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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the
development of International Standards through technical committees established by the respective organization to deal with
particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other
international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.
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Introduction

This International Standard is a composition of the following HDLC-related International Standard

and approved Amendments:

13239: 1997

Information technology— Telecommunications and information exchange between systems

ISO/IEC 13239:2000(E)
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13239: 1997/DAM1

bchnology— Telecommunications and information exchange between systems
ta link control (HDLC) procedures- Amendment 1: Non-basic frame formats

13239: 1997/DAM2

bchnology— Telecommunications and information exchange between systems
ta link control (HDLC) procedures- Amendment 2: Non-basic frame formats
multiple address fields

13239: 1997/DAM3

bchnology— Telecommunications and information exchangésbetween systems
a link control (HDLC) procedures Amendment 3: Provision fop 8-bit FCS

3239: 1997/DAM4

bchnology— Telecommunications and information exchange between systems
a link control (HDLC) procedures Amendment 4{ krame format field

13239: 1997/DAMS5

bchnology— Telecommunications and-information exchange between systems
a link control (HDLC) procedures Amendment 5: Intra-frame timeout

13239: 1997/DAM6

bchnology— Telecommunications and information exchange between systems
a link control (HDLC) precedures: Amendment 6: Header check sequence

effected by

in terms of frames.

ta link control (HDLC))procedures are designed to permit synchronous or start/stop,
fent data transmission. The normal cycle of the code-transparent data communication
data stations.consists of the transfer of frames containing information from the data
data sink acknowledged by a frame in the opposite direction. Generally, until the data
ising the data source receives an acknowledgement, it holds the original information in

An independent numbering scheme is used for each data source/data sink
combination on the data link.

The acknowledgement function is accomplished by the data sink informing the data source of the
next expected sequence number. This can be done in a separate frame, not containing information,
or within the control field of a frame containing information.

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

© ISO/IEC 2000 — All rights reserved
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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 in unbalanced connection-mode data links and as the control station in
unbalanced connectionless-mode data links, and the frames it transmits are referred to as command
frames. The other data stations on the data link are known as the secondary stations in unbalanced
connection-mode data links and as the tributary stations in unbalanced connectionless-mode data
links, and the frames they transmit are referred to as response frames.

For the transfer of data between the primary/control station and the secondary/tributary stations, two
cases of data link control are considered (see figures A and B). In the first case, the data station

comprising-the-catasourceperforms—aprimaryrcontrot-statrondatatimk-controhfunction and controls
the data station comprising the data sink that is associated with a secondary/ttiputary station data link
control function, by select-type commands.

In the second case, the data station comprising the data sink perfornis'a primary/control station data
link control function and controls the data station comprising the data-source thpt is associated with a
secondary/tributary station data link control function, by poll-type commands.

The information flows from the data source to the data sink, and the acknowl@¢dgements are always
transmitted in the opposite direction.

These two cases of data link control may be combined, so that the data link begcomes capable of two-
way alternate communication, or two-way simultaneeds communication.

. Select/information
Primary/ | Secondary
Control Tributary
station [ station
Acknowledgement
Data source Data sink

Figure A — Unbalanced data link functions (case 1)

) Poll/acknowledgement
Primary/ | Secondary,
Control Tributary
station | : station
Information
Data sink Data source

Figure B— Unbalanced data link functions (case 2)

Balanced data links

A balanced data link involves only two participating data stations. For controll purposes, each data

vi

Stattor-assumes-responsibiityfor-the-organizaton-of-is-date—fow-and-ferunrecoverable data link
level error conditions associated with the transmissions that it originates. Each data station is known
as a combined station in balanced connection-mode data links and as a peer station in balanced
connectionless-mode data links and is capable of transmitting and receiving both command and
response frames.

For the transfer of data between combined/peer stations, the data link control functions illustrated in
figure C are utilized. The data source in each combined/peer station controls the data sink in the
other combined/peer station by the use of select-type commands. The information flows from the
data source to the data sink, and the acknowledgements are always transmitted in the opposite
direction. The poll-type commands may be used by each combined/peer station to solicit
acknowledgements and status responses from the other combined/peer station.

© ISO/IEC 2000 — All rights reserved
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Select/information/acknowledgement/pgl
Combined/ Combined/|
Peer Peer
station |- station
Select/information/acknowledgement/pgtt

Data sink/data source Data sink/data source

Figure C — Balanced data link functions

Data link configurations

HDLC classes of procedures describe methods of data link operation which permit synchronous or

start/stop, cdde-transparent data transmission between data stations in a variety of logical and
physical conflgurations. The classes are defined in a consistent manner within the framework of an
overall HDL{ architecture. One of the purposes of this International Standard is to maintain
maximum cdgmpatibility between the basic types of procedures, unbalanced, balanced and
connectionlegs, as this is particularly desirable for data stations with configurable capability, which
may have thg characteristics of a primary, secondary, combined, control, tributary, or peer station, as

required for

specific instance of communication.

Five fundamgntal classes of procedures (two unbalanced, one balanced, and two connectionless) are

defined hereih.

(as illustrate
switched datd
single primar
end(s) of the
designation "

The unbalang
switched datd
facilities (as i
unbalanced g

The unbalanced classes apply to both point-to-point and multipoint corfigurations
in figure D using the primary/secondary nomenclature) over either dedicated or
transmission facilities. A characteristic of the unbalanced classes.i$-the existence of a
station at one end of the data link plus one or more secondarykstations at the other
Hata link. The primary station alone is responsible for data link mahagement, hence the
nbalanced" classes of procedures.

Primary/ <+—>
Control -— -
station

Secondary; Secondary.
Tributary Tributary
station station
A N

Figure D —£ Unbalanced data link configuration

ed connectiontess class applies to point-to-point configurations over either dedicated or
transmission facilities, or to multipoint configurations over dedicated data transmission
lustratedin figure D using the control/tributary nomenclature). A characteristic of the
onneetionless class is the existence of a single control station at one end of the data link

plus one or

more” tributary stations at the other end(s) of the data link. The control station is

responsible for determining when a tributary station is permitted to send. Neither the control station
nor the tributary station(s) support any form of connection establishment/termination procedures,
flow control procedures, data transfer acknowledgement procedures, or error recorvery procedures,
hence the designation “connectionless” class of procedures.

The balanced class applies to point-to-point configurations (as illustrated in figure E using the
combined nomenclature) over either dedicated or switched data transmission facilities. A
characteristic of the balanced class is the existence of two data stations, called combined stations, on
a logical data link, that may share equally in the responsibility for data link management, hence the
designation "balanced" class of procedures.

© ISO/IEC 2000 — All rights reserved
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Combined/ Combined/
Peer > Peer
station station

A B

Figure E— Balanced data link configuration

The balanced connectionless class applies to point-to-point configurations over either dedicated or
switched data transmission facilities (as illustrated in figure E using the peer nomenclature). A
characteristic of the balanced connectionless class is the existence of two data stations, called peer
aHORS: H—tha e-each+ndepend } ,. ey-ean send. Neither peer
station supports any form of connection establishment/termination procgdures, flow control
procedures, data transfer acknowledgement procedures, or error recovery [procedures, hence the
designation "connectionless" class of procedures.

For each class of procedures, a method of operation is specifiedlin-terms of the capabilities of the
basic repertoire of commands and responses that are found in that.class.

A variety of optional functions are also listed. Procedural descriptions for the use of the optional
functions are defined.

It is recognized that it is possible to construct symmetrical configurations for ¢gperation on a single
data circuit from the unbalanced classes of‘procedures which are defined in this International
Standard. For example, the combination of two unbalanced procedures (with | frame flow as
commands only) in opposite directions/'would create a symmetrical point-to-pgint configuration (as
illustrated in figure F).

Primary Secondary
station station
1 1
Secondary Primary
station station
2 2

Figure F— Symmetrical data link configuration

These HDLC procedures define the exchange identification (XID) command/fesponse frame as an
optional function for exchange of data link information (identification, pargameters, functional
capabllity, efc.). The conient and format for a general purpose XID frame information field is
defined.

These HDLC procedures also specify the parameters and procedures which may be employed by two
data stations to mutually determine the data link layer addresses to be used, prior to logical data link
establishment.

viii © ISO/IEC 2000 — All rights reserved
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Information technology — Telecommunications and information

exchange between systems — High-level data link control (HDLC)
procedures

1 Scope

This Internati
and format of
layer addresy
(HDLC) proce

NOTE— The U
of bits to variod
(e.g., start-stop

bnal Standard specifies the frame structures, the elements of procedures, the classes of\precedur
the general purpose Exchange Identification (XID) frame, and a means for resolution/fegotiation o

in switched environments for data communication systems using bit-oriented Ahigh-level data
dures.

se of the phrase “bit-oriented”, referring to the HDLC control procedures, pertains to theallocation of a non-inte
s subfields used for HDLC control purposes. However, the frame as an entirety mag.be‘constructed from octet-
mode) for transmission purposes.

The frame st
basic frame

within the fratne are also defined. In addition, three frame checking sequences (FCS) are specified; the rules for
extension arg defined; and the addressing conventions available are described.

The elementg of procedures portion specifies elements of data linkscontrol procedures for synchronous or sta
transparent dpta transmission using independent frame numbering.in'both directions.

ucture portion defines the relative positions of the various componenqts of the basic frame format &
rmat. The mechanisms used to achieve bit pattern independence (transparency), where and w

bs, the content
f a data link
link control

gral number
briented units

and the non-
hen required,
address field

t/stop, code-

These HDLC|elements of procedures are defined specifically inderms of the actions that occur on receipt of commands at a

secondary station, a tributary station, a peer station, or a combined station.

This Internatipnal Standard is intended to cover a wide>fange of applications; for example one-way, two-way

two-way sim
different typq
synchronous

The defined
control procs
specification
implementati

The classes
procedures,

For the unba
either the non
balanced clag
point configu

ltaneous data communication between data stations which are usually buffered, including of
bs of data circuits; for example, (multipoint/point-to-point, duplex/half-duplex, switched/non-
start-stop, etc.

blements of procedures are,t0.be considered as a common basis for establishing different type
dures. This International Standard does not define any single system and should not be rg
or a data communication_system. Not all of the commands or responses are required for any part
n.

pf procedures portion describes the HDLC unbalanced classes of procedures, the HDLC balal

dnd the HDLC connectionless classes of procedures for synchronous or start/stop data transmissiory.

plternate or
erations on
switched,

of data link
garded as a
cular system

hced class of

anced classes, the data link consists of a primary station plus one or more secondary stations a
Imal respense mode or the asynchronous response mode in a point-to-point or multipoint configur
S, the data link consists of two combined stations and operates in the asynchronous balanced mod

tributary statid

d operates in
tion. For the
in a point-to-

balanced connectionless cIass the data link consists of two peer stations and operates in the balanced connectlonless mode in
a point-to-point configuration. In each class, a basic repertoire of commands odses is defined, but the capability of
the data link may be modified by the use of optional functions.

Balanced operation is intended for use in circumstances which require equal control at either end of the data link.
Operational requirements are covered in accordance with the overall HDLC architecture.

The content and format of the Exchange Identification (XID) frame portion builds on the fact that the principal use of the
XID frame is to exchange data link information between two or more HDLC stations. For the purpose of this International
Standard, data link information shall include any and all essential operational characteristics such as identification,
authentication and/or selection of optional functions and facilities concerning each station. This International Standard
defines a single-exchange negotiation procedure for establishing operational characteristics when either one or more stations

are capable o
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This International Standard provides a means for exchanging the necessary information to establish, at a minimum, a data
link connection between two correspondents wishing to communicate. It describes a general purpose XID frame information
field content and format for that purpose.

It defines encoding for information related to the basic HDLC standards only. Mechanisms are provided to permit the general
purpose XID frame information field to be used to negotiate private parameters in a single XID exchange simultaneously
with negotiation of the defined basic parameters.

This International Standard does not limit or restrict the use of the XID frame information field from defining other standard
formats for use in specific applications.

are examples of potential uses of the XID command/response frame interchange:

backup applications).

Identification of the calling and called stations when using circuit switched networks (including switched network

The following
a)
b) Identif
c) The X
frame(
d) Negot
suppo
e) Convs
f)  Transr
the op
g) Negot
frame
The means f

stations empl

specific parameter fields, identified below. It is used to select a pairof operational link addresses when preassi

designated a
(including thg
accomplisheq
XID frame ex

NOTE — Addr
complete addrg

2 Normat

The following
International
apply. Howe\
applying the
the normativg
Standards.

ISO/IEC 646
ISO/IEC 238}

cation of stations operating on non-switched networks requiring identification at start-up.

D command frame with an individual, group or all-station address may be used to solicit)XID
5) from other station(s) on the data link, prior to or following data link establishment.

ation of the Frame Check Sequence (FCS) to be used for subsequent information interchange, by
t both 16-bit FCS and 32-bit FCS capabilities.

y higher layer information that may be required prior to data link establishment.

hission of an XID response frame at any respond opportunity to request an*XID exchange to mod
prational parameters (for example, window size) following data link establishment.

ation of the number of protected bits in the frame when an Unnumberé&d Information with Header ¢
s used.

Dr resolution/negotiation of a data link layer address in switched environments portion is applica
pying HDLC balanced classes of procedures which provide the XID command/response capability

ldresses are not known on an a priori basis; e.g., sitched circuited data links. Additional XID frarn
b exchange of operational parameters, command/response support, higher layer information, 4

in conjunction with data link layer address determination or following address determination, with
Changes.

bss resolution procedures for situations wherésthe remote DTE does not support XID frames, the "all-station
Ss support capabilities as defined in clause 8 below are not within the scope of this International Standard.

ve references

normative documents contain provisions which, through reference in this text, constitute provisi
Standard. For dated references, subsequent amendments to, or revisions of, any of these publid
er, parties to agreements based on this International Standard are encouraged to investigate the
nost recent editions)of the normative documents indicated belown&ated references, the latest edi
document referred to applies. Members of ISO and IEC maintain registers of currently valid I
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ISO/IEC 7498-1 : 1994Information technology— Open Systems Interconnection Basic Reference Model: The Basic
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3 Definitions, acronyms and abbreviations

3.1 Definitions
For the purposes of this International Standard, the following definitions apply.

3.1.1

abort

a function invoked by a sending primary, secondary, combined, control, tributary or peer station causing the recipient to
discard (and ignore) all bit sequences transmitted by the sender since the preceding flag sequence

3.1.2

accept
thp Tomgitiom assumed by a data Station (primary, Seconaary, CombiTed; Comrof, tributary or peer Slati@tcaptng a
cqrrectly received frame for processing

313

address field (A)
the sequence of eight (or any multiple of eight, if extended) bits identifying the secondary/Combined ¢r tributary/peer station
sgnding (or designated to receive) the frame

31L4
address field extension
enlarging the address field to include more addressing information

3.0L5
address resolution/negotiation
priocedure for exchanging/determining the data link layer identity of each data link layer entity

316
b3sic status
a pecondary/combined or tributary/peer station's capability to sersteive a frame containing an informgtion field

307
cgntralized control
a fontrol in which all the primary or control station functions of the data link are centralized in one data station

3.8
cgmbined station
thit part of a data station that supports the combined station control functions of the data link

NOTE — The combined statioh generates commands and responses for transmission and interprets received commands and responses
Specific responsibilities.assigned to a combined station include:

a) initializationtef control signal interchange;
b) organizatien of data flow;
c) interpretation of received commands and generation of appropriate responses; and

d) » ‘actions regarding error control and error recovery functions at the data link layer.

3.19

command

in data communication, an instruction represented in the control field of a frame and transmitted by the
primary/combined/control/peer station, which causes the addressed secondary/combined/tributary/peer station to execute a
specific data link control function

3.1.10
command frame
a) All frames transmitted by a primary/control station.

b) Those frames transmitted by a combined/peer station that contain the address of the other combined/peer station.
3.1.11

contention mode
a mode of transmission in which a transmitter can send on its own initiative

© ISO/IEC 2000 — All rights reserved 3
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3.1.12

control escape (CE)

the unique sequence of eight bits (10111110) employed to indicate the following octet has been racddielihg to the
transparency algorithm for start/stop transmission environments

3.1.13
control field (C)
the sequence of eight (or 16/32/64, if extended) bits immediately following the address field of a frame

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

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

b) the receiving primary/combined/control/peer station as a response from the secondary/combined/tributary/peer station, designated

b th alal fialdd t &l
y the gelgress-fieldto-ere-or-rRore-eommeants:

3.1.14
control field ektension
enlarging the|control field to include additional control information

3.1.15
control station
the data statipn that supports the control station control functions of the data link

NOTE — The ¢ontrol station generates command for transmission and interprets received respenses. Specific responsibilities assigned to
the control statjon include:
a) initializption of control signal interchange, and
b) organigation of data flow.

3.1.16
data communjcation
see ISO/IEC p382-9, term 09.01.03

3.1.17
data link
see ISO/IEC p382-9, term 09.04.08

3.1.18
data link conrlection
see ISO/IEC 7498-1 : 1994

3.1.19

data link laye
the conceptugl layer of control or processing logic existing in the hierarchical structure of a data station (primary| secondary,
combined, control, tributary or peer station) that is responsible for maintaining control of the data link

NOTE — The data link layerfunctions provide an interface between the data station higher layer logic and the data link. Thgse functions
include:
a) transpgdrency;
b) addresg/controlfield interpretation;
c) commandireSponse generation, transmission and interpretation; and
d) frame check sequence computation and interpretation.

