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Abstract

Data communication control procedures define the means for exchanging data between business
machines (e.g., computers, concentrators, and terminals) over communication circuits. The ad-
vanced data communication control procedures {ADCCP) described in this standard are synchro-
nous, bit oriented (i.e., use bit patterns instead of ASCII characters for control), code independent
(i.e., are capable of handling any data code or pattern), and interactive (i.e., have relatively high
efficiency in an interactive application). Batch operation is handled with efficiency comparable

to that in American National Standard Procedures for the Use of the Communications Control
Characters of American National Standard Code for Information Interchange in Specified Data
Communication Links, ANSI X3.28 1976. Improvements have also been made with respect to
ANSI X3.28-1976 in the areas of reliability and modularity.
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Foreword

(This Foreword is not a part of American National Standard for Advanced Data Communication Control
Procedures (ADCCP), ANSI X3.66-1979.)

The development of advanced data communication control procedure standards began in late
1969 during final work on American National Standard Procedures for the Use of the Communi-
cation Control Characters of American National Standard Code for Information Interchange in
Specified Data Communication Links, ANSI X3.28-1971. At that time, it wasrecognized that the
link control procedures defined in ANSI X3.28lacked certain desirable capabilities but that it
would be impractical to incorporate them in ANSI X3.28 due to the basic philosophy of the stan-
dard. Consequently, several proposals were submitted by members of the Task Group for new and
improved ways to perform the necessary link control functions. One of the most significant propo-
sals was a bit-oriented approach that utilized dependent single sequence numbering. Out of this
activity evolved a proposal for an American National Standard for ADCCP — Dependent Num-
bering. In late 1971 an approach was proposed based on an independent/dual numbering philos-
ophy. Acceptance of this approach resulted in this American National Standard for ADCCP.

The basic objectives of the Advanced Data Communication Control Procedures are to provide for:
(1) Full transparency and code independence
(2) Efficient interactive and batch operation
(3) A high level of reliability
(4) Two-way alternate and two-way simultaneous operation
(5) A high level of modularity

Suggestions for improvement of this standard will be welcome. They should be sent to the Ameri-
can National Standards Institute, Inc, 1430 Broadway, New York, N.Y. 10018.

This standard was processed and approved for submittal to ANSI by American National Standards
Committee on Computers and Information Processing, X3. Committee approval of the standard
does not necessarily imply that all committee members voted for its approval. At the time it ap-
proved this standard for submittal to ANSI, the X3 Committee had the following members:
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R. M. Brown, Vice-Chairman
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List of Abbreviations

A - Address field

ABM - Asynchronous balanced mode

ADCCP - Advanced data communication contrcl procedures

ADM - Asynchronous disconnect mode

ARM - Asynchronous response mode

ARO - Asynchronous respond opportunity

BA - Balanced, asynchronous class

C - Control field

C - Combined station (Figure 10-1 only) ,

CCITT - International Telegraph and Telephone Consultative Committee

Comb - Combined (station)

DISC - Disconnect (command)

DM - Discomnnect mode (response)

ECMA - European Computer Manufacturers Association

F - Flag

F bit - Final bit

FCS - Frame check sequence

FRMRE - Frame reject (response)

I - Information (command, response)

I - Information format (frame)

I frame - Information format frame

ID - Identification

IM - Initialization mode

IS - Initialization state

IS0 - International Standards Organization

ITS - Information transfer state

LDS - Logically disconnected state

LSB - Least significant bit

M - Modifier function bit

MSB - Most significant bit

N - An integer variable

NA - Not applicable

NDM - Normal disconnect mode

N(R) - Receive sequence number

NRM - Normal response mode

NRO - Normal respond opportunity

N(S) - Send sequence number

P bit - Poll bit

P - Primary station (Figure 10-1 only)

P/F bit - Poll or final bit

P/S/C - Primary or secondary or combined (station)

R - Receive variable

RD - Request disconnect (command)

RSET - Reset (command)

REJ - Reject (command, response)

RIM - Request initialization mode (response)

BRNR - Receive not ready (command, response)

RR - Receive ready (command, response)

S - Depending upon usage: - Send variable
- Supervisory function bit
- Supervisory format (frame)



S frame - Supervisory format frame

S - Secondary station (Figure 10-1 only)

SABM - Set asynchronous balanced mode (command)
SABME - Set asynchronous balanced mode extended (command)
SARM - Set asynchronous response mode (command)
SARME - Set asynchronous response mode extended (command)
SIM - Set initialization mode (command)

SNEM - Set normal response mode (command)

SNRME - Set normal response mode extended (command)
SREJ - Selective reject (command, response)

TO - Time-out

TWNA - Two-way alternate

TNS - Two-way simultaneous

U - Unnumbered format (frame)

U frame - Unnumbered format frame

UA - Unnumbered acknowledgement (response)

UA - Unbalanced, asynchronous class

UI - Unnumbered information (command, response)

UN - Unbalanced, normal class

UP - Unnumbered poll (command)

XID - Exchange identification (command, response)
w,X,Y,Z - Bits in FRMR status field

NOTE: The mathematical symbols and abbreviations used in Section
12, Frame Check Sequence (FCS) Generation and Checking, and
Appendix D, Frame Check Sequence (FCS), are not included above;
they are defined as introduced in Section 12 and Appendix D.



American National Standard
for Advanced Data Communication
Control Procedures (ADCCP)

1. SCOPE
This standard establishes the procedures to be used on
synchronous communication links using ADCCP. This standard does
not define any single system and should not be regarded as a
specification for a data communications system.

This standard is intended to cover a wide range of applications
(e.g., two-way alternate and two-vay simultaneous data
communication between computers, concentrators, and terminals
which are normally buffered) and a wide range of data 1link
configurations (e-g., full and half-duplex, multipoint,
point—-to-point, switched or nonswitched).

This standard is defined specifically in +terms of the actions
that occur on receipt of commands at secondary stations and
combined stations.

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

CAUTION NOTICE: The user’s attention is called to the possibility that compliance with this standard may require use of an invention
covered by patent rights.

By publication of this standard, no position is taken with respect to the validity of this claim or of any patent rights in connection
therewith. The patent holder has, however, filed a statement of willingness to grant a license under these rights on reasonable and non-
discriminatory terms and conditions, to applicants desiring to obtain such a license. Details may be obtained from the publisher.

No representation or warranty is made or implied that this is the only license that may be required to avoid infringment in the use
of this standard.

2. GENERAL

ADCCP defines a method of data limk control in terms of the
various combinations of primary 1link control functions (referred
to as a primary station), secondary 1link control functions
(referred to as a secondary station), and balanced link control
functions (referred to as a combined station) that make up the
control functions and protocols at three types of 1logical data
link control statioms: \

(1) Primary station

(2) Secondary station
(3) Combined station

13
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In particular, the 1logical 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 command frame(s). The primary
station and combined station procedures for managing and
scheduling the data link, via the transmission of command franmes,
are the responsibility of the system designer and are not
specified in this standard.

Since this standard is defined in terms of logical stations it
should be noted that a given physical station may be composed of
one or more logical stations. For example, a physical station
implementation may: (1) have the capability of providing more
than one type of logical station capability on a given 1link at
different times (see 2.1.4); (2) have the capability of providing
more than one logical station capability on different 1links at
the same time (e.g., a multiplexor that serves several links);
(3) house or serve multiple logical stations (e.g., a cluster
controller).

- 2.1 Station Types

In ADCCP there are three types of stations: primary station;
secondary station; combined station.

NOTE: As used in this document the word station (by itself)
refers to all three types of stations: rrimary, secondary, and
combined.

2.1.1 Primary Station

A primary station has only a primary link control capability.
The primary station transmits command frames (commands) to and
receives response frames (responses) from the secondary
station(s) on the 1link. A primary station maintains a separate
information transmitting ability or information receiving
ability, or both, with each secondary station on the link.

2.1.2 Secondary Station
A secondary station has only a secondary link control capability.
The secondary station transmits response frames (responses) to
and receives command frames (commands) from the primary station.
It maintains one information transmitting ability or one
information receiving ability, or both, with the primary station.

2.1.3 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 from, another combined station. It maintains one
information transmitting ability to and one information receiving

14
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ability from the other combined station.
2.1.4 Stations Capable of Being Configqured

- - P—=—3 P

A station is defined as configurable 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 station,
secondary station, or combined station.

2.2 Logical Data Link Configurations

In ADCCP there are two logical data link configurations:

(1) Unbalanced configurations which have a primary station
and one or more secondary statioms.

(2) Balanced configurations which have two combined stations.

2.2.1 Unbalanced Configurations

An unbalanced configuration has one primary station and one or
more secondary stations connected to the link. The 1link may be
point-to-point or multipoint, two-way alternate or two-way
simultaneous, switched or nonswitched. In the unbalanced
configuration the primary station is responsible for setting each
secondary station in a 1logical state and mode as appropriate.
See Section 6. Additionally, both primary and secondary stations
are responsible for exchanging data and control information with
each other, and initiating the link 1level error recovery
functions defined in this standard. See Figure 2-1.

r 1 Commands

| |

| PRIMARY { >

| |

i STATION | <

| | Responses

| |

[ & 3
¥ A J & 1
| | | l
| SECONDARY | [ SECONDARY |
l l | |
| STATION | | STATION |
l 11] All l ‘ l'Bll '
( l | l
[ J [ J

Figure 2-1 Unbalanced Configuration
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2.2.2 Balanced Configurations

A balanced configuration consists of two combined stations
connected point-to-point, two-way alternate or two-way
simultaneous, switched or nonswitched. Both combined stations
have compatible data transfer and link control <capabiiity. See
Figure 2-2.

r 4 Commands r 4
| | | l
| COMBINED | > i COMBINED |
| { | |
| STATION | < > STATION |
| | | |
| napn i P CUE— | npgn |
{ | | |
L 1 Responses L 4

Figure 2-2 Balanced Configuration

2.2.3 sSymmetric Configurations

Two independent point-to-point unbalanced logical station
configurations may be connected in a symmetric manner and
multiplexed on a single link. This configuration may be two-way
alternate or two-way simultaneous, switched or nonswitched. 1In
this configuration there are two independent
primary-station-to-secondary-station logical channels where the
primary stations have overall responsibility for mode setting.
Each of the four stations maintains one information transmitting
ability or one information receiving ability, or both. See
Figure 2-3.
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[ 3 4 L ALl
| | | |
i PRIMARY { i SECONDARY |
I | | |
i l | STATION |
| STATION | | |
{ [ Commands | wupn |
| | | |
L v L ]
| | < > | |
i SECONDARY i i PRIMARY i
| | Responses | |
{ STATION { | {
| | | STATION |
i | l |
' "A" l l l
i '] [ 3
2 Stations 2 Stations

Figure 2-3 Symmetric Configuration

2.3 Logical States and Modes

Communication between two stations is conducted in three logical
states: information transfer state, initialization state, or
logically disconnected state.

While in the ITS, the secondary/combined station may transmit and
receive information. Communications shall observe the
constraints of a mode established in a secondary/combined station
by the remote primary/combined station. Each mode specifies a
respond opportunity and a logical data link configuration. See

2.3.1.1 Normal Response Mode (NRM)
NEM is an unbalanced configuration operational mode in which the
secondary station may initiate +transmission of frames containing
information only as the result of receiving explicit permission
to do so from the primary station. After receiving permission,
the secondary station shall initiate a response transmission.
The response transmission may consist of one or more frames while

17
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maintaining an active channel state. The 1last frame of the
response transmission will be explicitly indicated by the
secondary station. Following the indication of the 1last frame,
the secondary station will stop transmitting until explicit
permission is again received from the primary station.

ARM is an unbalanced configuration operational mode in which the
secondary station may initiate transmission without receiving
explicit permission from the primary station. Such an
asynchronous transmission may contain single or mnultiple frames
and is used for information field transfer or to indicate status
changes in the secondary station (e.g., the number of the next
expected frame, transition from a ready to a busy condition or
vice versa, occurrence of an exception condition), or both.

2.3.1.3 Asynchronous Balanced Mode (ABM)

ABM 1is a balanced configuration operational mode in which a
combined station may initiate transmission without receiving
permission from the other combined station. Such an asynchronous
transmission may contain single or multiple frames for
information transfer or to indicate status changes at the
transmitting combined station (e.g., the number of the next
expected frame, transition from a ready to a busy condition or
vice versa, occurrence of an exception condition), or both.

 Ee e e e, e e, m—m e m———

While in the IS, communications shall observe the constraints of
a system-defined procedure. The system-defined procedure nmay,
for example, cause the secondary/combined station's link control
to be initialized or regenerated by the remote primary/combined
station. See 6.4.

2.3.3 Logir

While in tle LDS, the secondary/combined station is 1logically
disconnected from the link and is not permitted to +transmit or
receive information. Communications shall observe the
constraints of a disconnected mode selected by system definition;
each mode specifies a respond opportunity. See 6.3.

2.3.3.1 Normal Disconnected Mode (NDN)

NDM is an wunbalanced configuration nonoperational mode in which
the secondary station is logically disconnected from the link and
is not permitted to initiate or receive information. The
secondary station may initiate transmission only as the result of
receiving explicit permission to do so from the primary station.
After receiving permission, the secondary station shall initiate
a single frame transmission indicating its status.
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2.3.3.2 Asynchronous Disconnected Mode (ADY)

ADM is an unbalanced or balanced configuration nonoperational
mode in which the secondary/combined station is 1logically
disconnected from the link and is not permitted to initiate or
receive information. A station in ADM may initiate transmission
without receiving explicit permission from the primary/combined
station but the transmission shall be a single frame indicating
the station status.

3. FRAME STRUCTURE

In ADCCP, all transmissions are in frames and each frame conforms
to the following structure:

P, 4, C, Info, FCS, F

Where:
F = Flag sequence
A = Address field
C = Control field

Info = Information field
FCS = Frame check sequence

Frames containing only data link control sequences form a special
case vhere there is no information field. The short frame
structure is therefore:

F, A, C, FCS, F .

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

3.1 Elag Sequence (E)

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
hunt, on a bit-by-bit basis, for this sequence. A transmitter
must send only complete eight-bit flag sequences; however, the
sequence of 011111101111110 at the receiver is understood as 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, <control, information, and FCS
fields via a "zero bit insertion" procedure described in 3.7.

The flag sequence which closes a frame may also be the opening

flag sequence for the next frame. Any number of complete flags
may be used between frames. See also Appendix B.
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A
3.2 Address Field (3)
The address field contains the link 1level address of a secondary
station or a combined station. The length of this field (A4) is N
octets (N is greater than or equal to 1). The -encoding of this
field is described in Section 4.

3.3 Control Field (C)

The control field contains a command or response and may contain
sequence numbers. The control field is used by the transmitting
primary/combined station to instruct the addressed
secondary/combined station to perform a specific operation. It
is also wused by the secondary station or combined station to
respond to the remote primary station or combined station. The
length of this 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 5.2.2.

Sequence aumbers and the formatting of the control field are
described in Section 5. Commands and responses are functionally
described in Sectiomn 7.

3.4 Information Field
The information field may be of any number and sequence of bits;
the data 1link procedures are completely transparent. Data
contained in the information field is unrestricted with respect
to code or grouping of bits. See Appendix B for examples of
typical limitations on maximum length.

3.5 Frame Check Sequence (ECS)

All frames include a 16-bit frame check sequence (FCS) just prior
to the closing flag for error detection purposes. The contents
of the address, control, and information fields, excluding the
zeros inserted to maintain transparency per 3.7, are included in
the calculation of the FCS sequence.

The FCS is the remainder of a modulo 2 division process utilizing
a generator polynomial as a divisor. The generator polynomial is
that used in International Telegraph and Telephone Consultative
Committee (CCITT) Recommendation V.41, Code-Independent Error
Control System, and is: X116 + X112 + xS + 1. Recommendation V.41
is part of CCITT Sixth Plenary Assembly, Vol VIII.1, Data
Transmission Over the Telephone Network, and can be obtained from
the International Telecommunication Union, Geneva, Switzerland.

Section 12 gives a complete description of the FCS generation
process and the error checking process which utilizes the FCS.
Appendix D gives an example of FCS generation and error
detection.
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NOTE: If future applications show that a higher degree of
protection is needed, the length of +the FCS will be increased by
nultiples of eight bits. This procedure requires a higher degree
generator polynomial, the implementation and use of which is
outside the scope of this standard.

3.6 Abort

In the abort procedure a station in the process of sending a
frame ends the frame in an unusual manner such that the receiving
station will ignore the frame.

Aborting a frame is performed by transmitting at least seven, but
less than fifteen, contigucus one bits (with no inserted zeros).
Receipt of seven contiguous one bits 1is interpreted as an abort.
Receipt of fifteen or more contiguous one bits is interpreted as
an abort and idle link state. See 3.9.

3.7 Transparency

ADCCP provides transparency for data coded in the information
field. The occurrence of the flag sequence within a frame is
prevented via a "zero bit insertion" procedure as follows:

The transmitter inserts a zero bit following five contiguous one
bits anywhere between the opening flag and the closing flag of
the frame. The insertion of the zero bit thus applies to the
contents of the address, control, information and FCS fields
(including the last 5 bits 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 it is a zero, the 5 one bits are passed as
data and the zero bit is deleted; if the sixth bit is a one, the
receiver inspects the seventh bit; if it is zero, a flag sequence
has been received; if it is a one, an abkort has been received.
See 3.6.

3.8 Active Link State and Interframe Time

A link is in an active state when a primary station, secondary
station, or combined station is actively transmitting a frame, an
abort sequence, or interframe time fill. When the link is in the
active state, the right of the transmitting station to continue
transmission is reserved.

Interframe time fill is accomplished by transmitting continuous
flags between frames. There is no provision in this standard for
the specification of intraframe time fill. See also Appendix B.

3.9 Idle Link State

A 1link is in an idle state when a continuous ones state is
detected that persists for at least 15 bit times.

21



AMERICAN NATIONAL STANDARD X3.66-1979

Idle 1link time fill is a continuous one condition on the 1link.
3.10 Invalid Frame

An invalid frame is one that is not properly bounded by two flags
(thus an aborted frame is an invalid frame) or one which is too
short (i.e., shorter than 32 bits between flags). A secondary
station or combined station will ignore any invalid frame.

e e m e ems  em e b e an o e D o p i i

Addresses, commands and responses, and sequence numbers shall be
transmitted low-order bit first (e.g., the first bit of a
sequence number that is transmitted carries the weight 290). See
Figure 3-1.

The order of bit transmission for data contained within the
information field 1is application-dependent and is not specified
in this standard.

The order of bit transmission for the FCS is most significant bit
first. See Appendix D.

| I
| |
| FRAME |
1< >
| |
| |
| ) |
| —m—First Bit |
Il Transmitted |
] |
(N I
Ll |
v |
| F A : C (Info) FCS F |
{ |
101111110 | Note 1 | Note 2 | Note 3 | X18——meeemm X0 | 01111110}
| | | | | | |
1 J
Flag Address Control Information Frame Check Flag

Sequence Field Field Field Sequence Sequence

Note 1. Address field formats described in 4.3.1 and 4.3.2.
Note 2. Control field formats described in 5. 2.

