r y  F c r n a t
$<—— — C ont rol Field — — — — > 1
I I a

I I
Fi r s t  Bit  T r a n s m i t t e d

V

C o n t r o l  F i e l d  Bi t s :  1 2 3 4 5 6 7 8 

~ 1 0 ~ S IP/ P $ N (R ) I
--

I I I I
I I I I 

S

I I I I
I I I I
I I I I

V I V V

Superv i so ry  C cm n a n4  Receive
Format I Poll Sequence

I N u mber
I N odul o 8

I Resuonse
I Final

• V

command s Responses

em - mmcciv. Reasy 00 BR — Receive Ready
cmi - 1.c.ive lot Ready 10 BIB - Receive Not Ready

- ~~ 1.Ct 01 BEJ — Reject
- s.L.ctiv. Reject 11 SBEJ — Selective Reject

- p 0 —
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For extended control fie~ld forma t see Section 5.2. 2. 
5

An S frame Contains a~i 11(B) • Recei ve Sequence Number , which
• 

-
~ indicates the sequence nbmber of the next expected I franc (i.e.,

all received I fra m es numbered up tc and including 1(R)—i are a

accepted). See Sections~6.1, 6.5.2 and 8.2.1 for description of
the P/V bit operation.

7.2.1 Rece ive  Ready  (BR)  Coam and/R esfcnse

Receive Ready  (RB)  is used by a s tat ion to: 1) indicate it is
ready to receive an I frame and 2) ackncvledge  I frames numbered -

up to and including 11 (R)—i.

The P r imary / Combined  statio n may use the BR command with the P
bit set to Mi ~~ to solicit respcnses from (poll) a
Secondary/ Combined.

An PR frame is one way to report the end of a st ation b usy
condition. See Section 8.1.3.

7.2.2 Receive Not Ready I~RN R) Command/Response

Receive Not Ready (RNR) is used by a staticn to indicate a NbusyN
condition; i.e., the temporary inabili ty to accept additional
incomin g infor mation (I or UI) frames. I frames numbered up to
and includ ing 11 (R)—i are acknowledged. I frame N(R) and any
subsequent I frames received , if any, are not  ack nowledged; the
acceptance status of these fra mes will be indicated in subsequent
exchanges.

The Primary/Combined station may alsc use the RIB command with
the P bit set to ~1” to obtain the receive status of a
Secondary/Combined station. The Secondary/Combined station
response will be a frame with the F bit set to ~~~ See Section
8.1, Busy Condition , for further details on RIB usage.

7.2.3 Relect (REJ) Command/Response

Reject (REJ) is used by a station to request retransmission of I - 
- -

frames starting with the frame numbered 11(8). I frames numbered
11 (R)—I and below are acknowledged. Additional I frames pending .

- -

initial transmission may be transmi tted following the
retransmitted I frame(s). 

S~~~

-

~

; 

-

Only one REJ exception condition , ftcm a given station to another
station , say be established at ~ny given time; another 883 or
5883 may not be transmitted (i.e., actioned) until the first 883
exception condition has been cleared at the sender.

— 3 1 — 
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The REJ exception condi t ion  is cleared (reset) upon acceptance of
an I f r a m e  w i t h  an N ( S )  n u m b e r  equa l  to the 11 (R)  of the REJ
command/response or atter a timeou t has occurred.

An 883 is one way to report the end of a station busy condition.
See Section 8.1.3.

See Section 9.2 for sequence error recovery protocols. j
7.2.~ Selective Reject (SREJ) Command/Response

Sel ective Rejec t  (SREJ ) is used by a station to request 
—

retransmission of the single I frame numbered 11(R). 1 frames up
to and i n c l u d i n g  N ( R ) — 1  are acknowledged .

The SNEJ except ion  condi t ion  is clea red (reset) upon acceptance
of an I f r a m e  w i t h  an N (S) n u m b e r  equa l  to the 11(9 )  of t he  SREJ
comma nd/response.

After a station transmits a SREJ it may not transmit SF83 (except
for a SREJ  w i t h  P or P b i t  set to “ 1” a n d  wi th  1 1 ( R )  equal to the
11 (P) of the  f i r s t  SREJ ; see Sect ion 9.2. 3) or REJ for  an
add i t io na l  sequence error un t i l  the f i r s t  SREJ - error condition
has been cleared or a response/command timeout has occurred. (To
do so would acknowledge as correctly received all I frames up to
and including 11 (R)— i, where 11(9) is the sequence number in the
second SREJ or REJ.)

I frames that may have been- transmi tted following the I frame
indicated by t h e  SREJ command/ response  are not r e t ransmi t t ed  as
the result of receiving an SREJ. Additiona l I frames pending _ _ 4 ~ -initial transmission may be transmitted following the
retransmission of the specific I f r a m e  requested by the 5883.

An SREJ is one way to report the end Cf a station busy condition.
See Section 8.1.3. -

- -

See Section 8.2 for sequence error recovery protocols.

7.3 Unnumbered Format (U) Commands/Responses

Unnumbered (U) commands and responses are used to extend the
number  of l ink  su çervisory func t ions .  U f rames  do not increment
the Send Variable (S) at the transmitting station or increment
the  Receive Variable  (8) at the receiving station. Five
“modifier” bits are defined which allow up to 32 additional
command func t ions  and 32 addi t iona l response functions.

The encoding of the U command/response control field is: - 

~~~~~~
~~

S
-
S 

~~~~~- - 
-.~ - — 5
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I 
_ _  _ _  

I

Unnumbered Format >1
• I Control Field I

- I I
First Bit I

Transmitted 1 I 4

I,
Cont ro l
Field Bits: 1 2 3 4 5  

: 

______

Unnumbered  Format  I
V 5 “NodifierTM Bits

- Command: Poll
Response: Final

For extended control field forma t see Section 5.2.2.

SEQ Sections 6.1. 6.5.2 and 8.2.1 for description of the P/I bit
operation. -

7. 11 Unnumbered  Fo rma t  Commands

Unnumbered format commands are grouped according to the function
performed:

• 

- 
— Node—setting commands: SNPN , S1?~, 51811, SNRNE, SA R N E ,

S A B M E , SIN, DI SC

— I n f o rm a t i o n  t r ans fe r  comma nds: UI , UP

— R ecovery commands: RSET

— M iscellaneous commands: lID

— Non—reserved commands: 4 encoding s

The following U forma t cc.mand s ace defined; other commands may ~~~~~~ 
-

be defined in the future if required. All bit •ncodings not

______________ _________ _________ 

— ~:
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defin ed are reserved for fu tu re  s tandard  assignment.

First Bit Tram suit ted

Control Field Bits

1 1 0 0 p 0 0 1 SUN Command
1 1 1 1 p 0 0 0 SA R N  Command
1 1 1 1 P 1 0 0 SABN Command
1 1 1 1 p 0 1 1 SNRN! Com mand
1 1 1 1 p 0 1 0 SARME Command

1 1 1 p 1 1 0 S&B N8 Co mma n d
1 1 1 0 p 0 0 0 SIN Comman d
1 1 0 0 P 0 1 0 DISC Command

-, 1 1 0 0 P 0 0 0 Dl Comma n d
-ç i 1 0 0 P 1 0 0 DP Coamand

1 1 1 1 P 0 0 1 RSET Command - —

1 1 1 1 P 1 0 1 llO Com ma n d
1 1 0 1 P 0 0 0 Non—Reserved Command
1 1 0 1 P 0 0 1 Non—Reserved Command
1 1 0 1 P 0 1 0 Non—Reserved Command
1 1 0 1 P 0 1 1 Non—Reser Ved c omm and

For extended control field forma t see Section 5.2.2.

See Sections 6.1 , 6e5.2 and 8.2.1 f c r  description of the P bit
operation.

7.4.1 Node—Setting Commands

Node—setting com mands are transmitted by the Primary/Combined
station to reset or change the mode of the addressed
Secondary/Combine d station. Once established a mode remains in - - - 

-

effect at a Secondary station until the next mode—setting command
is accepted , and at a Combined station until the neat

• mode—setting command is either accepted , or transmitted and
acknowledged.

The SIRM , SARM , SABM , S U RE , S AB R E , SABR E , SIR , and DISC comm an ds
require the Secondary/Combined station tc acknowledge acceptance S~~

by responding with a single Unnumbered Acknowled gement (UA) frame -~~‘.~~~~

~t. the first respond opportunity. The tcansmis~ ion of a VA
response following the receipt of one of these commands takes
precedence over any other responses which m ay be pending at the
Secondary/Combined station. If more tha n one of these U commands
is received by a Secondary/Comb ined static-n prior to a respond
opportunity, a single transmitted (IA response refers to the first
such command received; i.e., any  additiona l I, S or U comman ds
.sbsequentty received are monitored only to detect t h e  next ~~~~~~~~ ~~~~

- 34- -
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respond opport uni ty.

In the case of TV A operat ion , fo l l ow ing  the receipt of one of
these U commands, a Se ccndary/ Conbined  station is restricted to
transmitting a single UA response frame. In the case of TWS
o p e r a t i o n  a Secondary/ Combined s t a t ion  which is t r a n s m i t ting

S concurrent to the receipt of one of these U commands will
initiate transmission of a single UA response frame at the first
respond opportunity. The Secondary/Combined station may continue
t ransmiss ion  following return of the UI response as appropriate
to its respond opportunity. - 

-

In the case of the operationa l mode—setting command (SARN , SUN,
SA BN , S A R M E , SUN! , SABME) t h e  respond oppo r tun i t y  at the
Secondary station is detern ined by the command received (i.e.,

• the mode to which the  Secondary/ Combined station is directed
dictates when the response is transmitted):

1. Up on receipt of a SUM or SURE comm and with the P bit
set to “ 1w , the Secondary  sta tion responds with a
single Uk frame with the P bit set to “1” ; if the SNR N
or SNRNE P bit is set to “0”, the Secondary station
waits until a command frame with the P bit set to “1” -

is received and then responds with a single UA frame
with the F bit set to “1”, or until a UP command (with
the P bit set to “09 is received and then responds
with a single UI frame with the F bit set to “0”.

2. Upon receipt of a S A R N  cr SABRE command , with or
without the P bit set to “1”, the Secondary station
will transmit a single Uk frame:

a. u pon detection of an Idle Link State in TWA
operation , or

b. at the earliest respond opportunity in TWS - -

- operation.

The VA frame will have the F bit set to “1” if the
command has the P bit set to “1”.

3. Upon receipt of a SASM cr SABRE command , with or
without the P bit set to “1”, the Combined station will
transmi t a single Uk f r a me:

- ~
‘S

~~
-
~ 

-

a. upon detection of an Idle Link state ~n TWAoperation , or

b. at the earliest respond opportunity in TWS
operation. S 

- 

- - -
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The U I -  f rame will have  the F bi t  set to “1” if the
com mand has th~ P bit  set to “ 1” .

In th ~ case of the non—Operat iona l mode—set t ing  commands (SIN or
DISC) t h e  Sec ondary/ Combined s t a t ion  will respond with  a single
UA f r ame at its system—defined resperd opportunity; i.e.. a given
Seconda ry/ Combined s ta t ion is system defined to a lways  use the S

norma l respond opportunity or the asynchronous respond
- - opportunity for the (IA response. -

If the Secondary/Combined station can not accept a mode— sett ing
com m an d , it wi l l ,  a t  i ts f i r s t  respond o p p o r t u n i t y ,  t r ansmi t  one

I - of the responses, DM , FRMR , RD or B I N , as appropriate , indicat ing
non-acceptance of the command. -

NOTE: The protocol def ined here requires tha t  the
Primary/Combined station restrict the transmission of U commands
which requ ire UI responses so that only one such command is
outstanding (not acknowledged) to any given Secondary/Combined
station at any given time. This eliminates the requirement for
the Secondary/Combined station to queue responses and p reve n ts
any ambiguity relative to the meaning of the UI response.

