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1.1 INTRODUCTION

This document provides the functional specification for AUTODIN I1I
Mode VI line control procedures. This line control is a subset of the
Proposed American National Standard for Advanced Data Communifations
Control Procedures (ADCCP) as described in X3534/589 Draft 6 Revision 2,
11 August 1977, hereafter 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 documents 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 proce-
dures. The basic mode of operation is Asynchronous Balanced Mode (ABM)
with all stations supporting Two-Way Simultaneous (TWS) Operation. 1In

addition, optional functions 1, 4, 7, 8, and 10 as described in Section 11.2
of the standard are supported. The ADCCP frame format, commands, responses,
and optional functions implemented in the AUTODIN II system are discussed

in the succeeding paragraphs; additional detail concerning BA, ABM, and TWS

may be found ir Sections 2 and 11 of the standard.

3.1 FRAME FORMAT

ADCCP transmissions are packaged into distinct sets of binary data called
frames. Each frame containsthe following:

-




. WY

T AW

Flag Sequence (beginning)
Address Field

Control Field
Information Field

Frame Check Sequence

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 1s used by the receiving station to identify incoming frames as either
command 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
format 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 addressing format.

AUTODIN II links using ADCCP control will be configured using Basic
addressing. Extended addressing is included to provide for future growth
and will not be used unless there is a valid requirement.

The two addressing fofnnti are mutually exclusive, i.e. on any particular
1ink, the addressing format used must be either Basic or Extended; a link
may not alternate between Basic and Extended addressing.
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3.1.3 Control Field

This field contains link control information such as commands,
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 safellite
or other types of transmission media possessing long propogation delays
use the Extended Control field format described in Optional function 10
of the standard. The Basic Control field format uses Modulo 8 sequence

numbering; Extended Control field 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 i{s 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 + x16 + x12 + xll + xlo + x8

!7 + !? + x4 x? 4+ X+ 1 is used as a divisor for the FCS. This provides
-32
2

+

an undetected error probability of gt least
of up to 32 bits.

and burst error detection
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3.2 SUPPORTED OPTIONS
AUTODIN II ADCCP suﬁports the following Optional functions:

e Option 1 - provides the ability for stations to exchange
identification :

e Option &4 - provides the ability to exchange information fields
without changing the send and receive sequence number variables

e Option 7 - provides extended addressing

e Option 8 - allows Information (I) frames as commands only

e 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 ssrvice a subset of the Balanced
Configuration command repertoire 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, 8ll I frames are sent as commands.
Optional function 8 is implemented on all AUTODIN II ADCCP links.

3.3.2 Supervisory (S) Commands

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

3.3.2.1 Receiver Ready (RR) Command

The RR command is used to solicit a response from the remote station
while indicating that the receiver is ready at the local station. 1In the
AUTODIN II system, all RR commands must be answered with either an RR or
Receiver Not Ready (RNR) response. During periods of link inactivity,

RR or RNR commands will be interjected at periodic intervals to insure
that the link is operating %ropirly. The time period between initiation
of RR commands during inactive periods is uiscussed in Section 8,

3.3.2.2 Receiver Not Ready Command

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

4
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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 RR or RNR response.
During periods of link inactivity, RR or RNR commands will be interjected
at periodic intervals. This procedure is discussed further in Section 8.

3.3.3 Unnumbered (U) Commands
AUTODIN II supports four U commands.
3.3.3.1 Mode-Setting Commands

. . There are two U commands which perform mode setting functions in
the AUTODIN II system.

3.3.3.1.1 Set Asynchronous Balanced Mode (SABM) 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
error conditions are cleared, and the sequence number of the next expected

frame 1is zero.

SABM commands are acknowledged via the Unnumbered Acknowledgement (UA)

response.
3.3.3.1.2 - set Asynchronous Balanced Mode Extended (SABME) Command

The SABME command perfoims 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 acknowledged by the UA response using the extended
control field format. e

]
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3.3.3.2 1Information 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 command 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 format recovery command.
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.
RSET commands are acknowledged with a UA response.

The primary use of the RSET 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 Commaﬁds
AUTODIN II ADCCP supports one U format miscellaneous command.
3.3.3.4.1 Exchange Identification (XID) Command

‘This command implements a subset of Optional function 1. It permits
the exchange of identification information between two statioms. It is
included solely for dial-iﬁ support and is not implemented on Mode VI
SIP~to-SCM links or on SCM-to-SCM interswitch links.
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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 II ADCCP stations generate and react to a subset of the Balanced
configuration response repertoire contained in the standard. In addition,
certain responses needed to support Optional functions 1 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

RR resnonses 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 sen@ sequence number
in the RR response frame control field. I1f a receiving station is not
transmitting 1 command frames, the RR response is used to acknowledge
receipt of I frames, provided the receiving station is non-busy. RR responses
are also required as acknowledgements for RR or RNR 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 recciving station.
They also acknowledge receipt of all I command frames having sequence
numbers less than that reported as th2 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 1
frames, provided the receiving station is busy. RNR responses are also

required as acknowledgements for RR or RNR commands, provided the receiving

N
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station is busy.
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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 ome 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 of 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 1 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

UA responses are used to ﬁcknowledge receipt of SABM, SABME, UI, and

RSET commands.
3.4.2.3 Error Recovery Response

AUTODIN II supports one error recovery response.
i ;

3.4.2.3.1 Frame Reject Repoﬁse

The FRMR response is used to report error conditions which are not
recoverable by retransmission of the errored frame. FRMR is generated by the

following conditions:
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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 FRMR response are

given in Section 7 of the standard and Section 7 of this document. f

3.5 CCMMAND/RESPONSE SUMMARY

The basic ADCCP service provided on all AUTODIN II Mode VI links

includes the following command/response repertoire:

i Command Valid Responses
1 I command frame

" RR, RNR, FRMR

; RR RR, RNR, FRMR
| RNR RR, RNR, FRMR
7 RSET UA, FRR ]
| SABM(E) UA, FRMR :

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

Ty mmﬁdlﬁfﬁ.’.‘n. =

ADCCP commands and responses which will be supported on a per link

basis and are considered enhanr =ents to the basic repertoire are:

! Command Valid Responses

1

i Ul UA, UI, RNR, FRMR

‘ .
{ XID XID, FRMR

| Mode VI links which do not support these enhancements will generate FRMR
; responses for the XID and UI con.ands.

i | 4.1 SELF-TEST MODE

All AUTODIN II ADCCP stations are capable of operating in the Self-Test
mode upon command from the highef level protocol. Self-Test Mode is defined
as "loop back" operation, i.e., data sent by the local station transmit
logic will "loop back" to the receive logic. 4
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Given an ADCCP controlled link AB with ADCCP station A at one end and
ADCCP station B at the other end, Self-Test mode can be described as follows:

——

e In the "normal'mode of operation, 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.

