International Standard

INTERNATIONAL ORGANIZATION FOR STANDARDIZATIONOMEXAYHAPOAHAR OPFTAHUIALUA NO CTAHAAPTUIALIUUSORGANISATION INTERNATIONALE DE NORMALISATION

® Data communication — High-level data link control

1SO 4335-1983 (E}

proacedures — Consolidation of elements of procedures

o
Téléinformatique — Procédures de commande de liaison de données a haut niveau — Consolidation des éléments de procédures

Secohd edition — 1984-12-15

UDC 681.327.8.01 Ref. No. 1SO 4335-1988 (E)

Descriptors : data processing, data transmission, control procedures, high-leve! data link control.

Price based on 42 pages


https://standardsiso.com/api/?name=8a25407256f8c49b0056afc1fb8877cd

Foreword

1SO {(the Interna
national standar
Standards is no
body interested i
the right to be 1
mental and non-

Draft Internation
the member bod
the ISO Council
least 75 % apprd

International Sta
Information prod

ISO 4335 was fir
edition, of which

jonal Organization for Standardization) is a worldwide federation of
s bodies (ISO member bodies). The work of preparing International
ally carried out through 1SO technical committees. Each member
h a subject for which a technical committee has been established has
ppresented on that committee. International organizations, govern-
hovernmental, in liaison with ISO,. also take part in the work.

al Standards adopted by the technical committees are circulated to
es for approval before their acceptance as International Standards by
They are approved in accordance with 1SO procedures requiring at
val by the member bodies voting.

Indard 1SO 4335 was prepared by Technical Committee 1ISO/TC 97,
es5ing systems.

t published in 1979. This second edition cancels and téplaces the first
it constitutes a technical revision.

© International

Organization for Standardization, 1984 @

Printed in Switzerland



https://standardsiso.com/api/?name=8a25407256f8c49b0056afc1fb8877cd

Contents

Introduction

1 Scope and field of application

References

Definitions

Data link channel states

Control field and parameters

Commands and responses

8

Exceptioncondition reporting and recovery
Annexes

A\ Time-out function considerations

B Examples of the use of commands and responses

C Assigned XID information field formats

Tables

1 Control field format

P/F bit functions

Commands and responses

Extended control field formats

Figures

1 Unbalanced data link configuration {case 1)

2 Unbalanced data link configuration (case 2)

Balanced data link configuration

Information transfer format of control field bits ..........

Supervisory format of control field bits

Unnumbered format of control field bits


https://standardsiso.com/api/?name=8a25407256f8c49b0056afc1fb8877cd

Figures

. Page

7 Unnumbered command control field bitassignments ..................... ?1
8 XIDformatidentifier .......... . . i 14
9 Unnumbered response control field bitassignments ...................... 15
10 Information field format for FRMRresponse. ...........ccoviiiiniinnnenn. 15
11 Information field format for FR‘MR extendedresponse .................... 16



https://standardsiso.com/api/?name=8a25407256f8c49b0056afc1fb8877cd

INTERNATIONAL STANDARD

1SO 4335-1984 (E)

Data communication — High-level data link control
procedures — Consolidation of elements of procedures

0 Introduction

0.1 Q(General

High-l¢vel data link control (HDLC) procedures are designed to
permit| synchronous, code-transparent data transmission. This
Interngtional Standard describes the HDLC elements of pro-
cedurds. Further studies are in progress to identify and define
additi%:al elements of procedures which may be included at a
later dpte.

In HDLC procedures, the normal cycle of the code-transparent
data cpmmunication between two data stations consists of the
transfgr of frames containing information from the data'source
to the Pata sink acknowledged by a frame in the oppaosite direc-
tion. Until the data station comprising the data.source receives
an acknowledgment, it holds the originah_information in
memoly in case the need should arise forretransmissions.

quence integrity between the data source and the data
effected by means of a_numbering scheme, which is
ithin a modulus specified in this International Standard

command frames. The)other data statiofs on the data link are
known as the secondary stations, and the frames they transmit
are referred to ‘as response frames.

For the transfer of data between the primary station and the

secondary’ stations, two cases of data
sidered*(see figures 1 and 2). In the first

control function and controls the data

link control are con-
case, the data station

tation comprising the

comprising the data source performs a p%lmary station data link

data sink that is associated with a seco
control function, by select-type commar]

dary station data link
ds.

In the second case, the data station comnprising the data sink

performs a primary station data link con
trols the data station comprising the

trol function and con-
data source that is

associated with a secondary station datd link control function,

by poll-type commands.

The information flows from the data so
and the acknowledgments are always f]
posite direction.

These two cases of control may be com

link becomes capable of two-way alternd
two-way simultaneous communication.

0.3 Batanced data links

A balanced data link involves only two
tions. For control purposes, each data

lrce to the data sink,
ransmitted in the op-

bined so that the data
te communication, or

barticipating data sta-
station assumes re-

sponsibility for the organization of it

b data flow and for

HDLC procedures are applicable to unbalanced data links and
to balanced data links.

0.2 Unbalanced data links

An unbalanced data link involves two or more participating
data stations. For control purposes, one data station on the
data link assumes responsibility for the organization of data
flow and for unrecoverable data link level error conditions. The
data station assuming these responsibilities is known as the
primary station, and the frames it transmits are referred to as

unrecoverable data link level error conditions associated with
the transmissions that it originates. Each data station is known
as a combined station and is capable of transmitting and receiv-
ing both command and response frames.

For the transfer of data between combined stations, the data
link control functions illustrated in figure 3 are utilized. The
data source in each combined station controls the data sink in
the other combined station by the use of select-type com-
mands. The information flows from the data source to the data
sink, and the acknowledgments are always transmitted in the
opposite direction. The poll-type commands may be used by
each combined station to solicit acknowledgments and status
responses from the other combined station.
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Figure 1 — Unbalanced data link configuration (case 1)

acknowledgment
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Figure 2 — Unbalanced data link configuration (case 2)
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station

Combined
station

Data sink/data source

1 Scope and|field of application

This International $tandard specifies elements of data link con-
trol procedures for synchronous, Jcode-transparent data
transmission using the HDLC_frame structure specified in
1SO 3309 and independent frame{numbering in both directions.

These HDLC elemé¢nts ofiprocedures are defined specifically in
terms of the actiops.that ‘occur on receipt of commands at a
secondary station pr a/combined station.

Select/information/acknowledgment/poll

Figure 3 — Balanced data link configuration

Data sink/data source

2 References

1SO 2382/9, Data processing — Vocabulary — Part|09 : Data
communication.

1S0 3309, Data communication — High-level data link control
procedures — Frame structure.

o "N PR

This International Standard is intended to cover a wide range of

applications; for example one-way, two-way alternate or two-

way simultaneous data communication between data stations
which are usually buffered, including operations on different
types of data circuits; for example multipoint/point-to-point,
duplex/half-duplex, switched/non-switched, etc.

The defined HDLC elements of procedures are to be considered
as a common basis for establishing different types of control
procedures. This International Standard does not define any
single system and should not be regarded as a specification for
a data communication system. Not all of the commands or
responses are required for a particular system implementation.

2

For the purposes of this International Standard, the following
definitions apply (see also 1SO 2382/9).

3.1 abort : A function invoked by a sending primary, secon-
dary or combined station causing the recipient to discard (and
ignore) all bit sequences transmitted by the sender since the
preceding flag sequence.

3.2 accept: The condition assumed by a data station
{primary, secondary or combined station) upon accepting a
correctly received frame for processing.
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3.3 address field (A) : The sequence of eight (or any multi-
ple of eight, if extended) bits immediately following the open-
ing flag sequence of a frame identifying the secondary/com-
bined station sending (or designated to receive) the frame.

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

3.5 Dbasic status : A secondary/combined station’s capa-
bility to send or receive a frame containing an information field.

3.6 centralized control : A control in which all the primary

1SO 4335-1984 (E)

3.14 data link : An assembly of two or more terminal in-
stallations and the interconnecting line operating according to a
particular method that permits information to be exchanged.

NOTE — In this context, the term “terminal installation”” does not

include the data source and the data sink.

3.15 data link level : The conceptual

level of control or pro-

cessing logic existing in the hierarchical structure of a data
station (primary, secondary or combined station) that is

responsible for maintaining control of th

e data link.

NOTE — The data link level functions provide an interface between the

statior] functions of the data link are centralized in one data
statior].

3.7 ¢ombined : That part of a data station that supports the
combined station control functions of the data link.

NOTE - The combined station generates commands and responses
for tragsmission and interprets received commands and responses.
Specifi¢ responsibilities assigned to a combined station include :

a) |initialization of control signal interchange;
b) |organization of data flow;

c} [interpretation of received commands and generation of ap-
propriate responses; and

d} |actions regarding error control and error recovery functions at
the [data link fevel.

3.8 c¢ommand: In data communication, an instruction
represgnted in the control field of a frame and transmitted by
the primary/combined station. It causes the addressed(secon-
dary/cpmbined station to execute a specific data Jink ‘control
functign.

3.9 ¢ommand frame :
a) | All frames transmitted by a primary station.
b) | Those frames transmitted.by’a combined station that

contain the address of the-other combined station.

3.10 |contention mode A mode of transmission in which a
transnjitter can send ‘on-its own initiative.

3.11 |controkfield (C) : The sequence of eight (or sixteen, if
extended) bits~immediately following the address field of a
frame.

data station high levellagic and the data link. These functions include :

a} (transmit) bit insertion and (receive) Bit deletion;

b) address/control field interpretation;

¢} command/response generation, tran
tion; and

mission and interpreta-

d} frame check sequence computation and interpretation.

3.16 data transmission : See I1SO 2382/9, term 09.01.02.

3.17 duplex transmission : See ISO
term 09.03.)01.

2382/9,

318" exception condition : The condition assumed by a
secondary/combined station upon receipt of a frame which it

cannot execute due either to a transmissi
nal processing malfunction.

bn error or 1o an inter-

3.19 flag sequence (F) : The unique sequence of eight bits

(01111110) employed to delimit the ope
frame.

3.20 frame : The sequence of contigu
opening and closing flag sequences.

hing and closing of a

bus bits, bracketed by

NOTE — A valid frame is at least 32 bits in lepgth and contains an ad-
dress field, a control field and a frame check sgquence. A frame may or

may not include an information field.

3.21 frame check sequence (FCS}) :
preceding the closing flag sequence of a
bit sequence that provides for the detect
rors by the receiver.

3.22 half-duplex transmission : Sg
09.03.02.

The field immediately
frame, containing the
on of transmission er-

e 1SO 2382/9, term

NOTE — The content of the control field is interpreted by :

a) the receiving secondary/combined station, designated by the
address field, as a command instructing the performance of some
specific function; and

b) the receiving primary/combined station as a response from the
secondary/combined station, designated by the address field, to
one or more commands.

3.12 control field extension : Enlarging the control field to
include additional control information.

3.13 data communication : See 1SO 2382/9,
term 09.01.03.

3.23 higher level : The conceptual level of control or pro-
cessing logic existing in the hierarchical structure of a data

station {primary, secondary or combined

station) that is above

the data link level and upon which the performance of data link
level functions are dependent; for example device control,
buffer allocation, station management, etc.

3.24 information field {INFO) : The

sequence of bits, oc-

curring between the last bit of the contro! field and the first bit

of the frame check sequence.

NOTE — The information field contents of | and Ul frames are not in-

terpreted at the data link level.
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3.25

interframe time fill : The sequence of flag sequences

transmitted between frames.

NOTE — This International Standard does not provide for time fill

within a frame.

3.26

invalid frame : A sequence of bits, following the

receipt of an apparent opening flag sequence, that either :

a} is terminated by an abort sequence; or

b) contains

less than 32 bits before an apparent closing

flag sequence is detected.

3.27 primary
primary station

4 Data link channel states

4.1 Active data link channel state

411 General

A data link channel is in an active state when the primary
station, a secondary station or a combined station is actively
transmitting a frame, a single abort sequence, or interframe
time fill. In the active state, the right to continue transmission
shall be reserved.

tation : The data station that supports the
ontrol functions of the data link, i.e. that

generates commpnds for transmission and interprets received

responses.

NOTE — Specific
clude :

a} initializatio

responsibilities assigned to the primary station in-

of control signal interchange;

b) organization of data flow; and

c} actions regarding error control and error recovery functions at

the data link le

3.28 primary
the station may
tion.

3.29
in the control

response

el.

secondary station : The general case where
be either a primary station or a secondary sta-

: In data communication, a reply represented
ield of a response frame that advises the

primary/combingd station with respect to the action taken by

the secondary/c

3.30
a) Al fram

b} Those fr
contain the a

3.31 seconda
data link control

NOTE — A secol

bmbined station to one or more commands.

responseé frame :

transmitted by a secondary station.

mes transmitted by a combined )station that
dress of the transmitting combined station.

y station : The data station that executes
functions as instrueted by the primary station.

hdary station interprets received commands and

generates responsgs for transmission.

3.32 seconda

v station status : The current condition of a

secondary statiof with\respect to processing the series of com-
mands received Tmm_thf_pﬂmamlation

3.33 two-way alternate data communication :

4.1.2 Abort

Aborting a frame shall be accomplished by tfansmitting at least
seven contiguous “’1” bits {(with no inserted “0” bitg) to end the
frame. Receipt of seven contiguous 1/ bits shall bginterpreted
as an abort and the receiving data-station shall|ignore the
frame.

NQTE — If more than seven ‘1" bits are sent to abort, cdre should be
taken because if 16 or more_ 1’ bits are sent, including those already
transmitted at the time of the'decision to abort, an idle dgta link chan-
nel state will result, :

4.1.3 Interframe time fill
Interfram@’time fill shall be accomplished by transmitting con-
tiguouis flags between frames. There is no provisior] for time fill
within a frame.