3.1.20
data transmission
see ISO/IEC 2382-9, term 09.01.02

3.1.21
duplex transmission
see ISO/IEC 2382-9, term 09.03.01

3.1.22

exception condition

the condition assumed by a secondary/combined station w@@ipt of a frame which it caot execute due either to a
transmission error or to an internal processing malfunction

4 © ISO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

3.1.23
flag sequence (F)
the unique sequence of eight bits (01111110) employed to delimit the opening and closing of a frame

3.1.24

format identifier

designator of one of 128 different standardized formats or one of 128 user-defined formats of the Exchange Identification
(XID) frame information field

3.1.25
frame
the sequence of address, control, information, and FCS fields, bracketed by opening and closing flag sequences

NOTE— A valid frame is at least 24 bits in length and contains an address field, a control field and a frame chedk sequence. A frame may
orlmay not include an information field.

3L.26

frame check sequence (FCS)
the field immediately preceding the closing flag sequence of a frame, containing the bit sequence that provides for the
detection of transmission errors by the receiver

3.p.27
frame format identifier
an optional field in non-basic frame format mode that identifies the format-ofthe frame

3..28

group identifier
classifier of data link layer characteristics or parameters by function (for example, address resolution, parameter negotiation,
uger data)

3.[L.29
half-duplex transmission
sde ISO/IEC 2382-9, term 09.03.02

3L.30

header check sequence (HCS)
a pheck sequence using one of the stanhdard 8, 16, or 32 bit polynomials that is computed over the figlds between the opening
fldg sequence and the HCS field

331

HPLC-based protocol
a protocol which is a subset of the elements and classes of procedure and optional functions definefl in the HDLC standard,
and adopted as a standard by ISO or a recognized international standards body (e.g., ITU-T)

3[L.32

higher layer
th conceéptual layer of control or processing logic existing in the hierarchical structure of a data statipn (primary, secondary,
cqmbined, control, tributary or peer station) that is above the data link layer and upon which the pgrformance of data link
layer functions are dependent; for example device control, buffer allocation, station management, etc

3.1.33
information field (INFO)
the sequence of bits, occurring between the last bit of the control field and the first bit of the frame check sequence

NOTE— The information field contents of I, Ul, and UIH frames are not interpreted at the data link layer.
3.1.34

initiating combined station
a station that sends the initial XID command frame as part of the address resolution process

3.1.35

interframe time fill
the sequence or condition transmitted between frames
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3.1.36

intraframe time fill

in start/stop transmission, the sequence or condition transmitted within a frame when the next octet is not available for
contiguous transmission immediately following thegeding octet (For synobinous transmission, there is no provision for
intraframe time fill)

3.1.37
invalid frame
a sequence of bits, following the receipt of an apparent opening flag sequence, that either

a) isterminated by an abort sequence; or

b) contains less than 32 bits before an apparent closing flag sequence is detected

3.1.38
layer paramefer
the specificatjon of data link layer characteristics and parameters, and their values, available or chosen

3.1.39
non-initiating combined station
a station that|waits for the other combined station to send the initial XID command frame as part of the addreds resolution
process

3.1.40
peer station
the data statipn that supports the peer station control functions of the data link

NOTE— The peer station generates commands for transmission and interprets received~commands and responses.

3.1.41
primary station
the data statipn that supports the primary station control functionsof-the data link

NOTE — The grimary station generates commands for transmission@nd interprets received responses. Specific responsibilitles assigned to
the primary stafion include:

a) initializption of control signal interchange;
b) organigation of data flow; and

c) actions|regarding error control and error recavery functions at the data link layer.

3.1.42
primary/secomdary station
the general case where the station may*be either a primary station or a secondary station

3.1.43
private paranieter
an implementation-specifi¢ data link layer parameter not defined in the basic HDLC standards

3.1.44
response
in data commuhication, a reply represented in the control field of a response frame that advises the
primary/combined/control/peer station with respect to the action taken by the secondary/combined/tributary/peer station to
one or more commands

3.1.45
response frame
a) all frames transmitted by a secondary/tributary station

b) those frames transmitted by a combined/peer station that contain the address of the transmitting combined/peer station
3.1.46

secondary station
the data station that executes data link control functions as instructed by the primary station

NOTE— A secondary station interprets received commands and generates responses for transmission.
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3.1.47

secondary station status

the current condition of a secondary station with respect to processing the series of cometand=drfrom the primary
station

3.1.48

single-exchange negotiation procedure

the initiating station indicates its "menu” of capabilities in its command frame, and the responding station indicates its
choices from the menu in its response frame

3.1.49
tributary station
the data station that executes data link control functions as instructed by the control station

NOTE— The tributary station interprets received commands and generates responses for transmission.

3JL.50
two-way alternate data communication
sge ISO/IEC 2382-9, term 09.05.03

w

JL.51
two-way simultaneous data communication
sge ISO/IEC 2382-9, term 09.05.02

3.1.52

unique identifier
a pnique bit/character sequence (for example, global telephone’number, station identification, or eqdiivalent) associated with
egch station

3JL.53
upnumbered commands
the commands that do not contain sequence numbetsin the control field

3.1.54
unnumbered responses
thle responses that do not contain sequence numbers in the control field

3[L.55
uger data
the information obtained from ordelivered to the user of the data link layer

3|2 Acronyms and abbreviations
The following acronyms and abbreviations are used commonly throughout this International Standard,.

\ Address field

\BM Asynchronous Balanced Mode
ADM Asynchronous Disconnected Mode
ARM Asynchronous Response Mode

Binary encoded

BCM Balanced Connectionless Mode
C Control field

CE Control Escape

C/IR Command/Response

F Flag sequence

F Final bit

FI Format Identifier

DC1 Device Control One

DC3 Device Control Three

DCE Data Circuit-terminating Equipment
DISC Disconnect

DM Disconnected Mode

DTE Data Terminal Equipment
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FCS
FRMR
Gl

GL
HCS
HDLC

IEC
IM
INFO
ISO
ITU-T
LAPB
LSB

MSB
MT1
MT2
MT3
MW
MX

N(S)
N(R)
NA

NDM
NRM

P/F
PI
PL
Pri
PV
RD
REJ
RIM
RNR
RR
RSET

SABM
SABME
SARM
SARME
SBDPT
SD
Sec
SIM
SM
SNRM
SNRME
SREJ
TBD
TEST
TR
TWA
TWS

UA
UAC
uUcCcC
UCM
Ul

bit Encoded

Frame Check Sequence

FRaMe Reject

Group ldentifier

Group Length

Header Check Sequence

High-level Data Link Control

Information frame

International Electrotechnical Commission
Initialization Mode

INFOrmation field

International Organization for Standardization

International Telecommunications Unier Telecommunication Standardization Sector

LMKATTESS PTOCE0Ure Batanced
Least Significant Bit

NModifier function bit

Most Significant Bit

Multilink lost frame Timer 1
Multilink group busy Timer 2
Multilink reset confirmation Timer 3
Multilink Window size

Nlultilink guard region window size
Number of octets

Bend sequence Number

Receive sequence Number

Not Applicable

Normal Disconnected Mode
Normal Response Mode

Poll bit

Poll/Final bit

Parameter Identifier

Parameter Length

Primary

Parameter Value

Request Disconnect

REJect

Request Initialization Mode

Receive Not Ready

Receive Ready

ReSET

Bupervisory frame

Supervisory function bit

$et Asynchronous Balanced Mode
$et Asynchronous(Balanced Mode Extended
bet Asynchronous Response Mode
Bet Asynchrgnous Response Mode Extended
Seven-Bit Data Path Transparency
Bystem«Pefined

Secondary

$et\pitialization Mode

etivtode
Set Normal Response Mode
Set Normal Response Mode Extended
Selective REJect
To Be Determined
TEST
Technical Report
Two-Way Alternate
Two-Way Simultaneous
Unnumbered frame
Unnumbered Acknowledgement
Unbalanced operation Asynchronous response mode Class
Unbalanced operation Connectionless-mode Class
Unbalanced Connectionless Mode
Unnumbered Information
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UIH Unnumbered Information with Header check

UNC Unbalanced operation Normal response mode Class
UP Unnumbered Poll

V(S) Send state Variable

V(R) Receive state Variable

XID eXchange IDentification

XOFF Transmitter OFF

XON Transmitter ON

4 HDLC frame structure

In HDLC, all transmissions are in frames. Frames may be either in basic frame format or in non-basic frame format. Neither
the basic nor the non-basic frame format structure includes bits inserted for bit-synchronization (i.e., start or stop elements

Basic and non-basic frame formats can not be used simultaneously on the same media. Se€ Clquse 7.5 for the rules for
nggotiating from the basic frame format to the non-basic frame format. However, it is possible.for different format types of
the non-basic frame to exist simultaneously on the same media.

4|1 Frame formats

41.1 Basic frame format

Eqch frame using the basic frame format consists of the following fields (transmission sequence left tq right):
Flag Address [ Control Info. FCS Flag
01111110 8 bits 8 bits * 16 bits 0111111p

*

A\n unspecified number of bits which in some cases may be a multiple of a particular character size; for example, an octet.
where

Flag = flag sequence

Address = data station address field
Control = control field

Information = information field

FCS = frame checking sequence field

Ffames containing only control sequences form a special case where there is no information fiell. The format for these
frames shall be

Flag Address [ Control FCS Flag
01111110 8 bits 8 bits 16 bits 0111111p

1.2 Non-basic frameformat

frame using thetnon-basic frame format does not follow the structure of 4.1.1 in one or more ways. for example, a frame
uging a non-basic frame format

> B

e instead of having only one address field, has more than one address field (see 4.2.2); or

e  instead of an address field consisting of a single octet, has an extended address field consisting of one or more octets
(see 4.7.1 and 6.15.7); or

e instead of a basic control field consisting of a single octet, has an extended control field of more than one octet (see
4.7.2 and 6.15.10); or

e instead of a 16-bit FCS, has an 8-bit FCS (see 4.2.5.4 and 6.15.14.2) or a 32-bit FCS (see 4.2.5.3 and 6.15.14.1); or
e instead of being transmitted in synchronous mode, is sent in start/stop mode (see 4 and 6.15.15); or

e instead of having an address field follow the opening flag sequence, has a frame format field following the opening
flag sequence; or

e instead of having the information field follow the control field, there may be a header check sequence following the
control field.
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4.2 Eleme

nts of the frame

4.2.1 Flag sequence
All frames shall start and end with the flag sequence. All data stations which are attached to the data link shall continuously
hunt for this sequence. Thus, the flag is used for frame synchronization. A single flag may be used as both the closing flag for
one frame and the opening flag for the next frame.

4.2.2 Address field(s)

Frames using the basic frame format shall have one address field immediately following the opening flag. Frames using the
non-basic frame format may have more than one address field. When more than one address field is used, they shall be

present in the

frame in a consecutive manner.

In command frames, the address(es) shall identify the data station(s) for which the command is intended. In response frames,

the address 4

4.2.3 Contrd

The control f
control field s

a) tocon
b) tocon
4.2.4 Inform

Information nf
octets, but, if

For start/stop
information fi
octet. The mq

4.2.5 Frame

4.25.1 Gen

Three frame
32-bit frame (
for use by pri
overhead of
agreement in

Unless other
flag, the FC9
(start/stop trg
designated p
designated
(synchronoug
of the frame Q

hall identify the data station from which the response originated.

| field

eld indicates the type of commands or responses, and contains sequence numbers{where ap
nall be used

ey a command to the addressed data station(s) to perform a particular operationpor

ey a response to such a command from the addressed data station.

Ation field

ay be any sequence of bits. In most cases it will be linked to a cenvenient character structure,
required, it may be an unspecified number of bits and unrelated to-a.character structure.

transmission there shall be eight (8) information bits between the start element and the stop el
bld is other than a multiple of 8 bits, the final remainder less'than an octet will require pad bits to co
thod of providing and unambiguously identifying the pad bits is not a subject of this International St

checking sequencing (FCS) field

pral

Checking sequences are specified; an 8-bit-frame checking sequence, a 16-bit frame checking se
hecking sequence. The 16-bit frame chegking sequence is normally used. The 8-bit frame checkin
br agreement in those cases where short frames are used such that the protection afforded is adeq
b longer frame checking sequenceiis’ of concern. The 32-bit frame checking sequence is for

those cases that need a higher degree of protection than can be provided by the 16-bit frame chech

ise noted, the frame checking sequence is calculated for the entire length of the frame, excluding
, any start and stop elements (start/stop transmission), and any bits (synchronous transmissi
nsmission) inserted forttansparency. In those instances noted where the FCS is calculated over
brtion of the entire frame, the calculation shall begin immediately after the opening flag and contin
ortion of the entire) frame, excluding any start and stop elements (start/stop transmission), §
transmission).oroctets (start/stop transmission) inserted for transparency. The length of the desig
eing protected-by the FCS checking mechanism is determined by negotiation or known by a priori K

applications show that other degrees of protection are needed, different numbers of bits in the FCS will be

bropriate. The

for example

Pement. If the
mplete the
hndard.

guence, and a
) sequence is
Llate and/or the
Lise by prior
ing sequence.

the opening
bn) or octets
an agreed to,
Le, over the
nd any bits
nated portion
nowledge.

pecified, but

bed@n integral number of octets.

NOTES
1.  If futurg
they wi
2.

Explanatory notes on the implementation of the frame checking sequence are given in Annex A.

format field.

4.25.2 16-b

it frame checking sequence

The 16-bit FCS shall be the ones complement of the sum (modulo 2) of

a)

Xk(XlS

the remainder of

+Xl4+xl3+X12+Xll+XlO+X9+X8+X7+X6+X5+X4+X3+X2+X+1)

divided (modulo 2) by the generator polynomial

X16 + Xl

2455+ 1,

wherek is the number of bits being protected by the FCS and

10
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b) the remainder of the division (modulo 2) by the generator polynomial
X16+X12+X5+ 1
of the product oik'® by the content of thé& bits being protected.

As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder of the
division is preset to all ones and is then modified by division by the generator polynomial (as described above) of the
address, control and any remaining bits of the designkteids being protected; the ones complement of the resulting
remainder is transmitted as the 16-bit FCS.

At the receiver, the initial content of the register of the device computing the remainder is preset to all ones. The final
remainder after multiplication by*® and then division (modulo 2) by the generator polynomial

X16+X12+X5+1

of|the serial incoming protected bits and the FCS will be

0001 1101 0000 1111x{ throughx’, respectively) in the absence of transmission errors.

4.p.5.3 32-bit frame checking sequence
The 32-bit FCS shall be the ones complement of the sum (modulo 2) of

a) theremainder of

Xk(X31+X30+X29+X28+X27+X26+X25+X24+X23+X22+X21+X20+X19+X18+X17+Xl6+X15+X14+)<13+X12+X11+
X0+ x4+ X + X+ +x + 3+ + x + 1)

divided (modulo 2) by the generator polynomial
X230+ )B4+ X X2 X+ X040+ X+ + X+ HRY L,
wherek is the number of bits being protected by the FCSand

b) the remainder of the division (modulo 2) by the generator polynomial
X204 )B4 %+ X X4 X+ X048 + X R X+ x4+ 1
of the product o&*? by the content of thé& bits(being protected.

As a typical implementation, at the transmitter,‘the initial content of the register of the device computing the remainder of the
diyision is preset to all ones and is then madified by division by the generator polynomial (as dgscribed above) of the
address, control and any remaining bits of the designkteis being protected; the ones complemgnt of the resulting

remainder is transmitted as the 32-bit RES.

Af the receiver, the initial content.of the register of the device computing the remainder is preset| to all ones. The final
refnainder after multiplication %*s'and then division (modulo 2) by the generator polynomial

430+ 33 47+ X0 4 x84+ x4+ X048 + X+ + X + X +x+1
offthe serial incoming. protected bits and the FCS will be
1100 0111 0000%0I00 1101 1101 0111 10%£%# throughx’, respectively) in the absence of transmiss|on errors.

4p.5.4 8-hitframe checking sequence
The 8-bif'FCS shall be the ones complement of the sum (modulo 2) of

a)\ the remainder of

XX +X+X+X +X+x+x+ 1)

divided (modulo 2) by the generator polynomial
X+ +x+1,

wherek is the number of bits in the frame existing between, but not including, the final bit of the opening flag and the first
bit of the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous transmission) and
octets (start/stop transmission) inserted for transparency, and

b) the remainder of the division (modulo 2) by the generator polynomial
X+xe+x+1

of the product o5& by the content of the frame existing between, but not including, the final bit of the opening flag
and the first bit of the FCS, excluding start and stop elements (start/stop transmission), and bits (synchronous
transmission) and octets (start/stop transmission) inserted for transparency.
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As a typical implementation, at the transmitter, the initial content of the register of the device computing the remainder of the
division is preset to all ones and is then modified by division by the generator polynomial (as described above) of the
address, control and information fields; the ones complement of the resulting remainder is transmitted as the 8-bit FCS.

At the receiver, the initial content of the register of the device computing the remainder is preset to all ones. The final
remainder after multiplication by’ and then division (modulo 2) by the generator polynomial

R+ +x+1

of the serial incoming protected bits and the FCS, will be “1111 003 "tffroughx’, respectively) in the absence of
transmission errors.