7.4.1.1 Set No rma l Response Rode (SUN) Cc •mand

The SUN command is used to place the addressed Secondary station
in NRM where all control fields are one octet in length. No
information field is permitted with the SNRN command.

Upon acceptance of th is  command the Secondary station Send and
Receive Varia L~les are set to zerc. The Secondary station
confirms acceptance of SUN by transmission of a UI in the
unextended ccntrol field format.

Previously transmitted I f r a m e s  tha t are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SUN ~~~

-
. -

is one way to report the end of a P r i m a r y  s tat ion busy condition.
See Section 8.1.3. 

- 

- 
-

7.4.1.2 Set Asynchronous Response Node (SARN) Command

• The SAR M command is used to place the addressed Secondary station
in ARM where all control fields are one octet in length. No -

‘-

information field is permitted with the SARM command. ~~

Upo n acceptance of this command the Secondary station Send and
Receive laria bles are set to zerc. The Secondary station .-~~~~

. 
- -

confirms acceptance of SARM by the transmission of a VA response
im the unextended control field format.

Previously transmitted I frames that are unacknowledged when this - 
-

— 3 6 —
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command is actioned remain unacknowledged . Transmission of SARN
• is one way to report the end of a P r i m a r y  station busy condition. -

See Section 8.1.3.

7.4.1.3 Set Asynchronous Balanced Rode (SIBM) Command

The SABM command is used to place the addressed Combined station
in A Wl where  all control fields ate one octet in length. No
information field is permit ted with the SABM command.

Upo n acceptance of this  comm an d  the Combined station Send and
- , Receive Var iab les  are set to zero. The Combined station conf i rms

acceptance of 51811 by the t ransmiss icn  of a V A response in the -

unextended contro l field format.

P rev ious ly  t r an smi t t ed  I tra mes tha t  are unacknowledged when this
c o m m a n d  is act ioned remain unacknowledged.  Transmission of SABS
is one way to report the end of a Combined station busy
condition. See Section 8.1.3.

7.lL1.~ Set Norma l Response Node Extended  (SURF) Command

Th~ SNRMF command is used to place the addressed Secondary
station in R P M where a l l  control f ield s will be two octets in
leng th  as def i ned in Sect ion 5.2.2. N c in fo rua t ion  f i e ld  is
permi t ted  with the SNRNE command. -

Upon acceptance of this command the Secondary station Send and
Receive Variables are set to zetc. The Secondary station
c o n f i r m s  acceptance of SURE by transmission of a VA response in
the ex tended  control  f ie ld  f o r m a t .

Previously transmitted I fra mes tha t  are unacknowledged when this
command  is ectioned remain unacknowledged.  Transmission of SA BR E
is one way to report the end of a Primary busy condition. See
Section 8.1.3.

7.4.1.5 Set Asynchronous Response Node Extended (S IRN E) Command

The SAWN! command is used to place the addressed Secondary
station in ARM where all control field s will be two octets in
length as defined in Section 5.2.2. Nc information field is
permi t ted  w i t h  the SAR M E com.and.

Upon acceptance of this command the Secondary station Send and
Receive Var iables  are set to zetc. The Secondary station
conf i rms  acceptance of SA RNE by transmission of a UI response in
the extended control field forma t. ~~~~~~~ ‘~~~

‘-
.

- -

-.

Previously transmitted I frames tha t ate unacknowledged when this
command is artioned remain un:ck:o:led-g.d. Transmission of SABRE

_ _ _

_-
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is one way to report the end of a Prima ry busy condition. See
Section 8.1.3.

• 7.4.1.6 Set Asynchronous Balanced Node Extended (SABRE) Command

The SAR M ! comm and is used to place the addressed Combined s ta t ion
in 101 where all control fields will be two octets in length as
defined in Section 5.2.2. No information field is permitted with
the S I B M E  command.

Up on acceptance of th is  command the Combined station Send and
Receive Va riab les are set to zero. The Combined station confirms
accep tance  of ~ ABI1 ! by t ransmission of a VA response in the
extended control field forma t.

Prev ious ly  t r ansmi t t ed  I frames that are unacknowledged when this
command  is actioned remain unacknowledged. Transmission of SABRE
is on e wa y to report the end of a Ccmbined station busy
condition. See Section 8.1.3. -

7.14.1.7 Set Initialization Mode (SIN) Command

The 511 command is used to cause the addressed Secondary/Combined
station to initiate a station-specified procedure (s) to
initialize its link level control furctions (e.g., accept a new 4

pro qr am or up date  operat iona l para meters)  - No information field
is permi t ted  w i t h  the SIN comma nd .

The Second ary/Combined station ccnfir.s acceptance of SIN by
transmission of a VA response. The respond opportunity and the
control field forma t of the VA respcnse are system defined.

Previously transmitted I fra mes tha t are unacknowledged when this
command is actioned remain unacknowledged. - 

-

7.4.1.8 Disconnect (DISC) Command

The DISC command is used to perfor m a logical disconnect ; i.e.,
in f o r m  the addressed Secondary/ Combined station that  the
t r a n s m i t t i n g  Pri mary/Co .bined s ta t icn  is suspending operation
with that Secondary/Co.bined station. In switched networks , t h is
logical disconnect function at the data link level may serve to
initiate a physical disconnect operation at the physical
in te r face  level; i.e. , to go “ on—hock ” . No informa tion f ie ld is
permi t t ed  w i t h  the DISC command.

The Secondary/Combined station confirms acceptance of DISC by the
transmission of a VA response. The resçond opportunity and the - :

control field f o r m at  of the IA response is system defined. A
Secondary/Combined station in ADPI Cr NON will transmit a DR
response upon receiving a DISC command. The respond opportunity

— 38 —
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and control field format after receipt of DISC is system defined
for any  given Secondary  s ta t ion.  The respond oppor tuni t ies  are
defined in Section 6.2.

Pre v iously t r a n s m i t t e d  I frames tha t are unacknowledged when this
command is actioned remain u nacknowledged.

7.4.2 Unnumbered Information Transfer Commands

Unnumbered information transfer ccmmand ~ are used to exchange
frames containing information. •

7.4.2.1 Unnumbered Information (UI) Ccmaand

The Ut command is used to tra nsfet  an information field to a -

Secondary/Combined station or group Cf Secondary stations wi thout
impacting the Send and Receive Variables. The information field
is optional ly present with the UI c cmnand .  Recept ion of the 01
frame  is not sequence number  verif ied; therefore, the frame may
be lost if a l i nk  exception occurs du r ing  t ransmiss ion of the UI ,
or duplicated if an exception occurs d u r i n g  a n y  reply to the UI.
Examples of Ut frame information are higher level status,
operation interruption , tempora l da ta (e.g., tine—of—day ), or
lin k initialization parameters.

See Appendix 8, 7.4.2.1 for a d d i t i o n a l e x p l a n a t o r y  in format ion .

7.4.2.2 Unnumbered Poll (UP) Command

The UP command is used to solicit response frames from a single
Secondary/Combined station (Individua l Poll) or from a group of
Secondary stations (Group Poll) , by establishing a logical
operational condition that exists at each addressed Station for
one respond oppor tun i ty .  (In the case of a Group Poll , the
mechanism employed to control (schedule) the response
t ransmissions (to avoid s imultaneous t ransmissions)  is considered - - -~ 

S

to exist and is not defined in this standard.) Secondary — -

stations receiving UP with a grou p add ress will respond in the
sam e manne r  as when addressed using an individual address. The
response frame(s) will contain the sending Secondary/Combined
station individual address, plus N(S) and N (R) numbers as
required by the particular responses. (The continuity at each
Secondarv/Coibined station N(S) will be maintained.) The UP
coemand does not acknowled ge receipt Cf any response frames that
may have been previously transmitted by the Secondary/Combined
station. No informa tion field i.s permitted uith the UP command.

A Secondary/Combined station which receives a UP with the P bit
set to “1” viii respond (at its respond opportunity and - - -
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consistent with its mode of operaticu) with a frame which has th e
P b i t  set to “1”.

A Secon larv / Comb ined  station which receives a UP with t he P bit
set to “0” may or m ay not respond ; responses will have  t h e  F bit
set to “0” in all  response f rames .  A Secondary/ Combined s tat ion
wi l l  respond to a received UP which has the P bit set to “0” when
1) it has an I/UI f r a m e( s )  to send , 2) it has  accepted but  not
ackno w led ged an I fr a me( s ) , 3) it has experienced an exception
condition or change of status tha t has not been reported , 4) it
has a status to be reported (e.g., UN , FRRR , or optionally an
a p p r onr i a t e  f r a m e  to  report  a no t r a f f i c  condi t ion) .

7.4 .3 U n n u m b e r e d  Recove ry  Commands

7.11.3.1 Reset (RSET) Connand

The PS!? command is transmitted by a Combined station to reset
the Receive State Variable (R) and appl icable ?RNR cooditions in
the addressed C ombined  s ta t ion.  No information field is
permitted with the PS!? command .

Upon acceptance of th i s  comma nd the s ta t ion Receive State
V a r i a b l e  C R )  is set to zero. The Combined station confirms
acceptance of RS E T by t r a n su i s s i c h  of the VA response while
r e m a i n i n g  in the  pr ev ious ly  es tabl i shed  operat ional  mode. If the
PA is received correctly, the initiating Combined station resets
its Send S ta te  V a r i a b l e  (5). Pre -wicusly transmitted I frames
that  are unacknowledged  when th is  com m and is actioned remain
unacknowledged.

The PS!? com mand will clear all fra me rejection conditions except
for an invalid N(8) condition in the addressed Combined station.
The RSET command may be sent by a Cc;btned station which detects
an inva l id  N ( R )  instea d of report ing such a frame re jection
condi t ion  via a F R M R  response. -

7, l$~~~4 M iscellaneous Commands

7.4.4 .1 Exchange I den t i f i c a t i on  (I tO )  Command

The lID command is used to cause the addressed Secondary/Combined
station to report its station identification , and optionally to - 

-

provide the station identificaticn of the transmitting
Primary/Combined station to the addressed Secondary/Combined - . 

-

station. An information field is optional with the ItO command;
if present the information field will be the station ID of the - - • 

-

Pr imary/ Combined station. The Pri .a ty/Conb ined station ma y use
the glcbal address if the unique address of the
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Secondary/Combined station is not known. A secondary/Combined
stat ion in any mode receiving an I T O  command wi l l  t r ansmi t  an lID
response unless 1) a UA response is rending, 2) a FRNR condition

• exists, 3) a fill condition exists, or 4) the lID comm and cannot
be actioned in a disconnected mode.

7.4.5 Non—Reserved Commands

• Four non— reserved commands are specified to p e r m i t  the
i.ple.ente r to d e f i n e  specia l syste m—dependent  funct ions  that do
not have general appl icabi l i ty .  Such special system—dependent
func t ions are beyond the scope of this standard.

7.5 Unnumbered Format  Responses

Unnumbered format responses are grouped according to the function
performed:

— Responses to mode—setting and status requests:
• UA,DM ,RI~• 

- — In fo rmat ion  t r ans fe r  responses: UI
— Recovery responses: FPMR
— Miscellaneous responses: lID , PD
— Non— reserved responses: 14 encodings

First Bi t Transmitted

Control Field Bits
1 2 3 4 5 6 7 &

1 1 0 0 F 1 1 0 PA Response
1 1 1 1 F 0 0 0 DM Response
1 1 1 0 F 0 0 0 R iN Re sponse
1 1 0 0 F 0 0 0 UI R esponse
1 1 1 0 F 0 0 1 FRNR Response
1 1 1 1 P 1 0 1 lID Response
1 1 0 0 P 0 1 0 RD Response
1 1 0 1 F 0 0 0 Non-Reserved Response
1 1 0 1 F 0 0 1 Non—Reserved Response
1 1 0 1 F 0 1 0 Non—Reserved Response

- 
1 1 0 1 F 0 1 1 Non—Reserved Response

For extended control field forma t see Section 5.2.2. - 
S

See Sect ions 6.1, 6.5.2 and 8.2. 1 f cr  description of the F bit
operation.