Note 3. Information field size may be any number of bits.
Figure 3-1
Structural Relationship of Defined Fields in ADCCP Format
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4.1 Unbalanced Operation

A unique address is associated with every secondary station on a
link. Additionally, a secondary station may be capable of
accepting frames which wutilize a group or global address;
however, when such a secondary station responds, it will utilize
its unique address.

The address field in a command frame +transmitted by a primary
station contains the address of the (remote) secondary station.
The address field in a response frame transmitted by a secondary
station contains the address of the (local) secondary station.

4.2 Balanced Operation
A unique address is associated with each combined station on the
link. Additionally, a combined station may be <capable of
accepting frames which utilize a group or global address;
however, when such a combined station responds it will utilize
its unique address.

The address field in a command frame transmitted by a combined
station contains the address of the remote combined station. The
address field in a response frame +transmitted by a combined
station contains the address of the local combined station.

4.3 Address Encoding

Two address encoding formats are defined for the address field:
basic and extended. These formats are mutually exclusive for any
given secondary stationm or combined station on a link and,
therefore, the addressing format must be explicitly specified.

In basic address format, the address field contains one address,
which may be a single secondary/combined station address, or a
group or global secondary/combined station address. This field
consists of one octet with the following format:

Address field bit number 1 2 3 4 5 6 7 8

Address [ R D D D D A B

Least significant bit :5}
First bit transmitted
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4.3.2 Extended Address Format

In extended format, the address field is a sequence of octets
which comprises one address which may be a single
secondary/combined station address, or a group or gJglobal
secondary/combined station address. When the first bit of an
address octet is "0", the subsequent octet is an extension of the
address field. See 4.5 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 as follows:

Extension Indicators

Qo =
Cm o —
G

Address Field 1 2 3 4 5 6 7 8 9 o 8n
Bit Number s “

A
\'4
A} =
]
(]
]
v

A
|
|

Pirst Bit Transmitted—-|
|

]
Least Significant Bit——-4

Pirst Octet of Address FPield

————

R ———, ]

Last Octet of Address Field

e e >

Most Significant Bit

4.4 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 wvhere a specific
secondary/combined station address is not known (e.g., switched
connection) or is not relevant to the situation (e.g., broadcast
transmission).

4.5 Null Address
When the first octet of the address field appears as eight "QO"

bits (00000000), the address is considered to be a null (no
station) address and the frame will be ignored.

For definitions of the following commonly used terms see
Glossary, Appendix A.
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- Accept/Acceptance - Implement
- Acknowledge - Invalid
- Action - Receive

- Discard Respond opportunity

The various parameters associated with frames are described in
5.1.1 through 5.1.3. Figure 5-1 shows the position of parameters
within a frame.

5.1.1 Modulus
Each information (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 maximum 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. This restriction is intended to prevent any ambiguity
in the association of transmitted I frames with sequence numbers
during normal operation or error recovery action, or both. The
number of outstanding 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 or
retransmission (in the event of a transmission error), or both.

3.1.2 Frame Variables and Seguence Numbers
Every secondary station in an information transfer state
maintains a send variable on the I frames it transmits to, and a
receive variable on the I frames it correctly receives from, the
primary station. Every primary station maintains an individual
send variable on the I frames it transmits to, and an individual
receive variable on the I frames it correctly receives from, each
secondary station in an information 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.

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 through modulus - 1. S
is incremented by one with each completed I frame transmission
(i.e., S will not be incremented when an I frame transmission is
aborted).
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3.1.2.2 Send Sequence Number (N(S))

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

5.1.2.3 Receive Variable (R)
Each station capable of receiving I frames shall have a receive
variable E equal to the expected N(S) contained in the next I
frame received. R 1is incremented by one upon receipt of an
error-free I frame whose N (S)=R.

5.1.2.4 Receive Sequence Number (N(R))

All I frames and supervisory (S) frames contain an N(R), the
expected sequence numnber of the next received I frame.
Imnmediately before transmitting or retransmitting an I or S
frame, N(R) 1is set equal to R. N(R) 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 (RB/F) Bit

Poll (P) and final (F) bits are used for:

(1) Indicating when a secondary station may begin and has
finished a response transmission under NRM. See 6.2.1.

(2) Checkpointing to determine if error recovery is
required. See 6.5.2.

(3) Obtaining a response from a seccndary/combined station,
See 6.1.

The P bit set to "1" is used by the primary/combined station in
command frames to solicit (poll) a —response or seqguence of
response frames from a secondary station(s) or a combined
station.

The F bit set to "1" is used by a secondary station to:

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

{2) Indicate in NRM the final frame +transmitted as the
result of a previous poll command.

The F bit set to "1" is used by a combined station to indicate in

ABM the response frame sent in reply to the receipt of a poll
command.
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See 6.1 for further description of the P/F bit operation.

— ——— - —— - — > > > - > —

The three formats defined for the control field are used to
perform information transfer, basic supervisory control
functions, and special cr infrequent control functions.

5.2.1 Basic Control Field

- -

The basic control field accommodates modulo 8 N(S) and N (R)
sequence numbering.

Control Field

First Bit Transmitted

N
w
&
(5,]
(e,
~

|l ;as—— A

Control Field Bits

@

r
Information Transfer Format {0 | N(S) | /F | N (R)
I | |
) | t +
Supervisory Format i1 01 s S| P/F | N (R)
| | | |
| + + t
Unnumbered Format i1 11 M M| P/F |M M
[ | i l
[
Where: N(S) = Transmitting station send sequence number.

(Bit 2 = low order bit)

N (R) = Transmitting station receive sequence number.
(Bit 6 = low order bit)
S = Supervisory function bits
M = Modifier function bits
P/F = Poll bit - primary/combined station

conmand frame transmissions.
Final bit - secondary/combined station
response frame transmissions.
(1 = Poll/Final)

3.2.2 Extended Control Field
The extended control field accommodates modulo 128 N(S) and N (R)
sequence numbering. Oon 1long propogation delay 1links (e.g.,

satellite transmission) it is desirable for reasons of efficiency
to extend the modulus of the sequence numbers N(S) and N(R).
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Control field extension for the three formats is as follows:

A

|
|
] Control Field >
|
|
|

{-====1st Octet > (< 2nd Octet—————--

|
|
First Bit Tramsmitted——————m——my
I
|

Control Field Bits

Supervisory Format

|

|

|

|
Information Format 101 N(S)

|

|

|

Unnumbered Format ]

1

where X bits are reserved and set to "Qw,

In extended control field format the +transmitter sets the P/F
bits in bit positions 5 and 9 for unnumbered format commands and
responses. A receiver in extended control field format
interprets the P/F bit in bit position 9. A receiver in basic
control field format receiving an extended control field format
interprets the P/F bit in bit position 5.

5.3 Information Transfer Format (I)

The I format is used to perform an information tramnsfer.

The functions of N(S), N(R), and P/F are independent; i.e., each
I frame has an N(S) sequence number, the N(R) seguence number may
or may not acknowledge additional I frames at the receiving
station, and the P/F bit may or may not be set to "1,

The S format is used to perform 1link supervisory control
functions such as acknowledge I frames, request retransmission of
I frames, and indicate temporary interruption of capability to
receive I/UI frames. The functioas of N(R) and P/F are
independent.
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- " D . —D > - > < —

The U format 1is used to provide additional 1link control
functions. This format contains no sequence numbers and
consequently five "modifier" bit positions are available which
allow definition of up to 32 additional command and 32 additional
response functions.

FRAME
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Figure 5-1

Positional Significance of Bits in Fields of ADCCP Basic Format

6. SECONDARY/COMBINED STATION STATES AND MODES

A secondary/combined station transmits response frames to a
primary/combined station based on previous receipt of a conmand
frame. 1In certain 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 determined by: (1) the type of respond opportunity
which exists at the secondary/combined station, (2) the current
state of the secondary/combined station, and (3) the particular
mode within the state of the secondary/combined station.
Secondary/combined stations do not queue sequential responses for
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command frames received. A secondary/combined station 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 command which requires a
specific response format.

6.1 Poll/Final Bit Usages
The Poll/Final (P/F) bit serves a function in both command frames
and response frames. In command frames the P/F bit is referred
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 frame with the F bit set
to "1" from the secondary/combined station at the earliest
opportunity. A response frame with the F bit set to "1" also
indicates the end of transmission under normal respond
opportunity.

For each primary-secondary pair on unbalanced links and for each
direction on balanced 1links only one frame with a P bit set to

min may be outstanding at a given tinme. Before a
primary/combined station can issue another frame with the P bit
set to "i" it must receive a response franme from the

secondary/combined station with the F bit set to "1". If no
valid response frame is obtained within a system-defined
time-out, the retransmission of a command with the P bit set to
"i" for error recovery purposes is permitted.

I=))
no

Respond Opportunities

6. 2.

(=Y

Normal Respond QOpportunity (NRQ)

NRO is a secondary station respond oprortunity in which the
secondary station initiates transmission of response frames only
as the result of receiving a command frame with the P bit set to
"1" or a UP command. See 7.4.2.2.

The response transmission may consist of cne or more frames while
the secondary station is maintaining an active link state. 1In
all cases the 1last frame of the response transmission will have
the F bit set to ?1". When the response frame with the F bit set
to Mqu is transmitted, the secondary station will stop
transmitting response frames and will not initiate any additional
transmission of response frames until a subsequent command frame
with the P bit set to "1" is received or until a UP command is
received.

6.2.2 Asynchronous Respond Opportunity (AEQ)
ARO is a secondary/combined station resgpond opportunity in which

the secondary/combined station initiates transmission of response
frames without regard to the receipt of a command frame with the
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P bit set to "1", Asynchronous transmission of response frames
may be initiated at the first opportunity. In two-way
simultaneous (TWS) transmission the opportunity is always
present. In two-way alternate (TWA) transmission the opportunity
becomes available upon the detection of an idle 1link state. An
asynchronous transmission may contain multiple frames and is used
to initiate information transfer (I/UI) or to report status
changes in the secondary/combined station (e.g., N(R) number
change, transition from a ready to a busy conditiom or vice
versa, or establishment of an exception condition), or both.

The secondary/combined station shall transmit a frame with the F
bit set to "1" only in response to a received command frame with
the P bit set to "1®", The F bit is not to be interpreted as the
end of transmission by the secondary/combined station.
Additional response frames with the F 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 that is in the
process of transmitting when the command frame with the P bit set
to "1" is received will set the F bit to "1" in the earliest
possible response frame to be transmitted. ’

When a station has asynchronous respond opportunity, it shall
utilize a response time-out function which will cause initiation
of appropriate recovery procedures if previously transmitted
unsolicited response frames have not been acknowledged within a
system-defined time-out period. Since simultaneous contention
may occur, in TWA configurations the response timers at each end
of the link shall be unequal. In TWA, the interval employed by a
secondary station shall be greater than that employed by the
primary station to permit contention situations to be resolved in
favor of the primary station.

The LDS is provided to prevent a secondary/combined station from
appearing 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 mismatch, or
(3) ambiguity as to the secondary/combined station status or
mode.

While in the LDS, the secondary station, or the response
capability of a combined station, is logically disconnected from
the data link; i.e., no information (I), unnumbered information
(UI), or S response frames are transmitted or accepted. The
secondary station capability, or the response capability of a
combined station, is 1limited to (1) accepting one of the
mode-setting commands, (2) transmitting a DM or RIM response
frame at each respond opportunity, and (3) responding to an XID
command.
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A secondary/combined station in the LDS, as a minimum capability,
must respond with DM (disconnected mode) to any valid command
frame received with the P bit set to "1iu, A RIM (request
initialization mode) response may be transmitted instead of DM;
the conditions which <cause a secondary/combined station to
transmit RIM are system defined.

A mode-setting, XID, or UP command may be accepted and responded
to at the first respond opportunity if the station is capable of
accepting and actioning the command. Any other frame received,
including a mode-setting, XID, or UP command that is not
accepted, 1is discarded except for the response requirement
described in the previous paragraph.

A secondary/combined station is system defined with regard to the
condition(s) that cause it to assume one of the two predetermined
modes (ADM or NDM).
Examples of possible system-defined <conditions (in addition to
that of receiving a DIsC command) which may cause a
secondary/combined station to enter the LDS are:

(1) The secondary/combined station power is turned on

(2) The secondary/combined station has a temporary loss of
powver

(3) The secondary/combined station link 1level 1logic is
manually reset

(4) The secondary/combined station is manually switched
from a local (home) condition to a
connected-to-the-link condition.

While in the LDS, a secondary/combined station may not establish
a frame reject exception condition.

6.3.1 Modes Within LDS

While in the LDS, a secondary/combined station communicates
under the constraints of one of the following two modes.

NDM is a disconnected mode in which the secondary station is
logically disconnected from the data 1link and follows normal
respond opportunity protocol. See 6.2.1.

6.3.1.2 Asynchronous Disconnected Mode (ADN)

ADM is a disconnected mode in which the secondary statiomn, or
response capability of a combined station, is logically
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disconnected from the data link and follows asynchronous respond
opportunity protocol. See 6.2.2.

6.4 Initialization State (IS)

While in the IS, the secondary/combined station may be
initialized or regenerated by the remote primary/combined station
and communicates under the constraints of the mode specified in
6.4.1.

6.4.1 Initialization Mode (IM)

A secondary/combined station enters the IM upon sending a UA
response, under a system-defined respond opportunity, in reply to
the receipt of a set initialization mode (SIM) mode-setting
command. While in the IM, the stations may exchange information
in any manner specified for that secondary/combined station
(e-.g., unformatted and unchecked bit streams, UI frames, or I
frames); however, in a multipoint configuration care shall be
taken to prevent interference with other stations on the link.
IM is ended when the secondary/combined station receives,
actions, and acknowledges a different mode-setting command (i.e.,
SNRM, SARM, SABM, SNRME, SARME, SABME, or DISC).

The secondary/combined station may request SIM at any time by
sending a request initialization mode (RIM) response.

6.5 Information Transfer State (IIS)

While in the 1ITS, a station is fully operational and capable of
transmitting and receiving I, S, and U format frames.

6.5.1 Modes Within ITS

While in the ITS, a secondary/combined station communicates under
the constraints of one of the modes specified im 6.5.1.1 through
6.5.1.3. The particular mode utilized is determined by the
primary/combined station with an appropriate mode-setting command
and is entered when the secondary/combined station receives,
actions, and acknowledges that mode-setting command.

6.3.1.1 Normal Response Mode (NRY)
NRM is a secondary station information transfer mode in which the
secondary station utilizes normal respond opportunity on an
unbalanced link configuration. See 2.2.1 and 6.2.1. This mode
is selected by a SNRM or SNRME command.

6.5.1.2 Asynchronous Response Mode (ARMN)

ARM is a secondary station information transfer mode in which the
secondary station utilizes asynchronous respond opportunity on an
unbalanced link configuration. See 2.2.1 and 6.2.2. This mode
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is selected by a SARM or SARME command.

6.5.1.3 Asynchronous Balanced Mode (ABM)

e s o s e e e ———

ABM is a combined station information transfer mode in which the
combined stations utilize asynchronous respond opportunity on a
balanced link configuration. See 2.2.2 and 6.2.2. This mode is
selected by a SABM or SABME command. A combined station may
transmit command frames at any time; therefore, the ABM
definition only describes and applies to the response frame
transmitting and command frame receiving capability of the
combined stations.

6.5.2 Checkpointing

As the P and F bits are always exchanged as a pair (for every P
there is one F, and the next P muast not be issued until the
previous P has been matched with an F or until the response timer
expires), the N(R) contained in a frame with a P or F bit set to
w1 can be used to detect I frame sequence errors. This
capability can provide early detection of frame sequence errors
and can indicate the I frame sequence number with which to begin
retransmission. This capability is referred to as checkpointing.

While in the ITS, the primary/combined station shall examine the
N(R) contained in any received I or S frame with the F bit set to
winw_, Appropriate error recovery procedures shall be initiated if
this N(R) does not acknowledge all I frames transmitted by the
primary/combined station prior to and including the last command
frame sent with the P bit set to "1", See 8.2.1 for additionmal
qualifying conditions.

Similarly, while in the ITS, the secondary station shall examine
the N(R) contained in any received I or S frame with the P bit
set to M"Iv, Appropriate error recovery procedure shall be
initiated *f this N(R) does not acknowledge all I frames
transmitted by the secondary station prior to amnd including the
last response frame with the F bit set +to "1, See 8.2.1 for
additional gialifying conditions.

In all cases the N(R) of a <correctly received I or S frame shall
confirm previously transmitted I frames through N(R)-1.

—— — ———— D — i > D s s s D e

This standard defines the link control operation in terms of the
actions and internal modes of the secondary/combined station.
The actual link management procedure (i.e., sequence of commands
and related responses) is application and link configuration
dependent. Consequently, specific primary/combined station
command sequences are not defined by this standard but are left
to the designer of the primary/combined statiom link comntrol.
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Subsections 7.1 through 7.3 contain the

commands and responses
transmission formats.

(listed

RR - Receive ready

ENR - Receive not ready
REJ - Reject
SREJ - Selective reject

UNNUMBERED FORMAT COMMANDS

Mode-Setting Commands

SNRM - Set normal response mode

SARM - Set asynchronous response
mode

SABM - Set asynchronous balanced
mode

SNRME - Set normal response mode
extended

SARME - Set asynchronous
response mode extended

SABME - Set asynchronous balanced

mode extended
SIM - Set initialization mode
DISC - Disconnect

Information Transfer Commands

s e e ma-e Seeswmmeman S mma—-=—=

UI - Unnumbered information
UP - Unnumbered poll

Recovery Commands
RSET - Reset
Miscellaneous Commands

XID - Exchange identification

Nonreserved Commands

4 Encodings

definition of the set of
below) for each of the

RR - Receive ready

ENR - Receive not ready
REJ - Reject

SREJ - Selective reject

UA - Unnumbered acknowledgement
DM - Disconnected mode
RIM - Request initialization mode

UI - Unnumbered information

Recovery Responses

FRMR - Frame reject

Miscellaneous Responses

XID - Exchange identification
RD - Request disconnect

Nonreserved Responses

4 Encodings
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7.1 Information Transfer Format (I) Command/Response

The function of the information (I) command/response is to
efficiently transfer sequentially numbered frames containing an
optional information field. '

The encoding of the I command/response control field is as followvs:

I Format Command/Response
{—————Control Field——+—>

First Bit Transmitted
|
|

\j
Control Field Bits: 1 2 3 4 5 6 7 8
[ i
1 0| N (S) IP/F | N(R) |
[ — J
i | |
| | |
| l ¥
| |
\4 | Receive Segquence
|

|
|
|
|
|
i Number Modulo 8
Information | \4
Transfer Format |
| Command: Poll
| Response: Final

\/

.Send Sequence
Number Modulo 8

For extended control field format see 5.2.2.