4.2.6 Header check sequence (HCS) field
The HCS field, if present, follows the control field and is either 8, 16, or 32 bits long. This check sequence is applied to only

the header, i.E.

or 32 bit che
the definition
the same pol

Frames that
not contain a

4.3 Transj

4.3.1 Synch

The transmitf
fields, as well
"1" bits (inclu
frame conten

4.3.2 Start/g

Two levels of
transparency

shall always be performed. SBDPT is an option, use or non=use of which is selected for a given data link by me

the scope of {

g seq q - he y be 4
k sequences defined for the HDLC frame check sequence in 4.2.5. The choice of HCS is detertin
of the frame format and distinguished by the format type subfield in the frame format field. The-HG
nomial as the FCS and thus will have the same length.

o not have an information field or have an empty information field, e.g., as with some’supervisory
HCS and FCS, only an FCS.

harency

onous transmission

er shall examine the frame content between the two flag sequencesS.including the address, con
as the frame format and HCS fields, when present, and shall insert.a "0" bit after all sequences of
Hing the last 5 bits of the FCS) to ensure that a flag sequenceis not simulated. The receiver shall
and shall discard any "0" bit which directly follows 5 contiguous "1" bits.

top transmission - basic transparency

transparency processing are specified for use with Start/stop mode transmission. These are sever
(SBDPT), specified in 4.3.2.1; and control-octet-transparency, specified in 4.3.2.2. Control-octet

his International Standard (e.g., a priori knowledge, bilateral agreement, heuristic implementation tg

ny of the 8, 16,
ed as part of
S will use

frames, do

frol and FCS
b contiguous
examine the

-bit data path
ransparency
bans outside
chniques).

o FCS field
follows, and

4.3.2.1 Sevegn-bit data path transparency
When SBDPT is selected, the content of each frame, from address field or frame format field, when present, {
inclusive, shdll be transferred between sendef and receiver as a frame-image derived from the original frame as
as indicated ip figure 1.
Original
Frame Addressl I FCS |
. 7 octets ] 7 octets | | l n <=7 octets |
s N | 12345678 ]
Original - : -
egment : ; :
s [ S I I T | | -]
| | I L
Image ; ' # ; ; ; ; ; # ; ' ; -
Segment :0 :0 :0 :0 :0 :0 :0 0 :0 : 0 ::000000|
Frame 8 octets [ " goctets | | | n+loctets |
Image |

Figure 1 — Original frame to frame-image transition

The sequence of octets making up the frame content is considered as divided into a sequence of contiguous seven-octet
segments, with possibly a final segment having length between one and six octets inclusive. These segments are referred to as
"original segments."

12
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The frame-image consists of a sequence of image segments defined, in one-to-one correspondence with the original
segments, as follows:

a) image segments occur in the same order as the corresponding original segments;
b) eachimage segment is one octet longer than its original segment;

c) the first part of each image segment is a copy of its original segment, but with the most significant bit (MSB) of each
octet set to zero;

d) the remaining, final, octet of each image segment has its least significant bit (LSB) set to the value of the MSB of the
last octet of the original segment, its next to least significant bit set to the value of the MSB of the next to last octet (if
any) of the original segment, and so on;

e) in the final octet of each image segment, all higher order bits for which no porrdmg octet exists in the original

+ e
STYUNICTIN AIT oTLU U ZTTU.

NPTE 1— At the transmitter, the final octet of each image segment can be generated by shifting left the MSB,of|each octet in the original
sggment, in sequence, into an initially zero octet: this achieves the correct bit-positioning both for complete seven-octet segments and any
sHort segment at the end of the frame.

NOTE 2— The MSB of each image-segment octet is defined as zero only for uniqueness of thesmapping: becapise its value is known and
plfys no part in the reconstruction of the original segment at the receiver, it need not actually.bé transferred hacross data paths that, for
eXample, force parity setting of the MSB of each octet.

4.8.2.2 Control-octet transparency

The following transparency mechanism shall be applied to each frame-image: a frame-image is as|defined in 4.3.2.1 when
SBDPT is selected, and otherwise is identical to the frame content from-address field or frame format field, when present, to
FCS field inclusive.

The control escape octet is a transparency identifier that identifies an octet occurring within a frame|to which the following
transparency procedure is applied. The encoding of the control escape octet is:

1 2 3 45678 Bit position in octet
101 1 1 110

Low order bit, first bit
transmitted/received

The transmitter shall examine the frame-image between the opening and closing flag sequence$ including the address,
cqntrol, and FCS fields, as well as the frame format and HCS fields, when present, and, following fompletion of the FCS
cdlculation, shall:

a) Upon the occurrence of the flag or a control escape octet, complement the 6th bit of the octet, pnd
b) Insert a control escape octet immediately preceding the octet resulting from the above prior to fransmission.

T:l\e receiver shall examine the frame-image between the two flag octets andipballeceipt of a control escape octet and
or to FCS calculatioh:

a) Discardthe'control escape octet, and
b) Restore the immediately following octet by complementing its 6th bit.

NOTE-L- Other octet values may optionally be included in the transparency procedure by the transmitter. Such irclusion shall be subject to
prlor‘system/application agreement.

4.3.3 Start/stop transmission - extended transparency

When necessary and by prior agreement between the stations, the transmitter may apply the above transparency procedure
(4.3.2) to octets in the groups defined below, in addition to the flag and control escape octets.

4.3.3.1 Flow-control transparency

The flow-control transparency option provides transparency processing for the DC1/XON and DC3/XOFF control characters
defined in ISO/IEC 646 (i.e., 1000100x and 1100100x, respectively, where "x" may be either "0" or "1"). This has the effect
of assuring that the octet stream does not contain values which could be interpreted by intermediate equipment as flow
control characters (regardless of parity).

4.3.3.2 Control-character octet transparency

The control-character octet transparency option provides transparency processing for all octets in which both the 6th and 7th
bits are "0" (i.e., xxxxx00x, where "x" may be either "0" or "1") as well as for the DELETE character octei (il 111X,
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where "x" may be either "0" or "1"). This has the effect of assuring that the octet stream does not contain values which could
be interpreted by intermediate equipment as the control characters or DELETE character defined by ISO/IEC 646 (regardless
of parity).

4.3.4 Non-basic frame format transparency

When using the non-basic frame format with the frame format field, the length subfield obviates the need for the bit or octet
insertion methods to achieve transparency. This capability is selected by the use of Option 24 described in 6.15.24. The use
of the frame format field may be established by a priori agreement or may be selected with the XID or set mode using a
negotiation procedure specified in 7.

4.4 Transmission considerations

of bit transmissian

4.4.1 Order

Addresses, ¢

bmmands, responses, sequence numbers, frame formats, and data link layer information within.info

rmation fields

shall be trangmitted low-order bit first (for example, the first bit of the sequence number that is transmitted-shall have the
weight 2).
The order of fransmitting user data bits within the information field is not specified in this International-Standard.
The FCS and|HCS, when present, shall be transmitted to the line commencing with the coefficientof the highest ferm.
4.4.2 Start/gtop transmission
For start/stof transmission, each octet (whether part of the frame structure or inserted by the transparency procedure) is
delimited by g start element and a stop element. Mark-hold (continuous logical 1 cendition) is used for inter-octef time fill, if
required. Typ|cal octet transmission is as shown in figure 2.
octet n octet n+1 octet n+2
Lofofofo]ofo]ofo]ofs] Lofoe]efo]ofofolufifoo[o]efo]ofo]ofo]s] oo
Octet data bit(9,or 1)
Mark-hold (continuous marking condition) as required
Stop element (logical 1; marking condition)
Data bits'(low order first transmitted)
Startelement (logical 0; spacing condition)
Figure 2— Typical octet transmission for start/stop transmission
4.5 Inter-frame time fill
4.5.1 Synchfonous transmission
Inter-frame time fill shall be agcomplished by transmitting either carttigs flags or seven to fourteen contiguous "1" bits, or

a combinatio

Selection of t

4.5.2 Start/g

of both.

ne inter-frame time fill method depends on systems requirements.

Inter-frame ti

top’transmission

flags, or a combination of both.

4.6

Invalid frame

4.6.1 Synchronous transmission

An invalid frame is defined as one that is not properly bounded by two flags or one which is too short (that is, shorter than 24
bits between flags when using the 8-bit FCS, shorter than 32 bits between flags when using the 16-bit FCS, and shorter than
48 hits between flags when using the 32-bit FCS). Invalid frames shall be ignored. Thus, a frame which ends with an all "1"

bit sequence

As an exampl

14

of length equal to or greater than seven bits shall be ignored.

e, one method of aborting a frame would be to transmit 8 contiguous "1" bits.

© ISO/IEC 2000 —
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4.6.2 Start/stop transmission

An invalid frame is defined as one that is not properly bounded by two flags or one that is too short (that is, shorter than 3
octets between flags when using the 8-bit FCS, shorter than four octets between flags when using the 16-bit FCS, and shorter
than six octets between flags when using the 32-bit FCS, excluding octets inserted for transparency), or one in which octet
framing is violated (i.e., a "0" bit occurs where a stop element is expected), or one that ends with a control escape-closing
flag sequence. Invalid frames shall be ignored.

4.6.3 Start/stop transmission intra-frame time-out recovery

The intra-frame timeout for start/stop transmission is an optional timeout used for recovering from situations in which
excessive periods of time elapse between transmitted octets within a frame. This time-out function (or equivalent) only
applies to a frame that is being received. The time-out function (or equivalent) is started once the stop bit of an octet is
detected and stopped upateipt of the start bit of the next octet or when the time-out function (or equivalent) runs out. The
duration of the time-out function (or equivalent) normally will be well within 1 second.

f

4

4.
A
H
ed
fig
e

W

one address octet is being used. The use of address extension thusTestricts the range of single octet

4.

The control field may be extended by one or more octets, The extension methods and the bit patterr

e

4

4.

The following conventions shall apply:in.the assignment of addresses of data stations for which comni

B.2 All-station address

!

he time-out function (or equivalent) runs out, the data stream is scanned for the next opening flag's|

7 Extensions
7.1 Extended address field

single octet address field shall normally be used and all 256 combinations shall be available.

ch address octet which would then be set to binary zero to indicate that the following octet is an 4
Id. The format of the extended octet(s) shall be the same as that of the first\octet. Thus, the addresq
tended. The last octet of an address field is indicted by setting the low-order bit to binary one.

hen extension is used, the presence of a binary "1" in the first transmitted bit of the first address

7.2 Extended control field
sponses are defined in 5.3 and 5.5.

8 Addressing conventions

B.1 General

e address field bit pattern 11411111 is defined as the all-station address.

e all-station address shall only be used with command frames, and it shall instruct all receiving da
tion the associated'command frame. Any response to a command with the all-station address s
Hividual address of.the data station transmitting the response.

4.

e all-statiop-address may be used for all-station polling. When there is more than one receiving

equence.

bwever, by prior agreement, the address field range can be extended by reserving the first transitted bit (low-order) of

xtension of the address
field may be recursively

ctet indicates that only
addresses to 128.

s for the commands and

ands are intended.

a stations to accept and
hall contain the assigned

lata station for which a
th one another.

beified in this International

8.3 No-station address

) of data station(s) when

The bit pattern 00000000 in the first octet of the extended or non-extended address field is defined as the no-station address.

The no-station address shall never be assigned to a data station.

The no-station address may be used for testing when it is intended that no data station reactol tes. frame containing

th

4.

e no-station address.

8.4 Group addresses

In addition to an individual assigned address, one or more data stations may be assigned one or more group addresses. A
group address may be used, for example, for

© ISO/IEC 2000 —

a) transmitting a frame simultaneously to the assigned group of data stations, or
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b) polling the assigned group of data stations.

Any address field bit pattern, except the all-station address, the no-station address and any individual address already
assigned, may be assigned as a group address.

A group address may be used for group polling. When there is more than one data station for which a command with a group
address is intended, any responses from these data stations shall not interfere with one another.

NOTE— The mechanism used to avoid overlapping responses to a poll using a group address is not specified in this International Standard.

4.9 Frame format field

This optional field is present only when using the non-basic frame format. When present, it follows the opening flag
sequence.

The frame foy s referred to

as the format{type subfield, the segmentation subfield and the frame length subfield. The format of the framé fofmat field is
as follows:

Table 1— Frame format field structures
TYPEO
MSB LSB

Format FRAME LENGTH
TYPE

1 bit 7 bits

TYPES 1 through 7
MSB LSB

Format FRAME LENGTH & optional
TYPE Segmentatiafysubfield

4 bits 12'bits

TYPE 8
MSB LSB

Format 000 FRAME LENGTH & optional Segmentation
TYPE subfield

8 bits 3. bits 13 bits

Table.2=- Frame format field encodings

MSB LSB

Typeo | of L] Rl ] L] L]L]L LSB

Typel| 1] ONO[ O * Lf L] L) L] L L]JLJL|[LJL]|L

Type2 | 1470 Of 1) * Lf L] L) L] L]L]JLJL|{L]JL]L

Type3 [e1]~0] 1] Of * L) L] Lf L] L] L]JL{LJL]JL]JL

Typed 1] O 1f 1) * Lf L] L) L] L L]JLJL|fL]JL]L

TypeS | 1] 1) O] Of * L) L} Lf L L] L]JL{LJL]JL]JL

Type6| 1] 1] Of 1) * Lf L] L) L] LL]JLJL|{L]JL]L

Type7 | 1| 1] 1 Of * L) L} Lf L] L] L]JL{LJL]JL]JL LSB

Hxpahded, Typed 1 L L h b b lofofofofo* Lt W L L L L LT T LT

L - Length subfield
* - Optional Segmentation subfield

Note 1— Specific frame formats are specified in Annex H. As requirements for new frame formats arise Annex H should be
amended to include them. Otherwise, all values of the format type subfield are reserved for future standardization.

Note 2— Some frame format types may use the segmentation subfield. The use of this subfield must be specified as part of
its definition. If it is used, it reduces the length of the frame length subfield by one bit.

In the event that a ninth frame format type is needed (i.e., format type 8), then the frame format field is expanded to a three
octet field where the four most significant bits of the first octet, starting with the MSB of the field, are all ones (1). The
format type subfield is expanded to 8 bits. The 3 most significant bits of the second octet are set to “000”.
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4.9.1 Format type subfield

A MSB value of “0” in the frame format field designates it as the one-bit format type subfield, and further implies that the
frame format field is a one-octet field. A MSB value of “1” in the frame format field with the first four bits of the frame
format field not equal to “1111” designates the frame field as a two-octet field, the four most significant bits of which are the
format type subfield. A MSB value of “1” in the frame format field with the first four bits of the frame format field equal to
“1111” designates the frame format as a three-octet field, the most significant octet of which is the format type subfield. The
frame format field may be extended in this manner if the need arises. The encodings of the types are shown above.

4.9.2 Frame length subfield

If the MSB of the frame format field is “0”, then the frame length subfield is the next 7 bits. If the MSB of the frame format
field is “1” and the four most significant bits are not “1111", then the frame length subfield is the last 12 bits (11 if the
optronal segmentatron subfield is used) If the MSB of the frame format field is “1” and the four most significant bits are
hen-the optional-segmen used). (The definition of
b have an 11 bit, 12 bit,

The value of the frame length subfield is the count of octets in the frame excluding the opening and [closing flag sequences.
The value of the frame length subfield does not included any bits inserted for transparency=“A frame |ength subfield value of
is @ means of indicating a frame abort. A frame length subfield value of “1”, “2", *3"| or “4” shall e interpreted as an

inyalid frame.

The frame length subfield allows the use of the bit or octet insertion methods for/transparency to b¢ avoided, if so desired
(see 6.15.24).

4.3 Segmentation subfield

The segmentation subfield of 1 bit follows the format type subfield<and if present reduces the length subfield by one bit.
When the segmentation field is present, the field is used as follows:

1) All DLSDUs transmitted shall have the segmentatiomalgorithm applied. The algorithm shall je applied to DLSDUs
which fit in a single HDLC frame or those which must be transmitted as a sequence of HDLC frames.

2) The final HDLC frame of a DLSDU shall be sentwith segmentation subfield set to 0.

3) When DLSDUs must be transmitted in multiple HDLC frames, all except the final HDLC framg of the DLSDU shall
be sent with their segmentation subfield setto 1.

4) The HDLC window sequence numbers guarantee that all segments arecsnetd in order and that lost segments
can be detected.

5| HDLC elements of procedures

5|1 Data link channel.states
5[..1 Active data link €ehannel state

5[.1.1 General

Aldata link ghannel is in an active state when the primary/control station, a secondary/tributary statlon or a combined/peer
stption is_actively transmitting a frame, a single abort sequence, or interframe time fill. In the acfive state, the right to
cgntinye transmission shall be reserved.

5 112 _Abhaort
SETETETYDOTT

5.1.1.2.1 Synchronous transmission

Aborting a frame shall be accomplished by transmitting at least seven gon#ig'1" bits (with no inserted "0" bits) to end
the frame. Receipt of seven contimus "1" bits shall be interpreted as an abort and éeeiving data station shall ignore the
frame.

NOTE — If more than seven "1" bits are sent to abort, care should be taken because if 15 or more "1" bits are sent, including those already
transmitted at the time of the decision to abort, an idle data link channel state will result.

5.1.1.2.2 Start/stop transmission

Aborting a frame shall be accomplished by transmitting the two-octet sequence "control escape-closing flag". Receipt of this
sequence shall be interpreted as an abort and the receiving data station shall ignore the frame.

© ISO/IEC 2000 — All rights reserved 17
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5.1.1.3 Interframe time fill
5.1.1.3.1 Synchronous transmission
Interframe time fill shall be accomplished by transmitting comtigs flags between frames.

5.1.1.3.2 Start/stop transmission

Interframe time fill shall be accomplished by the transmission of either mootis flags or marking condition (logical "1"
state) between frames. Selection of the interframe time fill method depends on systems requirements.

5.1.1.4 Intraframe time fill

5.1.1.4.1 Synchronous transmission
There is no provision for time fill within a frame.

5.1.1.4.2 Stgrt/stop transmission
Inter-octet time fill within a frame shall be accomplished by transmitting coatiis mark-hold condition (logical-'1" sfate).
There is no pfovision for time fill within an octet (i.e., between the start element and stop element).

NOTE— A recgiving station may choose to operate a system-defined time-out function for the purpose of determining excessive inter-octet
time fill within g frame. This time-out function, if used, is started when inter-octet time fill is first detected and_is stopped (reset) when the

mark-hold condlition ceases. Actions to be followed upon expiration of the time-out function (e.g., discarding“of octets of the frgme received
thus far) are bgyond the scope of the International Standard.