4.2 ldle data link channel state

A data link channel is in an idle state when a confinuous ‘1"
state is detected that has persisted for at least 1p bit times;
detection of the idle state at the data link level shall be con-

sidered to indicate that the remote data station has felinquished
its right to continue transmission.

5 Modes

Three operational modes and three non-operational modes are
defined.

5.1 Operational modes

The three operational modes are :

See

1SO 2382/9, term 09.05.03.

3.34 two-way simultaneous data communication : See
1SO 2382/9, term 09.05.02.

3.35 unnumbered commands : The commands that do
not contain sequence numbers in the control field.

3.36 unnumbered responses : The responses that do not
contain sequence numbers in the control field.

a) normal response mode (NRM);
b) asynchronous response mode {ARM}; and

c) asynchronous balanced mode (ABM).

5.1.1 Normal response mode (NRM)

In NRM, which is an unbalanced data link operational mode,
the secondary station shall 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 response transmission. The response transmission
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shall consist of one or more frames while maintaining an active
data link channel state. The last frame of the response
transmission shall be explicitly indicated by the secondary
station. Following indication of the last frame, the secondary
station shall stop transmitting untii explicit permission is again
received from the primary station.

5.1.2 Asynchronous response mode (ARM)

In ARM, which is an unbalanced data link operational mode,
the secondary station may initiate transmission without receiv-
ing explicit permission to do so from the primary station. Such
an asynchronous transmnssnon may contaln single or multiple

1SO 4335-1984 (E)

A secondary station shall be system predefined as to the con-
dition{s} that causes it to assume a disconnected mode. The
disconnected mode (NDM or ADM) shall also be system

predefined. A combined station shall be

system predefined as

to the condition(s) that causes it to assume the asynchronous

disconnected mode (ADM).

The secondary station capability in a disconnected mode shall

be limited to :

a) accepting and responding to one of several appropriate
mode setting commands MWMSARMF«SNRM‘E "

SARME,-SIM-and-DISCY;

wrarister and;/or 1o
status changes in the secondary station {for example,

asynchronous transmission may contain single or multiple
frameq and shall be used for information field transfer and/or to
indicate status changes in the combined station (for example,
the number of the next expected information frame, transition
from a|ready to a busy condition or vice versa, occurrence of an
exception condition).

5.2 Non-operational modes

The three non-operational modes are :
a) | normal disconnected mode {NDM);

b

asynchronous disconnected mode{ADM); and

c) |initialization mode (IM).

The disconnected modes (NDM jand ADM) differ from the
operatjonal modes in that the-secondary/combined station is
logically disconnected from-the data link; i.e. no information
(1, uonumbered-infouratien~tl), or supervisory frames are
transnfitted or accepted: The initialization mode (IM) differs
from the operational modes in that the secondary/combined
station| data link'centrol program is either in need of regenera-
tion orlis in,need of an exchange of the parameters to be used
in an gperational mode.

b} accepting and responding to.anexchange identification

(XID). command;

¢} accepting and responding to a tgst

d} accepting and responding to an
command;

e) transmitting a disconnected moge (DM),
requgst disconnect (RD)

itialization \.mode (RIM), or
responsg, frame at a respond opportun

(TEST)} command;

innumbered poll (UP)

request in-

ity to solicit a specific

actionwon the part of the primary station;-awd

f}* transmitting, in ADM only, an unsolicited XID response

frame at the respond opportunity
exchange.

mands, in the asynchronous disconnect

to request an X|D

d mode, shall be the

The capability of a combined station, E a receiver of com-

same as that stated above for a seconda

station {appropriate

mode setting commands for a combingd station include the

SABM, SABME, SIM and DISC commar]

ds). In addition, since

the combined station has the ability to transmit commands at
any time, the combined station may trdnsmit an appropriate

mode setting, XID or TEST command.

A secondary/combined station in a discq
or ADM) shall, as a minimum capa
generating the disconnected mode (D

nnected mode (NDM
ility, be capable of
) response with the

F bit set to “‘1” in response to a command frame received with

the P bit set to 1",

A secondary/combined station in a discg

or ADM) receiving a disconnect (DISC

nnected mode (NDM
command shall res-

pond with the DM response. A secondarly/combined station in

the initialization mode receiving a DIS(

These two disconnected modes (NDM and ADM) are provided
to prevent a secondary/combined station from appearing on
the data link in a fully operational mode during unusual situa-
tions or exception conditions since such operation could
cause :

a) unintended contention in ARM;

b) sequence number mismatch between the primary
station and the secondary station, or between combined
station; or

c) ambiguity in the primary/combined station as to the
status of the secondary/other combined station.

command shall res-

pond with the unnumbered-acknowledgment (UA) response if

it is capable of actioning the command. A

secondary/combined

station in an operational mode receiving a DISC command shall

respond with the UA response.

Examples of possible conditions {in addition to receiving a

DISC command) which shall cause a

secondary/combined

station to enter a disconnected mode are :

a) the secondary/combined station power is turned on, or
restored following a temporary ioss of power;

b} the secondary/combined station data link level logic is

manually reset; and

|
|
|
{
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R
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¢) the secondary/combined station terminal is manually
switched from a local (home) condition to a connected-on-
the-data-link {on-line) condition.

A secondary/combined station in a non-operational mode shall
not establish a frame reject exception condition. -

§.2.1 Normal disconnected mode (NDM)

in NDM, which is an unbalanced data link non-operational
mode, the secondary station shali be logically disconnected
from the data link_and shall, therefore, not be permitted to
tfQ.Dﬁ,mi,‘5(Agx.lggggpxi,niquéligﬂ- The secondary station has nor-
Mal mode respond|opportunity an all initiate a single frame
or miskion, indicating. its..status, as. a result of
mbnd. frame..with. the .P bit set to 1"; op-

L, itm

e P bit.set t0. 0" e

In this mode, a secondary station shall action only mode set-
ting, XID and TES commands.] Mode setting commands, ex-
cept the DISC cpmmand, that can be actioned shall be
responded to with[the UA response at the earliest respond op-
portunity.]A XID of TEST command that can be actioned shall
be responded to wiith the XID or TEST response, respectively,
at the earliest resppnd opportunity./Receipt of an implemented
mode setting, XID|or TEST command that cannot be actioned,
or receipt of any ofher command with the P bit set to “1", shall
cause a secondary station in NDM to respond at the earliest
respond opportunity with the DM response, or, if the secon-
dary station determines it is unable to function, with the RIM
response.[ln the cdse where an implemented mode setting, XID
or TEST command has been received but cannot be actioned or.
a status condition|is to be reported, a UP command with the
P bit set to 0" shhll cause a secondary station in NDM tores:
pond with a DM ¢r RiM response, as appropriate. Any com-
mand with the P bit set to “0", other than the implemented
mode setting, XID, TEST or UP commands as described
above, may be igored by the secondary statign i NDM.

5.2.2 Asynchronous disconnected ‘mode (ADM)

In ADM, which is an unbalanced-data link or balanced data link
non-operational mode, the secondary/combined station shall
be logically discpnnected—from the data link and shall,
therefore, not be permitted to transmit or accept information.
The secondary station, ‘or combined station as a receiver of
commands, has as : i

T,

itihte such a response as the result of receiving |

e

portunity. A XID or TEST command that can be actioned shall
be responded to with the XID or TEST response, respectively,
at the earliest respond opportunity. Receipt of an implemented
mode setting, XID or TEST command that cannot be actioned,
or receipt of any other command/with the P bit set to 1", shall
! be responfféd.,té' with a DM response, or, if the secondary sta-
tion, or combined station as a receiver of commands, deter-
mines it is unable to function, with the RIM response.‘btAny
command with the P bit set to 0", other than the implemented
mode setting, XID, TEST or UP commands as described above,
may be ignored by the secondary/combined station in ADM.

Because a combined station is also a generator of commands,
it can terminate a disconnected mode at any time by| transmit-
ting an appropriate mode setting command (SABM, §ABME or
SIM). Such action can be taken spontaneously.oras
transmission received from the other combined station (for
example, a DM or RIM response).

5.2.3 Initialization mode (IM)

In IM, which is an unbalanced data link or balanced| data link
non-operational mode, a secondary/one combined st
link control program’may be initialized or regenerat

b result of

htion data |
bd by the |

primary/other combinéd station action, or other parameters to

be used in the operational mode may be exchanged] IM is in-
voked when the/primary/one combined station concl
a secondary/other combined station is operating a
and needs its data link control program corrected| and for

upgrading a secondary/other combined station data|link con-
trofprogram. Similarly, a secondary/one combined station may
determine it is unable to function due to program checks and |
request IM to obtain a good program from the primary/other%
combined station. "

pnormally

A secondary/combined station shall enter IM upon $ending a;
UA response, at its system predefined respond oppoftunity, in.
response to the receipt of a set initialization mode (§IM) com-;
mand. A secondary/combined station may request a 1M com-;
mand by sending a RIM response. In IM, the primary/jone com-};
bined station and a secondary/other combined statioh may ex-!
change information in the predetermined manner spgcified for§
that secondary/each combined station (for examgle, Ul or
| frames). ‘Xi

IM shall be terminated when a secondary/combingd station |
receives and acknowledges (via a UA response} ohe of the |
other mode setting commands, or when entering the discon—§
nected mode caused by internal constraints such as loss of‘;f

may initiate a response transmission in two-way alternate ex-
change upon detection of an idie data link channel state, and in
two-way simultaneous exchange at any time. Such a response
transmission shall only consist of a request for a mode setting
command (DM), or a request for initialization (RIM) if the
secondary station, or combined station as a receiver of com-
mands, determines it is unable to function. '

In this mode, Mapaﬁ a secondary station, or combined

station as a receiver of commands, shall action only mode set-
ting, XID and TEST commands. Mode setting commands, ex-
cept the DISC command, that can be actioned shall be
responded to with the UA response at the earliest respond op-

BOWEE ¢
POWe- §
i
i

6 Control field and parameters

6.1 Control field formats

6.1.1 General

The three formats defined for the control field (see table 1) are
used to perform numbered information transfer, numbered
supervisory functions and unnumbered control functions and
unnumbered information transfer. \/ﬂ

udes that .
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Table 1 — Control field formats

1SO 4335-1984 (E)

The maximum number of sequentially numbered | frames that a
primary, secondary or combined station may have outstanding
(i.e. unacknowledged) at any given time shall never exceed one
less than the modulus of the sequence numbers. This restric-
tion is to prevent any ambiguity in the association of transmit-
ted | frames with sequence numbers during normal operation
and/or error recovery action.

NOTE — The number of outstanding | frames may be further restricted

| frames that can be stored for transmission and/or retransmission in

k by the data station frame storage capability; for example the number of

; % the event of a transmission error. Optimum data link efficiency can only

gbe obtained, however, if the mmlmum data station frame storage

HY fietent-forth

Control field Control field bits*
format for
1[2]3]4] 5 [6]7]s

Information transfer command/

response {l format} 0 N{S} P/F N(R)

Supervisory commands/

responses {S format) 11/0[S|S| P/F N{(R)

Unnumbered commands/

responses (U format) 11T MM} P/F I MMM

* N{S) = transmitting send sequence number
(bit 2 = low-order bit)

N{R) | = transmitting receive sequence number Ve
(bit 6 = low-order bit) e

S = supervisory function bit //

M = maodifier function bit /

P/F | = poll bit — primary station or combined station command
frame transmissions/final bit — secondary station or
combined station response frame transmissions
{1 = poll/final}

6.1.2 |information transfer (I) format

The | format is used to perform an information transfer. The
functigns of N(S), N{(R) and P/F are independent; i.e. each
| framd shall have an N(S) sequence number, an N(R) sequence
numbef which may or may not acknowledge additional | frames
at the feceiving data station, and a P/F bit that may beﬁet 1o
"1 orlo.

6.1.3 |Supervisory (S) format

The S format is used to perform data link supervisory control
functions such as acknowledging | frames, requesting retrans-
mission) of | frames, and requesting a temporary suspension of
transm|ssion of | frames. The functions of N(R) and P/F are
independent; i.e. each S format frame shall have an N(R)
sequenice number which may or may-not acknowledge additio-
nal | frames at the receiving data'station, and a P/F bit that may
be set o “1” or “'0". ‘;’

6.1.4 |[Unnumbered (U)format

The U [format is_{sed to provide additional data link control
functiohs and unnUmbered information transfer. This format
shall cqntain no sequence numbers, but shall include a P/F bit
that m3yche set to ”1” or “0" Five ""modifier’’ bit positions are
availab
mand functlons and 32 addmonal response functlons

.x"

6.2 Parameters
6.2.1 Modulus

Each | frame shall bf\é' sequentially numbered with a number

which may have the value 0 to modulus minus one inclusive

(where modulus is the modulus of the seguence numbers). 'Eh&

modulus equals 8 for the unextended control field format and :
128 for the extended control field format. The sequence:

numbers cycle through the entire range. (See 7.4 for the’
description of the extended control field format and modulu;.?)
o /{I

P

pacity-is-suffieilent-fer-the-maximur-antieipgted round trip transmis-

sion delay.
m”ﬁ?

6.2.2 Frame state variables and seqyence nhumbers

6.2.2.1 General

dependent send:state variable V(S) and a

independent receive

In HDLC operations;, each data station ’Ehall maintain an in-

state variable V(R) for the | frames it send
another datd station. Each secondary st
V(S) forthe | frames it transmits to the {

to and receives from
tion shall maintain a
rimary station, and a

V(R)forthe | frames it correctly receives ffrom the primary sta-
tionIn the same manner, the primary station shall maintain an

independent V(S) and V(R) for | frames
from, respectively, each secondary stati
Each combined station shall maintain a V|
transmits to the other combined station
| frames it correctly receives from the oth

sent to and received
on on the data link.
S) for the | frames it

and a V(R) for the
er combined station.