The I frame control field contains two sequence numbers: N(S),
send sequence number, which indicates the sequence number
associated with the I frame; N(R), receive sequence number, which
indicates the sequence number of the next expected I frame (i.e.,
I frames numbered up to and including N(R) - 1 are accepted).

An I frame with P/F bit set to "1" may report the end of a
station busy condition as specified in 8. 1.3.

See 6.1, 6.5.2, and 8.2.1 for description of P/F bit operation.
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1.2 Supervisory Format (S) Commands/Responses
Supervisory (S) commands/responses are used to perform basic
supervisory link control functions such as I frame
acknowledgement, polling, temporary interruption of information
(I/UI) transfer, and error recovery.

Frames with the S format do not contain an information field.
Therefore, a station does not increment its send variable (S)
upon the transmission of an S format frame nor does it increment
its receive variable (R) upon accepting an S format frame.

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

Supervisory Format

< Control Field >
First Bit Transmitted
|
|
\4
Control Field Bits: 1 2 3 4 5 6 7 8
L N L
{1 0 { s (B/F | N (R) |
[ N |
| | l |
| | i l
| | | |
| | [} v
| 1
Supervisory | I Receive Sequence
Format | { Number Modulo 8
| |
| \/
| Command: Poll
| Response: Final
|
\l
Commands Responses
RR - Receive ready 00 ER - Receive ready
RNR - Receive not ready 10 RNR - Receive not ready
REJ - Reject 01 REJ - Reject
SREJ - Selective reject 1 SREJ - Selective reject

For extended control field format see 5.2.2.
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An S frame «contains an N(R), receive sequence number, which
indicates the sequence number of the next expected I frame (i.e.,
all received I frames numbered up to and including N(R)-1 are
accepted). See 6.1, 6.5.2, and 8.2.1 for a description of the
P/F bit operation.

7.2.1 Receive Ready (RR) Command/Response
Receive ready (RR) is used by a station to: (1) indicate it is
ready to receive an I frame and (2) acknowledge I frames numbered
up to and including N(R) -1.

The primary/combined station may use the RR command with the P
bit set to nn to solicit responses from (poll) a
secondary/combined station.

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

1.2.2 Receive Not Ready (ENR) Command/Response

Receive not ready (RNR) is used by a station to indicate a "busy"
condition; i.e., the temporary inability to accept additional
incoming information (I or UI) frames. I frames numbered up to
and including N(R)-1 are acknowledged. I frame N(R) and any
subsequent I frames received, if any, are not acknowledged; the
acceptance status of these frames will be indicated in subsequent
exchanges.

The primary/combined station may also use the RNR 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 "1i", See 8.1,
Busy Condition, for further details on RNR usage.

1.2.3 Reject (REJ) Command/Response

Reject (REJ) is used by a station to request retransmission of I
frames starting with the frame numbered N(R). I frames numbered
N(R)-1 and below are acknowledged. Additional I frames pending
initial transmission may be transmitted following the
retransmitted I frame(s).

Only one REJ exception condition, from a given station to another
station, may be established at any given time; another REJ or
SREJ may not be transmitted (i.e., actioned) until the first REJ
exception condition has been cleared at the sender.

The REJ exception condition is cleared (reset) upon acceptance of

an I frame with an N(S) number equal to the N(R) of the REJ
command/response or after a timeout has occurred.
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An REJ is one way to report the end of a station busy condition.
See 8.1.3.

See 8.2 for sequence error recovery protocols.

71.2.4 Selective Reject (SREJ) Command/Response

Selective reject (SREJ) 1is used by a station to request
retransmission of the single I frame numbered N(R). I frames up
to and including N(R)-1 are acknowledged.

The SREJ exception condition is cleared (reset) upon acceptance
of an I frame with an N(S) number equal to the N(R) of the SREJ
command/response. :

After a station transmits a SREJ it may nct transmit another SREJ
(except for a SREJ with P or F bit set to "1" and with N (R) equal
to the N(R) of the first SREJ; see 8.2.3) or another REJ for an
additional sequence error until the first SREJ error condition
has been cleared or a time-out has occurred. (This is because
such a transmission would acknowledge as correctly received all I
frames up to and including N(R)-1, where N(R) is the sequence
number in the second SREJ or REJ.)

I frames that may have been transmitted following the I frame
indicated by the SREJ command/response are not retransmitted as
the result of receiving an SREJ. Additional I frames awaiting
initial transmission may be transmitted following the
retransmission of the specific I frame requested by the SREJ.

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

See 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 link supervisory functions. U frames do not increment
the send variable (S) at the transmitting station or increment
the receive variable (R) at the receiving station. Five

"podifier" bits are defined which allow up to 32 additional
command functions and 32 additional response functions.

The encoding of the U command/response control field is as
follows: )
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| {————Unnumbered Format— >}
Control Field

First Bit
Transmitted———
|
|
L4
Control
Field Bits: 1 2 3 4 5 6 7 8

L}
11 LI .| M{ P/F | M | Mi

e = o

Unnumbered Format
5 "Modifier" Bits

o ave e Gum a—. =

Command: Poll
Response: Final

For extended control field format see 5.2.2.
See 6.1, 6.5.2, and 8.2.1 for description of the P/F bit

operation.

1.4 Unnumbered Format Commands

Unnumbered format commands are grouped according to the function
performed:

(1) Mode-setting commands: SNRM, SARM, SABM, SNRME, SARME,
SABME, SIM, DISC

(2) Information transfer commands: UI, UP

(3) Recovery commands: RSET

(4) Miscellaneous commands: XID

(5) Nonreserved commands: 4 encodings

The following U format commands are defined; other commands may

be defined in the future if required. All bit encodings not
defined are reserved for future standard assignmente.
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First Bit Transmitted

l Control Field Bits

i 2 3 4 5 & 1 8

1 1 0 0 P 0 0 1 SNRM command

1 1 1 1 P 0 0 0 SARM command

1 1 1 1 P 1 0 0 SABM command

1 1 1 1 P 0 1 1 SNRME command

1 1 1 1 P 0 1 0 SARME command

1 1 1 1 P 1 1 0 SABME command

1 1 1 0 P 0 0 0 SIM command

1 1 0 0 P 0 1 0 DISC command

1 1 0 0 P 0 0 0 UI command

1 1 0 0 P 1 0 0 UP command

1 1 1 1 P 0 0 1 RSET command

1 1 1 1 P 1 0 1 XID command

1 1 0 1 P 0 0 0 Nonreserved command
1 1 0 1 P 0 0 1 Nonreserved command
1 1 0 1 P 0 1 0 Nonreserved command
1 1 0 1 P 0 1 1 Nonreserved command

For extended control field format see 5.2.2.
See 6.1, 6.5.2, and 8.2.1 for description of the P bit operation.

The mode-setting commands, RSET, and the XID command form a set
of commands which require a specific response from a
secondary/combined station. The response to a command of this
set takes precedence over other responses which may be pending.
If more than one command of this set is received prior to a
respond opportunity, a single response is transmitted that is
referenced to the first such command received; any additional
commands of the set are monitored only to detect the next respond
opportunity.

NOTE: It is recommended that the primary/secondary station
transmitting one of the commands in this set provide a respond
opportunity for the remote station with each transmitted command
( e«g., issue the command with the P bit set to "1"),.

In the case of TWA operation, following the receipt of one of
these U commands, a secondary/combined station is restricted to
transmitting a single response frame. In the case of TWS
operation a secondary/combined station which is transmitting at
the time of the receipt of one of these U commands will initiate
transmission of a single response frame at the first respond
opportunity. The secondary/combined station may continue
transmission following return of the response as appropriate to
its respond opportumnity.
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1.4.1 Mode-Setting Commands
Mode-setting commands are transmitted by the primary/combined
station in order to reset or change the mode of the addressed
secondary/combined 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 next
mode-setting command 1is either accepted or +transmitted and
acknowledged.

The SNRM, SARM, SABM, SNRME, SARME, SABME, SIM, and DISC commands
require the secondary/combined station to acknowledge acceptance
by responding with a single unnumbered acknowledgement (UA) frame
at the first respond opportunity. The UA has the F bit set to
1" if the mode-setting command had the P bit set to "1in, If
other I, S, or U format commands are received following a
mode-setting command and prior to a respond opportunity, they are
monitored only to determine the respond orportunity.

In the case of the operational mode-setting command (SNRM, SARM,
SABM, SNRME, SARME, SABME) the respcnd opportunity at the
secondary station is determined by the command received (i.e.,
the mode to which the secondary/combined station is directed
dictates when the response is transmitted). Unless a response to
XID or RSET is pending, a secondary/combined station responds as
follows to the receipt of a mode-setting command:

(1) Upon receipt of a SNRM or SNRME command with the P bit
set to "1", +the secondary station responds with a
single UA frame with the F bit set to "1", Upon receipt
of a SNRM or SNRNE command with the P bit set to "O",
the secondary station waits

(a) until it receives a command with the P bit set to
"1®, in which case it responds with a single UA
frame with the F bit set to "iW; or

(b) until it receives a UP command (with the P bit set
to "0"), in which case it responds with a single
UA frame with the F bit set to "0O",

(2) Upon receipt of a SARM or SARME command, with or
without the P bit set to "1", the secondary station
will transmit a single UA frame:

(a) upon detection of an idle 1link state in TWA
operation, or

(b) at the earliest respond opportunity in TWS
operation.

The UA frame will have the F bit set to "1" if the
command has the P bit set to "1iw,

42



AMERICAN NATIONAL STANDARD X3.66-1979

(3) Upon receipt of a SABM or SABME command, with or
without the P bit set to "1", the combined station will
transmit a single UA frame:

(a) upon detection of an idle 1link state in TWA
operation, or

(b) at the earliest respond opportunity in TWS
operation.

The UA frame will have the F bit set to "1" if the
command has the P bit set to "1"w,

In the case of the nonoperational mode-setting commands (SIM or
DISC) the secondary/combined station will respond with a single
UA frame at its system-defined respond opportunity; i.e., a given
secondary/combined station 1is system defined to always use the
normal respond opportunity or the asynchronous respond
opportunity for the UA response.

If the secondary/combined station cannot accept a mode-setting
command, it will, at its first respond ofpportunity, transmit one
of the responses, DM, FRMR, RD or RIM, as appropriate, indicating
non-acceptance of the command.

NOTE: The protocol defined here requires that the
primary/combined station restrict the transmission of U commands
which require UA 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 gqueue responses and prevents
any ambiguity regarding the meaning of the UA response.

7.4.1.1 set Normal Response Mode (SNRM) Command

The SNRM command is used to place the addressed secondary station
in NRM where all control fields are one octet in 1length. No
information field is permitted with the SNEM command.

Upon acceptance of this ccmmand the secondary station send and
receive variables are set to =zero. The secondary station
confirms acceptance of SNRM by transmission of a UA in the
unextended control field format.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SNRM
is one way to report the end of a primary station busy condition.
See 8.1.3- :
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71.4.1.2 Set Asynchronous Response Mode (SARM)
The SARM command is used to place the addressed secondary station
in ARM where all control fields are one octet in 1length. No
information field is permitted with the SARM command.

Upon acceptance of this command the secondary station send and
receive variables are set to =zero. The secondary station
confirms acceptance of SARM by the +transmission of a UA response
in the unextended control field format.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SARM
is one way to report the end of a primary station busy condition.
See 8.1.3.

7.4.1.3 Set Asynchronous Balanced Mode (SABM) Cgcmmangd

The SABM command is used to place the addressed combined station
in ABM where all control fields are one octet in 1length. No
information field is permitted with the SABM command.

Upon acceptance of this command the combined station send and
receive variables are set to zero. The combined station confirms
acceptance of SABM by the transmission of a UA response 1in the
unextended control field format.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SABM
is one way to report the end of a combined station busy
condition. See 8.1.3.

7.4.1.4 Set Normal Response Mode Extended (SNRME) Command

The SNRME command is used to place the addressed secondary
station in NRM where all control fields will be two octets in
length as defined in 5.2.2. No information field is permitted
with the SNRME command.

Upon acceptance of this command the secondary station send and
receive variables are set to zero. The secondary station
confirms acceptance of SNRME by transmission of a UA response in
the extended control field format.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SARME
is one way to report the end of a primary busy condition. See
8.1.3.

7.4.1.5 Set Asynchronous Response Mode Extended (SARME) Command

The SARME command is used to place the addressed secondary
station in ARM where all control fields will be two octets in
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length as defined in 5.2.2. No information field is permitted
with the SARME command.

Upon acceptance of this ccmmand the secondary station send and
receive variables are set to zero. The secondary station
confirms acceptance of SARME by transmission of a UA response in
the extended control field format.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SARME
is one way to report the end of a primary busy condition. See
8.1.3.

The SABME command is used to place the addressed combined station
in ABM where all control fields will be two octets in length as
defined in 5.2.2. No information field is permitted with the
SABME conmand.

Upon acceptance of this command the combined station send and
receive variables are set to zero. The combined station confirms
acceptance of SABME by transmission of a UA response in the
extended control field format.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged. Transmission of SABME
is one way to report the end of a combined station busy
condition. See 8.1.3.

7.4.1.7 Set Initialization Mode (SIM) Command

The SIM command is used to cause the addressed secondary/combined
station to initiate a station-specified procedure(s) to
initialize its link 1level control functions (e.g., accept a new
program or update operational parameters). No information field
is permitted with the SIM command.

The secondary/combined station confirms acceptance of SIM by
transmission of a UA response. The respond opportunity and the
control field format of the UA response are system definhed.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged.

The DISC command is used to perform a logical disconnect; i.e.,
to inform the addressed secondary/combined station that the
transmitting primary/combined station is suspending operation
with that secondary/combined station. In switched networks, this
logical disconnect function at the data link level may serve to
initiate a physical disconnect operation at the physical
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interface level; i.e., to go "on-hook". No information field is
permitted with the DISC command.

The secondary/combined station confirms acceptance of DISC by the
transmission of a UA response. The respond opportunity and the
control field format of the UA response 1is system defined. A
secondary/combined station in ADM or NDM will transmit a DM
response upon receiving a DISC command. A RIM response may be
transmitted instead of DM under the system—-defined cconditions
described in 6.3. The respond opportunity and control field
format after receipt of DISC is system defined for any given
secondary station. The respond opportunities are defined in 6.2.

Previously transmitted I frames that are unacknowledged when this
command is actioned remain unacknowledged.

7.4.2 Unnumbered Information Transfer Commands
Unnumbered information transfer commands are used to exchange
frames containing information.

7.4.2.1 Unnumbered Information (UIL) Command

The UI command is wused to transfer an information field to a
secondary/combined station or group of secondary stations without
impacting the send and receive variables. The information field
is optionally present with the UI command. Reception of the UI
frame is not sequence-number verified; therefore, the frame may
be lost if a link exception occurs during transmission of the UI
or the frame may be duplicated if an exception occurs during any
reply to the UI. Examples of UI frame information are higher
level status, operation interruption, temporal data (e.g.,
time-of-day), or link initialization paranmeters.

See Appendix B for additional expianatory information.

7.4.2.2 Unnumbered Poll (UR) Command

The UP command is used to solicit response frames from a single
secondary/combined station (individual poll) or from a group of
secondary stations (group poll), by establishing ,.a 1logical
operational condition that exists at each addressed station for
one respond opportunity. (In the case of a group poll, the
mechanism employed to control (schedule) the response
transmissions (to avoid simultaneous transmissions) is considered
to exist and is not defined in this standard.) Secondary
stations receiving UP with a group address will respond in the
same manner as when addressed with 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 of each
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secondary/combined station N(S) will be maintained.) The UP
command does not acknowledge receipt of any response frames that
may have been previously transmitted by the secondary/combined
station. No information field is permitted with the UP command.

A secondary/combined station which receives a UP with the P bit
set to "1" will respond (at its respond opportunity and
consistent with its mode of operation) with a frame which has the
F bit set to "1n,

A secondary/combined station which receives a UP with the P bit
set to "0" may or may not respond; responses will have the F bit
set to "0" in all response frames. A secondary/combined station
will respond to a received UP which has the P bit set to "0" when
(1) it has an I/UI frame(s) to send, (2) it has accepted but not
acknowledged an I frame(s), (3) it has experienced an exception
condition or change of status that has not been reported, or (4)
it has a status to be reported (e.g., DM, FRMR, or optionally an
appropriate frame to report a no traffic condition).

1.4.3 Unnumbered Recovery Command
The unnumbered recovery command is used to facilitate the link
level exception condition recovery protocol.

71.4.3.1 Beset (BSET) Command
The RSET command is transmitted by a combined station to reset
the receive state variable (R) and applicable FRMR conditions in
the addressed combined station. No information field is
permitted with the RSET commz-d.

Upon acceptance of this command the station receive state
variable (R) is set to zero. The combined station confirms
acceptance of RSET by transmission of the UA response while
remaining in the previously established operational mode. If the
UR is received correctly, the initiating combined station resets
its send state variable (S). Previously transmitted I frames
that are unacknowledged when this command is actioned remain
unacknowledged.

The RSET command will clear all frame rejection conditions except
for an invalid N(R) condition in the addressed combined station.
The RSET command may be sent by a combined station which detects
an invalid N(R) instead of reporting such a frame rejection
condition via a FRMR response.

1.4.4 Miscellaneous Commands

At this time there is only one command in the miscellaneous
command group, and it is used to provide a means for the transfer
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of station identification and status information.

7.4.4.1 Exchange Identification (XID) Command

D R > c— —— — o

The XID command is used to cause the addressed secondary/combined
station to report its station identification and, optionally, to
provide the station identification of the transmittiag
primary/combined station to the addressed secondary/combined
station. An information field is optional with the XID command;
if present the information field will be the station ID of the
primary/combined station. The primary/combined station may use
the global address if the unique address of the
secondary/combined station is not known. A secondary/combined
station in any mode receiving an XID command will transmit an XID
response unless (1) a UA response is pending, (2) a FRMR
condition exists, (3) a RIM condition exists, or (4) the XID
command cannot be actioned in a disconnected mode.

7.4.5 Nonreserved Commands

Four nonreserved command code points are set aside 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.

1.5 Unnumbered Format Responses

Unnumbered format responses are grouped according to the function
performed:

(1) Responses to mode-setting and status requests:
UA,DM,RIM

(2) Information transfer responses: UI

(3) Recovery responses: FRMR

(4) Miscellaneous responses: XID, RD

(5) Nonreserved responses: 4 encodings
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First Bit Transmitted

¢ Control Field Bits

i 2 3 & 5 & 1 8

1 1 0 0 F 1 1 0 UA response

1 1 1 1 F 0 0 0 DM response

1 1 1 0 F 0 0 0 RIM response

1 1 0 0 F 0 0 0 UI response

1 1 1 0 F 0 0 1 FRMR response

1 1 1 1 F 1 0 1 XID response

1 1 0 0 F 0 1 0 RD response

1 1 0 1 F 0 0 0 Nonreserved response
1 1 0 1 F 0 0 1 Nonreserved response
1 1 0 1 F 0 1 0 Nonreserved response
1 1 0 1 F 0 1 1 Nonreserved response

For extended control field format see 5.2.2.

See 6.1, 6.5.2, and 8.2.1 for description of the F bit operation.