5.1.2 Idle ddta link channel state

5.1.2.1 Synghronous transmission

A data link cll:annel is in an idle state when a continuous "1" state is detected that has persisted for at least L5 bit times;
detection of the idle state at the data link layer shall be considered to indicate that the remote data station has relinquished its
right to continue transmission.

5.1.2.2 Star{/stop transmission

A data link chlannel is in the idle state when a continuous mark-hold condition persists for the period of time detefmined by a
system-specified time-out function. The duration of this timerfis-not a subject of this International Standard.

5.2 Modeq
Three operatipnal modes and three non-operational modes are defined.

5.2.1 Operational modes
The three opgrational modes are:

a) normal response mode (NRM),
b) async:[ronous responsemode (ARM); and

c) asynchronous balanced*mode (ABM).

5.2.1.1 Normal response mode (NRM)

In NRM, whigh is @n,'unbalanced data link operational mode, the secondary station shall initiate transmission|only as the
result of recejvifig explicit permission to do so from the primary station. After receiving permission, tiredaeg stafion

shall initiate response transmission—The response transmission-shall consist of one or more frames while intaining 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 until explicit permission is again
received from the primary station.

5.2.1.2 Asynchronous response mode (ARM)

In ARM, which is an unbalanced data link operational mode, the secondary station may initiate transmission without
receiving explicit permission to do so from the primary station. Such an asymohs transmission may contain single or
multiple frames and shall be used for information field transfer and/or to indicate status changes in the secondary 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).
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5.2.1.3 Asynchronous balanced mode (ABM)

In ABM, which is a balanced data link operational mode, either combined station may send commands at any time and may
initiate response frame transmission withoegeiving explicit permission to do so from the other combined station. Such an

asynchronous transmission may contain single or multiple frames 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).

5.2.2 Non-operational modes
The three non-operational modes are:

a) normal disconnected mode (NDM);
b) asynchronous disconnected mode (ADM); and
C) _nialization mode (IM).

The disconnected modes (NDM and ADM) differ from the operational modes in that the seeondary/combined station is

lo
in
is

pically disconnected from the data link; i.e., no information (I) or supervisory frames ar€ transm
tialization mode (IM) differs from the operational modes in that the secondary/combined station da
either in need of regeneration or is in need of an exchange of the parameters to be used)in an oper

tted or accepted. The
a link control program
htional mode.

These two disconnected modes (NDM and ADM) are provided to prevent a secondary/combined station from appearing on

th

A
di
Cq

secondary station shall be system predefined as to the condition(s) that causes it to assume a
sconnected mode (NDM or ADM) shall also be system predéfined. A combined station shall be syst
ndition(s) that causes it to assume the asynchronous dis€annected mode (ADM).

The secondary station capability in a disconnected made shall be limited to:

a) accepting and rpsnding to one of several appropriate mode-setting commands [set normal re
set asynchronous response mode (SARM), 'set normal response mode extended (SNRME), s
mode extended (SARME), set mode (SM) or set mode (SM) with the mode in the optional infg
as normal response mode or asynchr@nous response mode, set initialization mode (SIM), and

b) accepting and resnding to an exehange identification (XID) command;

c) accepting and reending to axtest (TEST) command;

d) accepting and resndingto.an unnumbered poll (UP) command;

e) transmitting a disconnected mode (DM), request initialization mode (RIM), exchange identifica
disconnect (RD) response frame at a respond opportunity to solicit a specific action on the par

f) accepting aminnumbered information (Ul) command; and

g) transmitting'a Ul response at a respond opportunity.

a9
a9

e capability,of a combined station, as a receiver of commands, in the asgocisrdisconnected mode,
that stated above for a secondary station [appropriate mode setting commands for a combine
ynchrorous balanced mode (SABM), set asynchronous balanced mode extended (SABME), set m

bperation could cause:

n combined stations; or

e data link in a fully operational mode during unusual situations or exception conditions since such

a) unintended contention in ARM;

b) sequence number mismatch between the primary station and the.secondary station, or betwegd

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

disconnected mode. The
lem predefined as to the

sponse mode (SNRM),

bt asynchronous response
rmation field selected
disconnect (DISC)];

tion (XID), or request
of the primary station;

shall be the same

d station include the set
bde (SM) or SM with the
In addition, since the

nit an appropriate mode

A secondary/combined station in a disconnected mode (NDM or ADM) shall, as a minimum capability, be capable of
generating the DM response with the F bit set to "1" in response to a command &eeneed with the P bit set to "1".

A secondary/combined station in a disconnected mode (NDM or ADddgiving a DISC command shall pend with the
DM responses. A secondary/combined station in the initialization medgiving a DISC command shall pend with the
unnumbered acknowledgement (UA) response if it is capable of actioning the command. A secondary/command station in an
operational mode receiving a DISC command shapoesl with the UA response.

Examples of possible conditions (in addition to receiving a DISC command) which shall causmdagtcombined station

to

© ISO/IEC 2000 —

enter a disconnected mode are:
a) the secondary/combined station power is turned on, or restored following a temporary loss of power;
b) the secondary/combined station data link layer logic is manually reset; and
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c) 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.

5.2.2.1 Normal disconnected mode (NDM)

In NDM, which is an unbalanced data link non-operational mode, the secondary station shall be logically disconnected from
the data link and shall, therefore, not be permitted to accept information in | command frames or to transmit information in |
response frames. The secondary station shall, however, be permitaedept information in Ul command frames and to
transmit information in Ul response frames. The secondary station has normal mode respond opportunity and shall initiate a
single frame response transmission, indicating its status, as a resattedfing a command frame with the P bit set to "1";
optionally, it may initiate such a response as the resulecéiving a UP command with the P bit set to "0".

In this mode,
except the I:
opportunity.

respectively,

\n XID or TEST command that can be actioned shall be responded to with the XID and JES
at the earliest respond opportunitgcélpt of an implemented mode setting, XID or TEST comma
cannot be acfi
station in ND
it is unable tg
station in ND

function, with the RIM responseec®ipt of a Ul command with the P bit set to "1" shall cause arses
M to respond at the earliest respond opportunity with a Ul response, with a DM ‘response, or
he case where an implemented mode setting, XID or TEST command habifea but canot be acti
ndition is to be reported, a UP command with the P bit set to "0" shall cause a secondary statio
a DM or RIM response, as appropriate. Any command with the P bit set\to "0", other than the i

XID, Ul, TEST or UP commands as described above, may be ignoreg-by-the secondary station in N

response. In

or a status cg
respond with
mode setting

5.2.2.2 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 disconnected from the data link and shall, therefore, not be’/permitted to accept information in | command

frames/l com
frames, respe
frames/Ul co

mand or response frames, respectively, or to transmit.information in | response frames/I command
ctively. The secondary/combined station shall, however, be permittecepd information in Ul comnpand
mmand or response frames, respectively, or to transmit information in Ul response frames/l:nIm%)mmand or
response frafnes, respectively. The secondary station, or cambined statior@svarrof commands, has asyl us

mode responfl opportunity and may initiate a response transmission in two-way alternate exchange upon detection of an idle
data link chapnel state, and in two-way simultaneous ex¢hange at any time. Such a response transmission shall only consist
of a Ul response frame, a request for a mode setting\command (DM), a request for exchange of identification|(XID), or a
request for initialization (RIM) if the secondary station, or combined station a&te@iver of commands, determineg it is

unable to fungtion. The combined station, as a.transmitter of command frames, is also permitted to send a Ul compmand frame
at any asynchronous mode respond opportunity:

or response

Ul and

pd to with the
nded to with
ID or

In this mode @ secondary station, or combined station asawer of commands, shall action only mode setting, XID,
TEST commdnds. Mode setting commands, except the DISC command, that can be actioned shall be respond
UA responsel|at the earliest respond opportunity. An XID or TEST command that can be actioned shall be respo

t to "1",
nds,

ause a

M response,
|, TEST or

Because a JeTe
transmitting an approprlate mode settlng command

e by

(SABM SABME SM or SM W|th the mode in the mformatlon field

selected as balanced mode, or SIM). Such action can be taken spontaneously or as a result of transeeisgidrirom the
other combined station (for example, a DM or RIM response).

5.2.2.3 Initialization mode (IM)

In IM, which is an unbalanced data link or balanced data link non-operational mode, a secondary/one combined station data
link control program may be initialized or generated by the primary/other combined station action, or other parameters to be

used in the operational mode may be exchanged. IM is invoked when the primary/one combined station concludes that a
secondary/other combined station is operating abnormally and needs its data link control program corrected, and for
upgrading a secondary/other combined station data link control program. 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.
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A secondary/combined station shall enter IM upon sending a UA response, at its system predefined respond opportunity, in
response to theeceipt of a SIM command. A sendary/combined station may request a SIM command by sending a RIM
response. In IM, the primary/one combined station and a secondary/other combined station may exchange information in the
predetermined manner specified for that seconeagli combined station (for example, Ul or | frames).

IM shall be terminated when a secondary/combined staBoaives and acknowledges (via a UApgesse) one of the other
mode setting commands, or when entering the disconnected mode caused by internal constraints such as loss of power.

5.3 Control field formats

5.3.1 General
The three formats defined for the basic (modulo 8) control field (see table 3) are used to perform numbered information
transfer, numbered supervisory functions and unnumbered control functions and unnumbered information transfer.

Table 3— Control field formats for modulo 8

Control field format for Control field bits*
1 2 | 3] 4 5 6| 71| s
Information transfer command/ response (I formdt) 0 N(S) R/F N(R)
Supervisory commands/ responses (S format) 1 0 S ) P/F N(R)
Unnumbered commands/ responses (U format) 1 1 M M piE M [[m M

*1 N(S)= transmitting send sequence number (bit 2 = low-order bit)
N(R) = transmitting receive sequence number (bit 6 = low-order bit)
S = supervisory function bit
M = modifier function bit
P/F = poll bit— primary station or combined station command frame transmissions/finat bitcopdary station or
combined station response frame transmissions-1<= poll/final)

The control field may be extended by the addition of a seeond contiguous octet immediately followind the basic control field
ofl | frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modujo 128. Control field
e)tension for the information transfer command/response format (I format), the supervisory command/response format (S
fofmat), and the unnumbered command/responseformat (U format) shall be as shown in table 4.

Table 4— Control field formats for modulo 128

Control Control field bits
field .
format First octet Second octet
for [ 1o ¥ 3| als]|e| 7| 8| 9| 10] 12| 12| 13| 14| 15|16
| format| O N(S) P/F N(R)
Sformafy1 [ 0 | S| S| x |[x | x | x|P/A N(R)
Uformatl 1| 1| M| M| PIFIM | M| M

Injtable 4, X bits are reserved and set to "0". Bit 2 and bit 10 shall be the low-order bits of the sequence numbers.

e control field may be extended by the addition of three contiguous octets immediately following the basic control field of

| frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 82 768. Control field
i i i e 2 e-Supensiso and/response format (S

format), and the unnumbered command/response format (U format) shall be as shown in table 5.

Table 5— Control field formats for modulo 32 768

Control Control field bits

field -

format First two octets Second two octets

for 1 1| 2] 3| 4|s|e]| 7| 8/9-16] 17 18 reveeiern 32
| format| O N(S) P/E N(R)
Sformaj 1| 0| S| S| x|x [ x| x [x--- x |PIF N(R)
Uformat| 1| 1| M| M| P/IFIM | M| M

In table 5, the x bits are reserved and set to "0". Bit 2 and bit 18 shall be the low-order bits of the sequence numbers.
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The control field may be extended by the addition of seven contiguous octets immediately following the basic control field of
| frames and supervisory frames. This capability shall provide for an N(S) and N(R) of modulo 2 147 483 648. Control field
extension for the information transfer command/response format (I format), the supervisory command/response format (S
format), and the unnumbered command/response format (U format) shall be as shown in table 6.

Table 6— Control field formats for modulo 2 147 483 648

In table 6, thg

5.3.2 Inform

The | format
frame shall h
frames at the

5.3.3 Super

The S formal
retransmissio
are independ
additional | fr

5.3.4 Unnumbered (U) format

The U format
shall contain
available, thid

5.4 Contrd

5.4.1 Modul

Each | frame
(where modu
sequence nu
field formats
control field f

The maximu
outstanding (
the modulus
with sequenc

NOTE — The

Control Control field bits

field X
format First four octets Next four octets

for 11 2 3 41 516 7] 8l 9----321 331 34+ ieinnnn 64
I format| O N(S) P/IF N(R)
Stormal T 0 S| S| X | X | X | X|[%x - x| N(R)
Uformaf 1 [ 1| M| M| PIF[M [ M| M

X bits are reserved and set to "0". Bit 2 and bit 34 shall be the low-order bits of the sequence numb

htion transfer (1) format

s used to perform an information transfer. The functions of N(S), N(R) and P/F are independent;
ave an N(S) sequence number, an N(R) sequence number which may or may not acknowledgg
receiving data station, and a P/F bit that may be set to "1" or "0".

isory (S) format

[ is used to perform data link supervisory control functions sueh ‘as acknowledging | frames,
h of | frames, and requesting a temporary suspension of transmission of | frames. The functions of ||
ent; i.e., each S format frame shall have an N(R) sequence number which may or may not
hmes at the receiving data station, and a P/F bit that may be'set to "1" or "0".

is used to provide additional data link control functions and unnumbered information transfer. T
ho sequence numbers, but shall include a P/F bit\that may be set to "1" or "0". Five "modifier” bit p
allowing definition of up to 32 additional command functions and 32 additional response functions.

| field parameters

US

shall be sequentially numbered-with a number which may have the value 0 to modulus minus o
lus is the modulus of the sequence number). The modulus equals 8, 128, 32 768, or 2 147 4
mbers cycle through the, entire range. The control field formats for modulo 8 are shown in table 3.
or modulo 128 are shown in table 4. The control field formats for modulo 32 768 are shown in ta
rmats for modulo 2 147 483 768 are shown in table 6.

m number of _sequentially numbered | frames that a primary, secondary or combined statior]
.e., unacknowledged) at any given time (sometimes known as a “window” size) shall ceeer@xe less
bf the sequence numbers. This restriction is to prevent any ambiguity in the association of transmi
e numbers during normal operation and/or error recovery action.

humber”of outstanding | frames may be further restricted by the data station frame storage capability; for ¢

i.e., each |
additional |

requesting
N(R) and P/F
hcknowledge

his format
bsitions are

ne inclusive
83 648. The
The control
ble 5. The

may have
than
ted | frames

xample, the

number of | frg

mes“that can be stored for transmission and/or retransmission in the event of a transmission error. Optin]

um data link

efficiency can only be obtained, however, If the minimum data station frame storage capacity Is sufficient for the maximum anticipated
round trip transmission delay.

5.4.2 Frame

state variables and sequence numbers

5.4.2.1 General

In HDLC operations, each data station shall maintain an independent send state variable V(S) and an independent receive
state variable V(R) for the | frames it sends to and receives from another data station. Eactasgstation shall maintain a

V(S) for the | frames it transmits to the primary station and an V(R) for the | frames it correctly receives from the primary
station. In the same manner, the primary station shall maintain an independent V(S) and V(R) for | frames sent to and
received from, respectively, each sadary station on the data link. Each combined station shall maintain a V(S) for the |
frames it transmits to the other combined station, and a V(R) for the | frames it correctly receives from the other combined

station.
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5.4.2.2 Send state variable V(S)

The send state variable denotes the sequence number of the next in-sequence | frame to be transmitted. The send state
variable can take the value 0 to modulus minus one inclusive (where modulus is the modulus of the sequence numbering
scheme and the numbers cycle through the entire range). The value of the send state variable shall be incremented by one
with each successive | frame transmission, but shall not exceed N(R) of the last received frame by moatiias minus

one.

5.4.2.3 Send sequence number N(S)

Only | frames shall contain N(S), the send sequence number of transmitted frames. Prior to transmission of an in-sequence |
frame, N(S) shall be set equal to the value of the send state variable.

5.4.2.4 Receive state variable V(R)

Thereceive state variable denotes the sequence number of the next In-Sequence [ frame expected tp be received. The receive
stpte variable can take the value 0 to modulus minus one inclusive (where modulus is the modulus.offthe sequence numbering

sgdheme and the numbers cycle through the entire range). The value of the receive state variable shall be incremented by one
on receipt of an error-free, in-sequence | frame whose send sequence number N(S) equals.thereceivie state variable.

54.2.5 Receive sequence humber N(R)

All 1 frames and S format frames shall contain N(R) which with the exception of the selective reje¢t (SREJ) supervisory
frgme with the P/F bit set to "0" shall indicate the N(S) sequence number of the next expected | frame

Wjith this exception, prior to transmission of an | frame or S format frame, the\N(R) shall be set equal|to the current value of
the receive state variable. The N(R) indicates that the station transmitting the N(R) has correctly received all | frames
numbered up to N(R) - 1 inclusive.

n|the case of the SREJ frame with the P/F bit set to "0", the N(R) indicates only that the | frame with N(S) equal to N(R) has
ngt been received.

As$ more than one SREJ frame with the P/F bit set to "0" may’be outstanding at any one time, it is nedessary to ensure that all
non-received | frames are ultimately correctly received»This may be achieved by multiple vacablgrs or by other
means.

—~

bee 5.5.2.4 for definition of the use of the SREJ:«¢command and response.)

5.3 Pollffinal (P/F) bit

The poll (P) bit set to "1" shall be used by-the primary/combined station to solicit (poll) a response or|sequence of responses
frgm the secondary station(s)/combined.station.

The final (F) bit set to "1" shall be ysed:

a) by a secondary station.in NRM to indicate the final frame transmitted as the result of a pregvious soliciting (poll)
command; and

b) by a secondary/station in ARM and by a combined station in ABM to indicate the response frame transmitted as the
result of a solicifing (poll) command.