6.2.2.2 Send state variable V{S)

The send state variable denotes the seq
next in-sequence | frame to be transmi
variable can take the value 0 to modulug

llence number of the
ted. The send state
minus one inclusive

(where modulus is the modulus of the sequence numbering

scheme and the numbers cycle through 1
value of the send state variable shall be

with each successive | frame transmission,

N(R) of the last received frame by more
one.

6.2.2.3 Send sequence number N(S)

Only | frames shall contain N(S), the send
transmitted frames. Prlor to transmissig

he entire range). The
incremented by one
but shall not exceed
than modulus minus

sequence number of
n of an in-sequence

varlable.

6.2.2.4 Receive state variable V(R)

value of the send state

The receive state variable denotes the sequence number of the
next in-sequence | frame expected to be received. The receive
state variable can take the value 0 to modulus minus one in-
clusive (where modulus is the modulus of the sequence
numbering scheme and the numbers cycle through the entire
range). The value of the receive state variable shall be in-
cremented by one on receipt of an error-free, in-sequence
| frame whose send sequence number N(S) equals the receive
state variable.
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6.2.2.5 Receive sequence number N(R)

sequence number of the next expected | frame.\Prior to
transmission of an | frame or S format frame, the N
set to equal the current value of the receive state variable. N(R)

All | frames and S format frames shall contain N(R‘)§me N(S)

indicates that the station transmitting the N(R) has correctly |

received all | frames numbered up to N(R) —1 inclusive.

6.2.3 Poll/final {P/F) bit :

The poll (P) bit set to *"1” shall be used by the primary/com- :

v
i

) shall be ;

i

NOTE — For example, if the primary/combined station requires
positive acknowledgment that a particular command has been re-
ceived, it sets the P bit in the command to *’1". This forces a response
from the secondary/combined station as described in 6.3.2.2.

6.3.2 Functions of the final bit

A response frame with the F bit set to /1" shall be used by the
secondary/combined station to acknowledge the receipt of a
command frame with the P bit set to “1".

6.3.2.1 Functions of the final bit in NRM

In NRM, if the right to transmit was acquired by the receipt of a

bined station tol| solicit (poll) a response or sequence of :

responses from the secondary station{s)/combined station.

The final {F) bit set to *1”" shall be used :

a)

frame transmifted as the result of a previous soliciting (poll)

command; an i
;

b} by a secqgndary station in ARM and by a combined |
station in ABN! to indicate the response frame transmitted |
as the result of a soliciting (poll) command. ;

&

i

6.3 Functions of the poll/final (P/F) bit

The poli/final (P/F} bit shall serve 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.)

6.3.1 Functiong of the poll bit
6.3.1.1 General

The P bit set to '
with the F bit set

1" shall be used to solicit a response frame
o0 ‘1" from the secondary/combined station.

On a data link, only one frame with a P bit set to~<1"" shall be
outstanding in a|given direction at a given time. Before a
primary/combined station issues another frame with the P bit
set to /17, it shdil have received a response frame from the
secondary/combihed station with the-F bit set to “1"”. If no
valid response frame is obtained within-a system-defined time-
out period, the refransmission of/@command with the P bit set
to “’1” for error rgcovery purpdses shall be permitted.

of the'poll bit in NRM

In NRM, the P bit| shall be set to ‘1" to solicit response frames
from the second for- i rot

by a secqndary station in NRM to indicate the final ‘

s

A R R oo

£
]
H
i

i

14

¢
H
H
I
4
i
i
i
i
i

P bit set to ““1”, then the secondary station shall set the F bit to
“1'" in the last frame of its response transmissiofi-|f'the right to
transmit was acquired by the receipt of a UP.command with the
P bit set to “’0”, then the secondary station shall set the F bit to
“0" in each frame (including the lastcframe) of itg response
transmission.

response
itting until
tto 1" is

transmission, the secondary station shall stop trans
either a subsequent command frame with a P bit s
received, or a UP command is received.

Following transmission of theé last frame of ita

6.3.2.2 Functionsyof/the final bit in ARM and ABM

In ARM and.-ABM, the secondary station and the|combined
station, respectively, may transmit response framep with the
F bit setdo ‘0" at any respond opportunity on an asyhchronous
basis.\Following the receipt of a command frame with the P bit
set>to ‘1", the secondary/combined station shall initiate
transmission of a response frame with the F bit set tg /1"’ at the
earliest respond opportunity.

In the case of a two-way simultaneous communication where
the secondary/combined station is transmitting wheh the com-
mand frame with the P bit set to ““1" is received, the F bit shall
be set to *‘1"” in the earliest possible subsequent response frame
to be transmitted.

In ARM and ABM, the transmission of a response frame with
the F bit set to "“1’" shall not require the secondary| station or
the combined station, respectively, to stop trensmitting

response frames. Additional response frames may bg transmit-
% ted following the frame which had the F bit set to *'1
. ARM and ABM, the F bit shall not be interpreted as|the end of
i transmission by the secondary station or the combingd station,
¢ respectively; it shall only be interpreted as indigating the
¢ response frame from the secondary/combined statioh sent as a

'. Thus, in

reply to the previous command frame received witll\ the P bit
set to 1",

transmit until it receives either a command frame with the P bit
set to ‘1" or a UP command.

The secondary station may send | frames upon receipt of an
| frame with the P bit set to “'1”, certain S frames (RR, REJ or
SREJ) with the P bit set to ““1”, a Ul command with the P bit
set to ”’1”, or a UP command with the P bit set to 1" or ““0".

6.3.1.3 Functions of the poll bit in ARM and ABM
in ARM and ABM, the P bit set to **1"" shall be used to solicit a

response, at the earliest respond opportunity, with the F bit set
to “1”.

In ABM, if a combined station receives a command with the
P bit set to “‘1"’, transmission of a response with the F bit set to
“1"" shall take precedence over transmission of commands,
with the exception of the mode setting commands (SABM or
SABME, SIM, DISC) and the reset (RSET) command.

6.3.3 Use of the P/F bit to assist in error recovery (see
also clause 8)

6.3.3.1 General

As the P and F bits set to “’1"’ are always exchanged as a pair
{for every P bit there shall be one F bit, and another P bit shall
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not be issued until the previous P bit has been matched with an
F bit, and, similarly, another F bit shall not be issued until
another P bit is received), the N(R) contained in a received
frame with a P bit [see 8.2.1h)] or F bit set to 1"’ can be used
to detect that | frame retransmission is required. This capability
provides early detection of | frames not received by the remote
data station and indicates the frame sequence number where
retransmission shall begin. This capability is referred to as
checkpointing. la-al-eases<fhe N(R) of a correctly received |
frame or S format frame shall acknowledge previously transmit-
ted | frames to N{R) —1 inclusive.

1SO 4335-1984 (E)

Table 2 — P/F bit functions

6.3.3.2 Checkpointing in NRM

In NRIM, the N(R) of a received |, receive ready (RR) or receive
not rgady (RNR) command/response frame which has the
P/F bit set to “1” shall cause the secondary/primary station to
initiatqg appropriate error recovery if the N(R) does not
acknoyvledge at least all | frames transmitted by the secon-
dary/grimary station previous to, and concurrent with, the last
frame which was transmitted by the secondary/primary station
with the F/P bit set to 1",

6.3.3.3 Checkpointing in ARM

In ARM, the N(R) of a received!, RR or RNR com-
mand [response frame which has the P/F bit set to *'1"’ shall
cause fthe secondary/primary station to initiate appropriate er-
ror regovery if the N{R} does not acknowledge at least\at!
| framgs transmitted by the secondary/primary station previous
to, angl concurrent with, the last frame which was transmitted
by the|secondary/primary station with the F/P bit-5ét to ‘1",

6.3.3.4 Checkpointing in ABM

In ABM, the N(R} of a received I, RR or RNR response frame
which |has the F bit set to /1 shal! cause the receiving com-
bined ptation to initiate appropriate error recovery if the N(R})
does rfot acknowledge at.least all | frames transmitted by the
receivifhg combined station previous to, and concurrent with,
the last frame which-was transmitted by the receiving combin-
ed stafion with the'P. bit set to 1"

Operational mode NRM ARM ABM
Data communication TWA| TWS|TWA[TWS|TWA | TWS
P/F bit in

command/response P/F|P/F|P/F|P/F|P/F|P/F
Solicit information x/ | x/
Last frame indication x/x | /x
Solicit supervisory or
unnumbered response x/ | x/ x| x/ §fx/ | x/
Checkpointing X/x | x/x | x/x | x/x | x/x | x/x

Key :

x indicates that the function is applidable

TWA — two-way alternate

TWS — two-way simultaneOus

7 Commands'and responses
The set of commands and responses is

Table 3 — Commands and

ummarized in table 3.

responses

Information transfer
format commands

fo

Infdrmation transfer
mat responses

| — Information

I — Info

mation

Supervisory format commands

Supervidory format responses

RR — Receive ready

RNR — Receive not ready
REJ — Reject

SREJ — Selective reject

RNR —
REJ — §
SREJ —

RR — Rgceive ready
Receive not ready

eject

Selective reject

Unnumbered format
commands

Unnumbered format responses

SNRM — Set normal response
mode

SARM — Set asynchronous
response mode

SABM — Set asynchronous
balanced mode

DISC — Disconnect

SNRME — Set normal response
mode extended

SARME — Set asynchronous
response mode extended

SABME — Set asynchronous
balanced mode extended

SIM — Set initialization mode

DM —

mode

FRMR —
TEST —

6.3.4 Summary of P/F bit functions

The applicability of the P/F bit functions in the three opera-
tional modes (NRM, ARM and ABM) and on data links employ-
ing two-way alternate and two-way simultaneous data com-
munication is summarized in table 2.

UP — Unnumbered poll

Ul — Unnumbered information
XID — Exchange identification
RSET — Reset

TEST — Test

UA — Unhnumbered
acknowlig¢dgment

isconnected mode

RIM — Request initialization

RD — Rgquest disconnect

Ul — Unnumbered information
XID — Hxchange identification

Frame reject

Test
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7.1 Information transfer format command and

: /— First bit transmitted

response
1 2 3 4 5 6 7 8
The function of the information, |, command and response | 1 0 r s S L P/F N(R) ]
sh.alll be to_ transfer_ seq.uentlally numbered .frames, each con- Supervisory Command Roceive
taining an information field, across a data link. format (poll) sequence number
(0to7)
The encoding of the | command /response control field shall be Response
as shown in figure 4. {final)
{——- First bit transmitted Commands Responses
RR — Receive ready 00 RR — Receive ready
1 2 3 4 o 6 7 8 i REJ Rn‘inr‘f 01 BE) — Rejﬁ(‘t
I Y i N(S) I P/F l N(R) J RNR — Receive notready 10 RNR — Receive rj:t ready
Information Receive SREJ — Selective reject 1" SREJ — Selective reject
transfer sequence number
format (0to 7)
Figure 5 — Supervisory format©f control fleld bits
Senfl sequence  Command P
humber (poll) L. . )
0to7) P (See 6.3 for a description of the-fuhctions of the R/F bit.)
Response
(final) 7.21 Receive ready, RR, (S bits = 00) commfand and

Figure 4 — Infprmation transfer format of control field
bits
The | frame control field shall contain two sequence numbers :

N(S), send sequence number, which shall indicate the
ber associated with the | frame; and

a)
seguence hu

b) N(R), recgive sequence number, which shall indicate
the sequence number (as of the time of transmission} of the
next expected | frame to be received, and consequently
shall indicate that the | frames numbered up to N{R) —1in:
clusive have been received correctly.

(See 6.3 for a degcription of the functions of the P/F bit.)

7.2 Supervispry format commands and

responses

Supervisory, S, dommands and responses’shall be used to per-
form numbered pupervisory functions’ such as acknowledg-
ment, polling, terhporary suspengion-of information transfer, or
error recovery.

Frames with the B format-control field shail not contain an in-
formation field and, therefore, shall not increment the send
state variable at the transmitter or the receive state variable at

response
The receive ready) RR, frame shall be used by a dafa station to

a) indicate'that it is ready to receive an | frame(s); and

b) Nacknowledge previously received | frames nimbered up
to N{R) —1 inclusive.

When transmitted, the RR frame shall indicate the ¢learance of
any busy condition that was initiated by the earlier transmission
of a RNR frame by that same data station. (See 8]1.}

N

7.2.2 Reject, REJ, (S bits = 01) command and

response

The reject, REJ, frame shall be used by a data station to re-
quest retransmission of | frames starting with|the frame
numbered N(R). | frames numbered N(R) —1 and [below shall
be considered as acknowledged. Additional | frames awaiting
initial transmission may be transmitted folipwing the
retransmitted | frame(s).

With respect to each direction of transmission on the data link,
only one REJ exception condition from a given dafa station to
another data station shall be established at any given time

the receiver.

The encoding of the S format command/response controi field
shall be as shown in figure 5.

An S format frame shall contain an N(R), receive sequence
number, which shall indicate, at the time of transmission, the
sequence number of the next expected | frame to be received,
and consequently shall indicate that all received | frames
numbered up to N(R) —1 inclusive have been received

correctly.

The primary/combined station may use the § format command
frames with the P bit set to ‘1" to solicit responses from (poll)
a secondary/combined station indicating its status.