— 4 1 —

I

_
S 

___________

~ 

______________ _____________ _______ ________ _____ 

~~~ S _ _  
-



-1

• S 
.

— •~~~ .- -—  —5 - - - - -.-
- - 

- 

BSR 13.66
x3s3 ’s—5e 9

- •  - S DRAFT 6 REVISION 2
11 August 1977

7.5.1 Responses -to Mode—Setting and Status Requests

The UI , DN and RIM responses are used by the Secondary/Combined
station to request transmission cf, or to respond to, the

• m ode— se t t ing  ce a m a n d s  of the Primary/Combined station; ON and  RI M
are additionally used to indicate Seccndary/Combined station

• : status. — S

7.5.1.1 U n n u m b e r e d Acknovied gement  (U I )  Resp onse

The PA response is used to acknowledge the receipt and acceptance
of the SNRM , SARM , SABM , SN R M E , SARM !, SABME , SIN , DISC , a nd RSET
Unnumbered commands defined in Secticns 7.4.1 and 7.11.3. The VA
respo nse is t r a n s m i t t e d  in the basic or the extended control
field format as directed by the received Unnumbered command. No
information field is permi t ted  wi th  the UI  response.

A PA response is one way to report  the end of a station busy
condi tion. See Section 8.1.3.

7.5.1.2 Disconnected Mode (DN) Respcnse

The UM response is used to repor t  tha t the Secondary/ Combined
station is in the logically disccnnected state;. i.e., the
Secondary/Combined station is, per system definition, in ND! or
ACM . See Sect ion 6.3.

The DM response is sent by a Secondary/Combined station in ND! or
1DM to request the remote Primary/Combined station to issue a
mode—set t i ng command , or , if se n t in response to the reception of
a mode—set t ing  c c m n a n d , to inform the inform the addressed
Primary/Combined station tha t the transmitting Secondary/Combined
station is still in NDM/ADM and cannot action the mode—setting
command. On a switched network where the call is initiated by a
Secondary/Combined station ON is sent to request a mode—setting
command. On a non—switched line a Secondary/Combined station in
AD~ may send the DN response at any respcnd opportunity. No -

~~~~ 
-

information field is permitted with the DM response. — 

-

• A Secondary/Combined station in NDN or AD ! will monitor received
commands (other than those tha t reset the disconnected mode) only
to detect a respcn d opportunity in order to (re)transmit DH (or
RIM if initialization is required) ; i.e., no I/UI transmissions
are exchanged until the disconnected mode is reset by the
acceptance of StIR!, SARN , S A 8M , SNBME , SARME , SABME , bR SIN.

• : See Appe n3lx C, Example 5.5.
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7.5.1.3 Request Initialization Mode (RI!) Response

The PT! response is used to request the SIN command.  A
Secondary/ Combined  s t a t ion  which  has  es tabl ished a R I M  cond i t ion
viii monitor any subsequently received commands (other than SIN
or DISC) only to detect a respcnd cpportun ity to (re)transmit
RIM ; i.e., no command  t r ansmis s ions  are  accepted un t i l  the RIM
condition is reset by the receipt ~f SIN or DISC. Mo information
f i e ld  is permi t ted w i t h  the RIM response.

7.3.2 Unnumbered Information Transfer Responses

Unnumbered information transfer respcnses are used to exchange
frames comtaining informa tion.

7.5.2.1 Unnumbere d Information (UI) Response

The f t  respon se is used to t r a n s f e r  an  i n f o r m a t i o n  f ield  to a
P r i m a r y/ C o m b i n e d  s t a t i on  w i t h o u t  impacting the Send and Receive
Variables. The information field is optionally present with the
DI response. Recep t ion  of the U I f r a m e  is not sequence—number
verified; therefore , the frame may be lost if a link exception —

condition occurs during transmission of the UI, or duplicated if
an exceotion occurs during any reply to the UI. Examples of DI
frame information are higher level status, operation
interruption , temporal data, and link initialization parameters.

7.3.3 Unnumbered R ecovery Responses

U nnumbered  recovery response s are used to facilitate the
link— level exception condition recovery protocol. 

S

7.5.3.1 Frame Relect (F RM R)  Response

The ? R MR response is used to report  an error condition not
recov~rable by retransmission of the identical frame; i.e., one

S of the following conditions resulted from the receipt of an
error—free tram ’ from the Prima ry/Combined station:

1. the receipt of a control field that is invalid or not -
~~ 

-

implemented.

2. the receipt of an I/UI f r a m e  v i th  an information field
which exceeded the maximu m established length.

3. the receipt of an invalid N (R) numbe r f r o m  the remote
Primary/Combined station.
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• An invalid N (R) is defined as a number which
points to an I frame which has pre viously been
transmitted ~~~~~ ackncvladged , or to an I frame

p which has not been transmitted ~~~ is not the nextsequentia l I frame pending ttansmission. •

A Secondary/Combined station in a disconnected mode (N O N or ADN)
will not establish a Frame Reject ewception condition.

fl~~ic 1ni9rmati~n U~14
A basic informaticn field, which immediately follows the basic
control field, is Eeturned with this respon se to provide the

j ‘~~~-rea-seft--.fDr the Frame Reject response. The format for the basic
information field is:

• I I
I I
)(..—-. —————--—.Rastc l nfo r .a ti on  ?t ~~1d —  ) I
~~~~~~~~~~~~ 1~~t I
IT ?rlth~ .tt t~i I
I I
$ 1  2 3 I 5 6 7 S ~ 10 11 12 13 II 15 16 17 15 19 201

_____ _____ —_____________

R~sIc Co,itrol ~L i 1~ I 0 I I(s) I C(S) I I(S) I V I I II
—

• where:

R~ j ected Contrgl ?ield is the ccntrol field of the received
frame which caused the frame reject exception condition.

!1~1. is the current Send Variable (S) at the station
transmitting the FRMR response.

ç~~ is set to ~1” if the frame which caused the IRRR was a
response frame, or is set to WO~ if the frame that caused
the FRNR was a command frame.

111). is the current Receive Variable (N) at the station
transmitting the FRNR response.

! S€~. to “1” indica tes the control field received and
returned in bits I through 8 was invalid or not implemented.

~ 
set to “1” indicates the ccntrol field received and

returned in bits 1 through R was considered invalid because

‘ H i  
_ _ _  _ _
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the frame contained an information field which is not
permitted wi th this frame. Bit V aust be set to “1” in
conjunction with this bit.

.~~ 
set to “1” indica tes the information field received

exceeded the maximum established capacity of the
Secondary/Combined station.

~ if set to N1~ indica tes the control field received and 4
returned in bits 1 through 8 contained an invalid N(R)
num ber.

If required , the information field associated with the ?FMR may
be padded with zero bits so as to end on any conven ient, mutually
agr eed upon character , byte, word or machine—dependent boundary.

VRM R may have bits V ,X,Y, and Z all set to zero; however the
cause for frame reject shall be as defined in 1, 2 and 3 above.

See also Section 8.4, Frame Re ject Exception Condition.

!!~! ! .~~~ i~~9l !L~~2.fl L&8li
The format for the extended information field, which. ia.ediately
follows the extended control field (see Section 5.2.2), returne d
wit h the FR~ R response is:

C—-—-——— .— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Inf( ,ru l4t t on——
?i .ld Rits

Ftr ~ I ~t t

I

I 16 17 1* 26 25 26 , 32 33 36 
— — — — —  —— —

~ f tcj .c tv~4 P z t .~nii~ 1 ~ 0 I .  6(S~ IC/IS 6(P)
~~~~ Comtrn1 r i c L d  

— 
$ i

4 7.5.4 miscellaneous Responses

7.5.4.1 Exchange Identification (XID) Reslonee

The lID response is used to reçly to an lID command. An
4 information field containing the identification of the

trans.itting Secondary/Combined station is optionally present
with the lID response. ~ Secondary/Combined station receiving anlID com man d wi ll action the KID in any  mode unless 1) a set mode
response (UA) is pending, 2) a FRMR condition exist,, 3) a RIB
condition exists, or 4) the KID can not be actioned in a

_~~~ —~~ ,::~
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disconnected mode .

• On switched networks when the Seccndary/Coabined station is
constrained to send first, it may use the KID response, w h ich may
contain an optional information field, to request an KID

* exchange. See Section 10.0, Switched Network Conventions. 
•

7.5.4.2 Request Disconnect (RD) Respcrse

The RD respon se is used to indicate to the remote
Primary/Combined station that the tra tsuitting Secondary/Combined
station wishes to be placed in a logically disconnected mode (ND~or ADM) by receiving a DISC command, RD may be sent
asynchronously if the Secondary/Combined station is in IRB/ABN ,
or if in NR~ as a response to a command with the P bit set to “1”or a UP with the P bit set to “0”. See Section 7.4.2.2. A
Secondary/Combined station which has sent an RD response and
receives any non—DISC frame(s) ‘ust accept the command frame (s)
if it is able to do so. If the Seccndary/Coabined station
accepts the non—DISC command frame(s), it follows the normal
A DCCP elements of procedures to respond to the Primary/Combined
station commands. Secondary/Combined station acceptance of
non-DISC frames after having issued an RD response cancels the RD
response. If the Secondary/Combined station still wants to be
placed in disconn ected mode (ND~ or AtM) , it must re—issue the RDresponse. A Secondary/Combined station which cannot accept
non-DISC command frames due to internal problems may respond with
RD again. No informa tion field is permitted with the RD
response.

7.5.5 Non—Reseryed Responses

Four non— reserved responses are specified to permit the
implementer to define special system—dependent functions that do
not have general applicability. Such special system—dependent
functions are beyond the scope of this standard.

— 4 6 —
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8.0 EXC EPTION CONDITION REPORTING AND RECOVER Y

This section specifies the procedures to be observed to effect
r ecover y f o l l owing  the detection/cccurrence of an exception
condi t ion at  the  l ink  level. E xception condi t ion s described are
those situations that may occur as the result of transmission
errors, station ma l func t ion  or operational situations.

8.1 Busy Conditio n

A busy cond Lt ion occurs when a s ta t ion  tumporar i ly  cannot receive
r or cont inue to receive I or UI fra.es due to internal

constraints; e.g., receive buffering limitations. The busy
condition is reported by transaissict of an RNR frame with the
I (8) number of the next I frame that is expected. Traffic
pending transmission at the busy station may be transmitted prior
to or followi ng the RNR.  The con t inued  existence of a busy
condition must be reported by retransmission of RWR at each P/F
fra.e exchange. See Section 8.1.3, clearing Busy Condition.

8.1.1 Secondary/Combined Station Receipt Cf RNR Comman d

A Secondary s tation t r ansmi t t i ng  ‘115 in I R M will upon receipt of
an RNR command cease transmission at the earliest possible tu e.
The frame in process may be comp leted or aborted ; however ,
transmission •ust be terminated with the F bit to set to “1” (see
Example 5.2.1, Appendix C) • The Secondary station may resume
t ransmission of I f rames  a t  the  next  poll command (an R B , REJ ,
SRF.J, or T command f r a m e  wi th  the P bit set to •1”) .

A Secondary/Co~ b inó d station tra ns mi t ti ng TVS in £88/ARN will ,
upo n receipt of an RNR , cease tr ans.i t t i nq I or UI frames at the
earliest possible t ime by completing or abortin g the frame in
process. If the R N R  ccmmand f rame had the P bit set to “ 1” the
Secondary/Combined station must  t ransmi t a f rame wi th  the  F bit
set to “1” . See Examples  5.4. 1 and 5. 4. 3 in Appendix C. The
Secondary/Combined station must per form a time—out before
resuming  asynchronous trsns.ission.