The poll/final (R/E)Dbit shall serve a function in both command frames and response frames. (In comnpand frames, the P/F bit
is|referred to-as the P bit. In response frames, it is referred to as the F bit.)

5.14.3.1 Functions of the poll bit

54.3.1.1 General
The P bit set to '1" shall be used to solicit a response frame with the F bit set to "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 "1", it shall have receivembrsefame from the
secondary/combined station with the F bit set to "1". If no valid response frame is obtained within a system-defined time-out
period, the retransmission of a command with the P bit set to "1" for error recovery purposes shall be permitted.

5.4.3.1.2 Functions of the poll bitin NRM

In NRM, the P bit shall be set to "1" to solicit response frames from the secondary station. The secondary station shall not
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 upemeipt 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".

5.4.3.1.3 Functions of the poll bitin ARM and ABM
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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

setto "1".

NOTE — For example, if the primary/combined station requires positive acknowledgement that a particular command has been received, it
sets the P bit in the command to "1". This forces a response from the secondary/combined station as described in 5.4.3.1.6.

5.4.3.2 Functions of the final bit

5.4.3.2.1 General

A response frame with the F bit set to "1" shall be used by the secondary/combined station to acknowleelcgiphefra
command frame with the P bit set to "1".

5.4.3.2.2 Fu
In NRM, if theT
to "1" in the |
with the P bit
response trarf

nctions of the final bit in NRM

hst frame of its response transmission. If the right to transmit Was acquwed actiptrof a UP cem
set to "0", then the secondary station shall set the F bit to "8aéh frame (including the last frame)
smission.

Following trapsmission of the last frame of its response transmission, the secondary station shall stop transmittin

a subsequen

5.4.3.2.3 Fu

In ARM and A
set to "0" at 4
to "1", the se
respond oppd

In the case
command fral
frame to be tr|

In ARM and A
combined st
following the
transmission

command frame with a P bit set to "1" is received, or a UP command is received.

nctions of the final bit in ARM and ABM

BM, the secondary station and the combined station, respectively, may transmit response frames V
ny respond opportunity on an asynchronous basis. Followingdiptrof alcommand frame and the P
condary/combined station shall initiate transmission of a response frarfe with the F bit set to "1" af
rtunity.

f a two-way simultaneous communication where the secofdary/combined station is transmittin]

p until either

ith the F bit
bit set
the earliest

g when the

me with the P bit set to "1" is received, the F bit shall be set.to "1" in the earliest possible subsepogse res

ansmitted.

BM, the transmission of a response frame with the Ebitset to "1" shall not require the secondary st
tion, respectively, to stop transmitting response,frames. Additional response frames may be
rame which had the F bit set to "1". Thus, in ARM and ABM, the F bit shall not be interpreted as t
by the secondary station or the combined station, respectively; it shall only be interpreted as in

Ation or the
transmitted

he end of

dicating the

response framhe from the secondary/combined station-sént as a reply to the previous commaretéies with the B bit

setto "1".

In ABM, if a dombined station receives a command with the P bit set to "1", transmission gf@eeswith the F bit sgt to

"1" shall takg precedence over transmission of-commands, with the exception of the mode setting commands (SABM or
SABME or SW, SIM, DISC) and the reset f(RSET) command.

5.4.3.3 Use jof the P/F bit to assist in ‘etror recovery (see also 5.6.2.1)

5.4.3.3.1 Gqgneral

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
not be issued until the prévious P bit has been matched with an F bit, and, similarly, another F bit shall not belissued until
another P bit|is received)) the N(R) contained in a received frame with a P bit (see 5.6.2.1h) or F bit set to "1" cah be used to
detect that | ffame 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.«The N(R) of a correctly recelved | frame or S format frame, except for a SREJ frame with the P/’}: bit set to
"0", shall ack =timctusive:

5.4.3.3.2 Checkpointing in NRM

In NRM, the N(R) of a received I, receive ready (RR) or receive not ready (RNR) commamatisesframe which has the

P/F bit set to "1" shall cause the secondary/primary station to initiate appropriate error recovery if the N(R) does not
acknowledge at least all | frames transmitted by the secondary/primary 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".

5.4.3.3.3 Checkpointing in ARM
In ARM, the N(R) of a received I, RR or RNR commandfrease frame which has the P/F bit set to "1" shall cause the

secondary/primary station to initiate appropriate error recovery if the N(R) does not acknowledge at least all | frames
transmitted by the secondary/primary 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".
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5.4.3.3.4 Checkpointing in ABM

In ABM, the N(R) of a received |, RR or RNR rpense frame which has the F bit set to "1" shall cause #oeived
combined station to initiate appropriate error recovery if the N(R) does not acknowledge at least all | frames transmitted by
the receiving combined station previous to, and concurrent with, the last frame which was transmitted by the receiving
combined station with the P bit set to "1".

5.4.3.4 Summary of P/F bit functions

The applicability of the P/F bit functions in the three operational modes (NRM, ARM, and ABM) and on data links
employing two-way alternate and two-way simultaneous data communication is summarized in table 7.

Table 7— P/F bit functions

Operational mode NRM ARM ABM
Dafa Communication TWA— TWS TWA  TWS TWA TWH
P/F bit in command/ response P/ P/F PIF PIF PJF FYF
Solicit information x/ x/
Last frame indication XIX /X
Solicit supervisory or unnumbered responjse A/ (/ A A X| X
Checkpointing XIX X/X X/X XIX X/X XIX

Key:

X [ndicates that the function is applicable

TWA — two-way alternate

TWS— two-way simultaneous

5[5 Commands and responses
The set of commands and responses is summarized in table 8-

Table 8— Commands and responses

Information transfer format commands Information transfer format respgnses

| - Information | - Information

Supervisory format commands Supervisory format responsep
RR - Receive ready RR - Receive ready
RNR - Receive not ready RNR - Receive not ready
REJ - Reject REJ - Reject
SREJ - Selective reject SREJ - Selective reject

Unnumbered format commands Unnumbered format responsgs
SNRM - Set normalresponse mode UA - Unnumbered acknowledgement
SARM - Set agynchronous response mode DM - Disconnected mode
SABM - Set asynchronous balanced mode RIM - Request initialization mode
DISC - Disconnect RD - Request disconnect
SNRME/- Set normal response mode extended Ul - Unnumbered information

SARME - Set asynchronous response mode extenfledID - Exchange identification
SABME - Set asynchronous balanced mode extenfldeRMR - Frame reject

SIM - Set initialization mode TEST - Test

UP - Unnumbered poll UIH - Unnumbered information with headér cheqk
Ul - Unnumbered information

XID - Exchange identification

RSET - Reset

TEST - Test

SM - Set Mode

UIH - Unnumbered information with header check

5.5.1 Information transfer format command and response
The function of the information, I, command and response shall be to transfer sequentially numberedetemesntaining
an information field, across a data link.

The encoding of the | command/response control field shall be as shown in figure 3a for modulo 8 numbering, in figure 3b
for modulo 128 numbering, in figure 3c for modulo 32 768 numbering and in figure 3d for modulo 2 147 483 648
numbering.
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}7 First bit transmitted

1 2 3 4 5 6 7 8
0 N(S) P/F N(R)
Information Receive
transfer sequence number
format  Send sequence -, mand (0to7)
number (poll)
(0to7) Response
(final)

Figure 3a— Information transfer format of control field bits for modulo 8 numbering

h First bit transmitted

1 2345678 9 10111213141516

0 N(S) P/F N(R)
Information Receive
transfer sequence number,
format  Send sequencggmmang (010 127)
number (poII)
(010 127)  Response
(final)

Figure 3b— Information transfer format of control field bits for modulo 128 numbering

’7 First bit transmitted

1 23456 7 839- 16 17 1819 - 32
0 N(S) P/F N(R)

Information ~ Send seguence Command  Receive
transfer ndmber (poll)  sequence number
format (0\to 32 767) Response (0to 32 767)

(final)

Figure 3c— Information.transfer format of control field bits for modulo 32 768 numbering

}7 First bit transmitted

1 23 456 7 8 9- 3233 3435 - 64
0 N(S) P/F N(R)
Information Send sequence Command
transfer number (poll)
Receive

format  (Oto 2 147 483 647) Response
(final) sequence number

(0'to 2 147 483 647)

Figure 3d— Information transfer format of control field bits for modulo 2 147 483 648 numbering

The | frame control field shall contain two sequence numbers.

a)

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

N(R), receive sequence number, which shall indicate the sequence number (as of the time of transmission) of the next

b)
expected | frame to be received, and consequently shall indicate that the | frames numbered up to N(R) - 1 inclusive

have been received correctly.
(See 5.4.3 for a description of the functions of the P/F bit.)
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5.5.2 Supervisory format commands and responses

Supervisory, S, commands and responses shall be used to perform numbered supervisory functions such as
acknowledgement, polling, temporary suspension of information transfer, or error recovery.

Frames with the S format control field shall not increment the send state variable at the transmitter or the receive state
variable at the receiver. RR, RNR and REJ frames shall not contain an information field. SREJ frames may contain an
information field for the purpose of identifying additional | frames in need of retransmission when the multi-selective reject
procedure is selected.

The encoding of the S format command/response control field shall be as shown in figure 4a for modulo 8 numbering, in
figure 4b for modulo 128 numbering, in figure 4c for modulo 32 768 numbering, and in figure 4d for modulo 2 147 483 648
numbering. In figures 4a thru 4d, the SS bits define the following command and response supervisory functions:

Commands SS Responses
RR - Receive ready 00 RR - Receive ready
REJ - Reject 01 REJ- Reject

RNR - Receive notready 10 RNR - Receive not ready
SREJ - Selective reject 11 SREJ - Selective rejeet

}7 First bit transmitted

1 2 3 4 5 6 7 8
[ 1 o[ s s]rF]| NR) |
Supervisory

Command Receive

(poll) sequence number
Respofise  (0to 7)
(final)

format

Supervisory
function

Figure 4a— Supervisory format©f control field bits for modulo 8 numbering

h First bit transmitted

12C8 456 7 8 9 10 - 16
[1o[s s[x x x x| pF| NR) |
Supervisory | Command  Receive
format (poll)  sequence number
Supervisory Re§ponse (0to 127)
function (final)

Figure 4b— Supervisory format of control field bits for modulo 128 numbering

First bit transmitted

|

12 3 45 - 16 17 18 --- 32
I Gl 0. I o (“I I Dl I | NIVA =AY I
I L A% I =4 \JI I LAl I I‘l\l\} I
Supervisory | Command  Receive
format (poll)  sequence number
Supervisory Response (0to 32 767)
function (final)

Figure 4c— Supervisory format of control field bits for modulo 32 768 numbering
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}7 First bit transmitted

12 3 45 --- 32 33 34 --- 64
[10]s s|x-— x | PIF | NR) |
Supervisory Command _
format (poll) Receive
Supervisory Responsesequence number
function (final) (Oto2 147 483 647)

Figure 4d — Supervisory format of control field bits for modulo 2 147 483 648 numbering

An S format frame shall contain an N(R), receive sequence number. Except for the SREJ frame with the P/F bit set to "0", the

N(R) shall in

consequentlyf

The primary/(g

a secondary/
(See5.4.3fo

5.5.2.1 Rece

The receive r
a) indica

b) ackno

When transnjitted, the RR frame shall indicate the clearance of any husy-condition that was initiated by

transmission

5.5.2.2 Rejg

The reject, R
N(R). | framg
transmission

With respect
another data
exception co

The REJ exc
frame.

5.5.2.3 Rec¢

The receive 1f
accept subse
numbered N(
of these fram

5.5.2.4 Sele
The selective

1

ombined station may use the S format command frames with the P bit set to "1" to solicit response
ombined station indicating its status.

a description of the functions of the P/F bit.)

Pive ready, RR, (S bits = 00) command and response
pady, RR, frame shall be used by a data station to

e that it is ready to receive an | frame(s); and

vledge previously received | frames numbered up to N(R) - 1 inclusive.

bf an RNR frame by the same data station. (See 5.6.1.)

ct, REJ, (S bits = 01) command and response

s numbered N(R) - 1 and below shall be considefed as acknowledged. Additional | frames awg
may be transmitted following the retransmitted I'frame(s).

o0 each direction of transmission on the datalink, only one REJ exceptiditian from a given data stati
station shall be established at any given time. A REJ frame shall not be transmitted until an
dition or all earlier SREJ exception conditions have been cleared as indicated in 5.6.2.2, 5.6.2.3 an

ption condition shall be cleared (reset) uporettedpt of an | frame with an N(S) equal to the N(R) of th

ive not ready, RNR, (S.bits = 10) command and response

ot ready, RNR, frame jshall be used by a data station to indicate aobdgyoao; i.e., temporary inabili
quent | frames. | frames numbered up to N(R) - 1 inclusive shall be considered as acknowledged|
R) and any subseduent | frames received, if any, shall not be considered as acknowledged; the acd
ps shall be ifdicated in subsequent exchanges.

ctive reject, SREJ, (S bits = 11) command and response
reject; SREJ, frame shall be used by a data station to request retransmission of one or more (n

contiguous) |

,li(,dle, al e lillle Ol Udllb”libbiUll, e sequeriCe TIUMDET O UIE TIEXT EXpECLEd T ITallie 10 DE T4
shall indicate that all received | frames numbered up to N(R) - 1 inclusive have been received corrg

ceived, and
Ctly.

5 from (poll)

the earlier

EJ, frame shall be used by a data station to request retransmission of | frames starting with the frafne numbered

iting initial

bn to
earlier REJ
d 5.6.2.4.

e REJ

y to
L The | frame
eptance status

Dt necessarily

frames The control field of the SREJ frame shall contain the sequence number of the earliest |

frame to be

retransmitted (not yet reported by a SREJ frame) and, if the multi-selective reject procedure is invoked, the information field
following the control field shall contain the identity of additional | frame(s), if any, in need of retransmission. The identity of
additional | frames in need of transmission shall be indicated by either

a)
b)

one entry for every | frame in need of retransmission, or

contiguously numbered | frames in need of retransmission.

one entry for every standalone | frame in need of transmission plus a span list for every sequence of two or more

A span list identifies the start and the end of a sequence of contiguously numbered | frames in need of retransmission.

When the multi-selective reject procedure is employed without span lists, the information field shall be encoded such that

there is one o

28

r more octets for each | frame in need of retransmission.
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For modulo 8 sequence numbering, the N(R) valuesfich designed | frame shall occupy bit positions 6-8 of the one-octet
field, as per the encoding of the N(R) field of the control field for modulo 8 sequence numbering, with bit positions 1-5 set to
zero, as illustrated in figure 5a.

For modulo 128 sequence numbering, the N(R) valueefmh designated | frame shall occupy bit positions 2-8 of the one-
octet field, as per the encoding of the N(R) field in the second octet of the control field for modulo 128 sequence numbering,
with bit position 1 set to zero, as illustrated in figure 5b.

For modulo 32 768 sequence numbering, the N(R) value#&oh designated | frame shall occupy bit positions 2-16 of the
two-octet field, as per the encoding of the N(R) field in octets 3-4 of the control field for modulo 32 768, with bit position 1
in the first octet of the two-octet field set to "0", as illustrated in figure 5c.

For modulo 2 147 483 648 sequence numbering, the N(R) valueaith designated | frame shall occupy bit positions 2-32
of the four-octet field, as per the encoding of the N(R) field in octets 5-8 of the control field for modulo 2 147 483 768, with

bi nocition 1 in tha firct netat aftha forr actat fiald cat ta "Q" ac ilbiictratad in ficuira B
iFpositiondinthefirst getet ofthe fou-getetfiald-sett —asHlustrated-in-figure 5d-
1 1 |
. |
: Control field | Information field :
|
| . !
1 1 1
11 2 3 4 5 6 7 81 2 3 4 5 6 7 8| 1---- 5 6-{8 1
1 0 1 1]|PIF N(R) 0O 0 0O 0 O N(R) 0 ----- N(R) FCS
Receive sequence Sequence number(s) T T
number of first | fram of later | frame(s)
to be retransmitted to be retransmitted

Figure 5a— Control field and information field encoding in SREJ frame for modulo 8 numbefing

! 1
Control field | Information field !
1
! |
1
1 8 9 10---—s ) A R S — T R D— ~8 |
10110 Oeeremeemeeeees 0 |P/F| N(R) | 0 | N(R) | 0 N(R) | FCs
Receive sequence Sequence number(s) ? ?
number of first | frameJ of later | frame(s)
to be retransmitted to be retransmitted
Figure 5b— Control field and information field encoding in SREJ frame for modulo 128 numbgring
1 1 1
: Confrol field : Information field !
1 ! 1
1 I 1
1|1 16 17 18- 321 1 2 ST R J— 16 1
SO LS S o |pFl NR |0 NR) 0 | N(R) FCs

Receive-sequemce A Sequence number(s) * f
number of first | frame_‘ of later | frame(s)
to be retransmitted to be retransmitted

Figure 5c— Control field and information field encoding in SREJ frame for modulo 32 768 numbering
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1 1 1
: Control field : Information field !
1 1 1
[} 1 1
11 32 33 34-mmm- Y R — <7 N J— 321
10110 0 0 |PFl  NR) 0 N(R) 0 N(R) FCS
Receive sequence Sequence number(s) * *
number of first | frameJ of later | frame(s)
to be retransmitted to be retransmitted
Figure 5d— Control field and information field encoding in SREJ frame for modulo 2 147 483 648 numbering
Any number |of octet fields can be included, up to the maximum frame size. Only the | frame numbers in need of
retransmission shall be included. If, for example, in the case of modulo 128 sequence numbering, | frames 3, 5, ¥, and 18 are

being identifig
| frames 5, 7,
field.