10

8.2.2, 8.2.3 and 8.2.4,

B il FAMNCE A O

The REJ exception condition shall be cleared (reset) upon th;
receipt of an | frame with an N(S) equal to the N(R) of the

REJ frame. B

| 7.2.3 Receive not ready, RNR, (S bits = 10) command

2 and response

The receive not ready, RNR, frame shall be used by a data
" station to indicate a busy condition; i.e., temporary inability to
accept subsequent | frames. | frames numbered up to N(R) —1

other conditions have been detected as indicated in 8.2.1, \
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inclusive shall be considered as acknowiedged. The | frame
numbered N(R} and any subsequent | frames received, if any,
shall not be considered as acknowledged; the acceptance
status of these frames shall be indicated in subsequent ex-
changes.

7.2.4 Selective reject, SREJ, (S bits =
and response

11) command

The selective reject, SREJ, frame shall be used by a data
retransmission of the single | frame
frames numbered up to N(R) —1 mclusnve

station to reque
\numbered N(R)

1SO 4335-1984 (E)

(See 6.3 for a description of the functions of the P/F bit.)

7.3.1 Unnumbered commands

The unnumbered command encodings are shown in figure 7.

{—— First bit transmitted

1 2

o

SNRM command
SARM command
$SABM command

After B data station transmits a SREJ frame, it shall not
transnlit a SREJ frame or a REJ frame for an additional se-

cleareq. {To do so would acknowledge as correctly received all
| framegs up to N(R) — 1inclusive, where N(R) is the receive se-
quence number in the second SREJ or REJ frame.)

I framgs that may have been transmitted following the | frame
indicated by the SREJ frame shall not be retransmitted as the
result pf receiving a SREJ frame. Additional | frames awaiting
initial | transmission may be transmitted following the
retrangmission of the specific | frame requested by the SREJ
frame.

(See 8|2 for sequence error recovery procedures.)

7.3 Unnumbered format commands and
respgnses

Unnunbered, U, commands and responses shall be used to ex-
tend the number of data link control functions. Frames
transmitted with the U format(shall not increment the state
variablps at either the transmitting or the receiving data station.
Five “modifier” bits are provided which allow up to 32 ad-
ditiongl command functions and 32 additional response func-
tions be defined. “Thirteen command functions and eight
response functions.are defined below; all others are reserved.

The enicoding-ef-the U format command/response control field
shall bp as shown in figure 6.

ISC command
NRME command
ARME command
ABME command
1M command

P command

| command

ID command

SET command
icombined station
anly)

TEST command

..d...dd_.d_._..a.;_.
OO PN

[N - 3N~ S SN R )
4000 ==-==0b-o0 »
Y99 T U U B UT P DD O
om0l oo wuocootoo o
cCoo0oOoO R~ adpooO N
w“a0oO0O0O0CQAO PO~

Figure 7 — Unnumbered commard control field bit
assignments

The SNRM, SARM, SABM, DISC, SNRME, SARME, SABME
and SIM unnumbered mode setting commands and the RSET
unnumbered resetting command, the XID unnumbered com-
mand, and the TEST unnumbered comnpand, shall require the
secondary/combined station to acknowiedge acceptance by
responding with the appropriate unnumpered response frame
(a UA response frame, a XID respons¢ frame, and a TEST
response frame, respectively). If the |secondary/combined
station receives more than one of the abpve commands before
a respond opportunity occurs, it shall transmit the response ap-
propriate to the first of the received commands at the first res-
pond opportunity. The secondary/comblined station transmis-
sion of the appropriate response followinlg the receipt of one of
these commands shall take precedence dver a response for any
other previous command which may be|waiting for a respond
opportunity at the secondary/combingd station. Following
receipt of one of the above commands, the secondary/combin-
ed station may ignore all frames received, except to detect the
next respond opportunity, until it has|sent a response ap-
propriate to that command. Following receipt of a RSET reset-

FFirst bit transmitted

1 2 3 4 5 6 7 8
1

[Mm ™M [pF| M M M
Unnumbered ¥——|:——/
format ,*\

Command 5 “modifier”’
{poll) bits
(see 7.3.1 and 7.3.2)
Response
(final)

Figure 6 — Unnumbered format of control field bits

ting command, a combined station may discard the information
field contained in any | or- Ul frames received but shall continue
to utilize whatever control information is contained in any
frames received (for example N(R), change in busy/not busy
status, request for retransmission, indication of an exception
condition, etc.) until it has sent a UA response acknowledging
receipt of that resetting command.

In two-way alternate communications, a secondary/combined
station, following the receipt of a mode setting command, or a
combined station, following the receipt of a resetting com-
mand, shall transmit a UA response frame at the next respond
opportunity. In two-way simultaneous communications, a
secondary/combined station which is transmitting concurrent

1
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to the receipt of a mode setting command, or a combined
station which is transmitting concurrent to the receipt of a
resetting command, shall initiate transmission of a
UA response frame at the earliest respond opportunity.

If appropriate to the mode of operation, the secondary/com-
bined station may continue transmission following return of the
UA response.

The respond opportunity at the secondary/combined station
shall be determined by the operational mode setting command
{(SNRM, SARM, SABM, SNRME, SARME or SABME) that is
accepted (i.e. the mode that the secondary/combined station

b} Upon receipt of the DISC command, the secon-
dary/combined station shall respond with the UA or DM
response depending on whether the secondary/combined
station was in an operational mode or a disconnected mode,
respectively, at the time that the DISC command was
received. The UA or DM frame shall have the F bit set to
1" if the DISC command has the P bit set to /1"

If the secondary/combined station cannot accept a mode set-
ting command, or the combined station cannot accept a reset-
ting command, it shall, at its earliest respond opportunity,
transmit a DM, FRMR, RD, or RIM response, as appropriate,
indicating non-acceptance of the mode setting or resetting

has accepted dictates when the response shall be transmitted),
as follows :

a) Upon receigt of a SNRM or SNRME command with the
P bit set to *'1”] the secondary station shall respond with a
single UA fram¢ with the F bit set to "1, If the SNRM or
SNRME frame |has the P bit set to 0", the secondary
station shall wallt until a command frame is received with the
P bit set to “’1"" and then shall respond with a single
UA frame with the F bit set to ‘“1”", or shall wait until a UP
command is recgived with the P bit set to 0" and then shall
respond with a single UA frame with the F bit set to 0"

b) Upon receipt of a SARM or SARME command with or

without the P bit set to 1", the secondary station shall
transmit a UA frame :

1} upon detection of an idle data link channel state in
TWA data cpmmunication; or

2) at the garliest respond opportunity in TWS data
communicatjon.

The UA‘frame shall have the F bit set to /1" if the com-
mand has the H bit set to “1”". The UA frame may be/fol-
lowed by additignal secondary station transmissions, if pen-
ding.

¢) Upon receipt of a SABM or SABME command, or a
RSET command while in ABM, with or without'the P bit set
to 1", the conjbined station shall transmit/a UA frame :

mand has the R bit-set to ‘1. The UA frame may be fol-
lowed by additidnealeembined-station-transrissiens—f-pen
ding.

In the case of the non-operational mode setting commands
{SIM and DISC), the respond opportunity at the secon-
dary/combined station shall be system defined; i.e. a given
secondary/combined station shall be system defined to use the
normal mode respond opportunity or the asynchronous mode
respond opportunity for the response following a SIM or DISC
command, as follows :

a} Upon receipt of the SIM command, the secon-
dary/combined station shall respond with the UA response.
The UA frame shall have the F bit set to */1”" if the SIM com-
mand has the P bit set to 1",

12

command.

7.3.1.1 Set normal response mode (SNRM) commgnd

The SNRM command shall be used 'to) place the gddressed
secondary station in the normal response mode (NRM) where
all control fields shall be one octet’ in length. No information
field shall be permitted with the-SNRM command. The secon-
dary station shall confirm aceeptance of the SNRM ¢ommand
by transmission of a UA response in-the unextended-centrol
-field-forriat at the first respond opportunity. Upon adceptance
of this command, the secondary station send and recgive state
variables shall be set to zero.

When thisCcommand is actioned, the responsibility for all
unacknowledged | frames assigned to data link contrpl reverts
to higher level. Whether the content of the informatign field of
such’unacknowledged | frames is reassigned to data link con-
tral for transmission or not is decided at a higher level.

7.3.1.2 Set asynchronous response mode (SARM) ¢ommand

The SARM command shall be used to place the |adressed
secondary station in the asynchronous response mode (ARM)
where all control fields shall be one octet in length. Nqg informa-
tion field shall be permitted with the SARM commind. The
secondary station shall confirm acceptance of the SARM com-
mand by the transmission of a UA response in the unextended
control field format at the first respond opportunity. Upon
acceptance of this command, the secondary station [send and
receive state variables shall be set to zero.

When this command is actioned, the responsibility for all
unacknowledged | frames assigned to data link contiol reverts
to higher level. Whether the content of the informatign field of
such unacknowledged | frames is reassigned to datal link con-
trol for transmission or not is decided at a higher level.

7.3.1.3 Set asynchronous balanced mode {SABM) command

The SABM command shall be used to place the addressed
combined station in the asynchronous balanced mode {ABM)
where all control fields shall be one octet in length. No informa-
tion field shall be permitted with the SABM command. The
combined station shall confirm acceptance of the SABM com-

- mand by transmission of a UA response in-the..ungxtended

controtfield format at the first respond opportunity. Upon ac-

- ceptance of this command, the combined station send and

receive state variables shall be set to zero.
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When this command is actioned, the responsibility for all
unacknowledged | frames assigned to data link control reverts
to higher level. Whether the content of the information field of
such unacknowledged | frames is reassigned to data link con-
trol for transmission or not is decided at a higher level.

7.3.1.4 Disconnect (DISC} command

The DISC command shall be used to terminate an operational
i or initialization mode previously set by a command. In both
¢ switched and non-switched networks it shall be used to inform
; the addressed secondary/combined station(s) that the
primary/combined station is suspending operation and that the

1SO 4335-1984 (E)

to higher level. Whether the content of the information field of
such unacknowledged | frames is reassigned to data link con-
trol for transmission or not is decided at a higher level.

command

The SABME command shall be used to place the addressed

combined station in an asynchronous balanced mode where-all |
controf fields shall be two octets in length (see 7.4). No infor-
mation field shall be permitted with the SABME command. |
The combined station shall confirm acceptance aof the |
SABME command by transmission of a UA response&&the%i

7.3.1.7 Setasynchronous balanced mode extended (SABME) }
|
£
|
!
]

{ seconglary/combined station(s) should assume a logically
idiscor nected mode. In switched networks, a logically discon-
i nected function at the data link level may also serve to initiate,
iat the|physical level interface, a physical disconnect operation
iof the physical level; i.e. to have the addressed secon-
§daw/combined station go ‘““on-hook’”’. No information field
ishall He permitted with the DISC command. Prior to actioning
§the cdmmand, the secondary/combined station shall confirm
§the acpeptance of the DISC command by the transmission of a
i UA regponse.

i
this command is actioned, the responsibility for all
unackpowledged | frames assigned to data link control reverts
to higher level. Whether the content of the information field of
such Jnacknowledged | frames is reassigned to data link con-
trol fol transmission or not is decided at a higher level.

2
=l
o
3

N RS ST S T

7.3.1.5
mand

Set normal response mode extended {(SNRME) com=

The SNRME command shall be used to place the addressed
secongary station in a normal response mode where:all control
fields ghall be two octets in length (see 7.4).~No information
field shall be permitted with the SNRME command. The secon-
dary station shall confirm acceptance of the SNRME command
by trapsmission of a UA response»irrfhe;extended-conﬂvt'ﬁeid
formai at the first respond opportunity. Upon acceptance of
this command, the secondary statioh send and receive state
variables shall be set to zero.

When| this command is-actioned, the responsibility for all
unackhowledged | frames/assigned to data link control reverts
to higlper level. Whether the content of the information field of
such ynacknowlédged | frames is reassigned to data link con-
trol fof transmission or not is decided at a higher level.

7.3.1.(' Set asynchronous response mode extended (SARME)

tended-eontrol-field-format at the first
Upon acceptance of this command ‘the
and receive state variables shall be set t

When this command is_actioned, the)
unacknowledged | frames assigned to d
to higher level. Whether the content of t
such unacknowledged/| frames-is reassi
trol for transmission’or not is decided at

7.3.1.8 ~Sét initialization mode (SIM) ¢

The SIM command shall be used to
secondary/combined station to initiate
cedure(s) to initialize its data link level co
formation field shall be permitted with th
secondary/combined station shall confi
SIM command by the transmission of
first respond opportunity. Upon accepta

respond opportunity. §
ombined station send a
b zero.

responsibility for all
ata link control reverts
he information field of
hned to data link con-
a higher level.

mmand

cause the addressed
station-specified pro-
htrol functions. No in-
e SIM command. The
rm acceptance of the
h UA response at the
hce of this command,

the secondary/combined station sengl and receive state
variables shall be set to zero.

When this command is actioned, the| responsibility for all
unacknowledged | frames assigned to dgta link control reverts
to higher level. Whether the content of '%e information field of
such unacknowledged | frames is reassigned to data link con-
trol for transmission or not is decided af a higher level.

7.3.1.9 Unnumbered poll (UP) command

The UP command shall be used to solicit[response frames from
a group of secondary stations (group pdll}, from all secondary
stations (all-station poll) or from a singlel secondary/combined
station (individual poll) by establishing| a logical operational
condition that exists at each addressed data station for one res-
pond opportunity. In the case of a group|poll or all-station poll,

commard

The SARME command shall be used to place the addressed
secondary station in an asynchronous response mode where all
control fields shall be two octets in length (see 7.4). No infor-
mation field shall be permitted with the SARME command.
The secondary station shall confirm acceptance of the
SARME command by transmission of a UA response inthe-ex-
tended-eontroi-fictt-format at the first respond opportunity.
Upon acceptance of this command, the secondary station send
and receive state variables shall be set to zero.