8.1.2 Primary/ Combined S tation Receipt of RN R Response

Pr i .ary/Coabined station receipt of an RIB response indicates
tha t the t r a n s m i t t i n g  Secondary/Combined station has a bssy
condition.

8.1.3 Clearing Busy Conditio n

The busy condition i~ cleared at the station which t ransmit ted
the RU when the in ternal  Constra int  ceases.

— 47 —
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• Clearance of the busy condition is reported to the remote station
by transmission of an RB, REJ , SREJ , SARN ,, SARME , SNR1~, SNBNE ,SARM , SABM E, or UA frame (with or without the P/F bit set to.’
“1”). A busy conditio n is also cleared whe n a Primary station

• transmits an I frame with the P bit set to ‘1” , or when a
Secondary/Combine d station transmits an I frame with the 7 bit
set to “1”.

• 8.2 N(S) Sequence Error

An N(S) sequence exception is established in the receiving
station when an I frame received error free (no FCS error)
contains an N (S) sequence numbec that is not equal to the Receive
Variable (8) at the receiving staticn. The receiving station
does not acknowledge (increment its Receive Variabl e (B)) the
frame causing the sequence error, cr any I frames which may

until an I frame with the ccrrect N(S) number is
received. Unless SREJ is to be used to recover from a given
s~ ’uence error, the information field of all I frames received
whose 8 (5) does not equa l the Receive Variable (8) will be
discarded. See Section 8.2.3 for SREJ recovery.

A station which receives one or ucre I frames having sequence
errors, but otherwise error free, will accept the control
information contained in the 8(R) field and the - P/F bit to
perform link contro l functions; e . g . ,  to receive acknowledgement
of previously transmitted I frames (vja the 8(R)), to cause a
Secondary/Combined station to respond (P b i t  set to “1”) , and in
888 to detec t that the Secondary station will terminate
t ransmiss ion (P b i t  set to “1”). The retransaitted frame may ¶

• 
- çontatn an 8(8) and/or P/F bit inf criation that are updated and ,

~~~~~~~~~~~~~~~~ therefore, different from tha t contained in the originally
transmitted I frames.

Following the occurrence of a sequence error the following means
are available fo r  in i t ia t ing  the ~~~~~~~~~~~~~ of lost or
errored I frames.

8.2.1 P/P Bit Recovery

Vhen a station receives a frame with the P/F bit set to “ 1w , it
initiates retransmi ssion of all unacknowled ged I f r am es  if there

• are any unacknovledged I f r ames  w i t h  seque nce numbers  less than
tb~ Send Variable (S) at the time the last P/F frame was
transmitted. Retransmission starts with the lovest numbered
unacknowledged I frame. I frames are retransmitted sequentially.
New frames may be transmitted if they become available. Such
retransmission of I frames is known as c~~eckpoiot retransmission.

Checkpoint r.transmissicn is not initiated under the following
- conditio ns:

- 4 8 -
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1. If a REJ with the P/F bit equal to “0” has been received
and actioned , checkpoint retransmission is inhibited on the
next P/F frame received.

2. If a SR!J with the P/F bit equal to “0” has been received
and actioned, retransmission is inhibited on the next frame
w i th  the  P/F bit equal to “1” when this f rame is a SBEJ and
contains the sane 8(8) as the first SREJ.

3. If a Unnunbered format frame wi th tho P/F bit equal to
“1” is received, P/F bit recovery is inhibited.

4. If, after sending a fra me with the P/F bit set to “1”, a
station receives an acknowledgement to that frame before the
next checkpoint occurs.

5. If an SREJ with the P/F bit equal to 1” is received,
SR EJ retransmission takes precedence over checkpoint
retransmission.

8.2.2 REJ Re cover y

The REJ command/response is primarily used to initiate an earlier
exception recovery (retransmission) following the detection of a
sequence error tha n is possible by P/F bit recovery; e.g., in
two—way simultaneous information ttansf~er if ELI is immediately
transmitted upon detection of a sequence error there is no
requ irement to wait for a frame with F/F bit set to “1”.

Only on e “sent REJ” exception condition, fro. a given station to
another given statlon , is established at a time. A “sent REJ”
exception is cleared when the requested I frame is received, when
a tine-out function expires, or whe n a P/F checkpoint cycle that
was initiated concurrent with or following the transmission of
R!J is completed. when the station perceives by ti..—out or by
the checkpoint ing m echanism tha t the re quested I frame will not
be received, because either the requested I f rame or the RU was
in error/lost, the REJ nay be repeated.

A s ta t ion receiving RE J initiates seque n tial ( re) tranamission of
I frames starting with the I fra.e indicated by th. 1(8)
contained in the RU frame.

If (1) retransmi ssion beginning with a particular frame occurs
due to checkpointing (Sections 6.5.2 and 8.2.1), and (2) a RU is ~~~~~~ 

-

received wh ich would also start retransmission with the same • -~~

particular frame (as identified by the 8(8) in the REJ), the
retra nsmission resulting from the REIl shall be inhibited.
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8.2.3 SREJ Recovery 
. j

The SREJ command/response is primarily used to initiate more
efficient error recovery by requesting the retransmission of a
single I frame following the detectior of a sequence error rather
than the retransmission of the I frame requested plus all
additional I frames which may have been subsequently transmitted.

Note: To improve transmission efficienc y it is recosmended that
the SRRJ command/response be transmitted as the result of the
detection of a sequence error where only a single I frame is
m issing (as determined by receipt of the out—of—sequence N (S)).

when an I frame sequence error is detected, the SBEJ is
transmitted at the earliest possible tine. When a station sends
a n SREJ w i t h  the P/F bit equal  tc “0” and the “sent SREJ”
conditior is not cleared vben the station is ready to issue the
next fr a v ~e with the P/F bit equa l tc “1”, the station sends an
SREJ with the P/F bit equal to “1” with the same 8(8) as the
original SREJ.

Since a frame sent with P/F equal “1” has the potential of
causing checkpoint retransmission, a station will not send an
SREJ with the same N (8) (sane value and same numbering cycle) as
tha t of the previously sent frame with the P/F bit equal to 1.

Only one “sent SREJ” exception condition from a given station to
another given station is established at a time. A “sent SPU”
exception condition is cleared when the requested I frame is• received , when time-out function expires, or when a P/F
checkpoint cycle that was initiated concurrent with or following
the transmission of SREJ is ccvple ted. When the station
perceives by timeout or by the checkpoi oting mechanism that the
requested I frame will not be received, because either the
requested I frame or the SREJ was in errcr/lost, the SREJ may be
repeated.

When a station receives and actions an SREJ with the P/F bit
equal to “0”, it wil l disable actioning of the next SREJ if ~~eSREJ has the P/F bit equal to “1” and has the same 8(8) (i ..,
has the same value and same numbering cycle) as the origiual
SREJ.

8.2.4 Ti.e—out Recovery

In the event a receiving station, due to a transmission error,
does not receive (or receives and discards) a single I frame or
the last I frame(s) in a sequence of I frames, it will not detect
an out—of—sequence exception and , therefore, will not transmit
SPU/R EJ. The stat ion wh ich t ransu i t ted  th. unacknowledged I
frame (s) shall , fol lowing the comp le t icn  of a system—specified
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time—out period, t ake  appropr ia te  recovery action to de termine
the seq u ence number at which retransuissica must begin.

NOi’E: It is recommended that a station which has timed out
wai t ing  for a response not retra nsmit all unacknowledged frames
immediately. A Secondary station in 188 should , in this time—out
case, either retransmit its last single frame or transmit new
frames if they are available. & Pri mary/Combined station nay
enquire status with a supervisory frame.

To account for possible retrans.issicn s after time—out , a
receiving station should not set a SREJ condition when it
receives an I frame with an N(S) one less than its Receive
Variable (8).

If a station does retransmit all uuackncwledged I frames after a
time—out, it must be prepared to receive a following RU frame
with an N (R) greater than its Send Variable (S) .

8.3 ?CS Error

Any f r a m e  w i t h  an PCS error is not accepted by the receiving
station and is discarded. At the Secondary/Combined station no
action is taken as the result of that frame.

8.4 Frame Reject Exception Condition

A frame reject exception condition is established upon the
receipt of an error-free frame which contains an invalid or
unimplemented control field, an invalid 8(R) or an information
f ield which exceeded the ma ximum established storage capability.

If a frame reject exception condition occurs in a Primary
station , or is reported to the Primary station by a PR~ R
response, recovery action will be taken by the Primary station.
This recovery action includes the transmission of an implemented
set mode comma nd. Higher level functions may also be included in
the recovery.

At the Secondary station this exception condition is reported by
transmitting a 7889 response to the Primary station for
appropriate action. Once a Secondary station has established a ••
7988 exception any additiona l comma nds (other than those that 

- 
- •-- ~~~~~ -

reset the FRNR exception cond ition) subsequently received are •

etam ined only with regard to the s tate  of the 8 (8) and the P bit ;
i.e. , only to upd ate  the acknowledge ment of I frames previously
transmitted and to detect a respond oppottunity to retransmit
7988. No additional transmissions are accepted or actioned until ~~~•

the conditio n is reset by the receipt of an implemented set mode
command.
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If a f rame reject exception cond i t i cn  occurs in a Conbined
station , the st a t ion  wi l l  e i ther:

1. take r ecovery action w i t h o u t  r eçor ting the condition to
the remote Combined station , cr

2. report the condition to the remote Combined station with
a 79118 response. The remote station will then be
expected to take recovery acticn; if, after waiting an
appropriate time, no recovery action appears to have been

• t aken , the Combined station reporting the frame reject
exception condition may take recovery action.

R ecover y action for valanced operatica includes the transmission
of an implemented mode—setting or RSET command , as appro priate.
Higher level functions may also be involved in the recovery.

8.~ Node—Setting Contention

A mode—setting ccntent ion situation exists when a Combined
station issues a mode—setting command and , before receiving an
appropriate response (Uk or DM) ,, receives a mode—setting command
from the remote Combined station. Contention situations shall be
resolved in the tp]lowing manner (see Appendix C, Eza~ ple 8.5):

1. When the send and receive mode—~etting commands are the
same, each Combined station shall send an Uk response at
the earliest respond opportunity. Each Combined station
shall either enter the indica ted mode immediately or
defer entering the indicated mode until receiving an UI
response. In the latter case, if the UI response is not
received, (1) the mode may be entered when the response
timer expires, or (2) the .cde—setting command may be
reissued. 

•

2. Vhen the mode—setting command s are different, each
Combined station shall enter 1DM and issue a DN response
at the earliest respond opportuni ty. In the case of DISC
contention with a d i f f e r e n t  mode—setting command no
further action is required . In the case of contention
between SASM and SABME com.ands, the Combined station
sending SABME shall have priority in attempting link
establishment after the DN responses.
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9.0 lINE—OUT FUNCTIONS I 
-

1

Time-out functions are u~sed to detect that a required or expectedacknowledging action or response has not been received to a
previously transmitted frame. Exp iration of the time—out
function shall initiate appropriate action , e.g., error recovery
or reissuance of the P—bit. The duration of time—out functions
is system dependent and sub ject to bilateral agreement.

The following time—out functions represent the minimum
requirement s, and do not preclude other time—out functions.

9.1 Normal Respond Opportunity

The Primary station transmitting a command with the P bit set to
“1” or UP with P bit set to “0”, anticipates a response and ,
therefore, starts a time—out functicn. The time—out function
shall be stopped upon receipt of the expected response.

9.2 Asynchronous Respond Opportunity

The Primary/Combined station provides a time—out function to
determine that a response fra me with F bit set to~”1” has not
been received to a command frame with the P bit set to “1”. The
t ine-out  function shall be stopped u~~cn receipt of a valid frame
with the F bit set to “1”. -

A Primary/Combined station with no P bit outstanding, and whi ch
has transmitted one or more fra~ es fcr which responses are
anticipated , must start a time—ou t function to detect the no
response condition.

The Secondary/Combined station provides a time—out function to
determine that a conasad frame has not been received
acknowledging an unsolicited response frame (s).

See Sections 6.2.2 and 8.2.4.

— 5 3 —  
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10.0 SWITCHED NETWORK CONVENTIONS 
-

Stations connect~~ to a switched ccmmu nications network may be
capable of operat ion as one s t a t i o n  typ e on ly  (e.g., a Pr imary
stat ton , a Secon d a r y  s ta t ion , or a Combined station) ; or the
station may be configurable as (one at a time) more than one of
t hese types. The capabil ities of the called stat ion must  be
known at the callinq station and the calling station m ust operate
accordingly. If the called statioc is configurable it will:

1. implement the lID command and response, and

2. determine which station type (Primary, Secondary, or
Combined) to invoke by rec cgnition of either the remote
station a-Idress or identification (110).

The calling or called station viii imitate the transmission
interchange first depending on the characteristics of the
transmts~ion network. When initiated by the Secondary station ,
it sends a single unsolicited Supervisory or Unnumbe red response.
When initiated by the Primary/Combined station, it sends any
appropriate command with an appropriate address.

- L-i~~~~~~L _ _ _ _ _ _ _ _ _
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CALLING
\~. S TA T I ON I  I I I

p C A L L E D  ‘N~ ~ PRIMARY I S E C O N D A R Y  I COMBINED I COBFIGURABLE
S T A T I O N  I STATION STATION I STATION I STATION

S E C O N D A R Y  I I I I
STATIO N S N., I~~~~~~NA NA S

C O M B I N E D  STATI ON I NA NA C

CONFIGURABL E

P = Primary Station
S = Secondary Station
C = Combined Station 

-
•

P/S/C = Primary and/or Secondary and/or Combi ned Station 
-

NA Not Applicable

FIGURE 10— 1
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11.0 CLASSES OF P R O C E D U R E S

All classes of procedures use the two frame formats as defined in
Section 3.0 FRAM E STRUCTURE. In additicn, all procedures assume
that the links incl ude Primary and Secondary stations or Combined
stations. Primary stations transmit commands (in frames with or
without information), and Secondary stations receive the command
frames and transmit responses (in frames with or without
information). Combined stations transm it and receive commands
and responses (in frames with or without information) . Tbe
Primary/Combined station is responsible for determining which
commands to send, within the constraints of the standard.

Procedure differences based on overall system consideration
(e.g., network configuration , traffic management , etc.) are
accommodated by defining three nodes Cf operation — Asynchronous,
Normal and Balanced , and by definirg th ree Classes of Procedures
that utilize the capabilities of these modes together with the
exception recovery characteristics specified within the standard.
Opt iona l Fu nctions are defined to provide additional
capabilities. Individ ua l classes iiple ment a prescribed subset
of the commands and responses defined in Section 7.0, COMMANDS
A ND R ESPONS ES, and include P/F recovery as a minimn~ capabilityas defined in Sections 6.1, 6.5.2 antI 8.2.1.

11.1 Classes of Procedutes

The three Classes of Procedures are ccmposed of:

1. Three ty pes of stations: Primary stations, Secondary
stations and Combined stations

2. Two types of configurations: Unbalanced (for Primary and
Secondary stat ions) and Balanced (for Combined stations).

~. Two types of respond oppor tuni ty :  Norma l  and Asynchronous