The UA, DM, and RIM responses are used by the secondary/combined
station to request transmission of, or to respond to, the
mode-setting commands of the primary/combined station; DM and RIM
are additionally used to indicate secondary/combined station
status.

7.5.1.1 Unnumbered Acknowledgenm

The UA response is used to acknowledge the receipt and acceptance
of the SNRM, SARM, SABM, SNRME, SARME, SAEME, SIM, DISC, and RSET
unnumbered commands defined in 7.4.1 and 7.4.3. The UA response
is transmitted in the basic or the extended control field format
as directed by the received unnumbered command. No information
field is permitted with the UA respoanse.

A UA response is one way to report the end of a station busy
condition. See 8.1.3.

~1.5.1.2 Disconnected Mode (DM) Response

The DM response is used to report that the secondary/combined
station is in the 1logically disconnected state; i.e., the
secondary/combined station is, by system definition, in NDM or
ADM. See 6.3.

The DM response is sent by a secondary/combined station in NDM or
ADM to request the remote primary/combined station to issue a
mode-setting command or, if sent in respcnse to the reception of
a mode-setting command, ¢to inform the remote primary/combined
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station that 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, DM is sent to request a mode-setting
command. On a nonswitched line a secondary/combined station in
ADM may send the DM response at any respond opportunity. No
information field is permitted with the DM response.

A secondary/combined station in NDM or ADM will monitor received
commands (other than those that reset the disconnected mode) only
to detect a respond opportunity in order to (re)transmit DM (or
RIM if initialization is required); i.e., no I/UI transmissions
are exchanged until the disconnected mode 1is reset by the
acceptance of SNRM, SARM, SABM, SNEME, SARME, SABME, OR SIMNM.

See Appendix C, Example 5.5.

1.5.1.3 Reguest Initialization Mode (RIlN) Response
The RIM response is used to request the SINM command. A
secondary/combined station which has established a RIM condition
will monitor any subsequently received commands (other than SINM)
only to detect a respond opportunity to (re)transmit RIM or to
send DM; i.e., no command transmissions are accepted until the
RIM condition is reset by the receipt of SINM. No information
field is permitted with the RIM response.

7.5.2 Unnumbered Information Transfer Response
The unnumbered information transfer response is used to exchange
frames containing information.

7.5.2.1 Unnumbered Information (UI) Response
The UI response is used to transfer an information field to a
primary/combined station without impacting the send and receive
variables. ‘The information field is optionally present with the
UI response. Reception of the UI frame is not sequence-number
verified; therefore, the frame may be 1lost if a 1link exception
condition occurs during transmission of the UI, or duplicated if
an exception occurs during any reply to the UI. Examples of UI
frame information are higher level status, operation
interruption, temporal data, and link initialization parameters.

J.5.3 Unnumbered Recovery Respomse

The unnumbered recovery response is used to facilitate the
link-level exception condition recovery protocol.
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7.5.3.1 Frame Reject (FRMR) Response

The FRMR response is used to report an error condition that is
not recoverable by retransmission of the identical frame, such
as:

(1) the receipt of a control field that is invalid or not
implemented.

(2) the receipt of an I/UI frame with an information field
which exceeded the maximum established length.

(3) the receipt of an invalid N(R) number from the remote
primary/combined station.

NOTE: An invalid N(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.

A secondary/combined station in a disconnected mode (NDM or ADM)
will not establish a frame reject exception condition.

A basic information field, which immediately follows the basic
control field, is returned with this response to provide the
reason for the frame reject response. The format for the basic
information field is as follows:

| l
| |
1< Basic Information Fields . > |
| r First Bit |
|¢ Transmitted |
| |
11T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20§
r 1
| Rejected 1 | | | i |
| Basic Control Field { 01 N(S) | C(R) | N(R) | W X Y gz
4L " |
where:

Rejected Basic Control Field is the control field of the

received frame which caused the frame reject exception
condition.

N(S) 1is the current send variable (S) at the station
transmitting the FRMR response.
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C/R is set to M"1" if the frame which caused the FEMR was a
response frame, or is set to "0" if the frame that caused
the FRMR was a command frame. :

N(R) is the current receive variable (R) at the station
transmitting the FRMR response.

W set to Mn indicates that the control field\xeceived and
returned in bits 1 through 8 was invalid or not implemented.

X set to "1" indicates that the control field received and
returned in bits 1 through 8 was considered invalid because
the frame contained an information field which is not
permitted with this frame. Bit W must be set to "1" in
conjunction with this bit. ’

Y set to "1" indicates that the information field received
exceeded the maximunm established capacity of the
secondary/combined station.

Z set to "1" indicates that the control field received and
returned in bits 1 through 8 contained an invalid N (R)
number. : o :

If required, the information field associated with the FRMR may
be padded with zero bits so as to end on any convenient, mutually
agreed upon character, byte, word or machine-dependent boundary.

FRMR may have bits W, 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 8.4, Frame Reject Exception Condition.

FRMR Extended Information Field

The format for the extended information field, which immediately
follows the extended <control field (see 5.2.2), and which is
‘returned with the FRMR response, is as follous:

|
|
1< Extended Information >
| Field Bits
|Pirst Bit Transmitted .
| ,
|
| 7
1 16 17 18 _ 24 25 26 - 32 33 36
Al v
| Rejected Extended |01 N(S) IC/R| N (R) | WXYZ |
| Control Pield { | i | | |
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The XID response is used to reply to an XID command. An
information field containing the identification of  the
transmitting secondary/combined station is optionally present
with the XID response. A secondary/combined station receiving an
XID command will action the XID in any mode unless (1) a UA is
pending, (2) a FRMR condition exists, (3) a RIM condition exists,
or (4) the XID can not be actioned in a disconnected mode.

On switched networks when the secondary/combined station is
constrained to send first, it may use the XID response, which may
contain an optional information field, to request an XID
exchange. See Section 10, Switched Network Conventions. :

7.5.4.2 Request Disconnegg (RD) Response

The RD response 1is used to indicate to the remote
primary/combined station that the transmitting secondary/combined
station is requesting that it be placed - in a 1logically
disconnected mode (NDM or ADM) by the receipt of a DISC command.
RD may be sent asynchronously if the secondary/combined station
is in ARM/ABM, or if it is in NRM as a response to any command
with the P bit set to "1" or in response to a UP command with the
P bit set to "0"., See 7.4.2.2. A secondary/combined station
which has sent an RD response and receives any non-DISC frame (s)
must accept the command frame(s) if it is able to do so. If the
secondary/combined station accepts the non-DISC command frame(s) ,
it follows the normal ADCCP 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 disconnected mode (NDM or
ADM), it must reissue the RD response. A secondary/combined
station which cannot accept non-DISC command frames due to
internal problems may respond with RD again. No information
field is permitted with the RD response.

2.3.3 Nonreserved Respomses
Four nonreserved response code points are set aside 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.

This section specifies the procedures to be observed to effect
recovery following the detection or occurrence of an exception
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condition at the link level. Exception conditions described are
those situations that may occur as the result of transmission
errors, station malfunction, or operational situations.

8.1 Busy Condition

A busy condition occurs when a station temporarily cannot receive
or continue to receive I or UI £frames due to internal
constraints; e.g., when a station cannot receive due to puffering
limitations. The busy condition is reported by the transmission
of an RNR frame with the N(R) number of the next I frame that is
expected. Traffic pending transmission at the busy station may
be transmitted prior to or following the RNR. The <continued
existence of a busy condition must be reported by retransmission
of RNR at each P/F frame exchange. See 8.1.3, Clearing Busy
Condition.

8.1.1 Secondary/Combined Station Regceipt of RNR Command
A secondary station transmitting TWS in NRM will upon receipt of
an RNR command cease transmission at the earliest possible tinme.
The frame in process may be completed or aborted; however,
transmission must be terminated with the F bit set to "1" (see
Example 5.2.1, Appendix C). The secondary station may resume
transmission of I or UI frames, or both, at the next poll command
(an RR, REJ, SREJ, or I command frame with the P bit set to "1").

A secondary/combined station transmitting TWS in ARM/ABM will,
upon receipt of an RNR, cease transmitting I or UI frames at the
earliest possible time by completing or aborting the frame in
process. If the RNR command frame was received with the P bit
set to "1" the secondary/combined station must transmit a frame
with the F bit set to "1", See Examples 5.4.1 and 5.4.3 1in
Appendix C. The secondary/combined station must perform a
time-out operation before resuming asynchronous transmission of I
or UI frames unless the busy condition is reported as cleared by
the remote station.

8.1.2 Primary/Combined Station Receipt of RNR Response

Primary/combined station receipt of-an ENE response indicates
that the transmitting secondary/combined station has a busy
condition.

8.1.3 Clearing Busy Condition

The busy condition is cleared at the station which transmitted
the RNR when the internal constraint ceases.

Clearance of the busy condition is reported to the remote station
by transmission of an RR, REJ, SREJ, SARM, SARME, SNRM, SNRME,
SABM, SABME, or UA frame (with or withcut the P/F bit set to
"i"), A busy condition is also <cleared when a primary station
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transmits an I frame with the P bit set to "1", or when a
secondary/combined station transmits an I frame with the F bit
set to "1v,

8.2 N(S) Segquence Error

An N(S) segquence exception is established in the receiving
station when an I frame that is received error free (no FCS
error) contains an N(S) sequence number that is not equal to the
receive variable (R) at the receiving station. The receiving
station does not acknowledge (does not increment its receive
variable (R)) the frame causing the sequence error, or any I
frames which may follow, until an I frame with the correct N (S)
number is received. Unless SREJ is to be used to recover from a
given sequence error, the information field of all I frames
received whose N(S) does not equal the receive variable (R) will
be discarded. See 8.2.3 for SREJ recovery.

A station which receives one or more I frames having seguence
errors, but which are otherwise error free, will accept the
control information contained in the N(R) field and +the P/F bit
to perform link control functions; €eJey to receive
acknowledgement of previously transmitted I frames (via the
N(R)); to cause a secondary/combined station to respond (P bit
set to "1"); and in NRM to detect that the secondary station will
terminate transmission (F bit set to "1"), The retransmitted
frame may contain an N(R) value or P/F bit information, or both,
that have been updated and are therefore different from those
contained in the originally transmitted I frames.

The means specified in 8.2.1 through 8.2.4 are available for
initiating the retransmission of lost or errored I frames

following the occurrence of a sequence error.

8.2.1 Checkpoint Recovery

Checkpoint recovery is based on a checkpoint cycle. For a
primary/combined station a checkpoint cycle begins with the
transmission of a frame with a P bit set to "1" and ends either
(1) with the receipt of a frame with an F bit set to "1" or (2)
when the response timer expires. For a secondary statiomn, a
check point cycle begins with the transmission of a frame with
the F bit set to "1" and ends with the receipt of a frame with a
P bit set to "1n,

When a primary/combined station receives a. frame with the F bit
set to "1" or when a secondary station receives a frame with the
P bit set to "1", the station will initiate retransmission of all
unacknowledged I frames with sequence numbers less than the send
variable (S) at the time the last frame with the P bit set to "in
(primary/combined) or frame with the F bit set to "1" (secondary)
was transmitted. Retransmission starts with the lowest numbered
unacknowledged I frame. I frames are retransmitted sequentially.
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New frames may be transmitted if they become available. Such
retransmission of I frames is known as checkpoint retransmission.

- Note that in balanced operation either combined station nmay
initiate a checkpointing cycle independently of the other by the
transmission of a frame with the P bit set to "1"., Therefore,
since twvwo independent <checkpointing cycles may be in process
simultaneously, a combined station will not initiate checkpoint

retransmission upon the receipt of a frame with the P bit set to
ll“ ll.

To prevent duplicate retransmissions, checkpoint retransmission
of a specific I frame (same N(R) in the same numbering cycle) is
inhibited for the <current checkpoint cycle if during the
checkpoint cycle:

(1) A primary station has previously received and actioned
a REJ with the F bit set to "0".

(2) A secondary station has previously received and
actioned a REJ with the P bit set to "OQ".

(3) A combined station has previously received and actioned
a REJ with the P bit set to "0O" or "1" or an F bit set
to "Qn,

If an SREJ with a P/F bit set to "1" is received, checkpoint
retransmission is not initiated.

Checkpoint retransmission is also inhibited if an unnumbered
format frame with the P/F bit set to "1" is received because in
such a case there is no N(R) for checkpoint reference.

Finally checkpoint retransmission is inhibited if, after sending
a frame with the P/F bit set to #1i", a station receives an
acknowledgement to that frame before the next checkpoint occurs.

8.2.2 REJ

Recovery

The REJ command/response 1is primarily used to initiate an
exception recovery (retransmission) following the detection of a
sequence error earlier than is possible by checkpoint recovery;
€.ge., in two-way simultaneous information transfer if REJ is
immediately transmitted upon detection of a sequence error it is
not necessary to wait for a frame with P/F bit set to "1%.

Only one "sent REJ" exception condition, from a given statiomn to
another given station, is established at a time. A ‘"sent REJ"
exception is cleared when the requested I frame is received, when
a time-out function expires, or whemn a checkpoint cycle that was
initiated concurrent with or following the transmission of REJ is
completed. When the station perceives by time-out or by the
checkpointing mechanism that the requested I frame will not be
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received, because either the requested I frame or the REJ was in
error or lost, the REJ may be repeated.

A station receiving REJ - initiates sequential (re)transmission of
I frames starting with +the I frame indicated by the N (R)
contained in the REJ franme.

If (1) retransmission beginning with a fparticular frame occurs
due to checkpointing (see 6.5.2 and 8.2.1), and (2) a REJ is
received before a checkpoint cycle completion which would also
start retransmission with the same particular frame (as
identified by the N(R) in the REJ), the retransmission resulting
from the REJ shall be inhibited.

8.2.3 SREJ Recovery

The SREJ command/response 1is primarily used to initiate more
efficient error recovery by requesting the retransmission of only
a single I frame following the detection 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 efficiency it is recommended that
the SREJ command/response be transmitted as the result of the
detection of a sequence error where only a single I frame is
missing, as determined by receipt of the out-of-sequence N (S).

When an I frame sequence error 1is detected, the SREJ is
transmitted at the earliest possible time. When a station sends
an SREJ with the P bit set to "0" (primary station), with the F
bit set to "(Q" (secondary/combined station), or with the P bit
set to "O" or "1* (combined station), and the "sent SREJ"
condition is not <cleared when the station is ready to issue the
next frame with the P bit (primary) or the F bit
(secondary/combined) set to "1", the station sends an SREJ with
the same N(R) as the original SREJ with the P/F bit set to "1nv,

Since a frame sent with the P bit (primary station) or the F bit
(secondary/combined station) set to "1"® has the potential of
causing checkpoint retransmission, a station will not send an
SREJ with the same N(R) (same value and same numbering cycle) as
that of the previously sent frame with <the P bit (primary
station) or the F bit (secondary/combined station) set to "1n
until the current checkpoint cycle ends.

Only one "sent SREJ" exception condition from a given station to
another given station is established at a time. A '"sent SREJ"
exception condition is cleared when the requested I frame is
received, when time-out function expires, or when a checkpoint
cycle that was initiated concurrent with or following the
transmission of SREJ is completed. When the station perceives by
time-out or by the checkpointing mechanism that the requested I
frame will not be received, because either the requested I frame

57



AMERICAN NATIONAL STANDARD X3.66-1979
-or the SREJ was in error or lost, the SREJ may be repeated.

When a station receives and actions an SREJ with the P bit
(secondary station) or F bit (primary/combined station) set to
"O0" or with the P bit set to "Q0" or "1" (combined station), it
will inhibit the actioning of the next SREJ if the SREJ has -the P
bit (secondary station) or F bit (primary/combined station) set
to "1" and has the same N(R) (i.e., has the same value and same
numbering cycle) as the original SREJ.

8.2.4 Time-OQut 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-seguence exception and, therefore, will not transmit
SREJ/REJ. The station which transmitted the unacknowledged I
frame (s) shall, following the completion of a system-specified
time-out period, take appropriate recovery action to determine
the sequence number at which retransmission must begin.

NOTE: It is recommended that a station which has timed out
waiting for a response not retransmit all unacknowledged frames
immediately. A secondary station in ARM should, in this time-out
case, either retransmit its last single frame or transmit new
frames if they are available. A primary/combined station may
enquire about status with a supervisory frame.

To account for possible retransmissions after time-out, a
receiving station should not set a SREJ condition when it
receives an I frame with an N(S) one 1less than its receive
variable (R).

If a station does retransmit all unacknowledged I frames after a
time-out, it must be prepared to receive a subsequent REJ frame
with an N(R) greater than its send variable (S).

8.3 FCS Error

Any frame with an FCS error will not be accepted by the receiving
station and will be discarded. At the secondary/combined station
no action will be taken as the result of that franme.

8.4 Frame Reject Exception Condition

A frame reject exception condition 1is established wupon the
receipt of an error-free frame which contains an invalid or
unimplemented control field, an invalid N(R), or an information
field which has exceeded the nmaximum established storage
capability.

If a frame reject exception condition occurs in a primary
station, or is reported to the primary station by a FRMR
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response, recovery action will be taken by the primary stationm.
This recovery action includes the transmission of an implemented
set mode command. Higher level functions may also be included in
the recovery. \

At the secondary station this exception condition is reported by
transmitting a FRMR response to the primary station for
appropriate action. Once a secondary station has established a
FRMR exception, any additional commands (other than those that
reset the FRMR exception condition) subsequently received are
examined only with regard to the state of the N(R) and the P bit;
i.e., only to update the acknowledgement of I frames previously
transmitted and +to detect a respond oprortunity to retransmit
FRMR. No additional transmissions are accepted or actioned until
the condition is reset by the receipt of an implemented
mode-setting command.

If a frame reject exception condition occurs in a combined
station, the station will either:

(1) Take recovery action without reporting the comndition to
the remote combined station, or

(2) Report the condition to the remote combined station
with a FRMR response. The remote station will then be
expected to take recovery action; if, after waiting an
appropriate time, no recovery action appears to have
been taken, the combined station reporting the frame
reject exception condition may take recovery action.

Recovery action for balanced operation includes the transmission
of an implemented mode-setting or RSET command, as appropriate.
Higher level functions may also be involved in the recovery.

A mode-setting contention situation exists when a combined
station issues a mode-setting command and, before receiving an
appropriate response (UA or DM), receives a mode-setting command
from the remote combined station. Contention situations shall be
resolved in the following manner (see Appendix C, Example 8.5):

(1) When the send and receive mode-setting commands are the
same, each combined station shall send an UA response
at the earliest respond opportunity. Each combined
station shall either enter the indicated mode
immediately or defer entering the indicated mode until
receiving an UA response. In the latter case, if the
UA response 1is not received, (a) the mode may be
entered when the response timer expires, or (b) the
mode-setting command may be reissued.

(2) When the mode-setting commands are different, keach
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combined station shall enter ADM and issue a DM
response at the earliest respond opportunity. In the
case of DISC contention with a different mode-setting
command no further action is required. In the case of
contention between SABM and SABME commands, the
combined station sending SABME shall have priority in
attempting link establishment after the DM responses.