« »
e B PR  iere » B s L
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& to station B, the response frame will contain an A in the address
rg field. However, in the Self-Test mode this response frame will e
bt appear to be a command frame from station B to station A.

|
|
g f e In the "normal" mode of operation, when station A sends a response
i
[}
|

e 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.

|

{

{ 3

! An AUTODIN II ADCCP station operating in Self-Test mode is also considered
f to be off-line and will discard frames received from the remote station.
|
l

5.1 INITIALIZATION REQUIREMENTS

The higher level protocol may initialize AUTODIN II1 ADCCP links by
requesting that the local ADCCP station transit an SABM(E) command. Upon
acceptance of the request, the local ADCCP station will transmit the SABM(E)
at the earliest 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 UA 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 commence.

10
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6.1 ACKNOWLEDGEMENT REQUIREMENTS

_ AUTODIN ADCCP stations acknowledge 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 command frame
which provoked the response.

6.1.1 Information Frame Acknowledgement

. - Acknowledgement of I frames is accomplished by one of two methods.
These are:
e Updating the N(R) count in an outgoing I frame. If the station is
currently transmitting I frames, the updated N(R) count is inserted
in the next outgoing I frame.

e Generating an RR 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 one S command may be outstanding at any one time.
y i
Stations do not queue S commands at the ADCCP level.

6.1.3 Unnumbered Frame Acknowledgement

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

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

6.1.4 Miscellaneous Frame Acknowledgements

The miscellaneous command XID is acknowledged via an XID response. Only
one XID command may be outstanding at any one time.

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 (REJ), 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
RNR response frame with the N(R) of the next I frame that is expected.

Upon receipt of an RNR response, the transmitting station will generate
either an RR or RNR command. The transmitting station will continue sending

the RR or RNR command until the busy condition clears (an RR 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
R variable of the receiving station, will be discarded after the N(R) value
is extracted from the frame. Since the I frame does not have an FCS error,
the N(R) information is assimed 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 Command 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 command is sent three times without a response, the neg; 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:

e 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 whenan S command is sent. If a valid response is
not received prior to timer expiration, the command 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: 3

Mean S command frame transmission time
.Mean S response frame transmission time
Mean S response generation time
Propagation delays i

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

13
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7.1.4.3 Information Frame Timer
This timer is started on the occurrence of one of the following conditionms:

@ There are no more I frames to send
e 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 RR or RNR command is transmitted three times
without a response, the next higher level of protocol is notified of this
conditicn. The ADCCP level then continues to send the RR 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:

e N(R) acknowledges all outstanding I frames
o N(R) acknowledges a subset of the outstanding I frames
e N(R) is unbelievable, i.e., out of range.

In the first 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 N(R) and scheduled for transmission.

In the second case, the error recovery is partial. The acknowledged
1 frames are purged and the remaining outstanding I frames are scheduled
for transmissiori. 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
synchronization. A RSET coqnand is sent and the U timer is started.
If a UA response is receiveﬂ-prior to U timer expiration, the outstanding
1 frames are assigned new sequence numbers starting with zero and normal
1 frame transmission resumes. If the RSFT 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 SABM 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 commands until
instructed otherwise by the next higher level of protocol. If a respomse
is rezeived prior to the third U timer expiration, the higher level of
protocol is notified, the outstanding 1 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 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 FRMR response upon receipt of an
error-free frame (FCS is valid) containing the following:

e An invalid command or response
e An I field which exceeds the maximum length.
e An invalid frame format, e.g., a frame which does not conform to the

structure implied by the command/response contained in its control
fileld.

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 FRMR, an indication is sent to the next higher level

of protocol.

Additional detalls concerning the FRMR response are contained in Sections
7.5.3.1 and 8.4 of the standard.

7.1.6 Invalid N(R) Resolution

An invalid R(R) is defined as a number which points to an I frame
which has previously been transmitted and acknowledged, or to an I frame which
has not been transmitted and is not the next sequential I frame pending
transmission (see Section 7?§.3.1 of the standard).

Receipt of a frame containing an invalid N(R) implies that synchronization
has been lost, i.e., the send sequence number variable S at the local station

does not match the receive sequence number variable R at the remote station.

16

a

mw- T — -
o o g e R Y i e il %




LTI S

When an AUTODIN II ADCCP station receives a frame containing an invalid N(R)
value, it will send a RSET command to the remote station and start the U
timer. If the RSET ccmmand is acknowledged prior to U timer expiration,

any outstanding I frames are assigned new sequence numbers starting with zero
and normal 1 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 SABM command. If the SABM command 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 1 frames are
assigned new sequence numbers starting with zero, and normal I frame

transmission resumes.

Additional detail concerning the RSET 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 SASME and receives a mode-setting command
from the remote station prior tc receiving the proper response to the issued
command. In the AUTODIN II system, this contention is resolved as follows:

e Each station sends a UA response and enters the indicated mode.
8.1 TIMING AND SYNCHRONIZATION

AUTODIN II ADCCP uses continuous Flag sequences for interframe time
£111, frame recognition and synchronization.

8.1.1 Idle-Link State

AUTODIN 1II ADCCP 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 deqcribed in Section 3.8 of the standard.

8.1.2 Abort Sequence |

AUTODIN II ADCCP stations generate and recognize the abort sequence
described in Section 3.6 of the standard.

17
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8.1.3 1Inactive 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).

v




9.1 DETAILED FUNCTIONAL DESCRIPTION

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 lrigher 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 coordinates the
actions of the transmitter and receiver. An illustration of this concept

is shown in Figure 9.1-2.