~~~j~na ti~~ ~~~~~ 2.~ Proc ijft.~ ~~~~L .ti2fl
- 

Uk Unbalanced, Asynchroncus Response Node, Nodulo B

UN Unbalanced, Norma l Response Rode, Nodulo 8

BA Balanced, Asynchronous Balanced Node, Rodulo 8

Classes fik and UN can be used on either Unbalanced or Symmet rical
confiquraLons. Class BA can be used on Balanced configurations.
See Section 2.2. 

— 56 —
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11.1.1 Unbalanced/Symmetrica l Configuration
-1Basic R e p e r t o ir e  of omiands and Responses

1~~22flI~~I
• RN BR

R N R ~ N R
FRTI R

* SXX M CA
DISC

*SXX~1 Command is SA RM for Uk Class
SNRN for UN Class

11.1.2 Balanced Configuration

Basic Repe rtoire of Conmands and ~esponses

• f~2Uands 2D~SS

R B
RNR RNR

FRRR

SABN CA
DISC
RSET

11. 2 Op t iona l  Function s

opt ional function s are achieved by the addition or deletion of
commands and responses or capabilities to those present in any
basic Class of Procedures.

Q~~tj o~~ ~~~~~~~~~~ ~~~ c~~ ptj oa ~~~~~ change

1 Provides the abil i ty to~ Add command . lID
— exchange identification of Add response: KID, RD ~c-~~~~; 

-

stations. See Sections -
~ -~~~~~

7.4,4.1 and 7.5.4.1 .
— request logical disconnection
• See Section 7.5..2.

2 Providas the ability for Add command: REJ
•ore t imely reporting of Add response: REJ
N(S)  sequence errors to
im prove TVS performance.
See Section 7.2.3.
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3 Provides the ability for Add command: SREJ
more efficient recovery from Add response: SREJ
N(S) sequence errors by
requesting retransmission of

-: a single I frame. See Secticn
7.2.4.

4 Provides the ability to Add command: UI
exchange in f o t m a t i o n  f ield s Add response: UI
without impacting the Send and
Receive Variables. See Sections
7.~~.2.1 and 7.5.2.1.

Provides the ability to Add command: SIN
ability to initialize remote Add response: RIM
stations and the ability to
request initialization.
See Sections 7.4.1.7 and 7.5.1.3.

6 Provides the ability to Add command: UP 4perform unnumbered group
polling as well as
unnumbered individual polling.
See Section 7.4 .2.2.

7 Provides for greater than  Use extended addressing
single octet addressing. format in lieu of basic
See Section 4.3. addressing format.

N Limits the procedure to Delete response: I
allow I frames to be comma nds
only. -

9 Limits the procedure to Delete command: I
allow I frames to be responses
only.

10 Provides the ability to Use extended control field
use extended sequence forma t in lieu of basic
numbering (modulo 128). control field format. Use
See Section 5.2.2. SXXNE in lieu of SlIM.

11 Removes the ability to reset Delete command: RSET q
the Send and Receive variables
associated w i th only one - - -

direction of in fo rmat ion  f 1cm. T —

11.3 Consh~tency of Classes of Proced ures

Figure 11—1 gives a summ a ry of the basic command/response
repertoire of the two Unba la nced and one Balanced Classes of

- 5 8 -
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Procedures, and the commands/responses of the Optional Functions.
In the Unbalan ced classes the Primacy station command repertoire
is listed on the left side of ‘~ach class and the Secondary
station response repertoire is listed on the right side. Is seen
In the figure, the basic repertoire Cf all Classes of Procedures
is iden t ical w ith the exception of a uniq ue set—mode command for
each class, and the BSET command which is used in the 3alanced
Class only. 7his repertoire ccr•sistency facilitates the
Inclusion of multiple Classes of Procedures in a statIon that is
~onfiqurable.

11.4 Implementation of Classes of Prccedure

A station conforms to a give n Class of Procedures if it
implements the basic repertoire of that class. To implement ~seeappendix A definition) a Class of Procedures (or Qotional
Functions) means:

1. A Primary station has the ability to ~e-eive ~ilresponses in the Class of Procedure s ba sic repertoire ~orOptional Functions).

• 2. A Secondary station ~ias the ability to receive tll
commands in the Class of Procedures basic repertoire ~orOptional Functions).

3. A Combined station has the ability to receive all
commands and responses in the Class of Procedures basic
repertoire (or Optiona l Functions).

11.5 Method of Indicating Classes and Optional Functions

Classes of Procedures and the Optiona l Func tions are indicated by
specifying the mnemonic designation icr the desired Class and the
number(s) of the accompanying Optional Functions.

11. 5. 1 Class and Opt ion(s)  Example s

Class UN ,1,2,6 is the Unbalanced , Norma l Response Mode Class of
Procedures with the Optional Functicns for identification and
request d isconnect (XID,RD), improved TWS performance (REJ) and
unnumbered polling (UP).

~~~Class BA ,2,3,1O is the Balanced, Asynchronous Balanced Node Class
of Procedures with the Optiona l Functions for improved TRS
performance (REJ) , single frame retransmission (SBEJ) and
extended sequence numbering (module 128).

Class U&,1,S is the Unbalanced , Asynchronous Response Mode Class
of Procedures with the Optional Functions for identification and~request disconnect (XI D,RD) a:d initialization (SIII,RII1).

_ _  
_ _ _ _ _ _ _ _ _ _ _ _ _  
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T U I P S L R N C R D  II~ IC IFP!P7OIP! 1*LIIC!D baSIC JIP DTQLIZ
I I
I I
I 

_ _  

I 
_ _ _

7* DI II
-— — ‘  r— ~~~~~~~~~—1

I I
I I I
I ‘RI 3CC PSI s!C

4?* ITA 57* Sf~ I C O I I O I S I D  57*7101

I C!D ‘tSP CIII 515? I CID I tS?
I 

I t
I~ I PSI I!sP PUS I I bIN III

I I
‘7* I SIPS UI I I SISI UI

DISC DII DISC DI I DISC DI
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12.0 FRAME CREC~ SEQUENCE (FCS) GENERATION AND CRECRIIG

This section specifies the FCS gene ration and checking
requirements. These requirements are formulated to detect frame

• length changes due to erroneous a1iditicn or deletion of :ero bits
at the end of the frame as well as to detect errors introduced
within the frame.

~2.1 PCS Generation

‘“he equations for FCS generation are:

Xl. G (X) + XkLLI)L 8(X)
- 

P (I)  Q(I )  + P (I) and ,

PCS = L(Z) • R (X) =

?he arithmetic is modulo 2 and ,

= 115 + ~~ • x~~ + x iz  + x l i  + 110 • + ~ e + 1~
+ ~~~ • 15 + X~ + X~ + 12 + X l  + 1 ,

~(X) = The remainder which is of degree less than 16.~
= The number of bits represented by G(.X),

P (1) = The CCITT V.41 generator polyncmial (116 5- X~ Z + I’
• 1) ,  and

G(V) = The message. polynomial. It includes the contents of the
address, control ana information fields, excluding the zero bits
inserted for t r ansparency  (see Section 3.7).

The generat icn of the remainder  R ( X )  d i f f e r s  from that  used in
conventional check sequence generaticn by the presence of the :~

-
~ -

L(x) term in the generation equation. When t~e FCS generation isby the usual shift register technique, the I L (X) term is added - :in either of two ways:

1. Preset the shift register to all ones rather than to -
~~• ‘
,. - -

all zeros as in conventional generation procedures. - - -
i

- 
~~~ 

-

Otherwise, shift the data (G(X)) through the register
as in conventiona l procedures, or, - - -

~~~;

2. Invert the first 16 bits of 0(I) before shifting into
the register and sh i f t  the remaining part of 0 (I)
through uninverted.  This requires that 0(I) contain at
leas t 16 bits.

~bether I or 2 is us•d, the shift register contents, af ter

— 6 1 — - -
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shifting through G (X), is R(X). These contents are inverted
bit—b y—bit and transmitted as the FCS sequence .

The transmitted sequence Is alwa ys (in algebraic notation) :

M(X) ~~ G (X) + FCS.