When the mu
entry for each
or more cont
information fi
8, figure 5b fq
the identity o
preceding bit
precedes the
indicators (st
illustrates exd

If the P/F bit
control field)
the control fig
frame in need

Each SREJ €|
inthe SREJ f

A data statio may transmit one or more SREJ frames with the P bit set to "0", each containing one or more dif

values, befor
transmitted if

request retransmission of an | framé:that would be retransmitted by the REJ operation.) Likewise, a REJ frame

transmitted if]
frames that n

and 18 shall be identified, each within an octet of its own, in increasing order in thé\SREJ frame

ti-selective reject option is employed with span lists, the information field shalllbe encoded such th3
standalone | frame in need of retransmission and a span list, consisting of.two entries, for each seq
guously numbered | frames in need of retransmission. In the case of standalone | frames, their id

d for retransmission in a single SREJ frame, | frame number 3 shall be identified in the,SREJ contiol field and

nformation

t there is an
uence of two
entity in the

bld consists of the appropriate N(R) value preceded by a “0” bit in theZentry used, as per figure bd

mples of the possible encodings of the information field\n multi-selective reject frames.

n the SREJ frame is set to "1", then | frames numbered up to N(R) - 1 inclusive (N(R) being the v
bhall be considered as acknowledged. However\if the P/F bit in the SREJ frame is set to "0", then
ld of the SREJ frame does not indicate ackhowledgement of | frames, but rather indicates an o
of transmission.

Kception condition shall be cleared (reset) wgamipt of each | frame with an N(S) equal to the N(R) idg
ame control field or information fie|d.

P one or more earlier SREJ exception conditions have been cleared. However, a SREJ frame
an earlier REJ exception condition has not been cleared, as indicated in 5.6.2.3 and 5.6.2.4. (To

one or more earlienSREJ exception conditions have not been cleared, as indicated in 5.6.2.3 4
ay have been transmitted following the | frame(s) indicated by a SREJ frame shall not be retrans

it m

r modulo 128, figure 5c¢ for modulo 32 768, and figure 5d for modulo~27147 483 768. In the case of span lists,
the start and end of the contiguous sequence of | frames consists of the appropriate N(R) valugs with their
in each case (see figures 5a thru 5d) set to “1". Hence, individual frames are indicated by having the bit that
N(R) value set to “0”, and a range of cowtis | frames (Span list) is indicated by a contiguous |pair of

art and end of contiguous sequereagh with the bit that¢precedes the N(R) value set to “1". Afnex G

blue in the
the N(R) in
utstanding |

ntified

ferent N(R)

shall not be
do so would
shall not be
nd 5.6.2.4. |
mitted as the

result of recgiving a SREd.frame. Additional | frames awaiting initial transmission may be transmitted follpwing the

retransmissioj

(See 5.6.2 fo

h of the specifie’| frame(s) requested by all of the SREJ frames received.

N(S) sequence error recovery procedures.)

5.5.3 Unnur‘11bered format commands and responses

Unnumbered,

U, commands and responses shall be used to extend the number of data link control funct

ons. Frames

transmitted with the U format shall not increment the state variables at either the transmitting or the receiving data station.
Five "modifier" bits are provided which allow up to 32 additional command functions and 32 additional response functions
to be defined. Fifteen command functions and nine response functions are defined below; all others are reserved.

The encoding of the U format command/response control field shall be as shown in figure 6.
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’7 First bit transmitted

1 2 3 4 5 6 7 8
1 1 M M | PIF M M M
Unnumbered \ / —
format
5 “modifier”
Command hite
(poll)  (see 5.5.3.3 and 5.5.3.4)
Response
(final)

Figure 6— Unnumbered format of control field bits

(Yee 5.4.3 for a description of the functions of the P/F bit.)
S¢veral unnumbered commands and responses (i.e., SNRM, SARM, SABM, SNRME, SARME, SABME, SM, UA, DISC,
DM, XID) may have an optional information field as defined in 5.5.3.1. The information field for FRMR is defined in
5pb.3.4.2.

5.6.3.1 Information field structure
T?\re general structure of the optional information field is illustrated ifyfigure 7. The first octet of the information field, when

sent, shall be a format identifier subfield. One or more data fink layer subfields may follow the format identifier subfield.

p
These may be followed by a user data subfield.
Format
identifier
subfield
F A Control field FCS F
Data link User data
< > < layer > < subfield >
1 octet subfields

}4— Information field ———— 3|

Figure 7— Format of the optional information field in specified unnumbered commands and responses

5..3.1.1_Format identifier subfield
The format identifier subfield is a fixed length of one octet and is illustrated in figure 7.

5.5.3. 1.7 DataTinkTayer subfields

The data link layer subfields specify various data link layer characteristics and parameters. The contents of these subfields are
generated and consumed by the data link layer logic. The length of these subfields is limited by the maximum length
restrictions on the HDLC frame information field, taking into account the lengths of the format identifier subfield and the

user data subfield.

A data link layer subfield consists of a group identifier (1 octet), a group length (1 or 2 octets, depending on usage), and a
parameter field (n octets). The general structure of a data link layer subfield is illustrated in figure 8.

Group identifier (GI) Group length (GL) Parameter field
1 Octet 1 or 2 Octets n Octets
- Data link layer subfield .

Figure 8 — Data link layer subfield
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The group identifier (GI) identifies the function of that data link layer subfield. Five data link layer subfields are defined in

this International Standard:

Address resolution;
HDLC parameters;

Mode and modulus;
Multilink parameters; and
User-defined parameters.

The group length (GL) indicates the length of the associated parameter field in octets. The highest order bits in a multi-octet

GL are in the first octet transmitted.
NOTE— The group length value does not include the lengths of either itself or its associated identifier.

A group length value of zero indicates that there is no associated parameter field and that all parameters within

the subfield

specified by the associated group identifier should assume their default values.

Depending on the data link layer subfield, the parameter field may consist of a series of parameter identifiep (H
parameter lemgth (PL) (1 octet), and parameter value (PV) (m octets) sets, one set for each defined data-ink |
element. For [multi-octet PV’s that are binary, the higher-order bits are in the first octet transmitted, When this

used, a data link layer subfield has the organization depicted in figure 9.
Gl GL PI PL PV PI PL PV
1Octet 1Octet mOctets
Where

Pl. Parameter identifier, expressed as a decimal value
PL: Parameter length, expressed as a decimal value

FFigure 9— General organization of a data link layer subfield using the PI/PL/PV structure

NOTE— The
A PL value of

API/PL/PV s
used. A paral
ignored (except within the user-defined parameters.subfield, in which Pls other than PI=0 may be defined
agreement between the stations). Except where fipted, duplicate Pls should not be sent within the same d
subfield. The[behavior of the receivepon eceipt ofduplicate Pls within the same data link layer subfield is not de
this Internatignal Standard.

plue of PL does not include the lengths of either itself or itscassociated PI.

zero indicates that the associated PV is absent andithat the parameter shall assume the default va

bt may be omitted if it is not required for convgying information or if default values for the parameter

r data subfield

The user datg subfield contains userinformation. This data link user information is transported transparently ac
link layer to the user of the data-link! The amount of information (number of bits) that candmenmodated is limited
by the maximpum length restrictions on the HDLC frame information field, taking into account the lengths of t
identifier subfjeld and the datalink layer subfields.

The user datg subfield is gomposed of a user data identifier (1 octet), and a user data field (n bits).

The user datg subfield, therefore, has the organization illustrated in figure 10.

1) (1 octet),
ayer subfield
structure is

ue.

5 are to be

eter field containing a PI that is not specified in this International Standard is defined as invalid and shall be

by a prior
hta link layer
ined in

oss the data
only
he format

User data identifier User data field

Figure 10— User data subfield

5.5.3.1.4 Allowable subfields in unnumbered format command/response frames

The various subfields that may exist in the information field of certain unnumbered format command and response frames are

given in table 9.
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Table 9— Allowable subfields/groups in optional information
field in specified unnumbered format commands and responses

Subfields
Format Data Link Layer User Data

Commands/ Identifier Address HDLC Mode & User-defined

Responses Resolution | Parameters Modulus Multilink Parameters
DISC X X
DM X X X X X
SABM X X X X
SABME X X X X
SARM X X X X
SARME X X X X
SM X X X X X
SNRM X X X X
SNRME X X X X
UA X X X X X
XID X X X X X X

Suibfield encodings for those subfields that are identified as being associated with the mode-sefting command/response
*mes are given in 5.5.3.2. The subfield encodings for those subfields that are-identified as being asgociated with the general
rpose XID command/response frames are given in 7.2.

p.3.2 Information field encoding of mode-setting command/responseframes

5
The format identifier subfield is always the first octet of the optional information field. The data link layer subfields, if
present, follow in ascending order according to their Gl values:xExcept where noted, specific data ljnk layer subfields may
a

d

pear only once. The absence of a particular data link layer'subfield should be interpreted to mean|default values. The user
ta subfield, if present, is always the last subfield.

5,.3.2.1 Format identifier subfield encoding
T:[e format identifier subfield can be encoded to have the capability of designating 256 different formats.

e format identifier subfield used for HDLC-standard, general purpose mode-setting command/response frames as defined
in|the International Standard shall be encoded as illustrated in figure 11.

First bit transmitted

¢ High order bit

Control | 4 9 0 0 0 0 0 1| Datalink
field layer subfield

Figure 11— General purpose format identifier subfield encoding for mode-setting framep

All other valtes of the mode-setting command/response frame format identifier are reserved for futurg assignment.

5.p.3.2.2) Data link layer subfield encoding

Figure”12 indicates the Gl encodings for the data link layer subfields that are identified as being associated with the mode-
setting command/response frames covered in this International Standard.

First bit transmitted  High order bit

0 1 Mode and modulus
0 1 HDLC parameters
1 1 User-defined parameters

oo r «—

O O o
O O o
o O o
= O O
= O O

Figure 12— Group identifier encoding for data link layer subfields

The Gl encoding of all ones (1111 1111) is not used as a data link layer subfield identifier encoding. It serves as the identifier
encoding for the user data subfield.
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All Gl encodings not assigned in this International Standard (here and in 7.2) are reserved for future use.
NOTES

1. The HDLC parameters data link layer subfield and the user-defined parameters data link layer subfield may each appear more than
once in the information field. This allows the station to convey multiple menus in the information field.

2. The user-defined parameters identifier is for use to identify parameters outside the scope of the HDLC parameters identifier while
making use of those parameters that are explicitly identified under the HDLC parameters identifier.

5.5.3.2.2.1 Mode and modulus
The data link layer subfield associated with the mode and modulus group is illustrated in figure 13.

First bit transmitted

Gl GL f—— 1 Octet —Pp» 1 Octet -
1400000101 00000 0|0/l|0/10|0|0/1|0/l|0/1 0| 0| O|0| OIJ[ O/}. 0/|l 0/
— 1 Octet —P»lf— 1 Octet —P» + + +

TWS ABM Mod 8
TWA
ARM Mod 128
Mod 32 768
NRM Mod 2 147 483 648

< Mode of 3 < Modulus of 3
operation operation

Figure 13— Mode and modulus group elements

The mode(s) |of operation is indicated by setting the corresponding.bit(s) to "1". The modulus for operation is indicated by
setting the cofresponding bit(s) to "1".

5.5.3.2.2.2 Parameter field elements

Table 10 iderftifies the parameter field elements that are'defined here.

Table 10— Mode-setting data link layer subfield parameter field elements
HDLC parameters (Gl = 00000001)

PI Parameter field element

5 4. Maximum information field length— transmit
6] Maximum information field length— receive
7 | Window size k— transmit

8 | Window size k—receive

User-defined parameters (Gl = 00001111)

! Parameter field element
0 | Parameter set identification

The following legend explains the symbols used in tables 11 and 12.

B: Indicates this field is binary encoded.
N: Number of octets.
NA: Not applicable.

Table 11— HDLC parameters elements

Code Bit
Name Pl | PL Parameter field element Type No. Value

Maximum information field length 5 N | Maximum information field length-transmit B NA B
(transmit) (bits)

Maximum information field length 6 N | Maximum information field length-receive B NA B
(receive) (bits)

Window size K (transmit) 7 4| Window size k-transmit (frames) B NA B
Window size k (receive) 8 4|  Window size k-receive (frames) B NA B

34 © ISO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

Table 12— User-defined parameters elements

Name Pl PL Parameter field element Code typg  Bit N@. Value
Parameter set identification 0 N Parameter set identification NA NA (See Npte 1)
(Implementor-defined) (See Note 2 1to 255 N (Implementor-defined) NA NA NA

NOTE 1— Parameter set identification may be from 1 to 255 octets in length. Certain values are listed in ISO/IEC TR 10171.

NOTE 2— The use of PI/PL/PV encoding in this subfield for Pl values other than PI=0 is not required. Such usage is at the discretion of the
organization associated with the parameter set identified by PI=0.

5.5.3.2.3 User data subfield encoding

5.5.3.2.3.1 User data identifier encoding
The user data identifier identifies the subfield as the user data subfield. Figure 14 provides its encoding.

First bit transmitted  High order bit

Y Y

111 111 1 1 Userdatasubfieldidentifier

Figure 14— User data subfield identifier encoding

p.3.2.3.2 User data field

5

The user data field is transported transparently by the data link and passed to the user of the data ljnk. The encoding of the
uger data field is the responsibility of the data link user and may be any-format that is mutually agregd upon by the data link
ugers involved.

q
q

5.5.3.3 Unnumbered commands
The unnumbered command encodings are shown in figure 15.

}7 First bit transmitted

1 2 3 4 5 6 7 8

1 1 0 0] P 0 O 1 SNRM command

1 1 1 1 P 0 O 0 SARM command

1 1 1 1 P 1 0 0 SABM command

1 1 Q 0 P 0 1 0 DISC command

1 1 1 1 P 0 1 1 SNRME command

1 1 1 1 P 0 1 0 SARME command

1 1 1 1 P 1 1 0 SABME command

1 1 1 0 P 0 0 0 SIM command

1 1 0 0 P 1 0 0 UPcommand

1 1 0 0 P 0 0 0 Ul command

1 1 1 1 P 1 0 1 XID command

1 1 1 1 P 0 O 1 RSET command
(combined station only)

1 1 0 0 P 1 1 1 TEST command

1 1 0 0 P 0 1 1 SMcommand

1 1 1 1 P 1 1 1 UIH command

Figure 15— Unnumbered command control field bit assignments

AL A S ADMA S ARMA Bl COAILA A SO ADMNAL o AL AL lal Wi S ClhA la pu | pu | e
-SRIV, SARNL SADN, DTSCT SRV, SARIVIT, SADIVIE, Sivrant-STive thftmoeretmote—Ssetitig commands and the

RSET unnumbered resetting command, the XID unnumbered command, and the TEST unnumbered command, shall require
the secondary/combined station to acknowledgeeptance by resnding with the appropriate unnumbered response frame

(a UA response frame, an XID response frame, and a TEST response frame, respectively). If the secondary/combined station
receives more than one of the above commands before pndsopportunity occurs, it shall transmit the response
appropriate to the first of the received commands at the firgpores$ opportunity. The secondary/combined station
transmission of the appropriate response following theeipt of one of these commands shall take precedence over a
response for any other previous command which may be waiting for a respond opportunity at the secondary/combined
station. Following receipt of one of the above commands, therslary/combined station may ignore all framesaived,

except to detect the next respond opportunity, until it has sent a response appropriate to that command. Feteptraf a

RSET resetting command, a combined station may discard the information field contained in any I, Ul or UIH 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 acknowledgingaeipt of that resetting command.
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In two-way alternate communications, a secondary/combined station, followingdb#t of a mode setting command, or a
combined station, following the receipt of a resetting command, shall transmit a ihanss frame at the next respond
opportunity. In two-way simultaneous communications, a secondary/combined station which is transmitting concurrent to the
receipt of a mode setting command, or a combined station which is transmitting concurrent to the receipt of a resetting

command, sh

all initiate transmission of a UA response frame at the earliest respond opportunity.

If appropriate to the mode of operation, the secondary/combined 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, SABME or SM) that is accepted (i.e., the mode that ttendacy/combined
station has accepted dictates when thpaase shall be transmitted), as follows:

a)
single
station
frame
respor

b) Upon

transn
1
2)

The U
by add

Upon
"1", the

1)
2)

The U
by add

Upon
mode

at

c)

u

at

d)

In the case
secondary/co
the normal m
DISC comma|

a) Upon

frame

b) Upon
depen
respeq

the DI

If the second

upon detection of an idle data link channel state in TWA data communication; or

pon detection of an idle data link channel state in TWA data)cemmunication; or

A f | E 1o "1 f SNRM or SNRME D g
shall wait until a command frame is received with the P bit set to "1" and then sipaihcewith a single
ith the F bit set to "1", or shall wait until a UP command is received with the P bit set to "0*.and

d with a single UA frame with the F bit set to "0".

eceipt of a SARM or SARME command with or gt the P bit set to "1", the secandary statio
it a UA frame:

the earliest respond opportunity in TWS data communication.

\ frame shall have the F bit set to "1" if the command has the P bit set to j1". The UA frame may b
itional secondary station transmissions, if pending.

eceipt of a SABM or SABME command, or a RSET command while in ABM, with dnaut the P bit sq
combined station shall transmit a UA frame:

the earliest respond opportunity in TWS data communigation.

\ frame shall have the F bit set to "1" if the command has the P bit set to "1". The UA frame may b
itional combined station transmissions, if pending.

eceipt of a SM command, the data station shall behave in accordance with a), b), or ¢) above, depsd
Df operation indicated in the information field or known a priori.