Time-out functions are used to detect that a required or expected
acknowledging action or response to a previously transmitted
frame has not been received. Expiration 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 subject to bilateral agreement.

The time-out functions specified in 9.1 and 9.2 represent the
minimum requirements’  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 the P bit set to "0", anticipates a response and,
therefore, starts a time-out function. The time-out function
shall automatically cease upon receipt of the expected response.

— i >

The primary/combined station provides a time-out function to
determine that a response frame with F bit set to "1" to a
conmand frame with the P bit set to "1" has not been received.
The time-out function shall automatically cease upon receipt of a
valid frame with the F bit set to "1W,

A primary/combined station which has no P bit outstanding, and
which has transmitted one or more  frames for which responses are
anticipated, must start a time-out function to detect the
no-response condition. :

The secondary/combined station shall provide a time-out function
to determine that a command frame has not been received
acknowledging the receipt of an unsolicited response frame(s).

See 6.2.2 and 8.2.4.

10. SWITCHED NETWORK CONVENTIONS

Stations connected to a switched communications network may be
capable of operation as one type of statiom only (e.g., a primary
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station, a secondary station, or a combined station); or the
'station may be configurable as (one at a time) more than one of
‘these types. The <capabilities of the called station must be
known at the calling station and the calling station must operate
accordingly. If the called station is configurable it will:

(1) ImplementAthe XID command and response, and

(2) Determine which station type (primary, secondary, or
combined) to invoke by recognition of either the remote
station address or identification (XID).

The calling or called station will initate the transmission
interchange first depending on the characteristics of the
transmission network. When initiated by thke secondary' station a
~single unsolicited supervisory or unnumbered response is sent.
When initiated by the primary/combined station, any appropriate
command with an appropriate address is sent. See Figure 10-1.
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Calling
Station|

l i |
Called | Primary | Secondary | Combined | Configurable
Station | Station | Station | Station | Station
| { | |
Ll + } L)
| | | | l
| | | { |
Primary i | | { {
Station | NA { | NA | |
| | | | {
} + - t N
| | | | |
| | | (. P [
Secondary | | | | |
Station i | NA | NA | S |
’ | | | | |
+ { } } |
| | | | ' |
l | | | c |
Combined | | | | |
Station { NA | NA [ | C |
| | | | |
[ 1 1 + ‘I
| | | | |
| P | S | { |
Configurable | | | | |
Station | S { P i | |
| | { | |
P = Primary station
S = Secondary station
C = Combined station
P/S/C = Primary or secondary or combined station, or all three
NA = Not applicable

Figure 10-1
Assumed Primary/Secondary/Combined Roles on Switched Network

11. CLASSES OF PROCEDURES
All classes of procedures use the two frame formats defined in
Section 3, Frame Structure. In addition, all procedures assume
that the links include 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 transmit and receive commands
and responses (in frames with or withcut information). The
primary/combined station is responsible for determining which
commands to send, within the constraints of this standard.
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Procedure differences based on overall system consideration
(e.g., network configuration, traffic management, etc.) are
accommodated by defining three modes of operation --
asynchronous, normal, and balanced-- and by defining three
classes of procedures +that utilize the <capabilities of these
modes +together with the exception recovery characteristics
specified within this standard. Op*ional functions are defined
to provide additional capabilities. Individual classes implement
a prescribed subset of the commands and responses defined in
Section 7, and include P/F recovery as a minimum capability as
defined in 6.1, 6.5.2, and 8.2.1.

11.1 Classes of Procedures

The three classes of procedures are composed of:

(1) Three types of stations: primary stations, secondary
stations, and combined stations

(2) Two types of configura*tions: unbalanced (for primary
and secondary stations) and balanced (for combined
stations)

(3) Two types of respond opportunity: normal and

asynchronous
Designation Class of Procedures Descrirtion
JA Onbalanced, asynchronous response mode, modulo 8
UN Unbalanced, normal response mode, modulo 8
BA Balanced, asynchronous balanced mode, modulo'B

Classes UA and UN can be used on either unbalanced or symmetric
configurations. Class BA can be used on balanced configurations.
See 2.2.
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11.1.1 Unbalanced/Symmetric Configuration

Basic Repertoire of Commands and Responses

Commands Responses
I
RR RR
RNR RNEK
FRMR
*SXXM JA
DTISC DM

*¥SXXM command is SARM for UA class
SNRM for UN class

Basic Repertoire of Commands and Responses

Commands Responses
T I
RR RR
RNR RNE
FRMR
SABM UA
DISC DM
RSET

Optional functions are achieved by the addition or deletion of
commands, responses, or capabilities to or from those present in
any basic class of procedures.

Option Functional Description Required Change
1 Provides the ability to:

(a) exchange identification of Add command: XID
stations. See Add response: XID
7.4.4.1 and 7.5.4.1.

(b) request logical Add response: RD
disconnection.

See 7.5.4.2.

2 Provides the capability for Add command: REJ
more timely reporting of Add response: REJ
N (S) sequence errors to
improve TWS performance.
See 7.2.3.
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3 Provides the capability for Add command: SREJ
more efficient recovery from Add response: SREJ
N (S) sequence errors by
requesting retransmission of
a single I frame. See

7.2‘ ul
4 Provides the ability to Add ccmmand: UX
exchange information fields Add response: UI

without impacting the send and
receive variables. See
7.4.2.1 and 7.5.2.1.

5 Provides the ability Add command: SIM
to initialize remote Add response: RIM
stations and the ability to
request initialization.

See 7.4.1.7 and 7.5.1.3.

6 Provides the ability to Add command: UP
perform unnumbered group
polling as well as
unnumbered individual polling.
See 7.4.2.2.

7 Provides for greater than Use extended addressing
single octet addressing. format in lieu of basic
See 4.3. addressing format.

8 Limits the procedure to Delete response: I
allow I frames to be commands
only.

9 Limits the procedure to Delete command: I
allow I frames to be responses
only.

10 Provides the ability to Use extended control fie
use extended sequence format in lieu of basic
numbering (modulo 128). control field format. U
See 5.2.2. SXXME in lieu of SXXM.

" Removes the ability to reset Delete command: RSET

the send and receive variables
associated with only one
direction of information flow.

11.3 Consistency of Classes of Procedures

Figure 11-1 gives a summary of the basic command/response
repertoire of the one balanced and two unbalanced classes of
procedures, and the commands/responses of the optional functions.
In the unbalanced classes the primary station command repertoire

65



AMERICAN NATIONAL STANDARD X3.66-1979

is listed on the 1left side of each class and the secondary
station response repertoire is listed on the right side. As seen
in the figure, the basic repertoire of all classes of procedures
is identical with the exception of a unique mode-setting command
for each class and the RSET command, which is wused in the
balanced class only. This repertoire consistency facilitates the
inclusion of multiple classes of procedures in a station that is
configurable.

A station conforms to a given <class of procedures if it
implements the basic repertoire of that class. To implement (see
Appendix A definition) a class of procedures (or optional
functions) means that:

(1) A primary station has the ability to receive all
responses in the class of procedures basic repertoire
(or optional functioms).

(2) A secondary station has the ability to receive all
commands in the class of procedures basic repertoire
(or optional functioms).

(3) A combined station has the ability to receive all
commands and responses in the class of procedures basic
repertoire (or optional functions).

11.5 Method of Indicating Classes and Qptional Functioms

Classes of procedures and the optional functions are indicated by
specifying the mnemonic designation for the desired class and the
number (s) of the accompanying optional functionms.

Class UN,1,2,6 is the unbalanced, normal response mode class of
procedures with the optional functions for identification and
request disconnect (XID,RD), improved TWS performance (REJ), and
unnumnbered polling (UP).

Class BA,2,3,10 is the balanced, asynchronous balanced mode class
of procedures with the optional functions £for improved TWS
performance (REJ), single frame retransmission (SREJ), and
extended sequence numbering (modulo 128).

Class UA,1,5 is the unbalanced, asynchronous response mode class

of procedures with the optional functions for identification and
request disconnect (XID,RD) and initialization (SINM,RIMN).
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UNBALANCED BASIC KEPEKRTOIRE BALANCED BASIC REPERTOIRE

| 1

| |

| |

UA UN BA
r Ll r 1 r L]
| | | | I ]
| | | i l [
| PRI SEC 1 | PkI SEC ] ! . ]
| STA STA ] | STA STA ] | COMBINED STATION 1
| Eted -—- | I === - | | mmmmemmssssesee— !
1 CMD RESP | | CMD RESP 1 { cMD RESP i
| g === | I - ——== | | === - |
| I I [} I I I | i I I [}
| RR RR | | RE RR | | RR RR |
i RNEK RNR ] | RNR RNR ] i RNk ENK i
| | | | I |
[} SARM ua ] | SNRM UA ] ] SABM UA ]
] DIsC DM 1 1 DISC DM ] { DIsSC oM 1
] FEME 1 i FRMEK | ] KSET FRMR [}
I | | | | |
[} Modulo 8 1 ] Modulo 8 1 | Modulo 8 1
| Segquence Numbering | | Sequence Numbering [} I Seyuence numbering |
f ' f N L s

|

Optional Functions 1 Optional Functions
Command Response | Command Response
r Al ' r 1
| For Identification and Request Disc. | ] 1 For Multiple Octet Addressing 1
| === - 1< +—>1  —mmmmomseooooo-ossos—eoseeeo |
{1. XID < Add > XID | | ] 7. Use extended in lieu of |
| RD } [} | basic addressing format |
L J ' [ 4
|
|
|
T 1 I T L]
] For Improved TWS Performance ] ] [} For Command I Frames Only ]
| === === | <——+—>| - - - |
2. REJ < Add > REJ 1 ] ] 8. Delete —>1I 1
| | | | |
L J ‘ L J
|
|
I
[ 2] | r 2]
] For Single Frame Retransmission | [} ] For Response I Frames Only ]
i -= g | <——4+—>1 - |
13. SREJ < add > SREJ | ] ] 9. I < Delete ]
| [} | | |
L 4 l [ J
|
|
|
|
r ] | [ - :)
| For Unnumbered Information | | { For Extended Seguence Numbering [}
| i e i | [} | - ittt td |
j4. UI < Add > U1 | <——1] | 10. Use extended control field format 1
1 | | | in lieu of basic control field [}
L s —>1 format. Use SXXME in lieu of ]
< ] | SXiNM. : ]
| | |
| | |
| | i
r 1 | | |
| For Initialization 1 1 C g
| et | |
15. sInM < Ada > RIM | < f
| [ |
[ J I
|
|
| r 8]
| | FPor Mode Reset Only |
r 1 l—>f = mmmmsmsssssssssseeee |
I For Unnumbered Polling | i | 11.KSET {————————Delete |
[ttt | <——1 1 |
16. UP < Add | L 4
| |
L ’

Figure 11-1

Basic Classes of Procedures and Their Optional Functioms
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12. FRAME CHECK SEQUENCE (FCS) GENERATION AND CHECKING

-

This section specifies the FCsS generation and checking
requirements. These requirements are formulated to detect frame
length changes due to erroneous addition or deletiom of zero bits
at the end of the frame as well as to detect errors introduced
within +the frame.

12.1 FCS Generation

The equations for FCS generation are:

X16 g(X)k+ X L (X) _ R (X)
() =0 * $x)

FCS = L(X) + R(X) = R (X)
The arithmetic is modulo 2

L(X) = X15 + X14 ¢ Y13 + X12 4+ Y11 ¢+ Y10 4+ X9 + X8 + X7
+ X6 + XS + X4 + X3 + X2 + X1 + 1

The remainder which is of degree less than 16

R (X)

k = The number of bits represented by G (X)

P(X) = The CCITT V.41 generator polynomial (X16 + X12 & XS5 + 1)

G (X) = The message polynomial, which includes the contents of the
address, control, and information fields, excluding the zero bits
inserted for *ransparency (see 3.7).

The generation of the remainder R(X) differs from that wused in
conventional check sequence generation by the presence of the xk
L(X) term in the generation equation. When the FCS generatlon is
by the usual shift register technique, the XKL(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.
Otherwise, shift the data G(X) through the register as
in conventional procedures, or,

(2) Invert the first 16 bits of G(X) before shifting into
the register and shift +the remaining part of G(X)
through the register uninverted. This requires that
G (X) contain at least 16 bits.

Whether 1 or 2 is used, the shift register contents, after
shifting through G(X), 1is R(X). These contents are inverted
bit-by-bit and transmitted as the FCS sequence.

The transmitted sequence is always (in algebraic notation):
M(X) = X16 G(X) + FCS
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12.2 FCS Checking

The received sequence will be denoted M* (X) and may differ from
the transmitted sequence M (X) if transmission €rrors are
introduced. The <checking process always involves dividing the
received sequence by P(X) and testing the remainder. Direct
division, however, does not yield a unique remainder and it is
expected that in most cases the received sequence will be
modified for checking purposes by the addition of terms which
will cause the division to yield such a unique remainder when
M*(X) = M(X), i.e., when the frame is error free.

Two classes of checking equations are given below:

X"[ux(x) + xkn(x) 1 _ 0x) + XX (Equation 1)
B (X) = P (%)

In this case the unique remainder is the remainder of
the division _ . L(X)

P (X)
When Y = 0 the remainder is L(X) (16 ones).
When 7 = 16 the remainder is X12 + X1t + X10 + X8 + X3 + X2 + X +1
(X1S through X9 respectively).
X7 [ME(O)K+ (X +#1) L(X)] R (X) (Equation 2)

P (X) = Q(X) *+ 7y

In this case the unique remainder is always zero regardless
of the value of 7.

Shift register implementation of the above equations normally use
Y= 16 (pre-multiplication). When this is the case, the added
term XkL(xf in Equations 1 and 2 is added by either inverting the
first 16 received bits of M* (X) before shifting them through the
checking register or by presetting the register to all "1"s and
shifting all of M*(X) through normally. Thus the receiver action
on the leading portion of a frame 1is the same with either
Equation 1 or 2.

The +1 of the term (XX +1)L(X) of Equation 2 is added by
inverting the FCS. This implies a 16 bit storage delay by the
FCS function at the receiver since the location of the FCS is not
known until the closing flag is received.
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(These Appendixes are not a part of American National
Standard for Advanced Data Communication Control Procedures
(ADCCP), ANSI X3.66-1979, but are included £for information
purposes only.)

Abort: A function invoked by a sending station causing the

recipient to discard (and ignore) all bit sequences transmitted
by the sender since the preceding flag sequence.

Accept: The condition assumed by a station upon accepting a
correctly received frame for processing. A station 'accepts" a
command/response when the command/response encoded in the control
field of the received frame is actioned.

Acknowledge: A station "acknowledges"™ a received frame when it
transmits an appropriate frame(s) indicating the received frame
has been actioned.

Action: A station "actions" a received command/response when it
performs (or executes) the functions encoded in the control field
of the frame.

ADCCP: Advanced Data Communication Control Procedures.

Address field (A): The sequence of eight (or any multiple of
eight if extended) bits immediately following the opening flag of
a frame identifying the secondary/combined station sending a

response frame (or designated to receive a command frame).

Address field extension: Enlarging the address field to include
more addressing information.

Combined station: That station responsible for performing
balanced link level operations. A combined station (1) generates
commands and interprets responses and (2) interprets received
commands and generates responses.

Command: The content of the control field of a command frame sent
by the primary/combined station instructing the addressed
secondary/combined station to perform some specific 1link level
function.

Command frame: All frames that are +transmitted by the primary
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station (or by a combined station that has the remote/receiving
combined station address) are referred to as command frames.

Confiqurable station: A station is configurable if it has as the
result of mode-setting action, the capability to be, at different
times, more than one type of 1logical station; i.e., primary
station, secondary station, or combined station.

Control field (C): The sequence of eight (or sixteen if extended
control field) bits immediately following the address field of a
frame. The content of the control field is interpreted by the

receiving:

(1) Secondary station, designated by the address field, as
a command instructing the performance of some specific
function.

(2) Primary station, as a response from the secondary
station, designated by the address field, to one or
more commands.

(3) Combined station, (a) as a command instructing the
performance of some specific function, if the address
field designates the receiving combined station, (b) as
a response to one or more transmitted commands if the
address field designates the remote combined station.

control field extension: An enlargement of the control field to
include additional control information.

Data lipk: An assembly of two or more terminal installations and
the interconnecting line operating according to a particular
method that permits information to be exchanged; in this context
the term "terminal installation" does not include the data source
and the data sink.

Discard: A station may "discard" all or part of a received frame:

(1) A "discarded" frame is a received frame whose control
and information fields are not examined or used; i.e.,
the station takes no action on any part of the frame.

(2) A "received" frame may have its information field
(I/0I) v"discarded", i.e., the control field of the
frame is used but the information field is ignored.

Exception condition: The condition assumed by a station upon
receipt of a control field which it cannot execute due to either
a transmission error or an internal processing malfunction.

Flag sequence(F): The unique sequence of eight bits(01111110)
employed to delimit the opening and closing of a frame.
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Frame: The sequence of contiguous bits, bracketed by and
including opening and <closing flag seguences. A valid frame
contains at least 32 bits between flags and contains an address
field, a control field and a frame check sequence. A frame may
or may not include an information field.

Frame check sequence (FCS): The field, immediately preceding the
closing flag sequence of a frame, containing the bit sequence
that provides for the detection of +transmission errors by the
receiving station.

High level: The conceptual level of control or processing logic
existing in the hierarchical structure of a station that is above
the 1link level and upon which the performance of link 1level
functions are dependent, e.g., device control, buffer allocation,
station management, etc.

Inplement: A command/response is implemented if it is part of the
receiving station's repertoire; i.e., the receiving station is
capable of decoding and actioning the <control field in the
received command/response.

Information field: The sequence of bits ocurring between the last
bit of the control field and the first bit of the frame check
sequence. The information field contents are not interpreted at
the link level.

Interframe time £fill: The sequence of bits transmitted between

frames. This standard does not provide for time fill within a
frame.

(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., shorter than 32 bits
between flags).

(2) An invalid command/response is a frame which has a
control field encoding which is not defined in this
standard. '

(3) An invalid N(R) is one 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. .

Link level: The conceptual level of control or processing logic
existing in the hierarchical structure of a station that is
responsible for maintaining control of the data 1link. The link
level functions provide an interface between the station high
level logic and the data link; these functions include (transmit)
bit injection and (receive) bit extraction, address/control field
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interpretation, command/response generation, +transmission and
interpretation, and frame check sequence computation and
interpretation.

Primary station: That station responsible for unbalanced control
of the data link. The primary station generates commands and
interprets responses. Specific responsibilities assigned to the

primary station include:

(1) Initialization of (data and control) information
interchange

(2) Organization and control of data flow

(3) Retransmission control

(4) All recovery functions at the link level
Receive: A station "receives" a command or response frame when
the incoming bit configuration is bounded by two flags, contains
an address field recognized by that station, and has a correct
FCS.
Respond opportunity: The 1link level 1logical control condition

during which a given secondary/combined station may transmit a
response frame(s).