9.1.1 Structured Design Language

The structured design language consists of four basic constructs. These

are:

® BEGIN krocedur4

e END rocedure]
e IF kondition] THEN [action]
ELSEIF [condition] THEN [action] (optional)
°
@
ELSE [action] (optional)
ENDIF

e CALL hrocedutq

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 IF statement ‘must consist of at least the following:

e IF lcouditioq THEN [nctionl 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- r
; ment. f
: 9.1.2 ADCCP Control Processor States ‘
F : The ADCCP Control Processor's reaction to stimuli from the Higher Level f
s |
: Protocol or Line Control Module is a function of the existing Control Processor [
L; state. The Control Processor may assume the following states: 1
f
e Normal ‘
e Acknowledgement Required
e Acknowledgement Solicited
e Reset Outstanding
e Set Asynchronous Balanced Mode (Extended) Outstanding
e Supervisory Command Lock ﬁ
e Unnumbered Command Lock
The Normal stafe 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.
B
3 ; The Acknowledgement Solicited state indicates that the Information Frame
¥ Timer has expired prior to reception of an acknowledgement for outstanding i
g information frames. J
: f The Reset Outstanding state indicates that a RSET command has been sent §
v ~|
: back but not yet acknowledged. 5
: f
g The Set Asynchronous Balanced Mode (Extended) Outstanding state indicates I
that a SABM(E) command has been sent put not yet acknowledged. ?
B oo |
_ The Supervisory Command Lock state indicates that a Supervisory command |
3 has been transmitted three or more times and has not been acknowledeed. i
3
i
, I
| 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

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.

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 (FIFO) 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 Buffer

Unnumbered Command Frame Buffer

Unnumbered Response Frame Buffer

The Supervisory Command Frame Buffer holds S command 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 commands can change
state (RR 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.
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| In the case of the UI and XID command frames, however, the frames must be
held in the buffer for possible retransmission since their information content
may vary as determined by the higher level protocol.

i 1 S RN O e A

The Unnumbered Response Frame Buffer holds U response frames waiting ‘
for transfer to the line control module. Once the frame is passed to the | b
= line control module, the buffer is released.

SU—

9.1.5 Functional Procedures

;. | The remainder of this section contains the structured design language

functional descriptions.
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SEGIN ADCCP Control Progesser

I7 Yine control module trengmit buffer aveileble signe) THEN
IF suoervisory freme waiting for trenemission THEN
ingsert current value of loeel regeive verieble fnte
sontrol field) cooy frame (nto |{mne gontrel module Buffery
IF supervisory commend outetanding f1a@ fs set THEN
start supervisery gommend timer b
(41344 i ! :
ELSEIF ynnumbered commend ?reme weiting for trensmission THEN
sooy freme (nto ime contral module transmit dyffer;
start unnumdered conngnd timer ;
ELSEIF unnumbered rescense freme waiting for treremigsion THEN ‘
esey frame {nto 1ine control mqdule transmit buties 3
ELSE IF remote receiver net reedy f1ag is reset THEN ;
IF unnumbered information freme weliting for trensmission THEN é
IF unnumbered command cutstendina flag set THEN
APt unnumbered gcommand timer
Enotr .
; ¢ooy freme {ato lime contral modyule trensmit byffer
' ELSEIF {(nformation frame waiting in {nformetion frame
trensmission aueue THEN {msert current velue of
locel receive variable inta eontrol fieldy ceov
freme inte 1{ne qontre) medule tremsmit byuffer
IF informetion frame timer {8 symning THEN
restert {nformetion frame timer
ELIE stert iInformetion freme timee
gnotrP
gnotr
gnotr

ELSELIP ne 1ine contral mgaule receive bBuffer aveiladle sfgmel THEN
set loea! receiver not ready f1aqs set resoense reauired
f1e@t set suservisory respente roquired flagp
CALL Tranremit Precesser ;
ELSEIF 1ime control medule receive buffer aveileble sfignrel THEN
reeet l1ocal receiver not reedy fleg A
ELSEIF intormation freme trensmission request frem h{gher Yeve) oretece! THEN
IF mermgl gstate THEMN
CALL Trensmit Processer -
IF {ntormetion freme sgknrowledgement reauired f14q set THEN
enter acknowl edgement reayi{red stete
EnOLP
Sena request horored sigrel te higher leve! oretsco! b |
ELst'nonc rFequest de~fed eigrel te Nigher leve! pgraetaes! |
NOIL
, ELSEIF (mtormetion freme ti~er hes exoired THEN
IF merme) state THEN
CALL Tranmgmit Praocessars
enter scknowiedgerent golieited state
ELSELIF ecknowleggerent reayuired state THEN
CALL Tronsmit Proceossory
enter gchnovwiedgerent goligited state
EnOLP : 3
ELSELIF sucervisery command timer nhag eueired THEN
IF rormal or sckmowlecgement reauired state THEN
CALL Tranemit Procgester :
IF ne sucervisery resocertse received flag is et THEN
enter surervisery gemmend loek state) i
notifty higher leve! pretoge!
ENODLIP
ELSEIF ecnrowloagerent solicited ostate THEN

fteeRcentenReee
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CALL Trensmit Pracessor ,

IF ne unnanumberea rgeponse received flag set THEN
enter oupervisory gommand loghk gtates
notify higher leve)l protoge!

ENOLP

ENDLP
ELSELIF unnumdered commend timer hee eupired THEN
CALL Trenemit Processor
IF no unnumbered resconse regeived f1ea set THEN
onter ynnumbered command loeck state)
notify higher lTevel proteocol
ENDIP
IF reset outstanding state THEN :

IF no unnumberec rescorse recefved fleg (s set THEN
enter ssynehronous belanced mode (exterded) eutstanding
stete) motity higher level proteco!

gEnotrP

ELSEIF set esvnchronous Dalanced mode (extended) outstanding stete THEN

IF no unnumbered resPoOnse received fl1ag set THEN
enter unru~bered commend logk statey notify
higher leve)l protoeo!

ENDLP

ENODIP

ELSEIF unnumbered command freme transmisgion reauest from higrer
level eorotoeo) THEN
IF morma) or asckrowledge™ent reauired eor

scknow! edgemant gol{eited gstate ThEN

CALL Trensmit Processor) send reauest honored sfanal

to higher leve! protoco!