When this command is actioned, the responsibility for all
unacknowledged | frames assigned to data link control reverts

themechamsmremployed-tocontrotresponse transmissions {to

avoid simultaneous transmissions) is not defined in this Interna-
tional Standard. The UP command does not acknowledge
receipt of any response frames that may have been previously
transmitted by the secondary/combined station. No informa-
-tion field shall be permitted with the UP command.

The secondary/combined station(s) which receives the UP
command with a group or all-station address shall respond in
the same manner as when polled using an individual address.
The response frame(s) shall contain the sending secon-
dary/combined station’s individual address, plus N{S) and N(R)
numbers as required by the particular response(s). The con-
tinuity of each secondary/combined station’s N(S) shall be

13
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maintained. If the UP command has the P bit set to 1", each
addressed secondary/combined station shall respond with at
least one frame, the last frame having the F bit set to ““1"". If the
UP command has the P bit set to /0", each addressed secon-
dary/combined station may or may not respond depending on
the status of the secondary/combined station. Secon-
dary/combined station responses sent in reply to a UP com-
mand with the P bit set to 0"’ shall have the F bit set to 0" in

a) it has an /Ul frame(s) to send;

The encoding of the format identifier field shall be as shown in
figure 8. ‘

NOTE — The format identifier has a capability of designating 128 dif-
ferent standardized formats and 128 different user-defined formats.

'f—— First bit transmitted

all frames of each secondary/combined station’s response. A Ei(:;mat identifier 1 2 3 4 5 7
secondary/combined station which receives a UP command .
i . rimir Standardized format X X X X X X X
with the P bit set to “0” shall respond when : User-defined
format ) \x X X X X X X 0
Format identifier
value

b) it has an l|frame to resend because it did not receive an
acknowledgment;

c) it has recdived, but not acknowledged, an | frame(s);

d) it has recgived, but not responded to, a XID or TEST
command; .

e) it has expgrienced an exception condition or change of
status that hag not been reported; or

f) it has a sfatus that has to be reported again (for ex-
ampie, a FRMR, RIM or RD response, or, optionally, an
appropriate frame to report a no-traffic condition, or a
DM response to request a mode setting command).

if an idle data link channel state (15 '‘ones’’) exists following the
receipt of a frame{s), or no response is received within a given
period of time, it shall be assumed that the secondary/com-
bined station has|completed, or will not initiate, transmission.

7.3.1.10 Unnumbpered information (Ul) command

The Ul command shall be used to send information_(for ex-
ample, status, agplication data, operation, interpuption, tem-
poral data, link level programs or parameters)\16 a secon-
dary/combined station(s) without affecting_the/V(S) or V(R)
variables at any station. Reception of the Ulcommand is not
sequence numbgr verified by the data link procedures;
therefore, the Ul frame may be lost.if 4 data link exception oc-
curs during transfission of the gommand, or duplicated if an
exception conditipn occurs during any reply to the command.
There is no specified secondary/combined station response to
the Ul command

7.3.1.11 Exchanygé-identification (XID) command

Figure 8 — XID format identifier

In an operational mode (NRM, ARM ar ABM), a FRIMR condi-
tion may be established if the received-XID commarld informa-
tion field exceeds the maximum defined storage cgpability of
the secondary/combined station:

7.3.1.12 Reset (RSET} command

The RSET command'shall be used by a combined station in an
operational mode to reset the receive state variable|in the ad-
dressed combined station. No information field shall|be permit-
ted with the,RSET command. The addressed combiied station
shall cenfirm acceptance of the RSET command by transmis-
sionof a UA response at the first respond opportupity. Upon
acceptance of this command, the addressed combined station
receive state variable shall be set to zero. If the UA tesponse is
received correctly, the initializing combined- station [shall reset
its send state variable to zero.

The RSET command shall reset all frame rejection conditions in
the addressed combined station, except for an inpalid N(R)
condition which the addressed combined station has reported
by a FRMR frame. The RSET command may be se¢nt by the
combined station which detects an invalid N(R) to clear such a
frame rejection condition in place of sending a FRMR frame.
To clear an invalid N(R) frame rejection condition with a RSET
command, the RSET command shall be transmitted by the
combined station that detects the invalid N{R}.

When this command is actioned, the responsibility for all
unacknowledged | frames assigned to data link control reverts
to higher level. Whether the content of the information field of
such unacknowledged | frames is reassigned to data link con-
trol for transmission or not is decided at a higher leyel.

The XID command shall be used to cause the addressed secon-
‘dary/combined station to identify itseif, and, optionally, to pro-
vide primary/combined station * identification and/or
characteristics to the addressed secondary/combined station.
An information field is optional with the XID command. A
secondary/combined station receiving a XiD command shall, if
capable, action the XID command in any mode unless a
UA response to a mode setting command is awaiting transmis-
sion or a FRMR condition exists.

If a XID command contains an information field, the first octet

of the information field shall be the format identifier for the re-
mainder of that information field.
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7.3.1.13 Test (TEST) command

The TEST command shall be used to cause the addressed
secondary/combined  station to respond with the
TEST response at the first respond opportunity, thus perform-
ing a basic test of the data link control. An information field is
optional with the TEST command. If present, however, the
received information field shall be returned, if possible, by the
addressed  secondary/combined  station  with  the
TEST response. The TEST command shall have no effect on

~the mode or sequence variables maintained by the secon-

dary/combined station.
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The primary/combined station shall consider the data link level
test terminated upon receipt of the TEST response or when a
time-out period has run out. The results of the TEST com-
mand/response exchange may be made available for interroga-
tion by a higher level.

7.3.2 Unnumbered responses

The unnumbered response encodings are shown in figure 9.

{— First bit transmitted

1SO 4335-1984 (E)

After sending a FRMR response, the combined station :

a) shall stop transmitting | frames if the frame reject ex-
ception condition was caused by an invalid N{(R) since its
direction of transmission is affected; or

b) may, because the opposite direction of transmission is
affected, optionally continue sending | frames if the frame
reject exception condition was caused by :

1) a command or response that is undefined or not im-
plemented, or

1 2 3 4 5 6 7 8

1 1 0 o0 F 1 1 0  UA response

1 1 1 0 F 0 0 1 FRMR response

1 1 1 1 F 0 0 0 DM response

1 1 0 0 F 0 1 0 RD response

1 1 1 0 F 0 0 O RiMresponse cedures.)
1 1 0 0 F 0 0 0 Ul response :

1 1 1 1 F 1 0 1 XID response

1 1 0 Q F 1 1 1 TEST response

Figlire 9 — Unnumbered response control field bit
assignments

7.3.2.1 Unnumbered acknowledgment (UA) response

The UA response shall be used by the secondary/combined
station|to acknowledge the receipt and acceptance of SNRM,
SARM| SABM, SNRME, SARME, SABME, RSET, SIM and
DISC dommands. Tﬁ“é“‘t"fﬁc-response~‘sggit‘be-ﬂtrfan§m' ed.in'the
unexte ded«og;mxtended‘@pr?{rol“fjglﬂ*"fé fiiat éted by-the
recxg:fE/,.gerﬁm nd...No:informdtion. fi €hall-be-permitted

7.3.2.2| Frame reject (FRMR) response

The FRMR response shall be used by the secondary/combined
station|in an operational mode to report-that one of the follow-
ing corjditions, that is not correctable by retransmission of the
identical frame, resulted from-the/receipt of a frame without
FCS error from the primary/combined station :

a) [the receipt of axcommand or a response that is unde-
fined or not impiemented;

b) |the receiptvof an 1/Ul command or response, or, op-
tionfally, a\TEST command, or, optionally, a XID command
or response, with an information field which exceeded the
maximum_information field length which can be accom-

tions of transmission using the RSET, S
SNRME, SARME, SABME, or DISC col

2—amHrame-withraminformatiom field which exceeded
the maximum information field length which can be ac-
commodated by the secondary/cambined station.

(See 8.4 for a description of command-rdsponse rejection pro-

The primary/combinéd)station receiving| the FRMR response
shall be responsible-for initiating the appfopriate mode setting
or resetting corfective action by initia|iziﬂ:g one or both direc-

RM, SARM, SABM,
mand, as applicable.

An information field shall be returned with this response to pro-
vidé\the reason for the frame rejection. [The information field
shall contain the fields shown in figure 1.

[_— First bit transmitted

123456789 10 1 12 13 14|15 16 17 18 19 20

Rejected frame
control field 0 N(S) |C/Rj| N(R) wix|y|z

Figure 10 — Information field format for FRMR response/\

The functions of these fields shall be as follows :

a) The rejected frame control field shall be the controf field
of the received frame which caused the frame reject excep-
tion condition.

b) N(S) shall be the current value of {he send state variable
at the secondary/combined station|{bit 10 = low-order
bit).

c) C/R set to 1" shall indicate that the frame which
caused the frame reject exception congdition was a response

modated by the secondary/combined station;

c} the receipt of an invalid N{R) from the primary/com-
bined station, i.e. an N{R) which identifies an | frame which
has previously been transmitted and acknowledged or an
I frame which has not been transmitted and is not the next
sequential | frame awaiting transmission; or

d) the receipt of a frame containing an information field
when no information field is permitted by the associated
control field.

The secondary/combined station shall transmit the FRMR
response at the first respond opportunity.

fIGIIIG, and—CHR—set—to—0“—shal—indicate that the frame
which caused the frame reject exception condition was a
command frame.

d} N(R) shall be the current value of the receive state
variable at the secondary/combined station (bit 14 = low-
order bit).

e) wsetto ’1” shall indicate that the control field received
and returned in bits 1 to 8 inclusive was undefined or notim-

plemented.

f) xsetto 1" shall indicate that the control field received
and returned in bits 1 to 8 inclusive was considered invalid

15
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because the frame contained an information field which is
not permitted with this command or response. Bit w shall
be set to /1" in conjunction with this bit.

g) y set to “1” shall indicate that the information field
received exceeded the maximum information field iength
which can be accommodated by the secondary/combined
station.

h) zsetto *“1” shall indicate that the control field received
and returned in bits 1 to 8 inclusive contained an invalid
N(R).

The w, x, ¥ and z bits in the information fieid of the FRMR

A secondary/combined station which has sent an RD response
and receives a command framels) other than the DISC com-
mand shall accept the command frame(s) if it is able to do so. If
the secondary/combined station accepts the non-DISC com-
mand frame(s), it shall follow the normal procedures when
responding to the primary/combined station. Secondary/com-
bined station acceptance of a frame other than the DISC com-
mand after sending an RD response cancels the RD response.
If the secondary/combined station still wishes to be placed in
the disconnected mode (NDM or ADM), it shall re-issue the
RD response. If the secondary/combined station cannot ac-
cept the non-DISC frames due to internal problems, it may
again respond with an RD response to the non-DISC frames.

response may all he set fo zero, indicating an unspecified rejec-
tion of the frame fpr one or more of the conditions cited above.
if required, the information field contained within the FRMR
response may be [padded with zero bits so as to end on any
convenient, mutually agreed upon character, byte, word or
machine-dependent boundary. (See also 8.4.)

When control fielfl extension (see 7.4) is used, the format for
the information figld returned with the FRMR response shall be
as shown in figure 11.

{_, First bit trangmitted
(I 16 177 18 - - - 24 256 26 - - - 32 33 - - - 36

Rejected extendedt
frame control fielg 0 N(S) |C/R N(R)

wix|ylz

Figure 11 —| Information field format for FRMR
extended response

Bit 18 and bit 26 fare the low-order bits of the state variable
values.

7.3.2.3 DisconnTted mode (DM) response

The DM response| shall be used to report a status where the
secondary/combired station is logically disconnected from the
data link, and is, by system definition, in NDM-or.,ADM.

The DM responsg shall be sent by the secondary/combined
station in NDM or [ADM to request the primary/other combined
station to issue B mode setting command, or, if sent in
response to the rgception of a mode.setting command, to in-
form the primary/other combined station that it is still in
NDM/ADM and cannot actigh the mode setting command. No
information field shall be permitted with the DM response.

A secondary/combined ‘station in NDM or ADM shall monitor
received commands
(re)transmit the DM response {or the RIM, XID TEST or
RD response, as appropriate); i.e. no commands (other than
the XID and TEST commands) are accepted until the discon-
nected mode is terminated by the receipt of a mode setting
command (SNRM, SARM, SABM, SNRME, SARME,
SABME, or SIM, as appropriate). %‘»

7.3.2.4 Request disconnect (RD) response

The RD response shall be used to indicate to the primary/com-

" bined station that the secondary/combined station wishes to
be placed in the disconnected mode (NDM or ADM). No infor-
mation field shall be permitted with the RD response.
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7.3.2.5 Request initialization mode (RIM) respons

The RIM response shall be used in any maode to repoft a secon-
dary/combined station’s need for initialization. No information
field shall be permitted with the RIM(response.

Once a secondary/combined station has sent a RIM|response,
additional commands subsequéntly received {(otheq than the
SIM or DISC command, or;.if capable, the XID or TEST com-
mand) shall be monitored-to detect a respond oppgrtunity to

retransmit the RIM response, as an indication that the need for
initialization persists.

7.3.2.6 Unnumbered information (Ul) response

The UPresponse shall be used to send informatiop (for ex-

ample,, status, application data, operation, interrdiption, or
terporal data) to a primary/combined station withoul affecting
the V(S) or V{(R) variables at either station. Receptjon of the
Ul response is not sequence number verified by thg data link
procedures; therefore, the Ul frame may be lost if § data link
exception occurs during transmission of the Ul response, or
duplicated if an exception condition occurs during any reply to
the Ul response.