Response: The content of the control field of a response frame
advising the primary/combined station with respect to the
processing by the secondary/combined station of one or more

command frames.

Response frame: All frames that may be transmitted by a secondary

station (or by a combined station that has the local/transmitting
combined station address) are referred to as response frames.

Secondary station: That station responsible for performing
unbalanced link 1level operations, as instructed by the primary
station. A secondary station interprets received commands and

generates responses.

— — e — — s o >

with respect to processing the series of commands received from
the primary station.

Secondary status: The current condition of a secondary station

Station: The word "station" unqualified (i.e., not preceded by
primary, secondary, or combined) applies to all three types of
stations: primary station, secondary station, and combined

station.
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APPENDIX B - ADDITIONAL INFORMATION

This appendix provides additional explanatory information to
assist in the use of the standard. For ease of reference, the
paragraph numbers in this appendix correspond with those in the
body of the standard.

B 3.4 Frame Structure, Information Field

Although the maximum length of the information field is
theoretically unlimited, it will be constrained by one or more of
the following factors:

(1) Error detection capability of the FCS

(2) Channel error characteristics and data rates
(3) Station buffer sizes and strategies

(4) Logical properties of the data

B 3.1 Flag Sequence, and B 3.8 Time Fill

Although this standard permits the closing flag of one frame to
be the opening flag of the next frame, it must be recognized that
in certain implementations +this may result in crisis time
problems. Under those conditions, it may be necessary to
transmit interframe time £ill. The amount of time £fill must be
predetermined by prior mutual agreement.

B 3.9 Idle Link State
Detection of an idle 1link 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 idle condition.

B 7.4.2.1 Unnumbered Information, UI, Command

A secondary station must respond upon receipt of a UI command
frame with the P bit set to "1"; the response shall be any
appropriate frame(s), one of which will have the F bit set to
nqn, A UI command with the P bit set to "0" solicits no
response.
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CONTROL FIELD ENCODING

COMMAND RESPONSE
INFORMATION
FORMAT COMMAND/RESPONSE 1 2 3 4|5/6 7 8 1234 6 7 8 FIELD
1 — —— — —— — ey

Information | Information I 0|N(S) |P| N(R) 0|N(S) N (R) 0
Supervisory Receive RR 1 0{0 0|]P|] N(R) 1 0f0 O N (R) N

Ready . .

Receive RNR 1 0|1 olpP| N(R) 10|10 N (R) N

Not Ready

Reject REJ 1 0jo I|P| N(R) 1 0lo 1|F| N(R) N

Selective SREJ 1 0/1 1|p| N(R) 1 0|11 N (R) N

Reject
NOTE: Information Field: 0 -« Optional

N - Not Allowed
R - Required

Table Bl Command/Response Summary
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CONTROL FIELD ENCODING

COMMAND RESPONSE INFORMA-
TION
FUNCTION COMMAND/RESPONSE 1 2|3 4|5|6 7 8 [1 2{3 4|5|6 7 8 FIELD
Mode Set Set Normal SNRM {110 olrlo 0 1] N
Commands Response Mode
Set Asynchronous SARM 1 1j1 1|PjO O O N
Response Mode
Set Asynchronous | SABM 1 11 1lef1 0 o] N
Balanced Mode
Set Asynchronous SARME 1 1|1 1|jp{o 10 N
Response Mode
Extended
Set Normal SNRME 1 1]1 1{efo 1 1] N
Response Mode
Extended
Set Asynchronous SABME 1111 1{pfl 10 N
Balanced Mode
Extended
Mode Set/ | Disconnect/ DISC 1 1{o ofrjo 1 ofjrD |1 10 O|F|O 10 N
Request Request
Disconnect
Set Initialization | SIM 1 1{1 ojpjo o o]JrimM| 1 11 o|[F|0 0 0 N

Mode/ Request
Initialization Mode

Table Bl (continued)
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CONTROL FIELD ENCODING

COMMAND RESPONSE TN FORMA-
TION
FUNCTION COMMAND/RESPONSE ] 2|3 4|5|6 7 8 1 2|3 4|5|6 7 8 FIELD
Responses Unnumbered UA 1 1{0 Oofr{l 0 N
to Mode Set Acknowledgement
Commands
Disconnected DM 1 1/1 1]F]|O 0 N
Mode
Information | Unnumbered U 1 1/0 ojplooollur | 1 1]0 olrfo o0 o 0
Transfer Information
Unnumbered up 1 1j0 0jPj1 0 O N
Poll
Exchange X1D 1111/Pp10 1|KID 111 1F101 (o}
Identification
Recovery Frame Reject FRMR| 1 1 i O|F|0 1l R
Reset RSET 1 1|1 1PlL0 0 1 N
Non NRg 110 1/p|lo 0o 1 1/0 1{F|o 0 o o
Reserved
NR1 11/0 1{Pj0o 1 0 1 1{o 1|F[0 1 0] o
NR2 110.1|/Pj0 01 1 1/0 1}F|0 0 1 o
\ NR3 1 1[0 1[p[o 1 1} [1 1[0 1fFJo 1] o
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The examples in Appendix C are offered for illustrative purposes
only and should 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 notation used in the Appendix C diagrams is 1illustrated
below:

J———————lFlag (L.e., frame boundary) Yg————w\
Frame containing Frame without
I | information m’ information

UNBALANCED MODE OPERATION

Information Format Frame
y/// y/ Send Sequence Number

Information Frame: I N(S),N(R) P/F<—Pcll or Final Bit set to "1"

Receive Sequence Number
(next expected franme).

Example: Pri xmits: I2,6P. This denotes a primary information
format frame with sequence number 2; the next expected
frame from the secondary station is sequence number 6
(frames numbered 5 and below are therefore
acknowledged) ; and the poll bit is set to "1" (i.e.,
the secondary station is to initiate transmission with
information format frames if available).

%f—————-Supervisory Command/Response
Supervisory Frame: XXX N(R),P/F<—Poll cr Final Bit set to "in
Receive Sequence Number
Example: Pri xmits: RR2,P. This denotes a receive ready (RR)
command, N(R)=2 (i.e., the next expected frame from

the secondary station is sequence number 2); the poll
bit is set to "1v,
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//—————Unnumbered Command/Response
Unnunbered Frame: Yyvy,p/F

t————Poll or Final Bit set to #1in

Example: Pri xmits: SNRM,P. This denotes a set normal response
mode (SNRM) command with the poll bit set to "1u,

BALANCED MODE OPERATION

Balanced mode operation notation is identical tc that of the
unbalanced mode except that a station address must be indicated
in order to designate the frame as a command or a response.

Information Franme: A,I N(S),N(R) P/F

Address: remote station address indicates
frame is a command; local station
address indicates frame is a respo

Example: Combined xmits: A,I2,6P. This denotes a command
information format frame with sequence number 2; the
next expected frame is sequence number 6; the poll bit
is set to "1in,

Supervisory Frame: A,XXX N(R),P/F

Example: Combined xmits: B,RR2,F. This denotes a response
receive ready (RR) with N(R) = 2; the final bit is set
to ",

Unnumbered Frame: A,YYYY,P/F

Example: Combined xmits: A,SABM,P. This denotes a set
asynchronous balanced mode (SABM) command with the
poll bit set to "in,

NOTE: (1) Retransmitted information format frames are shown with

a double line: i.e., =

(2) In this Appendix omnly, zero is denoted by: "g"
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INDEX TO EXANPLES ON PAGES 84-103

_———-

EXAMPLE
1. NRM_-_THWA_EXAMPLES
1.1 ©No Errors
1.1.1 Secondary I Frames Only
1.1.2 Primary I Frames Only
1.1.3 Primary and Secondary I Frames
1.2 Command Frame Errors
1.2.1 Start-Up
1.2.2 I Frame
1.2.3 Poll Frame
1.3 Response Frame Errors
1.3.1 Start-Up
1.3.2 I Frame
1.3.3 Final Frame
1.4 Command and Response Frame Errors
1.4.1 Primary I and Secondary
Final Frames
2. ARM_-_TWA_EXAMPLES
2.1 ©No Errors
2.1.1 Secondary I Frames Only
2.1.2 Contention
2.2 Command Frame Errors
2.2.1 Start-Tp
2.2.2 I Frame
2.2.3 Poll Frame
2.3 Response Frame Errors
2.3.1 Start-Up
2.3.2 I Frame
2.3.3 Final Frame
3.  NRM_-_TWS_EXAMPLES
3.1 No Errors
3.1.1 Secondary I Frames Only
3.1.2 Primary I Frames Only
3.1.3 Secondary and Primary
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I Frames

APPLICABLE
CLASSES

——— — — — — — ——

UN
UN
UN

UN
o
UN

UN
UN
UN

UN

UA
UA

UA
UA
OA

UA
UA
UA

UN
UN
UN

TYPE OF
RECOVERY
TLLUSTRATED

TO
P/F
P/F

TO
P/F
P/F

P/F

TO
P/F
TO
TO

P/F
P/F
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APPLICABLE TYPE OF

CLASSES RECOVER
ILLUSTK
3.2 Command Frame Errors
3.2.1 I Frame UN REJ
3.2.2 I Frame UN SREJ
3.3 Response Frame Errors
3.3.1 I Frame UN REJ
3.3.2 I Franme t UN SREJ
4.  ARM_-_THS_EXAMPLES
4.1 No Errors
4.1.1 Intermittent I Frames From UA -
Primary and Secondary
4.1.2 Continuous I Frames From UA -
Primary and Secondary
4.2 Command Frame Errors
4.2.1 Start-Up UA TO
4.2.2 I Frame UA REJ
4.2.3 I Frame UA SREJ
4.2.4 I Frane UA P/F
4.3 Response Frame Errors
4.3.1 I Franme UA REJ
4.3.2 I Franme Uua SREJ
b.3.3 I Frame UA P/F
5. MODE_CHANGING EXAMPLES_
51 NRM to ARM - TWA Examples
5.1.1 Orderly Change, Primary UN to UA -
and Secondary I Frames
5.1.2 Orderly Change, Primary Only UN to UA -
I Frames
5.1.3 Orderly Change, Secondary Only UN to UA -
I Frames
5.2 NRM to ARM - TWS Examples
5.2.1 Immediate Change, Primary UA to UN -
and Secondary I Frames
5.2.2 Orderly Change, Primary Only UA to UN -
I Frames
5.2.3 Oorderly Change, Secondary Only UA to UN -
I Frames
5.3 ARM to NRM - TWA Examples
5.3.1 Orderly Change, Primary UA to UN -
and Secondary I Franmes
5.3.2 Orderly Change, Primary Only UA to UN -
I Frames
5.3.3 Orderly Change, Secondary Only UA to UN -
I Franmes
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7.2
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ARM to NRM - THWS Examples

5.4.1 Immediate Change, Primary
and Secondary I Frames

5.4.2 Orderly Change, Primary Only
I Frames

5.4.3 Immediate Change, Secondary Cnly
I Franmes

DM/ADM Examples
1 NDM/ADM to ARM - TWA

.2 NDM/ADM to NRM - TWA

.3 ADM to ARM - TWA, Primary Actions
Secondary Request for
Mode-Setting Command

5.5.4 NDM/ADM - TWA, Primary Refuses

Secondary Request for

Mode-Setting Command

(S0, S, -

i
5
5
5

6.1 NRM-TWA
6.2 NRM-TWS
6.3 ARM-TWA
6.4 ARM-THWS

td

NN NNDE = e -a

nd P/F Bit Exception Recovery
NRM, Secondary Receives REJ
NRM, Secondary Misses REJ
ARM, Secondary Receives REJ
ARM, Secondary Misses REJ

REJ Exception Recovery
NRM TWS, Primary Receives SREJ
NEM TWS, Primary Misses SREJ
ARM TWS, Primary Receives SREJ
ARM TWS, Primary Misses SREJ
ARM TWS, SREJ Missed Twice

NNNNNNNNIND
[ 3 [} L] [ ] [ ] wl [} L] [ ]
[ ] L[] [ ] L[] Q. L[] L] .
MEWNaEFEWNh =P

APPLICABLE TYPE OF
CLASSES RECOVERY
ILLUSTRATED

UA to UN -

UA to UN -

UA to UN -

UA -

UN -

UA -

UA and UN -

ON -

UN -

UA -

UaA -

UN REJ

UN P/F

UA REJ

UA P/F

ON SREJ

UN SREJ

UA SREJ

UA SREJ

UA SREJ
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APPLICABLE TYPE OF
CLASSES RECOVER
—————————- fLLUSTR
8. BALANCED CONTROL_OPERATION EXAMPLES
8.1 Continuous I Frames, No Errors BA -
8.2 Intermittent I Frames, With Errors BA P/F
8.3 Simultaneous Mode-Setting Actions
8.3.1 Contention SABM-SABM BA -
8.3.2 Contention SABM-SABM (Errors) BA TO
8.3.3 Contention DISC-DISC BA -
8.3.4 Contention DISC-DISC (Errors) BA TO
8.3.5 Contention DISC-SABM BA -
8.3.6 Contention DISC-SABM (Errors) BA TO
8.5.7 Contention SABME-SABM BA -
8.3.8 Contention SABME-SABM (Errors) EA TO
9.  ARM_TWS_POINT-TO-POINT
9.1 Continuous Primary and Secondary I Frames UA -
9.2 Continuous Primary and Intermittent UA -
Secondary I Frames
9.3 Intermittent Primary and Continuous UA -
Secondary I Frames
10. SYMMETRICAL THS POINT-TQ-POINT
10.1 Start-Up/Continuous Primary UA and UN -
and Secondary I Frames
10.2 Start-Up/Continuous Primary Only UN -
I Frames (via RNR)
10.3 Start-Up/Continuous Primary Only UN -

I Frames (Optional Function)
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1. Examples of normal response mode (NRM) two-way alternate (TWA)
transmission

1.1 NRM TWA without transmission errors

1.1.1 NRM start-up procedure and secondary-only information transfer

SNRM,P  RR#,P RR3,P
Pri xmits: ] ) Ju
UA,F 31 12,0F 13,8 14,9

sec xmits: e e

1.1.2 NRM start-up procedure and primary-only information transfer
SNRM, P
Pri xmits: H’ 18,8 , 11,8P ,I2,8 13,9,
4 v | v ¥ \
UA,F RR2,F

Sec xmits: ' jommy fm
1.1.3 NRM information transfer by primary and secondary

Pri xmits: 19,8~ 11,8 .IZ,Q’P , 213,2 ) I4,2P ) 15,3

Al v v 1 v \J s
9,3 TLSF I2,5F

Sec xmits: ¥ 3 '
1.2 NRM TWA with transmission errors in command frames
1.2.1 NRM start-up command error

SNRM, P SNRM, P 1g,9
Pri xmits: “— Timeout —> i l
UA,F

Sec xmits:

1.2.2 NRM primary information frame error
’ Retransmitted Frames
Pri xmits: (220 'Iljzlllilz’”P , a2 RCTL It 2
¥V T T J
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1.2.3 NRM primary poll frame error

Retransmitted Frame

/

Pri xmits: J8,8 I1,¢0  I2,9P RRZ,P 12,2 I3,2 14,2

Timeout -y b ==‘-———-4-——-?
Sec xmilts: '12’22 'Il,ZFI

1.3 NRM TWA with transmission errors in response frames

1.3.1 NRM start=-up response error

SNRM, P SNRM, P

Pri xmits: H<—-—--— Time-out ———-»ﬁ l"' o {
UA,E, UA,F

Sec xmits: H
% -—,

*Idle link state detection may be used in place of timeout to
initiate primary transmission.

1.3.2 NRM secondary information frame error
Retransmitted Frames

. 14,6 , Il 12,4P 13 [’} I4,9P
Pri xmits: " ﬂ 4 l-—-—-z

o

Sec xmits: 14,3 I1,3F

OR

Retransmitted Frames

RM / 3,2

Sec xmits: 19,3 I1,3F I1, 3F

Pri xmits: 16,4  Il,8 12,8
v

r S
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1.3.3 NRM secondary "final" frame error

1.4 NRM TWA command and response frame errors

Pri xmits:

Sec xmits:

Pri xmits:

Sec xmits:

19,0

(11,8 ,I2,0P,

OR

18,8

1§ N L]

I1,80 ,I2,0P,
v U 1

—

R

etransmitted Frame

<« Timeout .-,.E!l_‘_l—udg' / 'ﬁli—{

19,3 I1, 3E,

—

I

1,5 ,I2,5F

e

Retransmitted Frame

RR1,P

€ Timeout —————-fumui

18,3 , I1,3E

13,3

11,3 JI2,3F

\__*

1.4.1 NRM TWA primary I and secondary "final" I frame errors

Pri xmits:

Sec xmits:

I

<4— Timeout

,1 ,I1,1F

S~

—_—y 1,1 12,1 , I3,1 .1u,11_>‘
Ll v

\ Retransmitted I1,5 I2

Frame

N—_ 7

*Idle link state detection may be used in place of timeout to
initiate primary transmission.

2, Examples of asynchronous respond mode (ARM) two-way alternate (TWA)

transmissio

n

NOTE: All turnarounds in ARM TWA are by means of idle link state

detection

2.1 ARM TWA without transmission error

2.1.1 ARM start-up procedure and secondary-only information transfer

86

Pri xmits:

Sec xmits:

SARM, P
|

UA,F
)

¢ Indefinite
Time

RR2

L

_’llﬁ,ﬁl IIl,lZI i

<Indefinite —»
Time

2,0

RR3

s

«Indefinite —¢
Time
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2,1.2 ARM primary and secondary information transfer with contention

situation
Contention
SARM,P
Pri xmits: H (19,4 I1,8P , _ Primary__, 17,0 I1,0P l
¥ T - > v

Timeout
Indefinite
Sec xmits: LT Time H>VL8,8 11,8 | Secondary 1g,2F.