!LSt'oond reauest adenfed eigre! to higher leve) Brotoco)
ENOS '
ELSEIF unnuwbered resconrge freme tramsmission Freauest frem Righer
leve! orotoco!l THEN ;
IF rormgl or ecknowledgerent reauired or sckrowledgement solicitea
stete THEN
CALL Transmit Procester) send reauest honored signal te
higher lteve! oroteco! 3
:th'oond reauest denfed signrel te higher leve! pretece!
~nOg
ELSELIF (nitialization reauest frem hfigher leve) protoco) THEN
set sena set esevmrehronous da'lenced mode (extended) command
1091 CALL Trensmit Progessor) enter set ssynechroneus
belangea mode outatanding stete) send reauest herered
siane! to higher level protoce!
ELSEI7 (nective 11nk timer qupirotion THEN
CALL Trenemit Processor )
CELSEIF frame received frem remote station THEN
CALL Receive Progesser
IF resporse required 199 got THEN
CALL Transmit Processor "
ELSEIF sond sunervisory commend flag set THEN
CALL Treremit Procester
ELSEIP remote recelver reedy f10g set THEN
CALL Trenemit Pracestor) reset re~ote recelver
ready fleg
CLSELIPF freame reject resoonee reauired f1eg set Tn!N
CALL Trensmit Precessor
ELSEIF send reset comrand f1eQ set THEN

IF subervisory command outetending fleg set THEN

reset senrd reset conmgnd flag)
TRRNBANBRRRRNSES .
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enter acknow!ledgement soli{cited gtate

ELSEIF unnumbered commend outstending flag reset THEN
CALL Trensmit Processor)

enter reset outstanding stete)
reset send reset commend f1aq) |
stoo informetion freme timery

notify higher level pretoco!
END2P

ELSEIF frame discard f1a0 set THEN {
discard fromey reset freme discerd flag : : !
ELSELIF frame reject received THEN
IF  outstending information freme rejected THEN
notify higher leve) protoco)
ELSEIF outstanding sudervisory freme rejected THEN
notify higher level protoco) o
ELSELF outstaraing unnumbered frame rejected THEN. {
notify higher level orotoco!) L)
ENOLP
ENDLP
IF ackmrowledgement reauired state THEN
IF one or more outstanding {ntformation fremes have
been scknrovw)edged THEN
enter norme) statey notify higher leve! protoco) of

number of free slots In (nformetion frare trgnamissieon aQueue
ENDIPF

ELSEIF ecknowleagement golicited state THEN
IF one or more outstenaing informatieon frames hove
been acknowleaged THEN enter norve! state)
notify nigher level protocol of mnumber of free

slots in (nformetion frame trers~ission aueue
ENDIF

ELSEIF reset outstanding etate THEY ,
IF reset commana outstanding commend fl1ea s reset THEN

enter norma) stete) motify higher leve! oreteco!
ELSE discard frame

ENODIP

ELSELIP set asynchronous balanced mede (extended) outstanding
state THEN

IF set asynehrongus balanced mode (extenden) ecemmand
outetandirg fleqQ (9 reset THEN

enter norma) stater motify hNigher leve! pretecs!
ELSE discera frave

EnDIP
ELSEIF supervisory co™mena lock state THEN

IF suoervisory commend outetanding 140 (s reeet THEN
enter normel statey notify higher Yeve! nrotecs!
IF ore or more outstanding Information fremes have
been acknowleaged THEN netify higher level protoco!

of free slots (n Information frame trensmission E
aqaueve

ENDIFP
ELSE clscara frome
EnOLP
ELSEIF unnumrbered command Yoek state THEMN
IF unaumbered cor"and outstending f1ag is reset THEN

|
enter normal state) mot'fy Nigher leve) oretncol ‘
ELSE aiscerd frea~e

PAGE Q0403

EnOLP
EnD3F 5
EnOLP 3
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IF response reauired f1eq 1p set THEN
CALL Reeponrse Frame Sender
restart {nactive 1ink timep
ELSELIF unnumbered command timer hae oxoired THEN
IF commana hes bDeen sent three times THEN
et nOo uAnumbered resporse received flag
EnNOLP
CALL Unnumbered Command Sender
restert (nesctive link timer
ELSELIF supervisery timer nas expired THEN
IF commend has been sent three times THEN
st PO supervisory response received f1sg
EnoOLrP
CALL Supervisery Commend Sender

restert {nactive Vink timee
ELSEIF (nactive 1ink timer hao expired THEN
CALL Supervisory Cormmend Sender)
stert (mactive limk Rimeer ; :
ELSELIF (ntormetion frames waiting for transmission THEN
CALL Informetion Frame Sender
restoert {mective link timege
ELSEIF unnumbered command to be sent THEN &
CALL Unnumbered Comrmend Sender
restert ineactive link timee
ELSEIF sucervisory command to be sent THEN
CALL Supervisory Commend Sender
restert {mactive 1ink timep
ELSEIP information frere tivner Nes exolrea THEM
CALL Supervisory Comegnd Sender
restart frgctive Vink tirer
ENOIP
I VYine contrel module trgnsmit Buffer availanle THEN
IF sucervisory freme woaiting for transmigson THEN
{nsert current velue of loca! receive varisble (nrte
control fielay cooy frare (nto l{me contre) medule
trenem{t buffer
IF supervisory cormend outsterding flaa s set THEN
start suoervisory comvand timer
ENOLP Crog
ELSEIF unnurbered coemend freme woliting for transmission THEN
cooy freme {nto 1ine contral medyle tranemit buffer)
: stert unnumbered commang timer
p ELSEIF unnumbered resoonse waiting for transmission THEN
cooy frame 1nto Yime contro! wodyle transmit Buffer
ELSE IF remote recelver not reeadv fleg (o reset THEN
IF unnyrberea (ntor~qtion 1reve walting for trensmission THEN
IF unnymberea ecommgnd outstanmairg flaQ set THEN
stert unnumdered gommend ti{~gr
EnNOLP
cooy frame inte 1{ne control module trensmit buffer
ELYEIF information freme welting In {nformation frome
trenemission aueve THEN {msert ecurrent velue of loce!
recoive verieble Inte frame gontrol fielay copy
freme {nte 1ine control module treremit buffer
IF (nformation frame timer (o running THEN
restart (nformation frame timer
ELSE stert iInformation fragme timer
ENOLP
seteneeRenRene
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8EGIN Renponse Frame Sender
I¥ required resconse (o unnumbered THEN
IF response to set ssvnchronroue balenced mode (extended) commend THEN
. reset loca!) sena and receive variablesy reset o!!) flags
NOLP
IF resoonse to reset command THEN
S ;’l.! 1o¢e) receive veriablesr reset ol) receivesrelated flage
NOD}
IF required resporse (s unnumbered scknowledgement THEN
reOOt UnAymDered ecknowledgement resconse reauired flag
ELSEIF reauired resconse (s frame reject THEN
resct frame reject resoconse reauired ?1ay
{nsert control fleld of rejected frame Into responrse
ELSELIF reauired resconse is exchonge {dentification THEN
reset exchange fdentification response reauired flag)
get {dentificetion dets frem AOCCP Contro) Processer
ELSEIF reauired resconse s unmumdered informetion THEN
set ¢ Bit {n resoongse freme control fleldp
Qet date for {nformation f{ela from ADCCP Contro! Processor
ENOLF
build scoropriate unayumberea resoconse fremes schedule freme for
trorsmission
ELSE IF reauired resconrse is sudervisery THEN
IF leca! receiver not resdy flag reset THEN
generate receiver ready resoonse
ELSE generete receiver nOt resdy resoonse
ENOLF .
insert current velue of locel receive variable In frame centro!
tfieldy duild escorooriate supervisory resconse freme)
schedule freme for trensmission
ENODIF .
reset responrse reauired flag
ENO Response Frame Sender
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8CAIN Infervation Frame Sender