7.3.2.7 Exchange identification (XID) response

The XID response shall be used to reply to a XID confjmand. An
information field containing the secondary/combingd station
identification and/or characteristics may be optionafy present
with the XID response. A secondary/combined station in any
mode receiving a XID command shall, if capable, send the XID
response, unless a UA response is pending or a FRIMR condi-
tion exists.

If a XID response contains an information ﬁeld the first octet
ifier-for the re-
malnder of that lnformatlon fleld See flgure 8 for the encoding
of the format identifier field.

In an asynchronous disconnected mode, a secondary station
may send an unsolicited XD response at a respond opportunity
to request a XID exchange. However, the XID response shall
not be sent as a response to any received command other than
the XID command.

A combined station in ABM may establish a FRMR exception
condition if the information field of a received XID response ex-
ceeds the maximum defined storage capability of the combined
station.
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7.3.2.8 Test (TEST) response

The TEST response shall be used to reply to the TEST com-
mand in any mode. A secondary/combined station, receiving a
TEST command, shall, if capable, send the TEST response in
accordance with the defined mode, uniless a UA response is
pending or a FRMR condition exists.

An information field, if present in the TEST command, shall be
returned with the corresponding TEST response. If the
secondary/combined station is busy and cannot accept an
information field, a TEST response without an information field
shall be returned. If the secondary/combined station is in an

1SO 4335-1984 (E)

In the extended formats, x bits are reserved and set to “0”’, and
the value of U is unspecified. Bit 2 and bit 10 shall be the [ow-
order bits of the sequence numbers,

8 Exception condition reporting and
recovery

The following procedures are available to effect recovery
following the detection/occurrence of an exception condition
at the data link level. The exception conditions described are
those situations which may occur as the result of transmission
errors, data station malfunction or operational situations.

operatjonal mode (NRM, ARM, ABVIJ, a FRMR condition may
be established if the received TEST command has an informa-

The XID format identifiers described in 7.3.1.11 and 7.3.2.7
shall be assigned according to the following procedure.
Applications for the assignment of XID format identifiers shalil

bmission shall include at least a description of the in-
application and a detailed description of the format.and
When approved, a format identifier value will be assign-
will be included in annex C.

tendeq
fields.
ed and

7.4 -Extended control field formats - -~ 7

The control field may be extended by the-addition of a second
contiglious octet immediately following.the basic control field.
This ¢apability shall provide for—an N(S) and N(R) of
modulp 128.

When | the secondary/comt;iﬁea station operatiopal environ-

meft fegardifigh controh field format is ndt known by the}
primarl/combiney station, a mode_setting command sent by
the, pfiméry/combi station shall"Be expresseth.ir’ basic *

mand/response format (S format), and the unnumbered com-
mand/response format (U format) shall be as shown in table 4.

Table 4 — Extended-control field formats ™

Co_ntrol Control field bits

f ;:'I:;t First octet Second octet -
for [1]2]3[a[s]6]7]8]9 Jio[n [12]13]14]15]16

| format | 0 N(S) P/F N(R)

Sformat] 1 |0|S |S|x|x |[x |x]|PF N(R)

Uformat|1 11 1M MU M IM M|p/F xTx!xLxlx‘xTx

8.1 Busy

The busy condition shall result, when g data station is tem-
porarily unable to receive, or-unable tq continue to receive,
| frames due to internaliconstraints; for jexample, receive buf-
fering limitations. In this case, an RNR frame shall be transmit-
ted with the N(R) number of the next | ffame that is expected.
Traffic awaiting transmission may be tranismitted from the busy
data station prior to, or following, the

tinued existence of a busy condition

retransmission of an RNR frame at each

A data station receiving an RNR frame W
transmitting {i.e. two-way simultaneous) fhall stop transmitting
) frames at the earliest possible time. |

NR frame. The con- :
shall be reported by
P/F frame exchange.
hen in the process of |

is suggested that a :

secondary station in NRM return a framg with the F bit set to |

1" before suspending transmission. A
station in ARM/ABM, respectively] shall
response/command time-out before resiiming transmission.

Indication that a busy condition has cledred and that | frames |

will now be accepted shall be reported
an RR, REJ, SREJ, SNRM, SARM, SA
SABME or UA frame with or without the P/F bit set to ‘1",
Clearance of a busy condition at a primaty station shall also be
indicated by the transmission of an | frane with the P bit set to
1", Clearance of a busy condition at a|secondary/combined
station shall also be indicated by the transmission of an | frame
with the F bit set to 1",

M, SNRME, SARME,

8.2 NI(S) sequence error

An N(S) sequence error exception condifion shall occur in the
receiver when an | frame received errof free (no FCS error)
contains an N{(S) that is not equal to the r¢ceive state variable at
the receiver. The receiver shall not acknopledge (i.e. not incre-
ment Its receive state variable] the frame causing the sequence
error or any | frames which may follow until an | frame with the
correct N(S) is received. Unless the SREJ frame is to be used
to recover from a given sequence error, the information field of
all | frames received whose N(S) does not equal the receive
state variable shall be discarded. (See 8.2.3 for SREJ
recovery.)

A primary, secondary or combined station which receives one
or more | frames having sequence errors, but which are other-
wise error free, shall accept the control information contained
in the N(R) field and the P/F bit to perform data link control
functions; for example, to receive acknowledgment of pre-
viously transmitted | frames, to cause a secondary/combined
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f) If, after sending a frame with the P/F bit set to 1", a
data station receives an acknowledgment to that frame
before receiving the correspondent frame with the F/P bit
set to 1", checkpoint retransmission on the frame with the
F/P bit set to "'1"" shall be inhibited. .

station to respond (P bit set to “1”}), and, in NRM, to detect
that the secondary station is terminating transmission (F bit set
to “1”). Therefore, the retransmitted | frame may contain an
N(R) field and/or P/F bit information that are updated and dif-:
ferent from those contained in the originally transmltted
| frame.

g) If a SREJ frame with the P/F bit set to 1" is received,
SREJ recovery retransmission shall take precedence over

Following the occurrence of a sequence error, the following.
checkpoint retransmission.

means are available for initiating the retransmission of lost

| frames or those with errors.
h} In the case of a combined station, if any frame with the
P bit set to ““1"’ is received, checkpoint retransmission shall

8.2.1 Poll/final (P/F) bit {(checkpoint) recovery (see i It Set
' be inhibited.

also 6.3)

hen a data statipn receives a frame with the P/F bit set to 8.2.2 REJ recovery
“1”, it shall initiate retransmission of unacknowledged | frames
previously transmitted with sequence numbers that are less
than the V(S), sendl state variable, value that was current at the
time of transmissign of the last frame with the F/P bit, respec-
tively, set to ‘“1”.| Retransmission shall start with the oldest
numbered unackpowledged | frame. |frames shall . be
retransmitted sequentially. New | frames may be transmitted if
they become available. Such retransmission of | frames as. a
result of an excharjge of P/F bits set to 1"’ is known as check-

point retransmissign.

' The REJ command/response shall be used ‘primarily|to initiate
an exception recovery {retransmission), following the|detection
of a sequence error, earlier than is possible by checkpoint
(P/F bit) recovery; for example, in-two-way simultangous infor-

' mation transfer, if a REJ frame/isimmediately transmitted upon

detection of a sequence errof;, then there is no requifement to

wait for a frame with the P/F bit set to 1",

R

S

With respect to each/direction of transmission on the|data link,
only one “‘sent REJ'“exception condition from a diven data
station to another. given data station shall be established at a
time. A “senttREJ’’ exception condition shall be clegred when
the requested | frame is received, when the respopse/com-
' mand time-out function runs out, or when a P/F checkpoint
cyclevthat was initiated concurrent with or following the
transmission of the REJ frame is completed. When the data
station perceives by time-out or by the chedkpointing
mechanism that the requested | frame has not been|received,
because either the requested | frame or the REJ frame was in
error or lost, the REJ frame may be repeated.

Checkpoint retransmission shall not be initiated under the
following conditions :

/
!
|

of a secondary/primary station, if a REJ
P/F bit set to ““0”’ has been received and ac-
tioned, checkpgint retransmission shall‘be inhibited on the
next P/F frame|received, if it would cause retransmission of
the same particlllar | frame; i.e. same N(R) in same number-

ing cycle.

: a) In the cas¢
% frame with the

e e

b} In the casg of a combined station, if a REJ command
with the P bit set to 0" or ““1”", or a REJ responsetwith the
F bit set to “0f, has been received and actioned-while a

P bit set to ‘1" fvas unanswered, checkpointretransmission

transmission {(or retransmission) of | frames starting with the

A data station receiving a REJ frame shall initiate é.lequentia|
| frame indicated by the N(R) contained in the REJ frgme. New

shall be inhibitgd on the next frame receivedwith the F bit | frames may be transmitted subsequently if they become
§ setto’1”, if it ywould cause retransmission of the same par- available. '
’/ ticular | frame; j.e. same N(R) in samie numbering cycle. "
i
! ¢) In the case| of a secondary/primary station, if a SREJ | - " . .
’§ frame with the P/F bit set to ”g”phas bZen received and ac- ; a) retransmuss:qn l?eglnnlng with a particular fraipe occurs
| tioned, checkpgint retran$mission shall be inhibited on the | guze”t oa’(:geckpomtlng (see 6.3.3.1, 6.3.3.2, 6.3.3.3 and
next frame recgived with the P/F bit set to ““1"" when this | B
frame is a SREJ frathe’and contains the same N{R) as the | b) a REJ frame

first SREJ franie

e if it would cause retransmission of the

is received which would 3giso start
retransmission with the same particular lframe1[as iden-
tified by the N(R) in the REJ frame],

e _tus

same particular Hframe—-e—same-NR-r-seme-numbering
cycle. Y

%
d)  In the case of a combined station, if a SREJ command ' ::sib:fet;a‘\nsmlssnon resufting from the REJ frame shall be
with the P bit set to ““0'" or "“1”, or a SREJ response with
the F bit set to "“0”’, has been received and actioned, check-
point retransmission shall be inhibited on the next frame
received with the F bit set to /1" when this frame is a SREJ

frame and contains the same N(R) as the first SREJ frame,

8.2.3 SREJ recovery

The SREJ command/response shall be used primarily to'initiate
if it would cause retransmission of the same particular more efficient error recovery by requesting’ the retransmission
; | frame; i.e. same N(R) in same numbering cycle. of a single | frame following the- detection of a sequence error
/ rather than the retransmission of the | frame requested plus all

e) IfaP/F bitsetto 1" is received in an unnumbered for- additional | fr_ames which may have been transmitted subse-
mat frame, checkpoint retransmission shall be inhibited. quenﬂ’gly‘. o

et
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When an | frame sequence error is detected, and it is deter-
mined that SREJ recovery is to be employed, the SREJ frame
shall be transmitted at the earliest possible time. When a
primary/secondary station sends a SREJ frame with the P/F bit
set to “0” and the “sent SREJ” exception condition/is not
cleared when the primary/secondary station is ready o issue
the next frame with the P/F bit set to “1”, the primapﬂl/secon—
dary station shall send a SREJ frame with the P/F bit/set to 1"
with the same N(R) as the original SREJ frame. When a com-
bined station sends a SREJ command with the P bit set to “0"”
or 1", or a SREJ response with the F bit set to'"’0", and the
"sent SREJ"” condition is not cleared when thhe combined
station is ready to issue the next frame with the P/F bit set to

1SO 4335-1984 (E)

8.2.4 Time-out recovery

g  doe b
{n_the event.that the remote data station, as-a-result-of a trans-
mission error, does not receive {or receives and discards) a
transTrission-consisting-of a single | frame or the last | framets)
in a sequence of | frames, it will not detect an out-of-sequence
exception condition and therefore will not transmit a SREJ/
REJ frame. The data station which transmitted the unacknow-
ledged | frame!s) shall, following the completion of a system
defined time-out period, take appropriate recovery action to
determine the point at which retransmission shall begin.

A primary/combined station should enquire status with a

1", thg combined station shall send a SREJ response with the
F bit sef to 1" with the same N(R) as the original SREJ frame. |

ary/secondary station, since an;l or S format frame
sent with the P/F bit set to “1”’ has the potential of causing
checkppint retransmission, a primary/eécondary station shall
not send a SREJ frame with the same N{R) {i.e. same value and
same numbering cycle) as that of tf/)'e previously sent frame
with the P/F bit set to “’1”. In a combined station, since an | or
S format frame sent with the F bit set to 1" has the potential
of causjng checkpoint retransmission, a combined station shall
not send a SREJ frame with the same N(R) (i.e. same value and
same numbering cycle) as that bf the previously sent frame
with the F bit set to 1", 7

¢

i S SN

Horpzedien,

time.

at was initiated concurrent with or following the
sion of the SREJ frame is completed.

When 4 data station perceives by time-outor by the checkpoin-
ting mechanism that the requested | frame will not be received,
becausg either the requested | frame of the SREJ frame was in

error of lost, the SREJ frame may_be repeated.

A datd station ‘receiviiig) the SREJ frame shall initiate
retransinission of the Single | frame indicated by the N{R) con-
tained f the SREJ-frame. New | frames may be transmitted
subseqiiently if they’become available.

When

SREJ fia A S
ing of the next SREJ frame if the SREJ frame has the P/F b|t

set to ““1”":and has the same N(R) (i.e. same value and same
numbering cycle) as the original SREJ frame. When a combin-
ed station receives and actions a SREJ command with the P bit
set to /0" or “1”, or a SREJ response with the F bit set to “0",
it shall ‘disable actioning of the next SREJ frame if the SREJ
frame has the F bit set to “1"" and has the same N(R) (i.e. same
value/and same numbering cycle) as the original SREJ frame.

h pnmary/secondary station recelves and actlons a

NOV;TE — To improve transmission efficiency, it is recommended that
the SREJ command/response be transmitted as the result of the
détection of a sequence error where only a single | frame is missing [as
)determined by receipt of the out-of-sequence N(S)].

supervisory frame. When

a) a secondary station has arespond opportunity, and

alent function for
and

b) an optional time-gut,~or equi
unacknowledged | frames has run out]

¢} no new | frames’are available,

then the secondaty station should transmif only the last | frame
and should_wait until status is received from the primary
station._Alternatively, a data station which has timed-out
waiting\for a reply may retransmit one ot all unacknowledged
| frames as a mechanism to solicit the statpis of the remote data

station.