12.2 PC~ Checking

The received sequence viii. be denoted fl*(z), which differs from
M (x) if transmission errors are introduced. The checking process
always involves dividing the received sequence by P(x) and
testing the remainder . Direct divisicn , however, does not yield
a u n i q u e  remainder  and it is expec ted that in most cases the
received sequence viii be modified for checking purposes by
addition of terms which will, cause the division to yield such a
unique remainder when M*(x) = P1(x), i.e., when the frame is error
free.

Two classes of checking equations are given below:

~~.
‘ X~(N* (1) + X’t (XJ ] = Q(X) • .LL1~1

PU) PU)

In this case the unique remainde r is the remaindet of
t he  d iv i s ion  1r L(!)

P(Z)

Wh~nr = 0 the remainde ris L(z) (16  ones)
Vhen( = 16 the remainder is lIZ + ~~ • 110 5- IS 5 13 + X~ + I +1

(X’s through I’ respectively).

2. Ir fMC (X ) • (X’~+1) L~~j] Q(I) • ifI)
P ( X) P(X)  - 

- - -

In this case the unique resa i rder is always zero regardless
of the value of- i ’.

- Shi f t  register implementat ion of the above equat ions  normal ly  use - -• 15- = 16 (pre-aultiplication) . When this is the case, the added
term L(x) in both 1 and 2 is added by either invert ing the
first 16 received bits ot fl*(Z) before shifting them through the
checking register or by presetting the register to ~il l’s an d
shifting all of N*(I) through normally. Thus the receiver action
on the l ading portion of a fra me is the same with either 1 or 2.

The • 1 of the term (X~,1)L(x) of the generation equation of 2 is
added by inverting the PCS. This i.~lies a 16 bit storage delayby the FCS function at the receiver since the location of the ICS
is not k~ ovn unti l the closing flag is received.
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• -

• ~~~Rr: A function invoked by a send ing station causing the
recipient t o i~iscard (and ignore) all bit sequences trans.itted
by the sender since the preceding FLAG SEQUENCE.

‘ ,:ç?~~: The coad i~ ion assuned by a ~~ation upon accepting
correctly ~eceived ?R~~E for processing. ~ sta ’c~cn ‘ACCEPTS”
2-~41M4D/RESPONSE when the CONN~ ND/RES~ C~iS3 encoded i~ the C~~TRO~

ELD of the R !CEIVED FR AME is ACTIONED.

~~~~~~~~~~~~~~~~~ station ‘ACTICNS” a 3ECEIVE~ ~)P1~ AND/RESPONSE ihen it

~~-‘r~s ‘r executes) the functions ~nccded in che ONTRO L ~~~~~-ie ?~ AME .

~~çç~: Advanced Date Commun ication CCntr~~i oceoures.

~~~~~~ ~~ j: The seouence ot ~~ • 1 C  ~Ot 
~~~~~ ~UL~ .9iC

c,flt if ~~ -t en r~ eri~ h i t s  im m e d i a t e l y  fc i i~~~ina the  o~ en ina ~G ~~
~ :?AM E ~ientifijnQ the SECONDARY /C~ P16 HED ~~~~~~~ sen d ino ~
-?~ P’D’ISE ~~AME cor -iesianated to :ecei7e a COMMAND r~~ 4!).

!1~~ !~~~fl~: E n l a r g i n g  the •~~DRES S ?IEL~ to include
mor e address ing information.

~~~~~~~ ~~ ATI~~: Tha t STATION responsible for pe~~fora in o
Salanced LINK LEVEL operations. ~ COMB~ !1ED STATION ~en era t~~
Tf)MMA !DS and interprets aESPONSES , .i nd interprets receiv~~
COIMANDS and genera tes  RESPONSES.

£Q~Jj ~~: The con ten t  of the CCN T R OL ~I~~LD , of a COMMAND FRA M E
sent by the PRIMARY /COMBINED STATION instructing the addressed
SECONDARY/cOMBINED STATION to perforn some specific LINK LEVEL
fuuct ion.

çQfifi~~p F~I N ~: All FRAMES that are transmitted by the P R I M A R Y
STA TI ON (or by a COMBINED STATION that have the reiote/receiving
COM8T~ED STATION address) are referred tc as COMMAND ?RANES.

c2!! l~U!t~~~ rATJ1g~ : A STATION is CONFIGURABL E if it has as the
result of mode—setting action, the capability to be, at different
times , more than one type of logical station; i.e., PRIMARY
STATtON , SECONDARY STATION , or COMBINED STATION.

£2ILT!QL LLU1R 1~L: The sequence of eight (or sixteen if extended
control f ie ld)  bits immediately fo l l cwing  the ADDRESS FIELD of a
PRA!I E. The content the CONTROL FIELD is interpreted by the
receiving: - - -

1. 5ECOND&RY STATION, designated by the ADDRESS FIELD , as

— 63 —
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a COMMAND instructinq the çerfotaance of some specific
function.

2. PRIMARY STATION , as a RESPONSE from the SECONDARY
STATION , designated by the A D D R E SS FIELD , to on e or
more COMMANDS.

1. COMBINED STATION, 1) as a COMMAN D instructing the
performance of some specific function , if the ADDRESS
FIEL D designates the receiving COMBINED STATION , 2) as
a RESPONSE to one or more transmitted COMMANDS if the
ADD R ESS FIELD designates the remote COMBINED STAIION .

£Q!I!~~ !,gkP ~~~!ifl~Q!: Enlarging the CONTROL FIELD to include
additional con trol information.

,P~I& U!!: An assembly of two or more terminal installations and
the interconnecting line operating according to a particular
met hod that permits information to be exchanged; in this context
the term “terminal installation” does not include the data source
and the dat a sink.

~~~~~~~~~~~~~~~~~~~~ 
A STATI ON may “DISCARD” all cc part of a RECEIVED F R A M E :

1. A “DISCARDED” FRAME is a RECEIVED FRAME vhose~ control andinformation tields are not exa.ined or used; i.e., the
STATION takes no ACTION on any part of the FRAME.

2. A “RECEIV ED” FRAM E nay have its INFORNATI~~-~ FIELD (I/UI)
“DISCARDED”, i.e., the CONT ROL FIELD of the FRAME is used
but the INPORMATION FIELD is thrcvn away.

c.~ iIQ~! cQ ,IT.tQ!: The condition assumed by a STATION upon
receipt of a CONTROL FIELD which it cannot execute due to either
a t r ansmiss ion  error or an interna l ~cocessing malfunction .

• fkL~ ~1Q~z!c,~ilL: The uniq ue sequence of eight b i t s ( O l 1l 1 ll O )
employed to delimit the opening and closing of a FRAME.

fl ~~j : The sequence of contiguous bits, bracketed by and
k including opening and closinq FLAG SEQUENCES. A valid FRAN!

con tain s at least 32 bits betveen FLAGS and contains an ADDRESS
-
• FIELD, a CONTROL FIELD and a FRAM E CHECK SEQUENCE. A FRAME may

or may not include an INFORMATION FIELD.

U.~~1 
çj~ç~ ~~~~~~~~~~~~~ (PCSI: The field , immediately preced ing the

closing ‘LAG SEQUENCE of a FRAME , containing the bit sequence
that provides for the detection of transmission errors by the -

receivinq STATION. •.
~~

‘ -
~~

fl1~fl ~~~~~ The conceptual level of ccntrol or processing logic
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existing in the hierarchica l structure of a STATION that is above
the LINK LEVEL and upon which the performance of LINK LEVEL
functions ~re dependent , e.g., device control, buffer allocation,station management , etc.

I M P L E M F ~!: A COMMAN ~)/I!SPONSE is IMPLEMENTED if it is part of thereceiving STATION’S repertoire; i.e., the receiving STATION is
cipable of decoding and ACTIONING the CONTROL FIELD in the
RECEIVED COMMA ND/RESPONSE.

Q~!IATI2! !1!1& IINFOL: The sequence of bits, ocurring between
the last bit of the CONTROL FIELD and the first bit of the FRAM E
CHECK SEQUENC E. The INFORMATION FIEL D contents are not
in terpreted at the LINK LEVEL.

~~RF”~~~ !1~I~ !U4: The sequence of bits transmitted between
?RAPjRS. This standard does not provide for time fill within a
FRAME.

INVM4P: Th ere are three reasons a RECEIVED FRAME may be INVALID:

1. An INVALID FRAME is one that is not properly bounded by
two FLAGS (thus an ABORTED FRAME is an INVALID FRAME) or one
that is too short (e.g., shcrte r than 32 sits Letween
FLAGS).

2. An INVALID COMMAND/RESPONSE is a FRAME which has a
CONTROL FIELD encodin g which is not defined in this
standard.

1. An INVALID N (R) is one which çoints to an I FRAME which
has previously been transmi tted j~~ acknowledged , or to an 1
FRAM E which has not been transmitted ~~d is not the next
sequentia l I fRAME pending  tra rsiission. •~~-~~ - -

LI!! kIUL: The conceptual level of ccntrol or processing logic
existing in the hierarchical structure of a STATION that is
resnonsible for maintaining control cf the DATA LINK. The LINK -~~~
LEV EL functions provide an interface between the STATION RICH
LEVEL loqic and the DATA LINK; these functions include (transmit)
bit injection and (receive) bit extraction, ADDRESS/CONTROL FIELD
in te rpre ta t ion, COMMAND / RESPONS E generation, transmission and
interpretation , and FRAM E CHECK SEQUENCE computat ion and
interpretation.

— 6 5 —
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t~L~~ftI ~ThI12!: That STATION responsible for Unbalanced control
of the DATA LINK. The PRIMARY STATION generates COMMANDS and
interprets RESPONSES. Specific responsibilities assigned to the
PRIMARY STATIO N include:\

1. Initialization of (data and ccntrcl) information
in terchange

2. organization and control of data flow

3. Retransmission control

1. All recovery functions at the LINK LEVEL

!j ~~: A STATION “RECEIVES” a COMMAND or RESPONSE FRAME when
the incoming bit configuration is bounded by two FLAGS, contains
an ADDR ESS FIEL D recognized by that  STATI ON, and has a correct
PCS.

U~!Q.!Q 9~~~~~iL!III: The LINK LEVEL logical control condition
during which a given SECONDARY /COMBINED STATION may t ransmit  a
RESPONSE FRAME(S).

!~~E2~~~: The content of the CONTROL FIELD of a RESPONSE FRAME
advising the PRIMARY/COMBINED STATION wi th  respect to the
processing by the SECONDARY/COMBINED STATION of one or more
COMMAND FRAMES. 

-

!I~!Q!i~! ~~~~~ All FRAMES that may be transmitted by a SECONDARY
STATION (or by a COMBINED STATION that have the
local/transmitting COMBINED STATION address) are referred to as
RESPONSE FRAMES.

~~çONDA~~ ST~ TIO!: That STATION responsible for performing
Unbalanced LINK LEVEL operations, as instructed by the PRIMARY
STATION. A SECONDARY STATION interitets received COMMANDS and 

- 
-

generates RESPONSES.