tnsert frame ot tai) of informgtion frame transmission aueue

IP Informetion frame trenemisaion aueue |s ful) THEN

set information freme scknew!edgenent reauired f1eg
ENDIP

END Information Prome Sender
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SEGIN Supervisery Command Sender 31
IF Yocel receiver not ready-fleg reset THEN e %
oenerete receiver ready ¢ommand sl
ELSE generaete receiver nrot ready commend -3
EnNOLP : . :
insert current locel receive veriable in frare control fleldp !
rFeset send suoervisory commend f1a9y ]
schedule frame for transmission) 3 g
Set syoervisory commana outstending f1agy g
END Suservisory Commena Sender
i
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PAGE Q0009

‘8EGIN Unnumbered Commend Sendes ;

I* send set esynehronous be)enced mode (extended) commend flag set THEN
reset send esynchronous balanced rode (extended) command f)aegy

set asynehromrous balanced mode (extended) command outstending fleg
ELSEIF asend reset command fleg set THEN

reset oend reset command flaeg ]
IF no unnumbered resconrse received fleg (s set THEN
set set asvynehronous balanced mode (extended) commend
outstending flagy reset reset commend autstanding f)ag
ELSE set reset commend outstending flag
EnOLP
ELSEIF send unnumbered informetion commend fleg set THEN
set unnumdered {nformation gcommend outstanding f1egs
reset send unnumoered command f1g9y
build information field with dete from AOCCP Contro! Processory
IF ADCCP Contro! Processor wants unnumbered informetion respense THEN
set B bit In frame control fleldp
set unnumbered informetion resconse reauired fleg
:ng'ooe uAnymbered scknowledgement resconse reauired flag
~nO g
ELSEIF esend set exchenge identificetion eommand flag THEN
reset send exchenge fdentificetion command f)lagy
set exchange {dentification command gutstanding flagy

" build freme with {dentificetion date from ADCCP Control Processor
NOLIP

generate oroper COommandg
s¢hedule freme for tranrsmission)
END Unmymbered Command Sender
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8EGIN Regeive Processor
restart {nective link timer.
IF frame check secuence (s valid THEN :
IF eddrese fie)d conteinse Y10ce) station address THEN
IF nmot {n se)feteet mode THEN
set command received flaQ) reset resconse received flag
EL'!'OOQ resoonrse receivea f)1aQ) reset commend received f)aQ
NO1
ELSELF eddress fie'd contains remote station address THEN
IF not {n selfetest mode THEN
set response received f10g) reset commrand received flag
!LSE'lot command received f1ag1 reset resconse received flag
ENOI
ELSE set freme reject f109) set invelid frere format f1a209 save
eontrol fleld of rejected freme
ENOIP :
IF command received flag s set THEN
IF (nformation frame THEN
CALL Informetion FPrame Receiver
ELSEIF suporvisory command freme THEN
CALL Supervisery Commend Regeiver
ELSEIF unnumbered commend freme THEN
CALL Unnyumhered Commend Recefver
ELSE set frarme reject ?109) set inve)id command §)ag)
ssve contrg) flelad of rejected frarme
ENOLIP
reset commend recei{vea flaa
ELSEIF resconse received flag s set THEM
IF Suocervisory Response THEN )
CALL Sucervigsory Response Receiver
ELSELIF Umnumbered Resceorse THEN
CALL Unnumbered Resconse Receiver
ELSE set frame reject fl1aq) set Invalid rescorse flaay
seve control tltelad of rejected frarme
ENOIF
reset response received flaqg
Enoir .
IF ¢reme rejoct f10g I8 set THEN
reset frome reject flog) set frame reject resconrse required ?1agy
set resoonse reauired flag
EnOLPF {
:LSE discerd frame with {nvelid freme cheock seauence
NOLF
ENO ADCCP Receive Processor

teeeseetaenne
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B8EGIN Informetion Frame Receliver
IF information fleld exceedp mex{mum allowed lenath THEN
set freme reject flag) set information field maximym length
engeeded f)ag
ENDIP

IF send seauence number of received iInformation freme {8 not eaue!
to value of loca! receive variable THEN
set freome discerd flag
EnOLP
CALL Informetion Freme Acknowledgement Processor
IF treme discerd f1ag s reset THEN
IF trame reject flag (s reset TNEN 3
schedule {nformation fleld contents for trensfer to
higher level orotocel vie ADCCP Control Procedyre
IF no information fremes waiting for trensmission
oFr remote regeiver not recdy flag e set THEN
set response reauired flagy set sucervisery resoonse
reayired floeg
ENOLP
ENOD1LP
ENDIP

ENO Informetiom Frame Recelver

ftRRedeRtacnete
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B8EGIN $upervisory Commend Regelver

IF velila freme formet THEN , , 3
set response reauired T1egy set suservisory response reauired flaeg
CALL Informetion Freme Agknowledgement Progessor

ELSE set freme reject f100) set invelid freame formet i1agy seve
control fleld of rejected frame