NOTES

{not the last | frame) after a time-out, the ddta station should keep
record of the highest value of V(S) that had begn sent so as to be able
to identify an N{R) received as acknowledging or not acknowledging
some or all of the | frames previously transmitted.

1 If a data station retransmits one of the ur{cknowledged | frames

2 If a data station does retransmit all unackngwledged | frames after
a time-out, it should be prepared to receive a [following REJ or SREJ
frame with an N(R) greater than the send state [variable at the data sta-
tion which retransmits.

3 When, as a result of a time-out, a secondary/combined station
decides to retransmit a response frame, the fetransmitted response
frame should have the F bit set to ’0" unless dn unanswered P bit set
to "’'1”” has been received since the earlier transinission of the response
frame.

4 Care should be taken if a higher level attenrpts to change an infor-
mation field which is being retransmitted §s a part of time-out
recovery, because the new information field is|discarded if the receiv-
ing data station had correctly received an | frame with the same N(S).

: S after time-out, a receiving
data station should not set a SREJ exception condition when it
receives an | frame with an N(S) one less than its receive state variable.

8.3 FCS error

Any frame received with a FCS error shall not be accepted by
the receiver and shall be discarded. At a secondary/combined
station, no action shall be taken as the result of that frame. At a
primary/combined station, if the frame with the FCS error was
a response frame with the F bit set to /1", a resulting time-out
function shall occur in the primary/combined station prior to in-
itiating recovery action.
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8.4 Command/response frame rejection

A command/response rejection exception condition shall be
established upon the receipt of an error-free frame which con-
tains an undefined or not implemented command/response in
the control field, an invalid frame format, an invalid N(R} or an
information field which exceeds the maximum information field

length which can
tion.

be accommodated by the receiving data sta-

At a primary station, this exception condition shall be subject to
recovery/resolution at a higher level. In the case of an invalid
N(R), recovery shall include, at least, the issuance of a mode

~In the case of exception conditions that are not related to

the | frame transmission from the reporting data station, the
transmission of | frames may continue, with received |
frames being examined only for the state of the P and F bits
and the value of the N(R) field until the exception condition
is cleared by the other combined station issuing a mode set-
ting command or'a RSET command, as appropriate. if
recovery is not effected by the other combined. station
within a specified time-out interval, the reporting combined
station may repeat the FRMR frame, or it may choose to
assume control of the recovery function as described in a).
If the other combined station that receives the FRMR frame
is unable to effect an appropriate recovery action, it shall

setting command

At a secondary
reported by a FR
action. Once a s¢
ception condition
cept for examinat
the N(R) field, un
tion issuing a mq
shall be repeated
effected by the p

station, this exception condition shall be
MR response for appropriate primary station
condary station has established a FRMR ex-
no additional | frames shall be accepted, ex-
on of the state of the P bit and the value of
il the condition is cleared by the primary sta-
de setting command. The FRMR response
At each respond opportunity until recovery is
imary station.

repty wittra FRIMRfrarmeofitsowm, Tefectimgthe received
FRMR frame. The combined station that sent the original
FRMR frame shall then initiate an appropriate recovery
function as described in a).

8.5 Contention situations

Contention may occur in ARM-(ABM) during a md
action in either TWA or TWS ‘communications, or fg
extended period of inactivity (idle data link channel

de setting
llowing an
state) in a

TWA configuration. Ifivthe TWA case, the primaryfone com-
bined station and, secondary/other combined statioh are con-
tending for the us&of the logical communication path for mode
setting or data.interchange purposes. In the TWS§ case, the
primary/one combined station and secondary/other|combined
station are‘eontending with regard to initiating a made setting
function.

At a combined stption, this exception condition shall be dealt
with in either of two ways :

a) The combined station may follow a course of action
similar to that Hescribed for a primary station, where the ex-
ception conditjon is resolved as a higher level function. The
combined statjon shall issue a mode setting command or a
RSET command, as appropriate, as a part of this recovery
action.

Inall of the above cases, the contention situation shall be
resolved through the use of different value time-ouq functions
in each data station. The time-out function employed by the
secondary/one combined station shall be greater|than that
employed by the primary/other combined station so| as to per-
mit such contention situations to be resolved in faviour of the
primary/specified combined station.

b) The combined station may follow a course of action
similar to that Hescribed for a secondary station and request
-that the other|combined station resolve the exception-eon-
dition and effdct the required recovery.
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Annex A

Time-out function considerations
{This annex does not form part of this International Standard.)

A.1 Introduction

In order to detect a no-reply or lost-reply condition, each primary/combined station shall provide a response time-out function. Also,
in ARM and ABM, in order to detect a no-reply or lost-reply condition, each secondary/combined station shall provide a command
time-out function. In any case, the expiry of the time-out function shall initiate appropriate error recovery procedures.

The duration of a time-out period is system dependent and subject to bilateral agreement.

A.2 | Primary/combined station command reply time-out function
A.2.1 NRM
Start qondition :
Transmission of a frame with the P bit set to ““1"".
Restar} condition :
Regeipt of an error-free frame with the F bit set to "'0”.
Stop dondition :

Regeipt of an error-free frame with the F bit set to 1"

A.2.2] ARM (TWA) and ABM (TWA)
Start gondition :
Trdnsmission of a frame with the P bit set to. 11",
Restart condition :
Trdnsmission of a command frame.
Stop dondition :

Regeipt of an error-free_frame with the F bit set to "'1”.

A.2.3| ARM (TWS)} and ABM (TWS)

Start ¢ondition=

Trinsmission of a frame with the P bit set to ‘1",

Stop condition :

Receipt of an error-free frame with the F bit set to ““1".
A.2.4 NDM, ADM and IM
Start condition :

Transmission of a frame with the P bit set to “1”.
Stop condition :

Receipt of an error-free frame with the F bit set to “'1".
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A.3 Primary/secondary/combined station |-frame reply time-out function
A.3.1 NRM
Not used.
A.3.2 ARM (TWA) and ABM (TWA)
Start condition :
Transmiésion of an | frame.

Restart condition :

Transmission ¢f a frame.
Stop condition :
Receipt of an prror-free frame with the expected N(R).
A.3.3 ARM (TWS) and ABM (TWS)
Start condition :
Transmission ¢f an | frame.
Stop condition :
Receipt of an prror-free frame with the expected N(R).
A.3.4 NDM, ADM and IM

Not used.

A.4 Secondary/combined station command request time-out function

A.4.1 NRM, IEDM and IM

Not used

A.4.2 ARM, ADM and ABM

Start condition :
Transmission ¢f an unnumberéd response frame which requests a command.

Stop condition :

Receipt of an prror-free command frame.

A.5 No-activity time-out function (for switched circuit application)
Start condition : '
Physical connection established.
Restart condition :
Receipt of an error-free frame.
Stop condition :

Initialization of the disconnect procedure at the interface.
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Annex B

Examples of the use of commands and responses

{This annex does not form part of this International Standard.)

B.1 Introduction

B.1.1 General notation

The notation used in the diagrams in this annex is illustrated below.

/ \ Flag {i.e. frame boundary)——-——7\\

| ———Frame without information
:Frame containing information

Frame pwith error : %_4 or ##

B.1.2 | Notation for primary and secondary stations

Information format

*——Send sequence number

Information frame : I NS}, N(R) P/F—w—Poll or final bit ON

Receive sequence number (next expected frame)

Exampie : Pri xmits : 12,6 P. This dehotes a primary information frame with send sequence number 2, the next gxpected | frame from
the secpndary is receive sequence number 6 {frames numbered 5 and below are therefore acknowledged) and the poll bit is set to "1
(i.e. the secondary is to initiatE-transmission with | frames if available).

Supervisory command/response

Supervisory frame. ¥ XXX N{R), P/F «a—Poll or final bit ON

Receive sequence numbher

Example : Pri xmits : RR2 P. This denotes a receive ready (RR) command, N(R) = 2 {i.e. the next expected | frame from the
secondary is receive sequence number 2), and the poli bit is set to "'1”’.

Unnumbered command or response

Unnumbered frame : XXXX, P/F -=a—Poll or final bit ON

Example : Pri xmits : SNRM, P. This denotes the normal response mode (NRM) mode-setting command with the P bit set to “1”.
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B.1.3 Notation for combined stations

Address
Information format
Y {—-Send sequence number
Information frame : X, i N{(S), N(R) P/F -=a——Poll or final bit ON

Receive sequence number (next expected frame)

f——Supervisory command/response
Supervisory frame : X, XXX N{R), P/F -.——Poll or final bit ON

Receive sequence number

Address
;‘ \—— Unnumbered command or response

Unnumbered frame : X, XXXX, P/F -=—Poll or finai bit ON

B.2 Examples of normal response mode (NRM) two-way alternate (TWA) transmission
B.2.1 Normal response mode {NRM) TWA without-transmission errors

B.2.1.1 NRM|start-up procedure and secondary only information transfer

SNRM,P RRO,P RR3,P
Pri xmits : [:j m t::j
UAF 10.0 11,0 12,0F 13,0 14,0
Sec xmits : I_:I 8 } + 1 b + 2
B.2.1.2 NRM;|start-up procedure and primary only information transfer
SNRM.P 10,0 11,0P 12,0 13,0
Pri xmits : "__’j - } 1 ' o 4
UAF RR2,F
Sec xmits : L__"] [:'_'_‘I
B.2.1.3 NRM information transfer by primary and secondary
10,0 11,0 12,0P 13,2 14,2P 15,3
Pri xmits : - } { 1 . } . 4 p——
19,3 11,3F 12,5F
Sec xmits : F } — W—
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B.2.2 Normal response mode {(NRM) TWA with transmission errors in command frames

B.2.2.1 NRM start-up command error

SNRM,P ) SNRM,P 10,0
Time-out
Pri xmits : %————————-—D —
UAF
Sec xmits : t‘_‘:‘
B.2.2.2 NRM primary information frame error
Retransmitted frames

10,0 11,0 / 12,0P 11,2 12,2 13,2P

Pri xmits : F +- / A —] — ) I 3
16,1 I1,1F
Sec xnits : b + o
B.2.2.8 NRM primary poll frame error
/ Retransmitted frame

16,0 11,0 IZ,@P/ Ti RRO,P 12,2 13,2 14,2

Pri xmits : - } J /V {1 TE-OUL =:j t + + 1
10,2 11,2F
Sec xafits : l +— {
B.2.3| Normal response mode {TWA) HDX with transmission errors in response frames
B.2.3.1 NRM start-up response error
SNRM,P - . SNRM.P 10,0
Pri xmifs t:] — {me-ou — I::j —
UA.F UAF
Sec xnfits : tﬁd :‘
B.2.3.2 NRM secondary information frame error
Retral mltted frames
13-8 110 12.06p 13,4 15,2
Pri xmits : — + } — lr 4 '__?
10,3 11,3F I1,6F

Sec xmits : 1 /AV/'L i — 4 -
or Retransmitted frames

10,0 11,0 12,0P RRo.P
Pri xmits : L +— ¢ } L‘_—_j ——

' 10,3 11,3F 103 11,3F

Sec xmits : t A A —] — | —
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B.2.3.3 NRM secondary “final” frame error

Pri xmits :

Sec xmits :

or

Pri xmits :

Sec xmits :

Retransmitted frame

16,0 11,0 12,0P _ Time-out or 13,1 14,1P 15,3

— = - 1 idle line detect - » , ] | ?
10,3 l1,3F[ / 15 !125F
— + —
- Retransmitted frame-
10,0 11,0 12,0P _d'::“;e:g;t‘:ct RR1,P 13,3
idle lin

r | -] —

10,3 I1,3F 11,3 12,3F
|————»-——/494 ' — i

B.3 Examples of asynchronous response mode (ARM) two-way alternate (TWA) transm

B.3.1 Asynchronous response mode (ARM) TWA without transmission, errors

B.3.1.1 ARM start-up procedure and secondary only information transfér..

Pri xmits :

Sec xmits :

SARMP . RR2 RR3
— — —

UAF 10,0 110
l:l Indefinite time _ ————=+—-

12,8
—

<——————2
‘--—- Indefinite time ——4

B.3.1.2 ARM primary and secondary information transfer with contention situation

Pri xmits :

Sec xmits :

Contention

|2

NRM,P 10,0 11,0P . 10,0 11;0P
:j 1 l - Primary ___ 1 4 —
| ' ' ' time-out ' ' !