~~~~~~~ STATj~: The current condition of a SECONDARY STATION
with respect to processing the series of COMMANDS received from

• the PRIMARY STATION.

~~~Z.Afl Q!: The word “STATIO N ” u n q u a l i f i e d  (i.e., not preceeded by
PRIM ART , SECONDARY, or COMBINED) applie s to all three types of 

- 

- -
STATIONS: PRIMARY STATION, SECONDARY STATION and COMBINED
STATION. -

- -

- -
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APPENDiX B - ADDITIQNAY INFORMATION

This appendix provides additional explanatory information to
assist in the use of the standard. For ease of reference, —

the organization of this appendix is identical to that of
the body of the standard.

B.3.’e Frame Structure, Information Field

Although the maximum length of the information field is
theoretically unlinited it will be constrained by one or
more of the following factors:

1.Error detection capability of the YCS

2.Channel error characteristics and data rates

3.Station buffer sizes and strategies

4.Logical properties of the data

5.3.1 Flag Sequence, and 3.8 Time Fill

Although this standard permits the closing flag of one f rame
to be the openin g f lag of the next f rame , it m ust be
recognized that  in certain implementations this may result
in crisis time prQbleas. Under those conditions, it may be
necessary to transmit interframe time fill. The amount of
time fill lust be determinea by prior agreement.

5.3.9 IDL E Link State

Detection of an IDLE link condition may require the use of
a timer or an alternate clock to determine receipt of a
continuous one condition for 15 bit times if the link

- configuration does not provide clock signals in an IT~Lt
condition . -

•

B.7.~ .2.1 Unnumbered Information, UI, Co~aand

A Secondary must respond upon receipt of a UI command frame
with the P bit set to “1”; the response shall. be any
appropriat, frame(s), one of which will have the P bit set
to “1. A UI command with the P bit set to O~ solicita noresponse .

B i
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Pp FNDIx  C

~~~~~~~ 2L Th! !!~! 2!
COMMANT )S AND RESPON.~5ES

The examples in Appendix C are offe red for  ill ustrative
purposes only and shou1~ not be interpreted as establishing
any protocol; the exchange of the various command and
response frames is limited only by the rules specified in
the standard .

The no t a t i on  used in the  App en d ix  C diagrams is illustrated
below :

~ 
—i- Flag ( i .e. ,  f rame bou n dary )  

%
________ 

• Frame con ta in ing  
____ ~?raae without

in for .a t ion  information

UNBALANC E D ~!ODE O P E R A ~ ION
Informat ion Format  Frame

• 
/ i Send Sequence. Number

Information Frame: I N (S),N fR) P/F4— Poll or Final Bit set to “1”

Receive Sequence lumher
(next expected frame).

Pxasple: Rn x.its: 12,6?’. This denotes a Primar y
Informa tion forma t frame with sequence number 2,
the next expected f rame from the Secondary is
sequence number ~ (frames numbered 5 and below
are therefore acknkowledged) and the Poll bit is
set to “1” (i.e., the Secondary is to initiate ~~~-

transmission with Informa tion format frames if
available).

- .“ - - -~-

Cl

- - .)•
- - -

* - ‘~~~~~-
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Supervisory command/response

Supervisory Frame: XXX N (~),P/F —Poll or Final bit set to “1”

~‘—Peceive Sequence N umber

• Example: Rn xm i t s :  R R 2 ,P. This denote s a Receive Ready
(RR) command , N(R)=2 (i.e., the next expected

H f r a m e  fro m the Secondary is sequence num be r 2),
and the Poll hit is set to “1” .

Unnumbered command/response
Unnumbered Frame : T Y T Y  , P/F

Poll or Final Rit set to “1”

Example: Pri xm its: SNP~~,P. This denotes a Set Normal
Response Mode (SHRM) command with the Poll bit
set to “1”.

6

i!~1i~ ~QQ~ 2 !~II2~!
Na]anced ~or1e operation notation is identical to that of the
Unbalanced Mod e except that a station address must be
indicated in order to des ignate  the fra me as a co.mand of a
response .

In fo rma t ion  Frame:  A , I N (5) , N ( R )  P/P

tAddress: remote station address indicates
frame is a command ; local station
address indicates frame is a responsi

?vaiple: Combined vaits: A ,12,6P. This lenoteE a command
In fo rma t ion  Format  fra me with sequence number 2,
i-he next expected frame is sequence number 6 and
the Poll bit is Set to “1”.

— -~~~~ 
;-
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4 (2

_ _ _  — — 

—------ 

~~~~~~~~~



- - -_ -
~1±

_ -
• 

•
. - 

-~~~~~--~~~~• 
_ _ _ _ _

• 

• 13s3u-589
D R A P T  6 R F V I S I O N — 2

11 Aug ust 1977

‘up nrv lcor y Frame : A , XIX N (R) , p/v

E x a m p le: Combin ed  z a it s :  R ,P q 2 ,F. This  denotE S a
resoonse Receive  R e a d y  (PR)  w i t h  !4(R )  ~ 2 and the
Final  hit  set to “ 1” .

U nnu mber e d  Frame: A , ITT! , P/F

E xa m p le : Combin ed  xmit s :  A ,5T~R~ ,P. This denotes a set

~synchtonous Balanced ~ode (S~ B M) cc mmand with

v the Poll hit set to “1”.

NOTE: Petransmitted tnforsa~~ion Format frames are shown
with a double line: i.e., F -I

a

-
-

~~~
-
~~~

( - . -
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INDFX To ~X A M PL? 5

APPLICABLE TYPE OP
CLASSES RECOXERY

~~LUS~~.AI~~
-

• 
1 . !~~~~~~~ _!! .~!.~~
1.1 No Frrors

1.1.1 Secondary I Frames only UN —

1.1.2 Primary I Pram~ s on ly UN
-
• - 1.1 .3 Primary and Secondary I Frames UN —

1.2 Command Fram€ Frrors
1:1. 1.2.1 Star ’-Up VIM TO

1.2.2 I Frame VIII P/F
1.2.3 Poll Frame UN P/F

1.1 Pe spon~~ F r a m o  Prrors
1.3.1 Start— Hp UN TO
1.3.2 1 frame UN P/F
1.3.3 Final Fram e TIN P/F

1.4 roamand and Response Frame !rrors
1.4.1 Pri I and Sec Final frames UN P/F

2. AR ! — TWA EXAMPL E S

2.1 No ~rro rs
2.1.1 Secondary  I Frames only  Uk —

2.1.2 Conten t ion  Uk —

2.2 Command Frame ?rrors
2.2.1 Si~art— tJp UA TO
2.2.2 1 Frame Uk P/F
2.2.3 Poll Pta me Uk TO

2.3 Response Frame !rrors
2.3.1 St a r t - Hp  Uk TO
2.3.2 1 Pr ime Uk P/F
2.1.3 Final Fram e Uk - 

• P/F

3. !~~~~_ !_ !~~~~~!.~!~~

3.1 No Errors
3.1.1 Secondary I ‘names only UN —

• 3.1 .2 PrImary I Frames Only TIN —
• 3.1.3 Secondary and Primary UN —

I Frames
3.2 Command Frame !rrors

3.2.1 I Frame TIN RE.!
3.2.2 1 Frame UN SB!.!

3.3 ~“~sponse Frame Errors3.3.1 I Frame UN RE.!
3.3.2 1 Frame UN SN!.!

Ca
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APPLICABLE TYPE OF• CLASSES RECOVERY
LL~oS~~

AT

4. ARM - TWS EXAPPLES

4. 1 No Errors
4.1.1 Tnt~ rmi ttent, I Frames From VIA —

H Pn i  1 Sec
(4.1.2 Continuous I Prames From VIA —

Pr i  ~, S~c•‘ 4.2 Command Frame Errors
4.2.1 Start—np 13k TO
4.2.2 I Frame ~JA RE.!
4.2.3 1 Frame DA SREJ
4.2.4 1 Frame VIA P/F

(4•3 Response ~ra me Errors4.3.1 I Fram e VIA PM
4.3.2 I Frame VIA SB!.!
4 . 3 .3  I Frame  Dl P/P

5. MID! CHANGING EXA1PLE S

6.1 NRM to AR M - TWA Ex amples
~.1.1 O~ derly Change , rn Fec ~N to UI —

I Frames
5.1.2 Orderly Change , Pni Only UN to UI —

I Fram es
5.1.3 Orderly Change, !.c flnly UI to U I —

I Frames
3.2 NRM 4o APM — T~ 5 Examples

5.2.1 Imme diate change, Pri F. Sec 01 to UI —

I ~rawes
~.2.2 Orderly Change, Pni Only 01 to UI —

I Frames
5.2.3 Orderly Change, Sec Only Dl to II —

I Frames
5.3 ARM to NRM — TWA Examples

5.3.1 Orderly Change , Pr i & Sec VIA to 01 —

• I Frames
5.3.2 Orderly Change , Pr!. Only 01 to 01 —

• 1 Fram es
3.3.3 Orderly Change , Sec Only 01 to 01 —

I Fram es
-

. 5•1$ ANN to NP ’T — TW S  E x a mp les

3.4.1 Immqdiate Change, Pri ?~ Sec 01 to ‘JR -

I Frames
5.4.2 Orderly Chang e, Pri On ly Uk to UN — - 

—:

I Frames - -
~~ :-~ -

5.4.3 Immediate Change, Sec Only UI to UN —

I Frames -

Cs

+-• 
m 
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A PPLI CA BLE TYP E OF
CLASSES RECOV ERY

5.5 NDM /A DM Examples
L- 

5.5.1 NDM /ADM to ARM — T W A  V IA  —

5.5.2 NnM/Af )M to NRP — TWA UN —
5.5.3 1DM to AR M — TWA , Fri Actions VIA —

Sec Request for mode set
5•6•4 N D M / A D M  - TWA , Fri Refuses Uk and ON —

Sec Request for mod~ set

6. CLOSING PROCEDURE EXA M PL TR

NR M—TW A 11$ —

6.2 N R M—IW S tIN —

6.1 A RM— TWA VIA —

6.14 AR M— IN S UI —

7 . ~~XC~~P T ION R ECO VER Y T W S E X A M P L E S

7.1 R~ J + P/F Pit Exceptio n Recovery
7 .1.1 NRM , Sec Receives RE.! TIN REJ
7.1.2 NPP , Sec Misses REJ UN P/F
7.1.3 AP M , Sec Receives PEJ VIA RE.!
7.1.4 A R M , Sec Misses REJ VI A P/F

7.2 S~ EJ & PEJ Exception Recovery
7.2.1 NR P’ INS , Rn Receives SRE.I UN SREJ
7.2.2 NRM INS, Pr! Miss°s SRE.1 ti ll SB!.!
7.2.3 ARM TWS , Pri Receives SRFJ VIA - 

SB!.!
7.2.11 A RM I N S , Pni Misses SREJ VI A SB!.!
7.2.5 A RM IWS , SPFJ Pissed Twice VIA SB!.! H -

8. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
8.1 Continuous I Frames , No Errors BA —

8.2 Intormitt~ n t I Fra m es, Wi th Errors  N A P/F
8.3 Simultaneous Mode—Setting Actions ‘

~
-
~~ :

• 8.3.1 Contention SABM— SA BM PA —

8.3.2 Contention SA J3N- SA BM (Errors) PA TO ~
8.3.1 Contention DISC—DISC BA — 

- - 

:
8 1 1* Cont~ ntion DISC-DISC (Prrors) BA TO
8.3.3 Contention DISC—SARM BA — - -