—— Timeout '—'_'_—"_—-)

2,2 ARM TWA with transmission errors in command frames

2.2.1 ARM start-up command error

Pri xmits: Sy’ SARM,P
«— Timeout =————>-
UA,F
Sec xmits: e

2.2.2 ARM primary information frame error

Retransmitted Frames

Pri xmitss P Indefinite 19,0/ 11,0P 1g,9  I1,0P
b mime ey s e Indefinite

pa—
UA,F RRJJH,F RR2,F Time {

Sec xmits: g

2,2.3 ARM primary '"poll" information frame error

Timeout forced to expiration at Idle Link
detection following receipt of RR1

Retransmitted Frame
SARM, P 10,0 I1,0P \\\\ /4

Pri xmits: jom imeout—-lw
‘___Indefinite

UA,F Time RR1 RRY,F Indefinite

Sec xmits: o ) -] F— Time -2

2.3 ARM TWA with transmission errors in response frames
2.3.1 ARM start-up

Pril xmits: S&M’P SARIM, P
e TIMEOUL ey

UA,F
Sec xmits: y Uu
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2.3.2 ARM secondary information frame error

Retransmitted Frames

SARM, P RRg,P RR2
Pri xmits: et i
UA,F Indefinite F Indefinite
Sec xmits: ”f—- Time Iﬂ,ﬂ 19ﬂ Iﬂ,ﬂ Il,ﬂ

<*— Time

2.3.3 ARM secondary information frame error =-- no reply received

RR2
Pri xmits: Sgpa 33 Indefinite
inite I Ti t »%’&L—{
Sec xmits: ﬂq.__.lnd;{mg —_—,,__/(J,ﬁﬂ ;*— rmeou (—-—-Time7
UA,F ///f

Retransmitted Frame

3. Examples of normal response mode (NRM) two-way simultaneous (TWS)
transmission

3.1 NRM TWS without transmission errors

3.1.1 NRM start-up procedure and secondary-only information transfer

pri xmitspNRM,P RR@, P RR1 RR2 asﬁ RRY RR5,P
C o j ol -l
1ts UA,F 19,9 11,0 12,9 13,9 I4,0F RR@,F
Sec xmits: ~ —_ — $ > - > ! L] -

or, where primary acknowledgements are returned
for several response frames

SNRM,P RR@,P RR3 RR5,P
Pri xmits: by H ”
Sec xmits: 2ﬁiF 19,8 %Il,ﬂ (I2,8 13,8 tlu,gF4< %ﬁg'P

3.1.2 NRM start=up procedure and primary-only information transfer

Pri xmits: Solf | I0,0P 11,0 JL2,0P 13,0 14,0P LT )
UA,F RR1,F RR3,F RR5,F
Sec xmits: ol
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or, where primary sets poll bit to "1" to solicit
acknowledgement for several frames

Pri xmits: S,N-RM’P. 8,07 11,9 JJI2,8 T13.7 JI4.g L5.0p —
. UA,F RR1l,F RR6,F
Sec xmits: il-i oy ’_"

3.1.3 NRM start-up procedure and primary/secondary information transfer

Pri Xmitstifép Ig,0P 11,0 LI2,1 (13,4 | IHL T5.W 16,5 £1.5 9
sec xmits: i’ Pl IL1 T2,2 132 gb2 5.5 1675
3.2 NRM TWS with transmission errors in command frames
3.2.1 NRM REJ capability
Pri xmits: J1Z,@P L1108 ,Iz.z//4l3,ﬁbor;;:;* Ie.gRetran:er%f‘Z?;ige}:Z
Sec xmits: 19,1 ' 11,2 412,2 REHJZI?};? %IL‘,Z 15,3 16,4 2

¥ Optional: Frame may be completed or aborted

3.2.2 NRM SREJ capability

/—Retransmitted Frame

Pri xmits: , 19, 8P 11,0 12,8 / (13,1 T2 LI2,3 (L5, | 16,5,
| o + v T ¥ v
SREJ
Sec xmits: e 791 L1.2 g2.2 ~f3.2 L2 ACTCE LT

3.3 NRM TWS with tramsmission errors in response frames

3.3.1 NRM REJ capability

Pri xmits: I6,8P I4,1 15,1 16,1 17,1 12,2,

i } —} 7
Sec xmits: 10,1  I1,2 ‘/112,3 , I3,4 , 11,5 12,7 ,I3,
¥ y Al $

-
-

Retransmitted Frames
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3.3.2 NRM SREJ capability

SREJ1
Pri xmits: (L8,8P 11,9 12,0 L, 13,1 Ib,1 ’.'15,1 L I6,1 L I7,4 18,4 A
1) T v v T A T v ‘
Sec xmits: ‘Iﬂ,l 11’2 ‘/ I I2’3 ‘13,1-' ‘I1)5 _Ill,6 ‘Is’ﬂ‘l
¥ T /' T T 1 T [
Retransmitted Frame
4, Examples of asynchronous response mode (ARM) two-way simultaneous
(TWS) transmission
4.1 ARM TWS without transmission errors
4.1.1 ARM start-up procedure and intermittent secondary or primary
information transfer '
SARM,P
Pri xmits: jum| } .1 {IleP 4
UA,F  Indefinite
Sec xmits: e e Time _‘_‘rlﬁ,ﬁ } 11,2 i %’F
4,1.2 ARM start-up procedure and continuous primary secondary
information transfer
. SARM,P L Ig,9P JT1,9  I2,1  ,I3,2P T4,2 15,3  I6,uLB)
Pri xmits: H N i 2 l.___'__.’__.. L —'__j\'____ ',-_--:- 3
ndefinite "V ’
UA,F
Sec xmits: H’l Time > ,rIﬂ,IZ‘ ¢11,1F ,‘12,2 :I3,4F £IIJ,S

4.2 ARM TWS with transmission errors in command frames

4.2.1 ARM start-up command error

SARM, P SARM,P
Pri xmits: -
2 g TimMEOUt =i

@ Indefinite ey
F

. Ua, Time
Sec xmits:

L
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4,2.2 ARM REJ capability

Abort*\ / Retransmitted Frames

SARM, P
Pri xmits: (e 19 ﬂ{ I1 I2 I I1,.2P T n
ua.p  Indefinite "1\ REJ1 “"zu
3
Sec xmits: ~<_Time_’ RR-'F }Iﬂ,l 'LI]-;l -“I&Ll — R&’F |I3'3 2

4.2.3 ARM SREJ capability

Retransmitted Frame

SARM, P

. I P  I1 I2 I3,1 I1,2P 4

Pri xmits: S Indefinite L g:g\:‘ N J’/! N + 3, L1, - —4 I4,3 J'I5L3 2
-—Time —— i Y -=-=a

Sec xmits: UA_’F RRﬁl’F 'rIfJ,l 311’1 Flz’l i RR“HF '—3-‘L2I

SREJ1

4.2.4 ARM P/F bit recovery with transmission error in command frame

Retransmitted Frame

SARM, P . -, f Y
Pri xmits: . I CI1,1 12,2 I P I T I1,6P 12,7 13,4
L) Indefinite AL — ’/% 2 + 3’3\. 2 £2s5 ! -’/\ = N 3,
< Time > | VR /s R — = - = -
Sec xmits: (=] }Iﬂ,ﬂ :Il,ﬂ =I2,1F {.13,1 + IL‘,l =15,1F vLI6’l " 17,1 :Iﬂ,_2§
UA,F —
Secondary N(R) does not acknowledge primary f
* Optional: Frame may be completed or aborted through previous P bit (i.e., through 3);

Primary initiates retransmission

4.3 ARM TWS with transmission errors in response frames
4.,3.1 ARM TWS capability

je——— Timeout |

Pri xmits: m ' L1892 1,5 12,1 3.1
— —
Sec xmits:  jaa Indgfinite 19,9 JILIRg 122 13,3

Retransmitted Frames
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4.3.2 ARM SREJ capability

~«——— Timeout - ——>

SARM, P I0,0P 11,8 12,1 13,1 SR 15,1 16,5
Pri xmits: peenf } ’\4’ 4 =2 I\’ === :)i
UAF Indefinite ‘;'g‘ - “NF o 3 w1 T3 -~
I 11, , 3 I1,5F I
Sec xmits: A e FLANR S £ 97 ALY 2 L /‘.-:‘==l——h—%5 222
Retransmitted Frame
4.3.3 ARM P/F bit recovery with transmission error in response frame
Primary N(R) does not acknowledge secondary frames
through previous F bit (i.e,, through 3);
secondary initiates retransmission
SARM, P
Pri Xmits: > Indefinite SIg,1p . I1,2 ,I2,2 I3,2P  IL,2 I5,2 I6,3 JI7,4 Ig,5 .
Time T S S _ A Lo A -
— N/ et W2 =T
Sec xmits: #Ig,g ; 11,0 512,;r{ I3,%57IH,2 N 15,3 . IZ,MF‘ I3,5‘ I4,6 15,7 16,0F
UA,F hN
Retransmitted Frames
*Optional: Frame may be completed or aborted.
5. Examples of changing control mode
5.1 NRM to ARM two-way alternate (TWA)
5.1.1 TWA NRM to ARM mode change
N A L I1..¢g., 1l2,@P RNR1,P SARM,P
Pri xmits: | —— ey ’ Indefinite Time
F I I1,9
Sec xmits: P_Ig_’}_z RE&F % )__?_’?__'._.1__4

5.1.2 NRM to ARM mode change TWA

Pri xmits: f—T1,g 3 12.0P | RW,P W,P

Indefinite Time
Sec xmits: RqamF R3,F UﬁiF Q L Ig,g 11,0
T T
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5.1.3 NRM to ARM mode change TWA

Pri xmits: RNR3,P SARM,P
-y i Indefinite Time
Sec xmits: I1,¢  I2,0F RRY,F UA,F g
F——t—— <

-
<

- L}ﬂ’g

APPENDIX

11,9

¥ T

5.2 NRM to ARM two-way simultaneous (TWS)

5.2.1 NRM to ARM mode change TWS (immediate change)

Pri xmits: t 11,2 : I2,3 RNRY SARM,P
Abort#®
Sec xmits: L, I3,1  Ih,2 15, ¥ RR3,F &,F‘
OF T T

Indefinite Time

[ 19,9 11,0
> | 4

! Ll
Frames unaccepted
5.2.2 NRM to ARM mode change TWS
(orderly change while pri =xmits)
pri xmits: (. Il.@P  T2.9  TI3,0P RNRE,P SARM,P
} + 4 )
Indefinite Time
Sec xmits: RE2e ¥ RRE? RR4~,F UA,F ( 19,9 Ii,\ﬂ
5.2.3 NRM to ARM mode change TWS
(orderly change while sec .xmits)
Pri xmits: R RNR3,P SARM,P
e = [~ ™ Indefinite Time
Sec xmits: _, Il,0 12,0F RRE,F UA,F $ 19,9 11,0
@ ' = - 4 i
* Optional: Frame may be completed or aborted
5.3 Two-way alternate (TWA) ARM to NRM mode change
5.3.1 TWA ARM to NRM mode change
Pri xmits: 11,0 , 12,0 RNR},P SNRM,P , 19,0 , 11,8
U T —t
Sec xmits: } 19 33 REEHF UA,F
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5.3.2 TWA ARM to NRM mode change

Pri xmits: ' 11,9 ; I2,0p : RﬁEErP SNRM, P | 19,9 ’ 11,0 |
Sec xmits: RR3,F R3,F UA,
b e
5.3.3 TWA ARM to NRM mode change

Pri xmits: RNR3,P SNRM,P 19,9 I1,¢9

Sec xmits: L I1,8 0 I2,0

5.4 Two-way simultaneous (TWS) ARM to NRM mode change

5.4.1 TWS ARM to NRM mode change (immediate change)

Abort#*
Pri xmits: }I1,2P ' I2,3 | RN&P Sl\1RM,P =gIIJ,ﬁP : 11,9 \
Sec xmits: 13,1 . I4,2F |15=3‘ aR3,F Uﬁ 19,1 I1,2

X ___Frame unaccepted

5.4.2 TWS ARM to NRM mode change
(orderly change while pri xmits)

Pri xmits: L I1,p0p, I2,0
T L]

Sec xmits: R&F R%F R&F UM 1,1 l .

I3,QP: RNRQﬁ,P SI‘&’I,P 1¢9,0P 11,

5.4.3 TWS ARM to NRM mode change
(orderly change while sec xmits)

Abort#®
Pri xmits: R RNR3,P SNRM, P 19,9P 11,9
i i - - iy
Sec xmits 11,0 I2,8 13,8 xﬂrF UA f‘
!‘ 3 ! 5 : 5 ‘v F) Ig,l

\— Frame unaccepted

*¥Optional: Frame may be completed or aborted.
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5.5 Examples of normal disconnect mode (NDM)

5.5.1 TWA NDM (or ADM) to ARM change

SARM, P
Pri xmits: [ I I1.0P

Sec xmits: wF Fll‘-z—z

5.5.2 TWA secondary in NDM (or ADM) to NRM change
(secondary indicates it is unable to change to NRM)

SNRM, P
Pri xmits: H

DM,F
Sec xmits:

5.5.3 TWA secondary in ADM
(secondary indicates it is disconnected and
primary sends set mode command)

SARM, P
Pri xmits: (Poll)

DM, F UA,F
Sec xmits:

5.5.4 TWA secondary in NDM (or ADM)
(secondary indicates it is disconnected and
primary refuses to send set mode command)

DISC,P
Pri xmits: (Poll) jm

DM,F DM, F

Sec xmits: ] =

6. Examples of end of operation (general closing procedure)

6.1 NRM TWA
Pri xmits: | 19,8 ' I11,9P : RN&,P
Sec xmits: 19,2 I1,2F

f T

=y -
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6.2 NRM TWS
Pri xmits: , 18,0P . 11,9 ; I2,1 : I3,2 RNR3,P
Sec xmits: }_‘Iﬂ,l : I1,1 : I2,2F 4 RF&F
6.3 ARM TWA
l RNR2,P \Ti.meout or Ydle Link
Pri xmits: ‘———-DL Detectjion
Sec xmits: L 19,8 11,0 . RR@,F
! ! 1 .
6.4 ARM TWS
Pri xmits: , I9,9P  I1,0 I2,0 , I3,1P RN?:‘P
r T 1 4 T me—
Sec xmits: . Ig, 1F, I1,2 , 12,3  I3,4F TIN,4 RR4,F
v T T 1 T -1

Frame unaccepted

7. Examples of exception recovery procedures
7.1 REJ and P/F bit exception recovery for FDX operation

7.1.1 NRM - TWS with information frame exception

REJ1
\ / ,
Pri xmits: If,@P 11,9  T2.0 .T3.1 Th.] ujS.l 2 16,1 JI7,2 ,Ig,3 T1,4 2, 5
v A\l v L T T L T 1 T 1§
/
Sec xmits: I1g.1 I1.2 (1I2.3 lrI'i.’-l =I’-l.5 2 I1.5 .IZ%
\Retr‘;nsmissions
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7.1.2 Example 7.1.1 above except REJ is not received correctly

REJ1

A 1

Y, o
Pri xmits: . 2f.PP I1,p |12, J3,1 T4,1 "‘&5,1 f16,1  J7.1 G Tell gl r9’1pz

. RR7,F
Sec xmits: 12,1 .Il,i’y(12,3 JI3.4  qIb5 15,8 (T66  J7.7 e’
F T + T T T T '
\Modulo Numbei
Exhausted
Il 1 ’ ” " 2
Wil ogia o 1ste g6ls 7w 4rgls ognle 127
Continuation: , /

I11,3’ 12,4 13,5 .qus ,Ié,f’ %6%” !1153” II“'ZI’I

Retransmissions

7.1.3 ARM - TWS with information frame exception

IREJI
Pri xmits: Ig,6P ,I1,7 ,I2.¢ L, I3,1P Ih4.1 ~15,1P LI6,1 17,2 .Iﬂl,3 1Il/,4
, + T L T 1 t T

Y
t TC
Sec xmits: 1 Ig,1F ‘11,2/12,3 JI3,4F , I4,5 [ I1,5 ,12,6F 13,7 ,Ih,g/
C T T T v ¥ r L4 1 v f T
Retransmissions

7.1.4 Example 7.1.3 above except REJ is not received correctly

/-REJ].

R ’
Pri xmits: Ig.6p 11,7 12.0 JI3.1P . I4,1 %I'%_‘IP 1sI6.l =I7.1 L Ig.2P ,11%3 >
F ¥ T y y t T -t

Sec xmits: L IB,1F 11,2 ’[L12.3 J3.4F L TU5 1805 !
T T L]

C Ba

A ™~ Retransmissions

Secondary initiates P/F bit recovery because

it received command frame I5,1P where the N(R)
of 1 is less than N(S) of 3 in the last response
frame with the F bit set to "1'" (I3,4F).
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7.2 SREJ/REJ exception recovery for TWS operation

7.2.1 NRM - TWS with information frame exception

[ Retransmission
Pri xmits: g]LﬂE__411,ﬂ7" 12,0 3.1 L l.2 gi,3 15k 16,5 1
} } 4
Sec xmlts: JIg.1 11,1 ” f2.1 I3,1 JI4. 4 155 . TI6.6 9
r Ll l L) ] T v
SREJ1
7.2.2 Example 7.2.1 above except SREJ is not received correctly
Modulo Number Bchauste/d'\
Pri xmits: (1@.gP . T1 Iof 13,1 L Th,2 9.3 G I64 17,5
L} 1 L L] v Il
/
Sec xmits: ;.LLJ._F.U.J__K To,1 43,1 4 Th1 TS 4762 17,1 lea,;__t
REJ1
Retransmission - Modulo Number still
11 t{p , , exha;xsted.
/ /
’ =Iﬂ,5 + 11/6’ 12077 2
’ N /s
Continuation: g1 120 |I3ﬁ1 o ‘;ya’ 158 16287 |1ﬁ1 10,27
SREJ
1,F

Modulo Count
Exhausted

7.2.3 ARM - TWS with I frame exception condition

Retransmission
/
Pri xmits: g@,7P I1 I2 P W2 L Ii43P ;TG 4 :Tﬁ L7 4 51_.@;5:1] 5_;
L]
Sec xmits: 1 fL2IF 11,1 12,1 HI3.1 L4l 4L52E o ]_é
SREJ SREJ
1 1,F
7.2.4 Example 7.2,3 above except SREJ is received in error
/__. Retransmission
Pri xmits: '_IL_’LE_’_‘;]_J%.IZ g ,I3,1p ,I4,2 . T1,3P . I5.4 —
T - T ¥ iy
IgAF , I 12,1 413, ,I4,1  I5,5F,
LJ T A S

Sec xmits
SREJ SREJ

1 1,F
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7.2.5 Example 7.2.4 above except two SREJ1 frames are received in error

Pri xmits: Modulo count exhausted

Retransmission
[+ Timeout ]

/ :
QIZ'GP Il,7!/= 12,8 ;13,1P :14,2 + IS,3§ IG,QP; I7,‘€ ‘Il,5P . ig,0p

Sec xmits:

)
17,8 lIﬂ,lF I1,1 12,1 if 13,1, 1I4,1 15,1, I6,1 I17,pF, I
L, " - 2

- T Y v

SREJ1 SREJ1,F

8. Examples of balanced control operation

8.1 Continuous information frames

A,R
o A.B,SABM,P I B,11,1 B,12,2 a,13,38"/RRY A/RRS A,RR6 2 RR7,F
a- Ay + + et T o R -
Sta. B: Fl‘ A,If,8 , A,Il,8 :A,IZ,lP 3A,I3,2 : A,IQ.B ' A,IS,H:A,IG,HP{
B,UA,F
8.2 Discontinuous information frames (with error)
A,UA A,RR1 A,RR],F A,RR2,F
Sta. A: ] (] (=]
. L A,I0,0 A,Il,f A,RRP,P A,Il,pP
sta. B: fmf e - «— Timeout ——-—-’-ﬁ i —
A,SABM
Retransmitted

8.3 Simultaneous mode-setting actions (contention)
8.3.1 Contention between SABM and SABM

soam am® Q@

Sta A: mnf (S ¥
NN SN LT Procedure may be completed at either )
7N\ PN or with link available for information
Agagn ™ Bup N ( Q

é é transfer.