ENOIP

END Sucervisory Command Recefiver
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.GIN Juservisery Resporse Regeiver
¥ vealig frame formet THEN .
IF receiver ready respénse THEN
IF remote receiver not ready fleg 1s set THEN
Set remote receiver reedy flegr _
reset remote recei{ver net reedvy fleg
; L L.00 L
; ELBEIF reoceiver not ready response THEN ,
; set send supervisory command f)aeg b
% IF remote receiver not ready fleg {8 reset THEN
, set remote receiver not ready flag
< | ENOIF
; ENDIP

IF mo suoervisorv rescense received fleg s set THEN
reset no suoervisory respomse received f)ag

o ENDLIP

: IF sucarvisory resconse reauired flag is_set THEN
reset subervisory respense reauired flagy
stop suoervisory commend timer

EnNOLF

CALL Information Freme Ackrowledgement Processer

ELSE set freme reject flagy set fnvelia frame formaet flag)

save control fiela of rejected frame
EnOLP

ENO Supervisery Resoconse Recelver
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8EGIN Unnumbered Command Regelver

I7 set asynchronous balanced mode(exntended) commend THEN
IF velid freme formet THEN ;
reset loce) send end receive veriabless reset o)l ilege)
set unnumbered seknowledgement required f)agy
reseauence ell oytstanding Information fremesy
discard any outstanding supervisery or unnurbered
commande)

ELSE set frame reject ?18g1 set invelid freme format flag) seve
control fleld of rejected freme
EnOLP
ELSEIF reset command THEN
IF veli{d frame format THEM ;
reset loce! receive veriabley reset receivesreloted flegs)
set unaymbered ecknowledgement reauired flag
ELSE set frame reject ?100) set invelid freme formet f1eg; save
eontrol fleld of re)ected frane
ENOIP o _
ELSEIF unaumbered i{nformetion command THEN
IF imnvélid frame formet THEN . . ]
set freme reject f1agQ) set invelia frame fermat flegy seve
eontrol field of rejected frame
ELSEIF (nformation field exceeds meximum allowed lengeh THEN
set freme reject f1aQp oet {nformetion fleld menimym

length exceeded f1eg) save contro) field of rejected
frame

ELSE IF o bit is set THEN

notify higher level oreteco! vie ADCCP Contro! ,
Precoseor that an unnumbered Information response o
roquired

ELSE set unnumbered acknowledgement resocense required flag
ENOLP :
schedule iInformation fleld contents for transfer to hgher
leve! protecol vie ADCCP Control Ppogedure

CELIEIF enehange fdentifigation command THEN
IF velia frame formet THEN

set exchange {dentification response recuired flagy

schedule fdentification Information for trensfer to
higher leve) protocol vie ADCCP Control) Procedure

ELSE oset frame reoject flagy set {nvelid freme format flag)
save control 14010 of rejected frame

EnOIF

(T34

86t respsnee reauired f)ag

END Unaymbered Commena Recefver
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8EGIN Unnumbered Resoonse Regelver
I? unnumbered response reauired fleg 19 set THEN
IP unnumbered scknowledgement response THEN
IF velia freme format THEN

IF set asynghronous belanced mode (extended) commend eutstending

1100 1o set THEN

reset set asynehromous dalanced mode (extended) gommend
outetending flagyr reset 10ce! send and receive veriables)

0tOP unnymbered command timery
reset o'l f1aQe
ELOEIP reset commend outetending f1e9 s set THEN
reset Yoge) receive voriadley reset receiveerglated
f1090) reset reset gommand outstanding flag)
90 unnymbered gommend timer

ELSEIP unnumbered Infermation commend outetending fleg s set THEN
IF unnrumbered ecknowledgement response reauired f1eg fs set THEN
reset unnumbered {nformation command outstanding f1agy

StoP unnumrbered command timer
ENOLF S
ENOLP

ELSE set freme reject flagy s2¢t invelid freme formet f1eg) seve

contrel fiela of rejected frame
EnDLP

ELSEIF unnumbered {nformetion response THEN
IF valia freme farmgt THEN

I7 unnumbered informetion response reauired f1ag s set THEN
reset unnumpered information command outstending f1eg)

reset unnumdbered inforretion resoanse reauired {\agy
0P unnumbered coemmend timer) _
schedule informetion ffeld contents for trensfer teo

Aigher level proteosel vie ADCCP Contrel Precedure
ELSE discera freme

EnotrP

ELSE set freme reject flagy set invalid frame formet fle9) save

control field of rejected frere
gEND1IP

ELSEIF exchange identification resconse THEN
IF veli{a freme format THEN

IF exehenge {aentificetion Pesnonse reauired f1ag ie set THEN

reset exchange infermation responee reauired flagy
stop unnuymbered gommend timery :
schedule {dentification Informetion for transfer te

M gher leve! protoco) vie ACCCP Control Proceodure - -
ELSE afscerd frere

EnOLP

ELSE set freme relect f10g) set {nvelid frame 7ormat #1e0; save

eontrol field of rejected freme

EnOZPF

ELSEIF frame rejoct respeonse THEN
IF velid freme formet THEN

IF rejected contrel fleld metehes the? of outstending
VARYADOPred command THEN

reset sooronriete outstending unrumrbered commend f1eg
ELOEIP rejected contrel field motehes that of eutotending
information freme THEN nRetify ADCCP Contreol
Srocessse
ELSEIF re)ected sontro) 710ld matehes thet oF outstaending
supervisery c¢ommand freme THEN regify ADCCP
Contro! Processer
ENODLIP
eRNBeReRNRRRRE® 3
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ELIE oot freme rejeet 11001 sot tnvelid freme Tormet flogs seve
contrel field af rejected frere
EnNotP
ENOLP

ELIE IP dreme relect ressonse THEN
IF velia freme formet THEN
IF rejegted frame 1o outstending suservisery commend THEN
notify ADCCP Control Procedyre

ELSEIF rejected frome (9o outstanding information freme THEN
notify ADCCP Contrel Procedure

ENOLP
ELSE afecerd frame
EnOIP

EnOLP

ENQ Unnumbered Resoonse Recelver
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Preme Acknowledgerent Processor
receive seauence mumder (a8 valid THEN

POROVE any outstanding (nfgrmetion fremes with send seeuence
AURDOFrS 1088 than the recei{ve seauenee numbesr frem tronsmission
queve) save gount of numocer of free slots In trensmigsion
aueve

IF information freme ag¢know! edgerent reauired flag set THEN
reset information freme asgknmew!edgement reauirod fleg
ELSEIF information frame agknow)edgement se!