Imbined station shall be system defined; i.e., a given secondary/combined station shall be system
pde respond opportunity or the.asynchronous mode respond opportunity for the response followi
nd, as follows:

receipt of the SIM command, the sedary/combined station shall respond with the UA response.
Ehall have the F bit sét'to "1" if the SIM command has the P bit set to "1".

eceipt of the DISE/command, the sedary/combined station shall respond with the UA or DM r¢
ling on whether*the secondary/combined station was in an operational mode or a disconn
tively, at the'time that the DISC command was received. The UA or DM frame shall have the F bit
5C command has the P bit set to "1".

hry/combined station canaotept a mode setting command, or the combined statiomotaccept a rese)

Upon receipt of a SNRM or SNRME command with the P bit set to "1", thersiary station shall respond with a

ccondary
UA
hen shall

n shall

b followed

bt to

b followed

nding on the

of the non-operational mode setting commands (SIM and DISC), the respond opportufity at the

Hefined to use
ng a SIM or

The UA

sponse
pcted mode,
etto "1"if

tting

command, it

shall; at its earliest respond opportunity, transmit a DM, FRMR, RD, or RIM response, as a

ppropriate,

indicating nor

aCCeptarnce of the Tode Settig o TESEttTg CoTTarTd:

5.5.3.3.1 Set normal response mode (SNRM) command

The SNRM command shall be used to place the addressed secondary station in the normal response mode (NRM) where all
control fields shall be one octet in length. The secondary station shall coaficeptance of the SNRM command by
transmission of a UA response at the first respond opportunity. @dpoeptance of this command, the@edary 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 to a
higher layer. Whether the content of the information field of such unacknowledged | frames is reassigned to data link control

for transmissi

on or not is decided at a higher layer.

An information field may be present in the SNRM command. The structure of the information field when present is as

indicated in 5

36

.5.3.2 and table 9.

© ISO/IEC 2000 —

All rights reserved


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

5.5.3.3.2 Set asynchronous response mode (SARM) command
The SARM command shall be used to place the addressed secondary station in the asynchronou

s response mode (ARM)

where all control fields shall be one octet in length. The secondary station shall cawaiieptance of the SARM command
by the transmission of a UA response at the first respond opportunity. dpoeptance of this command, the sedary

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
higher layer. Whether the content of the information field of such unacknowledged | frames is reassig
for transmission or not is decided at a higher level.

link control reverts to a
ned to data link control

An information field may be present in the SARM command. The structure of the information field when present is as

indicated in 5.5.3.2 and table 9.

5,333 Setasynchronous balanced mode (SARM) command

The SABM command shall be used to place the addressed combined station in the asynchronous
where all control fields shall be one octet in length. The combined station shall confirm acceptatice
by transmission of a UA response at the first respond opportunity. @poeptance of this command, the
sgnd and receive state variables shall be set to zero.

hen this command is actioned, the responsibility for all unacknowledged | frames assigned to data
her layer. Whether the content of the information field of such unacknowledged INMrames is reassig
fof transmission or not is decided at a higher layer.

information field may be present in the SABM command. The structure ef the information fiel
inflicated in 5.5.3.2 and table 9.

5.,6.3.3.4 Disconnect (DISC) command

The DISC command shall be used to terminate an operationalcor initialization mode previously set
switched and non-switched networks it shall be used to_ihform the addressed secondary/comb
primary/combined station is suspending operation and that the secondary/combined station(s) sh
disconnected mode. In switched networks, a logically disconnected function at the data link layer may

hen this command is actioned, the respansibility for all unacknowledged | frames assigned to data
her layer. Whether the content of the information field of such unacknowledged | frames is reassig
fof transmission or not is decided at a.higher layer.

information field may be present-in the DISC command. The structure of the information fiel
inflicated in 5.5.3.2 and table 9-

5p.3.3.5 Set normal respanse mode extended (SNRME) command

The SNRME command shall be used to place the addressed secondary station in a normal respon
cgmmand/response cantrol fields shall be two octets in length and unnumbered command/response
ogtet in length (see.5.3.1). The secondary station shall corfaceptance of the SNRME command by trg
ponse at the_first respond opportunity. Ugmeeptance of this command, the sedary station send
vdriables shiall be set to zero.

hen thisscommand is actioned, the responsibility for all unacknowledged | frames assigned to data
hérlayer. Whether the content of the information field of such unacknowledged | frames is reassig

balanced mode (ABM)
f the SABM command
combined station

link control reverts to a
ned to data link control

i when present is as

by a command. In both
ined station(s) that the
ould assume a logically
also serve to initiate, at
ve the addressed
station shall confirm the

link control reverts to a
ned to data link control

i when present is as

5e mode where numberec
ontrol fields shall be one
nsmission of a UA
an@aeive state

link control reverts to a
ned to data link control

fol_transmission or not is decided at a higher layer

An information field may be present in the SNRME command. The structure of the information field when present is as

indicated in 5.5.3.2 and table 9.

5.5.3.3.6 Set asynchronous response mode extended (SARME) command

The SARME command shall be used to place the addressed secondary station in an asynchrono
numbered command/response control fields shall be two octets in length and unnumbered comman

us response mode where
d/response control fields

shall be one octet in length (see 5.3.1). The secondary station shall caadreptance of the SARME command by
transmission of a UA response at the first respond opportunity. @dpoeptance of this command, the@edary 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
higher layer. Whether the content of the information field of such unacknowledged | frames is reassig
for transmission or not is decided at a higher layer.
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An information field may be present in the SARME command. The structure of the information field when present is as

indicated in 5.5.3.2 and table 9.

5.5.3.3.7 Set asynchronous balanced mode extended (SABME) command

The SABME command shall be used to place the addressed combined station in an asynchronous balanced mode where

numbered command/response control fields shall be two octets in length and unnumbered command/response

control fields

shall be one octet in length (see 5.3.1). The combined station shall confirm acceptance of the SABME command by
transmission of a UA response at the first respond opportunity. @dpoeptance of this command, the combined 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 to a

higher layer. Whether the content of the information field of such unacknowledged | frames is reassigned to data link control

for transmission or not is decided at a higher layer.

An informatign field may be present in the SABME command. The structure of the information field when prg
indicated in 5/5.3.2 and table 9.

5.5.3.3.8 Set initialization mode (SIM) command

The SIM command shall be used to cause the addressed secondary/combined station tocinitiate a staj
procedure(s) ffo initialize its data link layer control functions. No information field shall be permittedwith the SIM g
The secondafy/combined station shall confaoteptance of the SIM command by the transmission of a Uporese at
first respond ppportunity. Upoacceptance of this command, the@edary/combined station send.arteive state varig
shall be set tq zero.

When this copmmand is actioned, the responsibility for all unacknowledged | frameg-assigned to data link control
higher layer. Whether the content of the information field of such unacknowledged\frames is reassigned to data
for transmissipn or not is decided at a higher layer.

5.5.3.3.9 Unnumbered poll (UP) command

The UP command shall be used to solicit response frames from a group of secondary stations (group poll), from

stations (all-gtation poll) or from a single secondary/combined statiofr (individual poll) by establishing a logical ¢
condition thaf exists at each addressed data station for opemg®pportunity. In the case of a group poll or all-statid
the mechanigm employed to control response transmissions™\(to avoid simultaneous transmissions) is not dg
International [Standard. The UP command does not acknowledge receipt of gonsesframes that may have
previously tra

The secondafy/combined station(s) whieleegives the UP command with a group or all-station address shadindsn
same mannér as when polled using an individual address. The response frame(s) shall contain
secondary/cogmbined station's individual address; plus N(S) and N(R) numbers as required by the particular res

sent is as

ion-specified
ommand.
the

bles

reverts to a
link control

Il secondary
perational

n poll,

bfined in this
been

smitted by the secondary/combined station;:*No information field shall be permitted with the UP cofmand.

the
he sending
bonse(s). The

continuity of ¢ach semndary/combined station's“N(S) shall be maintained. If the UP command has the P bit seteictl”,

addressed sdqcondary/combined station shall respond with at least one frame, the last frame having the F bit se
UP command has the P bit set to "0"seach addressemhdacy/combined station may or may not respond dependin
status of the fecondary/combined-station. Secondary/combined station responses sent in reply to a UP commg

to "1". If the
g on the
nd with the P

bit set to "Q" shall have the~F_bit set to "0" in all frames of eachosédary/combined station's response. A
secondary/combined station whigkreives a UP command with the P bit set to "0" shajpoesl when:

a) it has @n I/Ul frame(s)to send;

b) it has @n | framete'resend because it did not receive an acknowledgement;

c) ithas feceived, but not acknowledged, an | frame(s);

d) ST nnmmgnd;

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

f) it has a status that has to be reported again (for example, a FRMR, RIM or RD, 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 ponsesis eceived withi

na

given period of time, it shall be assumed that the secondary/combined station has completed, or will not initiate,

transmission.

5.5.3.3.10 Unnumbered information (Ul) command

The Ul command shall be used to send information (for example, status, application data, operation, interruption, data link
layer programs, temporal data or parameters) to a secondary/combined station(s) without affecting the V(S) or V(R) variables
at any station. Reception of the Ul command is not sequence number verified by the data link procedures; therefore, the Ul
frame may be lost if a data link exception occurs during transmission of the command, or duplicated if an exception condition
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occurs during any reply to the command. There is no specified secondary/combined station response to the Ul command. The

ul

command may be sent independently of the mode of the data link station.

5.5.3.3.11 Exchange identification (XID) command

The XID command shall be used to cause the addressed secondary/combined station to identify itself, and, optionally, to
provide 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 stattmeiving a XID command shall, if

capable, action the XID command in any mode unless a UA response to a mode setting command is awaiting transmission or
a FRMR condition exists.

If an XID command contains an information field, the first octet of the information field shall be the format identifier for the
remainder of the information field.

T

e encaoding of the format identifier shall he as shown in fiqure 16

T

addressed combined station. No information fieldvshall be permitted with the RSET command. THh
stption shall confirm acceptance of the RSET. command by transmission of a pénsesat the first resy
Upon acceptance of this command, the addressed combined station receive state variable shall K

I

T
Cd
Cd
T

Cd

W
hi
fo
5.
T

e
th% fifstrespond opportunity, thus performing a basic test of the data link control. An information fie

TESTYcommand.

DTE— The format identifier has a capability of designating 128 different standardized formats and 128 different

p.3.3.12 Reset (RSET) command

’7 First bit transmitted
Format identifier bits 1 2 3 4
Standardized format x x x X
X X X X

User-defined format

xX X O
X X O
xX X ~
O

Format identifier value:

Figure 16— XID format identifi€r

an operational mode (NRM, ARM or ABM), a FRMR condition may be established if the recq
ormation field exceeds the maximum defined storage capability of trengecy/combined station.

e RSET command shall be used by a combined(station in an operational mode to reset the rec

ponse isaceived correctly, the initializing‘combined station shall reset its send state variable to zer

e RSET command shall reset all frame rejection conditions in the addressed combined station, eX
ndition which the addressed combined station has reported by a FRMR frame. The RSET comm
mbined station which detectS an invalid N(R) to clear such a frame rejection condition in place of s
clear an invalid N(R) frame Tejection condition with a RSET command, the RSET command shal
mbined station that detects the invalid N(R).

hen this command-is-actioned, the responsibility for all unacknowledged | frames assigned to data
pher layer. Whetherthe content of the information field of such unacknowledged | frames is reassig
I transmission*ornot is decided at a higher layer.

5.3.3.13_(Test (TEST) command

TEST.command shall be used to cause the addressed secondary/combined station to respond

user-defined formats.

ived XID command

bive state variable in the
e addressed combined
ond opportunity.

e set to zero. If the UA
D.

cept for an invalid N(R)
and may be sent by the
ending a FRMR frame.
be transmitted by the

link control reverts to a
ned to data link control

vith the TEST response a
d is optional with the

If present, however, the received information field shall be returned, if possi

ble, 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 secondary/combined station.

The primary/combined station shall consider the data link layer test terminated egmptrof the TEST rgmnse or when a
time-out period has run out. The results of the TEST command/response exchange may be made available for interrogation
by a higher layer.

5.

5.3.3.14 Set mode (SM) command

The SM command shall be used to place the addressed station (combined/secondary) in one of the operational modes where
numbered command/response control fields are greater than two octets in length. The SM command may be used to place the
addressed station (combined/secondary) in one of the operational modes where numbered command/response control fields

ar
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The specific operational mode, in which the addressed station is placed using the SM command, may be determined by other
means (see below). Furthermore, use of the SM frame may require these other means to set the number of octets to be used in
| format and S format command/response control fields.

Various ways in which the mode and the modulus for operation can be selected are:

(&) witha priori knowledge;
(b) through XID exchange; or
(c) through the use of an information field in the SM command.

An information field may be present in the SM command. The structure of the information field when present is as indicated
in 5.5.3.2 and table 9.

If the mode and modulus element or the HDLC optional functions element is present, the mode of operation and the modulus
for operation shall be negotiated by setting the appropriate bits in the corresponding element; if not, then the mode of
operation an} modulus for operation shall be specified as in items (a) or (b). The combined/secondary station $hall confirm

the acceptange of the SM command by transmission of a Ugorese at the first respond opportunity. Upacceptance of

this command, the combined/secondary station's sendeged/e state variables shall be set to zero.

When this commmand is actioned, the responsibility for all unacknowledged | frames assigned to data link: control|reverts to a
higher layer. Whether the content of the information field of such unacknowledged | frames is reassigned to datalink control
for transmissipn or not is decided at a higher layer.

5.5.3.3.15 Unnumbered information with header check (UIH) command

The UIH conjmand shall be used to send information where the integrity of the information being transferred js of lesser
importance than its delivery to the correct secondary/combined station(s) without.affecting the V(S) or V(R) Jariables at
either station] For the UIH command frame, the FCS shall be calculated over only a’specified length of the begipning of the
frame. The Igngth of the protected portion shall be determined by parameter-negotiation (XID exchange or mode-setting
frame exchange), a priori knowledge or as a system definition.

Reception of the UIH command is not sequence number verified by the,data link procedures; therefore, the UIH frame may
be lost if a dgta link exception occurs during the transmission of the protected portion of the command, or duplicated if an
exception cofdition occurs during any reply to the command. There\is no specified secondary/combined station] response to
the UIH command. The UIH command may be sent independently of the mode of the data link station.

NOTE — Casgs where the integrity of the information being transferred is of lesser importance than its delivery to the cofrect station
include the timgly transmission of packetized voice, video/graphic.data, or periodically updated information.

5.5.3.4 Unn@imbered responses
The unnumbgred response encodings are shown‘in-figure 17.

h First hit transmitted

1 2 3 4 5 6 7 8

1 1 0 0 F 1 1 0 UAresponse

1 1 1 0 F 0O O 1 FRMRresponse
I 1 1 1 F 0 O 0 DM response

1 1 0 0 F 0 1 0 RD response

1 1 1 0 F 0O O 0 RIMresponse

1 1 0 0 F 0O O 0 Ul response

1 1 1 1 F 1 0 1 XID response

l 1 G G F 1 1 l 1 EST IUD'JUI 19T
1 1 1 1 F 1 1 1 UIH response

Figure 17— Unnumbered response control field bit assignments

5.5.3.4.1 Unnumbered acknowledgement (UA) response

The UA response shall be used by the secondary/combined station to acknowledgeetheand acceptance of SABM,
SNRM, SARM, SNRME, SABME, SARME, SM, RSET, SIM and DISC commands. An information field may be present in
the UA response. The structure of the information field when present is as defined in 5.5.3.2 and table 9.

When the UA response has an information field containing the mode and modulus element, at most one mode bit and one
modulus bit can be set to “1”.

5.5.3.4.2 Frame reject (FRMR) response
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The FRMR response shall be used by the secondary/combined station in an operational mode to report that one of the
following conditions, 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)
b)

c)

d)

the receipt of a command or apesise that is undefined or not implemented;

the receipt of an I/UI/UIH command or r@snse, or, optionally, a TEST command, or, optionally, a XID command or
response, with an information field which @eded the maximum information field length which can be
accommodated by the smwdary/combined station;

the receipt of an invalid N(R) from the primary/combined station, i.e., an N(R) which identifies an | frame which has
previously been transmitted and acknowledged or an | frame which has not been transmitted and is not the next
sequential | frame awaiting transmission; or

The receipt of a frame containing an information field when no information field is permitted by the associated

Al

(S

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

a)

b)

ter sending a FRMR response, the secondary/combined station:

ee 5.6.4 for a description of command-response rejection pfocedures.)

control field.

shall stop transmitting | frames if the frame reject exception condition was caused by an jinvalid N(R) since its
direction of transmission is affected; or

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

1) acommand or response that is undefined or not implemented; or

2) an | frame with an information field which exceeded the“maximum information field l¢gngth which can be
accommodated by the smwdary/combined station.

The primary/combined station receiving the FRMRpmsse-shall be responsible for initiating the appropriate mode setting

or
S

resetting corrective action by initializing one or both directions of transmission using the RSET, SNRM, SARM, SABM,
NRME, SARME, SABME, SM, or DISC command, as ‘applicable.

An information field shall be returned with this response to provide the reason for the frame rejectipn. When modulo 8 is

uq

The functions of these/fields shall be as follows:

a)

b)
c)

d)

e)

9)

h)

ed, the information field shall contain the fields shown in figure 18a.

ﬁ Firstbit transmitted

123456 7 89 101112 13 141516171819 20

Rejected frame

control field 0| N(S) | C/Rl N(R)|w|x]|y]|z

Figure 18a— Information field format for FRMR response in modulo 8 operation

The rejectéd frame control field shall be the control field of the received frame which cafised the frame reject
exception condition.