GAF 00 11,0 Secondar 10,2F
| | | e ndary - l 3
m Indefinite time time-out
‘.._——.—_’

ission

B.3.2 Asynchronous response mode (ARM) TWA with transmission errors in command frames

B.3.2.1 ARM start-up command error

Pri xmits :

Sec xmits :

26
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B.3.2.2 ARM primary information frame error

NOTE — Recovery procedure is identical to NRM operation.
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Retransmitted frames

SARM P 10,0 / i1,0P 0,0 11,0p
Pri its : e ] /1 § { i 1 |
ri xmits : Indefinite time I / /Al — L T B Indefinite time
i
UAF RRO,F RR2,F
Sec xmits : t:j t:1 m
B.3.2.3 ARM primary “poll” information frame error
NOTE — Recovery procedure is identical to NRM operation.
/—— Retransmitted frapne
SARM,P 10,0 11,0P 19,0 12, 0P
— | q (i Idie line t ]
Pri xmity . I:] Indefinite time (— dete|ct j RR38,F indefinite time
UA F RR4
Sec xmifs : t:’ [_:j
B.3.3 [ Asynchronous response mode (ARM) TWA with transmission errors in response frlames
8.3.3.1| ARM start-up
SARM,P SARM.,P
Pri xmits| : t:4 Time-out \" l:]
UAF UAF .
Sec xmitp : Wj tj
B.3.3.2| ARM secondary information frame error
Retransmitted frames
SARM\P RRO.P RR2
Pri xmits | m
s ith l—wl . m'a / 11,0 , i 10.0F . 1.0 . Indefinite time
6C xmits= F— Indefinite time 1 VAAR 1 F t — —_—{

e

B.3.3.3 ARM secondary “final” information frame error

SARM,P

Pri xmits :

Sec xmits :

=

UAF

’

10,0
Indefinite time Time-out
—— —

RR2

—
10,0 11,0
|7——4——4

Retransmitted frame

Indefinite time
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B.4 Examples of normal response mode (NRM) two-way simultaneous (TWS) transmission

B.4.1 Normal response mode (NRM) TWS without transmission errors

B.4.1.1 NRM start-up procedure and secondary only information transfer

SNRM P RROP RR1 RR2 RR3 RR4 RRG5,P

Pri xmits : _ — e I s S s R —
UAF 19,0 11,0 12,0 13,0 , 14,0F RRO,F
Sec xmits : — I - i 4 f i [:‘

or (where primary acknowledgments are returned for several response frames)

SNRM,P RR@,P RR3
Pri xmits : [ l t:j ,::j
UAF 10,0 1,0 12,0 13,0 14,6F

—
=
pu
-
p=

Sec xmits : :j

B.4.1.2 NRM start-up procedure and primary only information transfer

RROQ,F

SNRM,P 10,0P 11,0 12,0P 13,0 14,9P 15,0 ]

Pri xmits : l:‘ E ! : - I ' 3
. UA,F RR1,F RR3,F RR5,F

Sec xmits : m E:] i::j | l
or {(where primary $ets poll bit to “1"* to solicit acknowledgment for several frames)

gNRM,P 10,0P 11,08 12,0 13,0 14,0 15,0p
Pri xmits : L:‘:] - } i } ' ' -

UAF RRLF RR6,F

Sec xmits : I__—_'j m

B.4.1.3 NRM start-up procedure and primary/secondary information transfer

—

SNRM,P 10,0P 1,0 121 13,4 14,4 15,4 16,5 17,5
Pri xmits :  — = + : : : t : t ~
UAF 18,0 11,1 12,2 13,2 14,2 15,5 16,7
Sec xmits : — ! } } } f + —+—s
B.4.2 Normal respbnse mode (NRM) TWS with transmission errors in command frames
B.4.2.1 NRM REJ capability
Ab Retransmitted frames
ort* / *
10,0p 11,0 {2,0 13,1 14;\‘ 12,3 l 13,4 14,5
Pri xmits : I ¢ }- /A\f } -+ N i } 9
10,1 11,2 122 REJ2 13,2 14,2 i5,3 16,4
Sec xmits : - r } 1 ' 4 4

& Optional : Frame may be completed or aborted.
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B.4.2.2 NRM SREJ capability

,,— Retransmitted frame
10,0P 11,0 12,0 / 13,1 14,2 12,3 15,4 16,5
Pri xmits : - +4 — [AV } + + + } —
g1 11,2 12,2 SREJ2 13,2 14,2 15,56 16,6
Sec xmits : b -+ + +—t—1 + } ; 2

B.4.3 Normal response mode (NRM) TWS with transmission errors in response frames _

B.4.3.1 NRM REJ capability

1gop 110 12,0 13,1 14,1 REJ1 15,1 16,1 17,1 19,2
Pri xmits : k —+ + } ]'__—t;_[ t }

-~

l
+

19,1 11,2A 12,3 13,4 11,6 12,7 13,0
Sec xmis : } 4 . } + } { /
4 X ] 2
Retransmitted frames

B.4.3.2 NRM SREJ capability

10,0P 11,0 12,0 13,1 141 SREJ1 15,1 16,1 17,4 10,4
Pri xmit : H 4 b 4 ' — ; - e

t 1 " ' T ?
19,1 11,2 12,3 13,4 11,5 14,6 15,4
Sec xmis : b t /Ay!/ . } * } : t )

Retransmitted frame

B.5 Examples of asynchronous response mode (ARM) two-way simultaneous (TWS)
transmission

B.5.1 | Asynchronous-response mode {ARM) TWS without transmission errors

B.5.1.1 ARM start-Up procedure and intermittent secondary or primary information transfer

SARM.P 1o 11,2pP

Pri xmitq : — b + —

UAF 10,0 11,0 RR2,F

.

: Y l |
Sec xmits : — Indefinite time F , | —
B —————————— e

B.5.1.2 ARM start-up procedure and continuous primary/secondary information transfer

SARMP IpoPp 1@ 12,1 [3,2P 14,2 15,3 16,4P
Pri xmits : L 4 } 4 } — ¢ b}
L b R e S +
UAF L 3,0 [1,1F 12,2 13,4F 14,5
. Indefinite time 3
Sec xmits : :j« - —+ t 4 | -
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B.5.2 Asynchronous response mode (ARM) TWS with transmission errors in command frames

B.5.2.1 ARM start-up command error

SARM,P SARM,P
Pri xmits : Time-out Indefinite time
—— — t
UA,F
Sec xmits : E:l
B.5.2.2 ARM REJ capability
Abort * Retransmittedframes
SARM,P » 10,0P [12@/ 12,0 13,1 11,2P 12,3 I3p 14,3
Pri xmits : t::] '"(ﬁg:”e - - i—_ - __{V + - 'L_I_ — t
UA,F RR1,F 16,1 11,1 REJ 21 RR2,F
Sec xmits : Ej t__—_—_i ' + ]

B.5.2.3 ARM SREJ capability

'/—- Retransmitted frame

SARM,P 10,0P 11,@A/ 12,0 131 1,2p 14,3 15,3
Pri xmits : l: - } { t t t —+ 4
; /v ! ’
Indefinite L —, |, -
time | |
— ¥ {
UAF RRVF 19,1 11,7 SREJ1 12,3 RR4.F 13,5
Sec xmits : — = ) 4  H—
B.5.3 Asynchronous response. mode (ARM) TWS with transmission errors in response frames
B.5.3.1 ARM REJ capability
L Time-out o
SABM,P 10,0P 11,0 12,1 3,1 REJ1 14,1P 15,1 16,2P
Pri xmits : l ] t } + t — d + —
Indefinite
time
UAF 10,0 11,17 12,2 13,3 14,4 11,4 12,5F 136 14,6
Sec xmits : l—:_j - } /Ay t t } + + } 4

* Optional : Frame may be completed or aborted.
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Time-out
SREJ1,P
SARMP io,op 11,0 121 13,1 141 151 16,5
Pri xmits : t::‘ - ‘. . :"F‘ —+ + f_—_'LI } . v%
Indgflnlte . e e e — 1
time | I
i |
UA,F 10,0 [11F 12,2 13,3 14,4 I15F 155
Sec xmits : - —t 7{/ ——t Y ?
Retransmitted frame £,
B.5.3.3 ARM P/F bit recovery With transmission errors in command frames
Retransinitted frames
/ /
SARM P 19,0P 11,1/1 122 133FP 144 185 16P 127 130
i b)
Pri xmit$ : ':j |n(jt?::25te|L LJJ VAA } ,NG } } f‘lT —+ —
_____ —_de e
/a ¥
UAF 10,0 11,0 12,1F 13,1 41 I5,1F 16,1 171 10,2F
Sec xmits : — } + } t 7 } ~+— + 2
Sec N(R) doesHot acknowledge Pri frame through previous P bif {i.e. through 3); Pri
initiates retransmission.
B.5.3.4) ARM P/F bit recovery with transmission errors in response frames
Pri N{R) does not acknowledge Sec frame through previous F Bit (i.e. through 2); Sec
initiates retransmission.
SARM,P Indefinite 1617 111 121 13,1P 141 15,1 16,2 7,.3P 10,4
Pri xmitd : t:j time - vt + t At —+— y ' ATH /
- e T et R AU UGS SOy SO A PR .
Vi Vi .
UAF 10,0 1/1‘,0/ 12,0F 13,2 14,3 11,4F 12,5 13,6 14,7 15,0 \\
Sec xmitk : == + ——A— } } } —+ 4 1 / —
Retransmitted frames
B.6 Exaniples of changing control mode
B.6.1

B8.6.1.1 Two-way alternate (TWA) transmission NRM to ARM code change

Example A
11,0 12,0P RNR1,P SARMP indefinite ti
Pri xmits - - } { I l ndefinite time
16,3F RR3,F UAF 19,0 11,0
Sec xmits : p— l:l E:l - - 'S 4
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Example B
11,0 12,0P RNROP SARM,P Indefinite time
Pri xmits : — } —
RR3,F RR3,F UA,F 19,0 11,08
Sec xmits : t:l t:j m —a| } —
Example C . :
RNR3,P SARMP Indefinite time
Pri xmits : l| ! t |
11(,0 12,0F RRO,F UAF 10,0 11,0
Sec xmits :  |— e t-_—j [__—_‘j<—-——————a—%f —-
B.6.1.2 Two-way|simultaneous (TWS) transmission NRM to ARM mode change
Examp(eA
Abort * Indefinite.time
12 123 RNR4  SARMP
Pri xmits : —t $ ‘
13,1 14,2 153F RR3,F UAF 10,0 11,0
Sec xmits : = } } r_‘::l: -t } {
Example B
o Itep 12,0 13,0P RNRO,P SARM.P Indefinite time
Pri xmits : 1-H t } —
RR2,F RR4,F RR4.F UA F 10,0 11,0
Sec xmits : — i :
Example C
RR2 RNR3,P SARM.,P indefinite time
Pri xmits : ‘::1
11,0 12,0F RRO,F UAF 10,0 11,6
Sec xmits : i { — e ———|- } —]

B.6.2 Asynchronous response mode (ARM) to norma—,rrgg'me—mode—mﬁw—ehange—

B.6.2.1 Two-way alternate (TWA) transmission ARM to NRM mode change
Example A
11,0 12,0P RNR1,P SNRM.P 10,0 11,06
Pri xmits : — } —] —t—
10,3F RR3,F UAF
Sec xmits : ] t:j L—_—j

* Qptional : Frame may be completed or aborted.
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Example B
11,0 12,0P RNR@,P SNRM,P 10,0 11,0
Pri xmits : k } — l’_‘_—_:l t:j et
RR3,F RR3,F UAF
Sec xmits : t::j t::l t:j
Example C
RNR3,P SNRM,P 19,0 11,0
Pri xmits : ) l—————’ i }——1 }————{————]
f T | E—
11,0 12,0 RRO,F UAF

Sec xmits : ’————i——-—{ t:j t:j

B.6.2.2 Two-way simultaneous (TWS) transmission ARM to NRM mode change

Example A
Abort *
11,2P 12,3 RNRS,P SNRM,P lger 11,0
Pri xmit$ : — — - :’ I::j e
[3,1 14,2F 15,3 RR3,F UAF 10,1 1,2
Sec xmits : — +— t /L‘P‘C:j L_——:I Pt
Example B
1,6p 120 13,0P RNR®,P SNRM,P iooPp 11,0
Pri xmit$ : - { +— m '———-{———2
RR2,F RR4,F RR4,F UA,F 0.1

I
[I
i
T
L

Sec xmil

Example C

Abort *

RR2 RNR3,p SNRM,P Igop 11,0

Pri xmit : — = ] b t———3

] RRO.F UAF 19,1

Mo 12,0 I3,
Sec xmifs : = —+ + j\/\-[:] t:’ —

B.7 Examples of end of operation (general closing procedure)

w

B.7.1 Normal response mode (NRM), two-way alternate (TWA) transmission

00 11,0P RNR2,P
Pri xmits : _—
16,2 I11.2F RR2,F
Sec xmits : i l::!

®  Optional : Frame may be completed or aborted.
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B.7.2 Normal response mode (NRM), two-way simuitaneous (TWS) transmission

19,0pP 11,0 12,1

T Ll Ll

13,2 RNR3P

Pri xmits : }

10,1 I 12,2F
. —

Sec xmits : } t t {

B.7.3 Asynchronous response mode (ARM) two-way alternate (TWA) transmission

RNR2,P

Pri xmits :

e

10,0F

Sec xmits :

11,0

\

Time-out or counting » 15 1" bits *

H—t+——

RRG,F

—

B.7.4 Asynchronous response mode (ARM), two-way simultaneous (TWS) transmission

Ip, 0P

1,0

120 13,1P
1

J
1

Pri xmits . t

Sec xmits :

e

4

12,3

13,4F

—}

RNR4,P

14,4 RR4,F

i
T

Frame unaccepted

S

B.8 Examples of exception recovery procedures
B.8.1 REJ and poll/final bit exception'recovery for TWS operation
B.8.1.1 NRM | TWS with information-frame exception

B.8.1.1.1 REJ rpceived correctly,

REJ1

IP,(DP 110 120 131 41 \ 151 161 17,2 19’3 1.4
Pri xmits : F ! ! ! ¢ i + + + ; >
| 1 '

10,1 11,2/ 12,3 13,4 14,5 11,5 12,6 13,7 14,0’
Sec xmits : } } 4 —+ 4 } } } } i 1)
|4 \ \ l / ™
Retransmissions

* The method of counting 15 binary 1" bits is still subject to further study with respect to possible impact on 1SO 3309.
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