feited flag 1s set THEN
reset (nformetion freme egknow!edgement
ENDIP

solieited flag
ELSE set serd reset command f1eg
EnNOIP

END Infermetion Prame Acknowleagement Processor
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ABSTRACT Data Cossunication Control Procedures define the means
E - for exchanging data between business machines (e.g.,
| coaputers, concentrators and terainals) over
b § cossunication circuits. The advanced data

cosmunication control procedures described in this
standard are synchronous, bit oriented (i.e., use bit
4 patterns instead of ASCII characters for control), code
- independent (i.e., capable cf handling any data code or
pattern) and interactive (i.e., have relatively high
efficiency in an interactive application). Batch
operation is handled with efficiency coaparable to
previous standards. Isproveaents have also been made g
with respect to previous standards 4in the areas of s

reliability and sodularity.
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POREWORD (This ?oreword is not a part of the Americanm Natiomal

Standard for Advanced Data Comaunication Control
Procedures, BSR X3.66, 9 June 1977).

The developmeant of advanced data coammunication control
procedure standards begap in late 1969 during final
vork on the American VNaticpal Standard, Procedures for
the Use of the Comaunication Control Characters of
American National Standard Code for Information
Interchange in Specified Data Communication Links,
X3.28 - 1971. At that tise, it vas recognized that
X3.28 lacked certain desirable capabilities that would
be impractical to inccrgorate due to the basic
philosophy of the standard. Consequently, several
proposals vere submitted by mesmbers of the Task Groap
for new and isproved vays tc perfora the necessary link
control functions. One of the most significant
proposals wvas a bit-oriented approach that utilized
dependent single sequence nuabering. Out of this
activity evolved a proposal for an American Natiomal
Standard for ADCCP - Dependent Nusbering. In late 1971
an approach was proposed based on am independent/dual
numbering philosophy. Acceptance of this approach
resulted in this American National Standard for ADCCP.
The basic objectives of the Advanced Data Communication
Control Procedures are tc frovide:

a) FPull tranmsparency and code independence;
.b) Bfficient interactive and batch operation;
c) A high level of reliability;
d) Two-way alternate and two-wvay

sisultaneous operation;
-ej A high level of mcdularity.

Suggestions for improvement of this standard will be
velcome. They should be sent to the American National
Standards Institute, 1430 Broadvay, W¥ewv York, New York
10019.
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LIST OF ABBREVIATIONS

A - Address field L

ABN - Asynchronous Balanced Mode

ADCCP - Advanced Data Communication Ccntrcl Procedures
ADM - Asynchronous Discomnect Mode

ARM - Asynchronous Response Mode

ARO - Asynchronous Resgond Opportunity

BA - Balanced, Asynchromous Class

C - Control Field

C - Combined Station (FPigure 10-1 cnly)

CCITT - International Telegraph and Telephone Consultative Coamittee
Coab - Combined (station)

DISC - Disconmnect (Command)

DM - Disconnect Mode (Response)

PCMA - Buropean Computer Manufacturers Association
P - Plag

P bit - Prinal Bit

PCS - Prame Check Sequence

PRAR - Prame Reject (Response)

I - Information (command, response)

I - Information Pormat (frame)

I frame - Information Format frase ‘
ID - Identification -
IN - Infitialization Mode -
Info - Information Field

IS - Initialization State

ISO - International Standards Organization

ITS - Information Transfer State

LDS - Logically Disconnected State

LSB - Least Significant Bit

M - Modifier Punction Bit

MSR - Most Significant Bit

N - An integer variable

NA - Not Applicable

NDM - Normal Disconnect Node

W (R) - Receive Sequence Number

NRN - Norsal Response Mode

NERO - Normal Respond Opportunity

N(S) - Send Sequence Number

P bit - Poll Bit

P - Primary Station (Figure 10-1 only)

P/F bit - Poll or Pinal Bit

Pri - Primary (station)

P/S/C - Primary or Secondary or Combined (station)
Pri/Sec - Primary or Secondary (staticn)

R - Receive Variable

RD - Request Disconnect (Command)

RSET - Reset (Coamand)

REJ - Reject (Command, Response)

RIN - Request Initialization Mode (Response)

R e i g St




BSR X3.66 |
X3S34-58$

DRAPT 6 REVISION 2
11 dugust 1977 {

RNR - Receive Not Ready (Command, Resgcnse)
RR - Receive Ready (Command, Response)
| S - Depending upon usage: |- Send Variable
A e - Supervisory Function Bit
= Superviscory Pcrmat (frame)

S frame - Supervisory Format frase
S - Secondary Station (FPigure 10-1 cnly)
SARM - Set Asynchronous Balanced Mode (Cocmmand) !
SABHE - Set Asynchronous Balanced Mcde Extended (Coamand)
SARN - Set Asynchronous Response Mode (Command)
SARME - Set Asynchronous Response Node Extended (Comaand)
Sec - Secondary (station)
SIM - Set Initialization Mode (Command)
SNRM - Set Normal Response Mode (Ccsmand)
SNRME - Set Normal Response HMode Extended (Command)
SREJ - Selective Reject (Command, Resgonse)
TO - Timeout
TWA - Two-Way Alternate
TRS - Twvo-Way Simultaneous
0 - Unnumbered FPormat (frame)
0 frame - Unnumbered Format frame

' UA - Unnuabered Acknovledgement (Resfpcanse)
OA - Nnbalanced, Asynchronous Class
0I - Unnusbered Itformation (Command, Response) -
UN - Onbalanced, Normal Class i
UP - Uannusbered Poll (Ccasmand)
XID - Bxchange Identification (Ccmsand, Response)
¥,X,Y,Z - bits in PRNR Status Field

e S e e e

NOTE: The mathematical sysbols and abbreviations used in Section
12.0, Prame Check Sequence (PCS) Generation and Checking, and
Appendix D, Prame Check Sequence (FCS), ate not included above;
they are defined as introduced in Section 12 and Appendix D.
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1.0 SCOPE

This standard establiihes the prccedures to be used on
synchronous coemunication links using ADCCP. This standard does
not define any single system and should not be regarded as a
specification for a data communicaticrs systea.