Sta B:
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8.3.2

8.3.3

Contention between SABM and SABM (errors)

Procedure may be_completed
Sta A: B'SAABM ®p A/'&@ at either d, or é
N7 / v ~ N with link available for
A,SAB ~ B,Ub/ A,SABM information transfer.
Sta B: #/ ™ 7 N

\ ¢
L—— Tixcgl?eout -—r-l@ é

Contention between DISC and DISC

Sta A B,DISC AiUAE ’(
a H
ﬁ\\ P Ve

Ny Procedure may be completed at either @

7 s : : +
A,DISG NB/UA, /\\ or @ with 1link in Disconnected Mode.

15

Sta B:

8.3.4 Contention between DISC and DISC (errors)

. B,ﬁc ‘ A,DM(?
ta A: Procedure may be completed at
N7 4 4N either D, oré with link
[N in Disconnected Mode.

/ 7/
A,DIS B,U. A,DISC
Sta B: "”f’ Ny " 7

(Casdl

8.3.5 Contention between DISC and SABM

100

B,DISC A,DM ;
Sta A: [~="N§ /h\ y Procedure is completed at
N/ N/ with link in Disconnected Mode.

A,SABM /N B,DM/ N

Sta B: ﬁ/ \H/ f
®



8.3.6 Contention between DISC and SABM (errors)

Sta

Sta

Sta

Sta

B,DISC e Timeout > 3,p1sc @
Az “’\

g V2 H\ /
> S / N Vs
B: 7 \M/ \\H Ve
A,SABM B,DM * B,DM
B,DISC A,DM? A,DM
A: N ,%\ -
N s N A
RN N ~ ~
B: e’ N N g \
A,SABM A,SABM
‘1——- Timeout ——-—’-l @

8.3.7 Contention between SABME and SABM

Sta

Sta

A:

B:

©)
’

B,SABME A,DM B,SABME
T N N P
N7 N 7 N 7
PAS PN N pd
poi 7 e ™ bl 7
A,SABM B,DM B,UA\

8.3.8 Contention between SABME and SABM (errors)

Sta

Sta

Sta

Sta

B:

B:

B, SAB A,DM  B,SABME /
NI N N P
rd ~

&

N 7/

\ N

g ’
/\ \ N 7/

A,SABM
.4—‘ Timeout —————3p.

B,UAT

@

®

A,UA ‘
-, vz /_
N s / ya \\
A s 7 ~
N | ")\
B,DM A,SABM @

Timeout |-

APPENDIX

Procedure is completed at @
with link in Disconnected Mode.

Procedure is completed
at with link in

Disconnected Mode.

Procedure is completed at @
with link available for
information transfer in

extended mode.

Procedure is completed at @
with link available for
information transfer in
extended mode.

Procedure is completed at
with link available for

information transfer in
unextended mode.
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9. Primary-secondary ARM two-way simultaneous point-to-point operation

9.1 Continuous information frames from primary and secondary

Pri: _  I1,4P 12,4 13,5 . 14,5 ,I5,6P I6,7 ,17,1P I¢,3 1I1,4 5
C 1} T B T T T L L v C

Sec: 14,4 , I5,2F , 16,3 , 17,5 ,1¢,6F 11,6 12,7 ,I3,7 ,I4,fF 15,1,
LS T T T T 1 I C

2]
2 T T

9.2 Continuous primary information frames

Pri: ,, Il,4p  I2,4 I3,4P14,4 ,I5,4P , 16,5 L I7,6P 14
(& T T T T v T v
sec: RR1 RR2,F RR3 RRU,F 14 4 15,5 RR6,F RR7
] ] LI | -
9.3 Continuous secondary information frames
I1.4p RR5 RR6 RR7,P RR{' 12.4° I3 1P'RR2' RR3' 14,30 RR5,P
PSTPRNNY SR V1) Sy VR P VIS 9 AR, £ 5 | ARV VN < P LR
Sec: 14 15,1 16,2F 17,2, 1f',2F I1',2 12',3 I3',4F, 14',4 I5'.4

10. Symmetrical (back-to-back) primary-secondary point-to-point TWS
operation (see Figure 2-3 configuration)

10.1 Secondary B in ARM — Secondary A in NRM operation

Sta A:
B,Iﬂ,ﬂ L B,I1,1 \ B,I2,2 \ A,Ig,1 ‘A,Il,l lA,I2,2|F B,I3,3 IB,I‘l,llJ
! T— T T T T T T <
B,SARM,P A,UA,F
B,Ig,8 B, 11,8 , A,1g,gP, B,I2,2 , A,Il, @ y A, I2,1 . B,I13,3 :A.13.3§
T T T 1 \J

Sta B: w_h_'
B,UA,F A,SNRM, P
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10.2 Use of RNR to restrict information frames from secondary operation

Sta A: H H B'iIﬂ,ﬂI : BlIzlﬂ }BII3Iﬂ N A BlIulﬂ = BIISIﬂ N B,I6,ﬂ P
A,UA,F B,SNRM,P B,I1,8 A,RR4,F B,RNR#,P

A,Il,f A,I2,§ ,A,I3,0 L A16,8 /17,

sea b MNRMP | AI8,0 ‘ ' A48 AISE )
B,Ll'A,t" A,RNRY,P B,RR6,F

10.3 Secondary stations do not transmit information frames
(optional function 8) operation

sta A 0"y BrEf  BTLPe | BI2p | 8138 ot B s
A,UA,F A,R§;:¥ A,;RR6,F

sta p: MSNRME L ATpp AIIP A12,0 | AI3,8P AI4f | AISPP L\ A,T6.9 AL B
B,UA,F B,RR2,F
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APPENDIX D - FRAME CHECK SEQUENCE (FCS)

D1. Description

The transmission integrity of a received message is determined by
use of a frame check sequence (FCS). The FCS is generated by a
transmitter, inspected by the receiver, and positioned within a
frame in accordance with the following diagrams:

re————-- First Bit Transmitted
|
\J
2 1
| Flag { Address | Control | Information | Frame Check | Flag |
| | | | | Sequence | |
o o e e e e e i o o e e e o e e o A e o o ot 2 J

| <= k bits —=====————- >1<== 16 bits-->|

| G (X) i

| |

[ {===mm——m——— n bits -—-—-—-—————m————— e >

| M (X) l

The procedure for using the FCS assumes the following:

(1) The k bits of data which are being checked by the FCS can be
represented by a polynomial G (X).

Examples:

(a) G(x)
(b) G(x)

10100100 = X7 + XS + X2 = X2 (XS+X3+1)

00...010100100 = X7+X54X2 = X2 (XS+X3+1)
() G(x) = 101001 = X5 + X3 + 1

In general, 1leading zeros don't change G(X) and +trailing zeros
add a factor of X where n is the number of trailing zeros.

(2) The address, control, and information £field (if it exists in
the message) are represented by the polynomial G(X).

(3) For the purpose of generating the FCS, the first bit
following the opening flag is the coefficient of the highest
degree term of G(x) regardless of the actual representation of
the address, control, and information fields.

(4) There exists a generator polynomial P(X) of degree 16, having
the form P(X) = X16+X12+XS5+1

D2. Generation and Use of FCS

The FCS is defined as a one's complement of a remainder, R(X),
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obtained from the modulo two division of
X116 G(X)*Xk(X15+X1‘+X13+X12+X11+X1°+X9+X‘+X7+X‘+X5+X‘+X3+X2+X1+1)
by the generator ploynomial P (X). _—
X186 G(X)+XK(X1S+x14,, . +X+1) (X ‘f,,,/~f”’”FCS
P (X) = 2(X) * p(x)

o
~

The multiplication of G(X) by X1é corresponds to shifting the
message G(X), 16 places and thus providing the space of 16 bits
for the FCS.

The addition of XKk (X1sS+X14...+X+1) to X1 G(X) is equivalent to
inverting the first 16 bits of G(X). It can also be accomplished
in a shift register implementation by presetting the register to
all "ones" initially. This term is present to detect erroneous
additon of deletion of zero bits at the leading end of M(X) due
to erroneous flag shifts.

The complementing of R(X) by the transmitter at the completion of
the division insures that the transmitted sequence M(X) has a
property which permits the receiver to detect addition or
deletion of trailing zeros which may appear as a result of
errors. '

At the transmitter the FCS is added to the X1¢é G(X) and results
in the total message M(X) of length K+16, where M(X) = X16 G (X) +
FCS.

The reeiver can employ one of several detection processes, two of
which are discussed here. In the first process, the incoming
M(X) (assuming no errors; i.e., M¥*(X) = M(X)) is multiplied by
X16, added to XK+¢1e (X1S + X1¢ ... +X +1) and divided by P(X).

X16 [X16 G(X) + FCS] + XK +16 (X15 + Y14 __ ., + X + 1) =

P (X)
Qr (X) + Rr (X)/P(X)

Since the transmission is error free, the remainder Rr(X) will be
"0001110100001111" (XtS through XO0).

Rr (X) is the remainder of the division: X116 L (X)

P(X)
where L(X) = Xt1S + Xti& ___. +X +1. This can be shown by
establishing that all other terms of the numberator of the
receiver division are divisible by P(X). This will be done

below.
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Note that FCS = R(X) = L(X)+R(X). (Adding L(X) to a polynomial
of its same length is equivalent to a bit by bit inversion of the
polynomial.)

The receiver division numerator can be rearranged to:
X16 [X16 G(X) + XKL(X) + R(X)] + X16 L(X).

It can be seen by inspecting the transmitter generation equation
that the first term is divisible by P(X); thus the X16L(X) ternm
is the only contributor to Rr(X).

The second process differs from the first in that another term
(X16L (X)) is added +to the numerator of the generation equation.
This causes a remainder of 2zero to be generated if M*(X) is
received error free.

D3. Implementation

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 receiver thus
checks for the non-zero residual Rr(X) to indicate an error free
transmission. Figure D1 is an illustration of the
implementation. It shows P configuration of storage elements and
gates. The addition of XK (X1S5+Y14,, . +X+1) to the X116 G(X) can be

accomplished by presetting all storage elements to a binary value
ll"ll.

The one's complement of R(X) is obtained by the logical bit by
bit inversion of the transmitter®s R (X).

Figure D1 shows the implementation of the FCS generation for
transmission. The same hardware can also be used for
verification of data integrity upon data reception.

Before transmitting data, the storage elements, , Xp ...X15 are
initialized to "one". The accumulation of the remainder R(X) is
begun by enabling the "A" and thereby enabling gates G2 and G3.
The data to be transmitted goes 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 transmitting the k bits
of data, the #A" is disabled and the stored R(X) is transmitted
via G1 and I1 while G2 and G3 are disabled. The I1 provides the
necessary inversion of R (X).

At the receiver, before data reception, the storage
elements, Xp ...X;5 are initialized to ‘"ones". The incoming
message is then continuously divided by P(X) via G3 ("aA"
enabled). If the nmessage contained no errors, the storage
elements will contain "0001110100001111" (Xy5...X5 ) at the end
of the M*(X).
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Figure D2 1is an example of the receiver and transmitter states
during a transmission of a 19 bit G(X) and a 16 bit FCS.

The implementation of the FCS generation and the division by P (X)
as described in this Appendix is wused as an example omnly. Other
implementations are possible and may be utilized. This standard
only requires that the FCS be generated in accordance with the
rules of 3.5 and 12.1 and that the «checking process involve
division by the polynomial P(X). Furthermore, the order of
transmission of M (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 fields internal to
M(X) .

107



801

ALL "ONES" PRESET

DATA TO BE TRANSMITTED
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FCS Implementation
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INPUT
TO TX

MSB

G (x)

B OO O D OO OO = O

)

Xo

TX CRC

IRRRRRRERRRRRRRN
1111101111110111

0111110111111011°

0011111011111101
0001111101111110
1000101110110111
1100000111010011
1110010011100001
0111001001110000
1011110100110000
0101111010011000
0010111101001100
1001001110101110
1100110111011111
1110001011100111
11110101011110 11
1111111010110101
0111111101011010
1011101110100101
0101110111010010
0010111011101001
0001011101110100
0000101110111010
0000010111011101
0000001011101110
0000000101110111
0000000010111011
0000000001011101
0000000000101110
0000000000010111
0000000000001011
0000000000000101
0000000000000010
0000000000000001
0000000000000000
000000000000002;

X1s

INPUT
TO RX

(]
M O OO O RO O =m0 w@a e a0 =000 mam OO0 amda-a0

Figure D2

FCS Example

APPENLCIX

RX CRC

1M1
1111101111110111
0111110111111011
0011111011111101
0001111101111110
1000101110110111
1100000111010011
1110010011100001
0111001001110000
1011110100110000
0101111010011000
0010111101001100
1001001110101110
1100110111011111
1110001011100111
1111010101111011
17111111010110101
0111111101011010
1011101110100101
0101110111010010
1010101011100001
1101000101111000
1110110010110100
1111001001010010
0111100100101001
0011110010010100
0001111001001010
0000111100100101
1000001110011010
1100010111000101
1110011011101010
0111001101110101
1011110110110010
1101101011010001
1110100101100000
)111000010111000

X0 X1s

109















American National Standards for Information Processing

»

X3.1-1976 Synchronous Signaling Rates for Data Transmission
X3.2-1970 (R1976) Print Specifications for Magnetic Ink Character
Recognition

X3.3-1970 (R1976) Bank Check Specifications for Magnetic Ink
Character Recognition

X3.4-1977 Code for Information Interchange

X3.5-1970 Flowchart Symbols and Their Usage in Information
Processing

X3.6-1965 (R1973) Perforated Tape Code for Information Inter-
change '

X3.9-1978 FORTRAN

X3.11-1969 Specification for General Purpose Paper Cards for In-
formation Processing

X3.14-1973 Recorded Magnetic Tape for Information Interchange
(200 CPI, NRZ1)

X3.15-1976 Bit Sequencing of the American National Standard
Code for Information Interchange in Serial-by-Bit Data Transmission
X3.16-1976 Character Structure and Character Parity Sense for
Serial-by-Bit Data Communication in the American National Stan-
dard Code for Information Interchange

X3.17-1977 Character Set and Print Quality for Optical Character
Recognition (OCR-A)

X3.18-1974 One-Inch Perforated Paper Tape for Information Inter-
change

X3.19-1974 Eleven-Sixteenths-Inch Perforated Paper Tape for In-
formation Interchange

X3.20-1967 (R1974) Take-Up Reels for One-Inch Perforated Tape
for Information Interchange

X3.21-1967 Rectangular Holes in Twelve-Row Punched Cards
X3.22-1973 Recorded Magnetic Tape for Information Interchange
(800 CPI, NRZI)

X3.23-1974 Programming Language COBOL

X3.24-1968 Signal Quality at Interface between Data Processing
Terminal Equipment and Synchronous Data Communication Equip-
ment for Serial Data Transmission

X3.25-1976 Character Structure and Character Parity Sense for
Parallel-by-Bit Data Communication in the American National
Standard Code for Information Interchange

X3.26-1980 Hollerith Punched Card Code

X3.27-1978 Magnetic Tape Labels and File Structure for Informa-
tion Interchange

X3.28-1976 Procedures for the Use of the Communication Control
Characters of American National Standard Code for Information
Interchange in Specified Data Communication Links

X3.29-1971 Specifications for Properties of Unpunched Oiled
Paper Perforator Tape

X3.30-1971 Representation for Calendar Date and Ordinal Date
for Information Interchange

X3.31-1973 Structure for the Identification of the Counties of the
United States for Information Interchange

X3.32-1973 Graphic Representation of the Control Characters of
American National Standard Code for Information Interchange
X3.34-1972 Interchange Rolls of Perforated Tape for Information
Interchange

X3.36-1975 Synchronous High-Speed Data Signaling Rates between
Data Terminal Equipment and Data Communication Equipment
X3.37-1977 Programming Language APT

X3.38-1972 (R1977) Identification of States of the United States
(Including the District of Columbia) for Information Interchange
X3.39-1973 Recorded Magnetic Tape for Information Interchange
(1600 CPI, PE)

X3.40-1976 Unrecorded Magnetic Tape for Information Inter-
change (9-Track 200 and 800 CPI, NRZI,-and 1600 CPI, PE)

American National Standards Institute, Inc
1430 Broadway
New York, N.Y. 10018

X3.41-1974 Code Extension Techniques for Use with the 7-Bit
Coded Character Set of American National Standard Code for Infor-
mation Interchange

X3.42-1975 Representation of Numeric Values in Character Strings
for Information Interchange

X3.43-1977 Representations of Local Time of the Day for Informa-
tion Interchange '

X3.44-1974 Determination of the Performance of Data Communi-
cation Systems

X3.45-1974 Character Set for Handprinting

X3.46-1974 Unrecorded Magnetic Six-Disk Pack (General, Physical,
and Magnetic Characteristics)

X3.47-1977 Structure for the Identification of Named Populated
Places and Related Entities of the States of the United States for
Information Interchange

X3.48-1977 Magnetic Tape Cassettes for Information Interchange
(3.810-mm [0.150-in] Tape at 32 bpmm [800 bpil , PE)
X3.49-1975 Character Set for Optical Character Recognition
(OCR-B)

X3.50-1976 Representations for U.S. Customary, Sl, and Other
Units to Be Used in Systems with Limited Character Sets
X3.51-1975 Representations of Universal Time, Local Time Differ-
entials, and United States Time Zone References for Information
Interchange

X3.52-1976 Unrecorded Single-Disk Cartridge (Front Loading,
2200 BPI), General, Physical, and Magnetic Requirements
X3.563-1976 Programming Language PL/I

X3.54-1976 Recorded Magnetic Tape for Information Interchange
(6250 CPI, Group Coded Recording)

X3.55-1977 Unrecorded Magnetic Tape Cartridge for Information
Interchange, 0.250 Inch (6.30 mm), 1600 bpi (63 bpmm), Phase
Encoded

X3.56-1977 Recorded Magnetic Tape Cartridge for Information
Interchange, 4 Track, 0.250 Inch (6.30 mm), 1600 bpi (63 bpmm),
Phase Encoded

X3.57-1977 Structure for Formatting Message Headings for Infor-
mation Interchange Using the American National Standard Code for
Information Interchange for Data Communication Systems Control
X3.58-1977 Unrecorded Eleven-Disk Pack, General, Physical, and
Magnetic Requirements

X3.60-1978 Programming Language Minimal BASIC

X3.61-1978 Representation of Geographic Point Locations for
Information Interchange

X3.62-1979 Paper Used in Optical Character Recognition (OCR)
Systems

X3.64-1979 Additional Controls for Use with American National
Standard Code for Information Interchange

X3.66-1979 Advanced Data Communication Control Procedures
(ADCCP)

X3.73-1980 Single-Sided Unformatted Flexible Disk Cartridge

(for 6631-BPR Use)

X3.77-1980 Representation of Pocket Select Characters in
Information Interchange

X3.83-1980 ANSI Sponsorship Procedures for 1ISO Registration
According to 1SO 2375

X3.86-1980 Optical Character Recognition (OCR) Inks

X3/TRI-77 Dictionary for Information Processing (Technical
Report)