~~~~ . - 
~~~~~~

8.3.6 Contention DISC—FARM (Errors) BA TO
8.5.7 Contention SA aNE— SARM Bk — 

~ 
“

~ 
- •

8.1.8 Cont?nt ion SA B P E — S A B P  (Errors) BA TO

C6
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APPL I CAI L ? TYPE 0?
CLASSES RECOVERY

q • ~~~~~~~~~~~~~~~~~~~~
q •, Continuous P-ri & Sec ‘ Frames III —

~.2 Continuous Pri & Intermittent VIA —

Sec I Frames
q .3 Intermittent Pni & Continuou s III —

Sec I Frames

1~~. SY~ FTPTCAL TWS POI NT-IO—PCTNT

10.1 Star4-IIp/Contin uous Pri F’ Sec VIA and UN —

I Frames
10.2 Start-np/Continuous Rn Only UN —

I Frames (via PNR )
1t~.3 St~ rt-TT p/Continoous Fri Only UN — 

- 
, - -

I Frames (Optional Function) 
- 

-

6
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Dl. Description

~he transaission integrity of a received nessage is
deterained by use of a Frale Check Sequence (FCS) . The PCS
is generated by a transnitter, inspected by the receiver and
positioned vithin a frane in accordance with the following
diagrass:

First Bit Transmitted

Flag Address Control Inforiation Frais Check Flag 1
t J J Sequence J

k bits - 4(- 16 bits—~G (x) -

n bits-
~(a)

The procedure for using the FCS assuwes the following:

1. The k bits of data which are being checked by the FCS can
be represented by a polynosial G(x).

Zzaaples:

a. G (z) 10100100 ~~ 17 1’ + 1~ ~ It (I~+X3+1) - 
-~ 

-

b . ~(z) O0——0 10100100 — I’•I~•1I It (Xi+I*.1)

C. G (z) — 10100 1 R ~
S + II • 1

4—
--

In general, leading zeros don’t change G(x) and trailing
zeros add a factor of I where n is the nuaber of trailing
zeros.

2. Tb. Address, Control and Inforiation field (if it exists
in the ••saago) are r.pr.s.nt.d by the polyno.ial ~ (x).

Dl
- -

—

- - - 
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3. For the purpose of generating the ?CS , Us. first bit
following the opening flag is the coefficient of th• highest
degree term of G (x) regardless of the actual representation
of the Address, Control and Information fields. 4

~~. There exists a generator polynosial P(x) of degree 16,
having the form P (x) I&~+I4-t+1~.1

D.2 Generation and use of ?CS

The PCS is defined as a one’s complement of a resainder,
a (z) • obtained from the sodulo two division of

11* G (z) ,Ik (Iss .X14,Ia3,X1z,Xaa.Zzo +Zs ,Zs .x7+Za.Zs +X4, I3+Xz,X 1,1) 1:
by th. generator polynomial P (x).

FCS
Is. G (Z)+IktZ*15X 1~~.—- .+I+1) Q (x) C Nix ) -~~~~ 

-

P (x) P (x)

The aultiplicatiàn of G (x) by 1” corresponds to shifting
the message G (x). 16 places and thus providing the space of
16 bits for the ?CS . -

The addition of Ik (I2S+Z1’— +1+1) to I” G (x) is
.quiisl.nt to inverting the first 16 bits of G (z). It can
also be accomplished in a shift register iip le.entation by
presetting the register to all ones initially. This term
is present to detect erroneous addition or deletion of zero
bits at th. leading end of N (z) due to erroneous flag
shifts.

The co.pl.a.nting of 5(z), by the transmitter , at the
completion of the division insur es that the transmitted
sequence N (x) has a property which permits the receiver to - - -

detect addition or deletion of wailing zeros which may -
~~ -

appear as a result of errors.

At the transmitter the FCS is added to the I’~ G (x) and
results in the total message 11(x) of length k+16, where 11 (z)

• — I” G (Z) + FCS .

The teceiver can employ one of severa l detection processes.
two of vhi .h are discussed her.. In the first process, the
incoming 11(z) (assuming no errors; i.e . 11S(x) 11 (z) ) is ~~~~~~~~~~ 

~ ~ I! UI 

- 
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multiplied by X’S, added to ~‘~~16 (X’s . ~~~ 
— +

I • 1) and divided by P (X) .

I” rx” GIl) + + 1k ,5 
~~

as • zs~ — — —~~~~ z • ~~P (x)

Qr (x) 4 Rr (x) /P(z)

Since the transmission is error free , the remainder Nr - (x) will
be 0001110100001111” (I’s through 10).

Rr (I) is the remainder of the division: XIS 
~~~~~~

where L(x) 115 + 114 - - — — C 1 + 1. This can be shown
by establishing that all, other terms of the numerator of the
receiver division are divisible by P (x). This will be done
below.

note that FCS = 5 (x) = L (x)+R (x) . (Adding L(x) to a
polynomial of its same length ~s equivalent to a bit by bit
inversion of the polynomial.)

The receiver division numerator can be rearranged to:

I”(X” G( x) + 1k 1(x) • 5 ( x ) )  -. I 1~ L (z) .

It can be seen that the first term is divisible by P(x) by
inspecting the transmitter generation equation, thus the
X’~L(x) term is the only contributor to RE (Z).

The second process differs iron the first in that another
term (X”L (x) ) is added to the numerator of the generation
equation. This causes a remainder of zero to be generated
if 2 .(x) is rec-eived error free.

D.3 Implem entation

A shift register FCS implementation is described in detail
here . It utilizes ones presetting at both the sender and
the receiver and the receiver does not invert the FCS. The

r receiver thus checks for the non—zero residual Rr (x) to
indicate an error free transmission.

Figure D.l is an illustration of the implementation . It -~~~~~~~~

shows a configuration of storag e elements and gates. The
addition of 1k(115+11._ —+X+1) to the I” G(x) can be

-I
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accomplished by presett ng all storage elements to a binary
value “1” .

The one’s complement of 5(x) is obtained by the logical bit
by bit inversion of the transmitter’s 5(x).

Figure D.1 shows the implementation of the FCS generation ‘

f or transmission . The same hardware can also be used for
verification of data integrity upon data reception.

Before tran smitting data , the storage elements, 10 —I~ are
initialized to “ones”. The accumulation of the remainder
5 (1) is begun by enabling the “A. and thereby enabling gates
G2 and G3. The data to be transmitted goe~ out to the
receiver via G2 and at the same time the remainder is being
calculated with the use of feedback path via G3. Upon
completion of t ransmitt ing the k bits of data, the “I” is

- - disabled an d the stored 5(x) is transmitted via 61 and Ii
while G2 and 03 are disabled. The Ii provides the necessary
inversion of S (x) .

At the receiver , before data reception , the storage
elements, X~ 

— X~ are in itia lized to “ones”. The incoming
message is then continuously divided by P(x) via G3 (“A”
enabled). If the message contained no errors, the storage
elements will contain “0001110100001111” (115 through 10) at
the end of the 11*(x)

Figure D.2 is an example of the receiver and transmitter
states during a transmission of a 19 bit 6 (x) and a 16 bit
FCs.

The implementation of the FCS generation and the division by
P(x) as described in this Appendix is used as an example
only. Other implementations are possible and may be
utilized . This standard only requires that the PCS be
generated in accordance with the rules of Sections 3.5 and
12.1 and that the chocking process involve division by the
polynomial P(x). Furthermore , the order of transmission of
11 (x) is the coefficient of the highest degree term first and - -

thereafter in decreasing order of powers of x, regardless of ~~~~
- -

~~~

the actual representation of field s internal to 11(x).
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INPUT TX CRC INPUT RI CRC
TO TI - TO RX I

I r
MSB 

__________ 
1111111111111111 1111111111111111

— 0 11111011111101 11 0 1111101111110111 (
1 0111110111111011 1 0111110111111011
1 00111110 11 11 1101 1 0011 11101111110 1

p 1 0001111101111110 1 0001111101111110
1 1000101110110111 1 1000101110110111
0 1100000111010011 0 1100000111010011
0 1110010011100001 0 111001001110000 1

-j 
- 

1 0 111001001110000 1 0111001001110000
0(x) 1 1011110100110000 1 10111 10100110000

0 0101111010011000 0 0101111010011000
0 0010111101001100 0 0010111101001100
1 1001001110101110 1 1001001110101110
1 1100110111011111 1 1100110111011111
0 1110001011100111 0 1110001011100111
0 111101010 1 111011 0 11110101011 110 11
0 11111110101 10101 0 1111111010110 10~11 0111 11110101 1010 1 0111111101011010
1 1011101110100101 1 1011101110100101
1 0101110111010010 1 0101110111010010

— — 0010111011101001 
~ 

1 1010101011 10000 1
0001011101110100 0 1101000101111000
0000101110111010 1 1110110010110100
0000010111011101 1 1111001001010010
00000010 11101110 F 0 011110010010100 1
0000000101110111 1 0011110010010 100
00000000 10 1 11011 C 0 0001111001001010
0000000001011101 0 0000111100100101
0000000000101110 S 0 1000001110011010 -

‘

0000000000010111 I 1 1100010111000101
0000000000001011 I 0 1110011011101010
0000000000000101 I 0 0111001101110 101
0000000000000010 I 0 1011110110110010

— 0000000000000001 I 1 110110101101000 1
0000000000000000 I~ 0 1110100101100000
00000000000 00000 Lj 1111000010111000

~1. / I. I /
1° X1~ 10

FIGUR E D. 2 FCS EXA SPLE

D6

~~~~ 

-
~.

~~~~~~~~~~~~~~ 
_ _ _ _



BS~~~~~~ 6X3S I’&—589
DR A FT 6 R!YI5I0N—2
11 Augu st  1977 

3
APP tIDIY E

- 

I

~XP0STTOP? 
PENAT1KS

for
American National Standard for
A dvanced Data Communication

Contro l Procedure (A DCCP )

A. BR IEF HI STO RY

The dev~ 1cpa~ nt of a4vanCe~ data commun icat ion control
procelure stanlards began in late 196q during final var” on
the AiPrican National 5tanslarrl—Pro CedureS for the~flse of the
Communication Control Characters of Ameri can National
Standard Code for Tnformat~on !zterchange in Specified Data
Commu n ication tinks (X3.2R - 19~ 1) • At that time, it was
recognized that fl.28 lack€d certain desirable interactive
canahili’ies 4-hat: wou].d be impract i cal to ~ncor porate due to
th’~ basic philosoph y of the sta ndard . 

consequently, several
proposals we re sub s it t ~~d by m~~mher s of t he  Task Gr oI~p for
now a n d  i m p r o v e d  procedures.  Simila r work was proceeding at
the sam~ time in ~CNA and ISO. One of the most significant
proposal.s was a ‘it—oriented appr oach to link control that -

~~~

became widely accepted in a short period of tine, both
domes t i ca l ly  a n t i  i n t e r n a t i o na l l y .  Domest ica l ly ,  the
resul tant conf’rol procedures have ben called T~4vanced Data
Communication Control Drocedures (ADCCP). Internationally,
the development going on in this area is called ~igh—tevel

4 
- Data Link Control (NDLC) .

“he oriqinal hit-oriented proposa l and most of the work ,
bos h do.e”tically anti  i nt er n at ior ~al ly , was based on a
depen d ~~n f/ s i n q li~ sequence number  per f r ame . In late 1971, a
proposal was sub mitt al for independent/d ua l numbering . It
was the general concensuz m~ s-hat tine, both domestically
and interna tionally, that the net advan tages over the - - ,-t -~
lisadvantag°s of the independent/dua l numbering approach vms
not grea t enough  to war r a n t  working  on the two procedures in
parrallel . Consequently, the Amer ican national Standar d for
A f l ~CP - fla p-?ndent ~Iumber ing  evolved. Now that the work on
dmpendent/sinqle numbering is complete, the efforts of the

~-
: task roup are directed toward this proposed american

• El - I -
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- - . - - . — — - - - - - - - - ~~~~~~~~~~~ 
,- - - ~~ - -~~~~-- - - - 

- -



- ~~
- 

-

_ _ _ _  

- -

~

- ;  — 
- 13S31&—58S

1 DRA FT 6 RFVISION—2
11 August 1971

- 

‘at- ional  S t a n d a r d  for  A DCCP — Independent Numbering .

fl. 1~A I4 TEC1r J TC AL A R ’ U~~ENTS A ’ID R E L A T I O N S H I P  U TTB ISC

The basic  ob jec t ives of ‘-he Advanced Data Ccamunicaton
Control  P rocedures  are to provide :

a) Ful l transnar~ ncy and cod-~ independence ,

b) ‘Ificient 4nteractive operation,

C) A !f i qh  l~~vel of reliability,

V 4) Tw o -w a y  a l t e rna te  and two—way sim ultaneous
operation ,

• a) A hIgh level of modularity.

- l’bese ohjec~ iv es h a v e  been la raely  set. -

f l u r i n g  t he  f o u r - y ear  period of A DCC P development , there has
been act ive lIaison with both the ECMA and ISO spheres of
in terest - . A s  a result  each group ’s activity has influenced
that of the other.
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