This standard is intendéd to cover a wvide range of applications
(e.g., tvo-vay alternate and tvo-vay sinultaneous data
coumunication between computers, concentrators and terminals
vhich are norsally buffered) and a wvide range of data 1link
confiqurations (€eGe., full and half-duplex, multi-point,
point-to-point, switched or non-switched).

This standard is defined specifically in teras of the actions
that occur on receipt of coasands at Secondary stations and
Coabined stations.

In order to provide a high degree of standardization (and,
therefore, of compatibility), any equipment intended to be
operated wvithin the constraints of this standard shall isplement
all features of a stipulated basic class of the procedures.
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2.0 GENERAL

ADCCP defines a wmethod of data link control in teras of the
varions combinaticns of primary 1link control functions (referred
to as Primary station) and secondary link control functions
(referred to as a Secondary staticn) and balanced 1link control
functions (referred to as a Combined station) that make up the

control functions and protocols at three types of 1logical data
link control stations:

- Primary station
- Secondary station
- Combined station

In particular, the 1logical functions and protocels of Secondary
stations and Combined stations are specified identically with
respect to the action taken and the response frame(s) transamitted
as the result of receiving a given ccamand frame(s). The Primary
station and Combined station procedures for managing and
scheduling the data link, via the trapsmission of cosmand fraases,

are the responsibility of the systeam designer and are aot
specified. :

Since this standard is defined in terms of logical stations it
should be noted that a given physical station may be coaposed of
one or more logical stations. Por example, a physical station
ispleaentation may: 1) have the capability cf providing more than
one type of logical station capability on a given 1link at
different times (see configurable station Section 2.1.4); 2) have
the capability  of ' providing more than one 1logical station
capability on different 1links at the same tise (e.g., a
sultiplexor that serves several 1links): 3) house ot serve
sultiple logical stations (e.g., a clustetr controller).

2.1 Station Types

In ADCCP there are three types of sStations: Primary Station;
Secondary station; Combined station.

NOTE: As used in this document the word station (by itself)
refers to Primary, Secondary and Cosbined Stationms.

2.1.1 Primary Station

A Primacy station has (only) a prisary 1link control capability.
The Primary station tranmnsmits cosmand frames (commands) to and
receives response frames (responses) froa the Secondary
station(s) on the 1link. A Prisary station maintains a separate
information transaitting ability anmd/or inforsation receiving

- 2 -
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ability vith each Secondary station cp the link.

2.1.2 Secondary Station \

A Secondary station has (only) a secondary link control
capability. The Secondary station transmits response fraaes
(responses) to and receives command frames (ccmmands) froa the
Primary station. It maintains one information transaitting
ability and/or one information receiving ability with the Primary
station.

2.1.3 Combined Station

A Cosbined station has balanced link control capability. The
Combined station transaits both command frames (commands) and
response frames (respomses) to, and receives both commands and
responses from, another Cosbined station. It wmaintains one
information transmitting ability to and one inforsation receiving
ability from the other Combined staticn.

2.1.4 Stations Capatle of Being Configured

A station is defined as configurable if it has, as the result of
mode-setting action, the capability to be, at different tiases,
more than one type of logical station; i.e., Prisary station,
Secondary station cr Combined station.

2.2 Logical Data Link Configurations
In ADCCP there are two logical data link configurations:

- Onbalanced configurations wvhich have a Primary station
and one or more Secondary stationms.

- Balanced configurations vhich have two Combined statioms.
2.2.1 Unbalanced Configurations

An Onbalanced configuration has one Primary station and one or
more Secondary stations connected tc the link. The 1link may be
point-to-point or wmultipoint, two-way alternate or twvo-way
sisultaneous, swvitched or non-swvitched. In the Unbalanced
confiquration the Primary station is respcnsible for setting each
Secondary station in a 1logical state and mode as appropriate.
See Section 6. Additionally, both Primary and Secondary stationms
are responsible for exchanging data and control information with
each other, and initiating the liok 1level error recovery'
functions defined in this standard. See Pigure 2-1.
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PIGURE 2-1 Uanbalanced Configuration
L 2.2.2 Balanced Configuration
A Balanced configuration is tvo Ccsbined stations connected
point-to-point, two-wvay alternate or° two-way sisultaneous, !

svitched or non-svitched., Both Coabined stations have identical
{ data transfer and link control capability. See Pigure 2-2.

r ) Cosmands r )
' ! ! {
| COMBINED { <— > | CONBINED [}
| | ) )
| STATION 1< > | STATION ]
| | ) |
' LY L ' o > ' l'. '
| | | {
L 4 Responses b s

Figure 2-2 Balanced Configuration

2.2.3 Syssetric Configurations Sty

Two independent point-to-point Unbalanced logical station
confiqurations may be connected ir a Symsetric sanner and
sultiplexed on a single 1link. This configuration may be two-way
alternate or tvo-vay sisultaneous, svitched or mon-switched. In
this configuration there are tvo independeat Primary
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station-to-Secondary station 1cgical channels where the Primary -
stations have overall responsibility for mode setting. Each of ‘ '
the four stations maintains one infcrsation transaitting ability |

and/or one infcrmation receiving ability. See Pigure 2-3. I P

.' 1 : 7 |

i PRINARY | |  SECORDARY I | §
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| [ ! STATION i

| { | = |

| L | | |

L y | [ '] {

!
2 Stations 2 Stations

Figure 2-3 Syametric Configquration

2.3 Logical States and Modes

Cosmunication between two stations is conducted in three logical
! states: Information Transfer State, Initialization State, or
§ g Logically Disconnected State.

2.3.1 Information Transfer State (ITS)

While in ITS the Secondary/Combined station may transait and e
receive information. Communicaticns shall observe the frevi
constraints of a mode established in a Secondary/Coabined station
by the resote Prisary/Coabined staticn. BEach mode specifies a
respond opportunity and a logical data link configuration. See
Section 6.2.
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2.3.1.1 Normal Response Mode (NRM)

NRN is an Unbalanced configuration ogperational mode in wvhich the
Secondary station may initiate transsission of frames containing
information only as the result of receiving explicit permission
to do so from the Primary station. Af ter receiving permission,
the Secondary station shall initiate a response tranmsaission.
The response transmission may consist cf cne or more frames vhile
maintaining an active channel state. The last frame of the
response transmission will Dbe exglicitly indicated by the
Secondary station. Pollowing the indication of the last frame,
the Secondary station wvill stop tramsaitting until explicit
peraission is agai<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>