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

C/R set to "1" shall indicate that the frame which caused the frame reject exception conditionfwas a response frame,

——ant-ER—setto 0 shattindicatethat theframe—whichcausedtheframerejectexceptiomcondition was a command

frame.
N(R) shall be the current value of the receive state variable at th@dary/combined station (bit 14 = low-order bit).

w set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusivenvdasined or not
implemented.

x set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive was considered invalid
because the frame contained an information field which is not permitted with this commangansesBitw shall
be set to "1" in conjunction with this bit.

y set to "1" shall indicate that the information field received exceeded the maximum information field length which
can be accommodated by the sedary/combined station.

z set to "1" shall indicate that the control field received and returned in bits 1 to 8 inclusive contained an invalid
N(R).
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The w, X, yand z bits in the information field of the FRMR response may all be set to zero, indicating an unspecified
rejection of the frame for 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 5.6.4.)

When the control field extension (see 5.3.1) is used for modulo 128, the format for the information field returned with the
FRMR response shall be as shown in figure 18b.

ﬁ First bit transmitted

16 17 18--- 24 25 26-

'6

3233--- 36

Rejected extended frar

X N(S)
control field

C/Rl N(R) |w y

Bit 18 and bif 26 are the low-order bits of the current value of the send state and receive state variables; respe

secondary/c

In the extendpd FRMR response format in modulo 128 operation, the rejected frame control field is-the control
received frame which caused the frame reject except@mmition. When the rejected frame is an unnumbered fra

control field

When the control field extension (see 5.3.1) is used for modulo 32 768, the format for the\information field return

FRMR respo

Bit 34 and bit
secondary/co

In the extend
received fran
control field o

When the corf
with the FRM

F

R response shall be as showirin figure 18d.

Figure 18b— Information field format for FRMR response in modulo 128 operation

bined station.

the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 16 set to zero.

se shall be as shown in figure 18c.

ﬁ First bit transmitted

Lovreneaenenenns 32 33 34---- 48 49 50--- 64,65 66 67 68
Rejected extende
frame <:ontro|fie|d|1 0 N(S) CR NR) | w x|yl z

Figure 18c— Information field format for FRMR response in modulo 32 768 operation

50 are the low-order bits of the current value of-'the send state and receive state variables, respe
Imbined station.

bd FRMR response format in modulo 32768 operation, the rejected frame control field is the contro
e which caused the frame reject exceptamdition. When the rejected frame is an unnumbered fra
f the rejected frame is positioned id-bit positions 1 to 8, with bits 9 to 32 set to zero.

trol field extension (see 5.3.1) for modulo 2 147 483 648 is used, the format for the information field

ﬁ First bit transmitted

S EETEE O 64 65 66--- 96 97 98-- 128 129 130 131 132
Rejected extende
frame control fieldﬁ|1 N(S) CR NR) | wx [y} 2z

gure '18d— Information field format for FRMR response in modulo 2 147 483 648 operation

ctively, at the

field of the
me, the

ed with the

ctively, at the

field of the
me, the

returned

Bit 66 and bit
secondary/co

Jo dlie e 10Ww-0raer UilS Or tre currernt value Of tne sera state alrnd re(.eive Slale VdridUI(—.‘b, respe
mbined station.

tively, at the

In the extended FRMR response format in modulo 2 147 483 648 operation, the rejected frame control field is the control
field of the received frame which caused the frame reject excepbaditon. When the rejected frame is an unnumbered
frame, the control field of the rejected frame is positioned in bit positions 1 to 8, with bits 9 to 64 set to zero.

5.5.3.4.3 Disconnected mode (DM) response
The DM response shall be used to report a status where the secondary/combined station is logically disconnected from the

data link, and

is, by system definition, in NDM or ADM.

The DM response shall be sent by the secondary/combined station in NDM or ADM to request the primary/other combined
station to issue a mode setting command, or if sent in response tedbption of a mode setting command, to inform the
primary/other combined station that it is still in NDM/ADM and cannot action the mode setting command. An information

42
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field may be present in the DM response. The structure of the information field when present is as indicated in 5.5.3.2 and
table 9.

A secondary/combined station in NDM or ADM shall moniteceived commands to detect apesd opportunity in order

to (re)transmit the DM response (or the RIM, XID, Ul, TEST or RD responses, as appropriate); i.e., no commands (other
than the XID, Ul, and TEST commands) are accepted until theodisected mode is terminated by the receipt of a mode
setting command (SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or SIM, as appropriate).

5.5.3.4.4 Request disconnect (RD) response

The RD response shall be used to indicate to the primary/combined station that the secondary/combined station wishes to be
placed in the disennected mode (NDM or ADM). No information field shall be permitted with the RD response.

A secondary/comblned station which has sent an RD responseeaad/es a command frame(s) other than the DISC
md ¥ s thewon-DISC

ary/combined station.

msescancels the

r ADM), it shall

ernal problems, it

iglization. No information

(other than the
espond opportunity to

, Interruption, or temporal
bfion of the Ul

hy be lost if a data link
urs during any reply to

The Ul response may be sent during any medé of the data link station.

5..3.4.7 Exchange identification (XID)Tesponse

The XID response shall be used(to reply to an XID command, or to request an XID command/response exchange. An
information field containing thé secondary/combined station identification and/or characteristics may be optionally present
with the XID response. A secondary/combined station in any medeiving an XID command shall, if ¢apable, send the

XID response, unless a UAresponse is pending or a FRMR condition exists.

=

an XD response eontains an information field, the first octet of the information field shall be the fofmat identifier for the
remainder of that information field. See figure 19 for the encoding of the format identifier field.

secondary/Combined station may send an unsolicited XID response at any respond opporturjity to request an XID
change, including as a response to @&oeived command, not just an XID command.

combingd station in ABM may establish a FRMR exception condition if the information field of a regeived Xppones

A
e
A
exceeds the maximum defined storage capability of the combined station.

5.5.3.4.8 Test (TEST) response

The TEST response shall be used to reply to the TEST command in any mode. A secondary/combinedestaitiorg a
TEST command, shall, if capable, send the TEST responsedardance with the defined mode, unless a Udoese 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 carawaept an information field, a TEST pnse without an information field

shall be returned. If the secondary/combined station is in an operational mode (NRM, ARM, ABM), a FRMR condition may
be established if the received TEST command has an information field which exceeds the maximum established frame
storage capability of the secondary/combined station. If a FRMR response is not returned for this condition, a TEST response
without an information field shall be returned.

5.5.3.4.9 Unnumbered information with header check (UIH) response
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The UIH response shall be used to send information where the integrity of the information being transferred

is of lesser

importance than its delivery to the correct primary/combined station(s) without affecting the V(S) or V(R) variables at either
station. For the UIH response frame, the FCS shall be calculated over only a specified length of the beginning of the frame.
The length of the protected portion shall be determined by parameter negotiation (XID exchange or mode-setting frame

exchange), a priori knowledge or as a system definition.

Reception of the UIH rgmnse is not sequence number verified by the data link procedures; therefore, the UIH fra
lost if a data link exception occurs during the transmission of the protected portion of the response, or dupl

me may be
icated if an

exception condition occurs during any reply to the response. There is no specified primary/combined station response to the

UIH response. The UIH response may be sent independently of the mode of the data link station.

NOTE — Cases where the integrity of the information being transferred is of lesser importance than its delivery to the co
include the timely transmission of packetized voice, video/graphic data, or periodically updated information.

rrect station

5.6 Excepfion condition reporting and recovery

The following|procedures are available to effect recovery following the detection/occurrence of an exception.con
data link laye[. The exception conditions described are those situations which may occur as the result of\trahsm
data station mpalfunction or operational situations.

5.6.1 Busy

The busy condition shall result when a data station is temporarily unable to receive, or unahble to‘continue to rece
due to interngl constraints; for example, receive buffering limitations. In this case, an RNR-frame shall be trang
the N(R) nunjber of the next | frame that is expected. Traffic awaiting transmission may.bé transmitted from th
station prior |to, or following, the RNR frame. The continued existence of a Husy condition shall be re
ission of an RNR frame at each P/F frame exchange.

A data statign receiving an RNR frame when in the process of transmitting (i.e., two-way simultaneous)
transmitting | frames at the earliest possible time. It is suggested that a secéndary station in NRM return a frame
set to "1" bgfore suspending transmission. A secondary/combined station in ARM/ABM, respectively, shall
response/comqmand time-out before resuming transmission.

Indication that a busy condition has cleared and that | frames willfnow be acceptable shall be reported by the tral
an RR, REJ, BREJ, SNRM, SARM, SABM, SNRME, SARME, SABME, SM, or UA frame with or without the P/F

"1". Clearancg of a busy condition at a primary station shall also be indicated by the transmission of an | frame w
set to "1". Clgarance of a busy condition at a secondary/combined station shall also be indicated by the transm
frame with th¢ F bit set to "1".

5.6.2 N(S) sequence error

An N(S) segyence error exception condition shall occur in the receiver when an | frame received error free (nd
contains an N(S) that is not equal to the receive state variable at the receiver. The receiver shall not acknowle
increment its receive state variable) the frame causing the sequence error or any | frames which may follow unt
with the corrpct N(S) is received. Unless the SREJ frame is to be used to recover from a given sequend
information fig¢ld of all | frames received whose N(S) does not equal the receive state variable shall be discarded.
for SREJ recqvery.)

A primary, sg¢condary or comhined station whigteives one or more | frames having sequence errors, but

otherwise errpr free, shall accept the control information contained in the N(R) field and the P/F bit to perforr
control funcfions; forl example, to receive acknowledgement of previously transmitted | frames, to
secondary/combined:station to respond (P bit set to "1"), and, in NRM, to detect that the secondary station is
transmission [F bitsét to "1"). Therefore, the retransmitted | frame may contain an N(R) field and/or P/F bit infory

Hition at the
ssion errors,

ive, | frames
mitted with
P busy data
ported by

shall stop
and the F bit
perform a

nsmission of
hit set to

th the P bit
ssion of an |

FCS error)
dge (i.e., not
Il an | frame
e error, the
(See 5.6.2.3

hich are

h data link
cause a
terminating

nation that

are updated gnd‘different from those contained in the originally transmitted | frame.

Following the occurrence of a sequence error, the following means are available for initiating the retransmissi
frames or those with errors.

5.6.2.1 Poll/final (P/F) bit (checkpoint) recovery (see also 5.4.3.2)

on of lost |

When a data station receives a frame with the P/F bit set to "1", it shall initiate retransmission of unacknowledged | frames

previously transmitted with sequence numbers that are less than the V(S), send state variable, value that was
time of transmission of the last frame with the F/P bit, respectively, set to "1". Retransmission shall start with

current at the
the oldest

numbered unacknowledged | frame. | frames shall be retransmitted sequentially. New | frames may be transmitted if they
become available. Such retransmission of | frames as a result of an exchange of P/F bits set to "1" is known as checkpoint

retransmission.

When using the multi-selective reject procedure, any | frames that were retransmitted subsequent to the transmission of the

last frame with the P/F bit, respectively, set to "1", shall not be retransmitted. For a combined station, if any
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retransmitted, then a poll shall be sent, either by transmitting an RR command (or RNR command if the station is in the busy
condition) with the P bit set to "1" or by setting the P bit to "1" in the last retransmitted | frame.

Checkpoint retransmission shall not be initiated under the following conditions:

a)

b)

)

In the case of a secondary/primary station, if a REJ frame with the P/F bit set to "0" hasbeieed and actioned,
checkpoint retransmission shall be inhibited on the next P/F frame received, if it would cause retransmission of the

same particular | frame; i.e., same N(R) in same numbering cycle.

In the case of a combined station, if a REJ command with the P bit set to "0" or "1", or a REJ response with the F bit
set to "0", has been received and actioned while a P bit set to "1" was unanswered, checkpoint retransmission shall be
inhibited on the next frame received with the F bit set to "1", if it would cause retransmission of the same patrticular |

frame; i.e., same N(R) in same numbering cycle.

In the case of a secondary/primary station, if the multi-selective reject procedure is not used a

nd if one or more SREJ

d)

e)

9)

h)

frames with the P/F bit set to "0" have been received and actioned, checkpoint retransmission

next frame received with the P/F bit set to "1" when this frame is a SREJ frame and contains
oldest unresolved SREJ frame, if it would cause retransmission of the same particular kframe;

numbering cycle.

In the case of a combined station, if the multi-selective reject procedure is not used and if a S
P bit set to "0" or "1", or one or more SREJ responses with the F bits set to' "9" have dusive
checkpoint retransmission shall be inhibited on the next frame received with the F bit set to "]
SREJ frame and contains the same N(R) as the oldest unresolved SREJ\frame, if it would cal
same particular | frame; i.e., same N(R) in same numbering cycle.

If a P/F bit set to "1" is received in amnumbered format frame, checkpoint retransmission shall

If, after sending a frame with the P/F bit set to "1", a data station receives an acknowledgeme
receiving the corrggonding frame with the F/P bit set to "17, checkpoint retransmission on the fi
set to "1" shall be inhibited.

If a SREJ frame with the P/F bit set to "1" is received, the SREJ recovery retransmission
checkpoint retransmission.

In the case of a combined station, if any framewith the P bit set to "1" is received, checkpoint
inhibited.

In the case of a primary/secondary-station, when the multi-selective reject procedure
retransmission on receipt of an RR\Mrame with the P/F bit set to "1" shall be inhibited if an
transmitted subsequent to the last frame with the P/F bit set to "1". In the case of a combined

selective reject procedure is used, checkpoint retransmission on receipt of an RR frame with {
be inhibited if any new | frame&s were transmitted subsequent to the last frame with the P bit sef

56.2.2 REJrecovery

by tifme-out that the requested | frame has not been received, because either the requested | frame

shall be inhibited on the
the same N(R) as the
.e., same N(R) in same

REJ command with the
d and actioned,

" when this frame is a
se retransmission of the

be inhibited.

nt to that frame before
ame with the F/P bit

shall be used and not

etransmission shall be

is used, checkpoint
y new | frames were
station, when the multi-
he F bit set to "1" shall
to"1".

e REJ command/response shall be used primarily to initiate an exception recovery (retransmission), following the

N two-way simultaneous
rror, then there is no

m a given data

h shall be cleared when
ta station perceives

or the REJ frame was in

ercorarlost the REJ frame may be repeated

A data station receiving a REJ frame shall initiate sequential transmission (or retransmission) of | frames starting with the |
frame indicated by the N(R) contained in the REJ frame. New | frames may be transmitted subsequently if they become
available.

If

a)

b)

retransmission beginning with a particular frame occurs due to checkpointing (see 5.4.3.2
5.4.3.2.4 and 5.6.2.1), and

1, 54322, 54323,

a REJ frame is received which would also start retransmission with the same particular | frame [as identified by the

N(R) in the REJ frame],

the retransmission resulting from the REJ frame shall be inhibited.
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5.6.2.3 SREJrecovery

The SREJ command/response shall be used primarily to initiate more efficient error recovery by requesting the
retransmission of one or more (not necessarily contiguous) | frame(s) following the detection of sequence errors rather than

the retransmission of the earliest frame in need of retransmission plus all additional | frames which may
transmitted subsequently.

5.6.2.3.1 Single SREJ recovery

have been

Single SREJ recovery shall be used to request the retransmission of a single | frame following the detection of a sequence

error.

When an | frame sequence error is detected, and it is determined that SREJ recovery is to be employed, the SREJ frame shall

be transmitted at the earliest possible time. When a primary/secondary station sends one or more SREhffamih,

the

P/F bit set to "0", and these "sent SREJ" exception conditions are not cleared when the primary/secondary station is ready to

issue the next frame with the P/F bit set to "1", the primary/secondary station shall send a SREJ frame with the |
"1" with the same N(R) as the oldest unresolved SREJ frame. When a combined station sends one or more’'SRE
each with the|P bit set to "0", or one or more SREpogseseach the F bit set to "0", or a SREJ command with the R
to "1", and these "sent SREJ" exception conditions are not cleared when the combined station is ready to i
response framhe with the F bit set to "1", the combined station shall send a SREJ response with the)F-bit set to
same N(R) ag the oldest unresolved SREJ frame.

In a primary/$econdary station, since an | or S format frame sent with the P/F bit set to "1" has the potential
checkpoint retransmission, a primary/secondary station shall not send SREJ frames endiv#s at least one in-sequ
frame or it pefceives by time-out that the checkpoint retransmission will not be initiated by<thie remote station. In

station, sincelan | or S format frame sent with the F bit set to "1" has the potential ¢f'causing checkpoint retrar
combined station shall not send SREJ frames until it receives at least one in-sequénce | frame or it perceives by
the checkpoint retransmission will not be initiated by the remote station.

With respect fo each direction of transmission on the data link, one or mor€."sent SREJ" exceptlitivigs from a gi
data station tp another given data station may be established at a time{A)"sent SREJ" exception condition sh
when the reqyiested | frames have all been received.

When a data
or the SREJ frame was in error or lost, the SREJ frame may be repeated.

A data station) receiving one or more SREJ frames shall, when appropriate, initiate retransmission of the individ
indicated by the N(R) values contained in each SREJ frarhe. After having retransmitted these | frames, new | frg
transmitted stibsequently if they become available.

When a primary/secondary statioeceives and actions one or more SREJ frames, each with the F bit (primary stg
bit (secondary station) set to "0", it shall disahle“actioning of the next SREJ fraoséved if that frame has the
(primary statipn) or P bit (secondary station).set'to "1" and has the same N(R), (i.e., same value and same num
as the previoyisly actioned SREJ frame, andif the resultant retransmission was made following the retransmissio
(primary statjon) or the F bit (secondary station). When a combined statiogives and actions one or more

P/F bit set to
J commands,
bit set

sue the next
"1" with the

of causing
ence |

A combined
smission, a
time-out that

ven
Il be cleared

tation perceives by time-out that the requested | framewill not be received, because either the reqliested | frame

ual | frames
mes may be

tion) or P

F bit

bering cycle)
n of the P bit
SREJ

commands, gach with the P bit set t0."0", or a SREJ command with the P bit set to "1", or one or more PBiEsEsERCch

with the F bit|set to "0", it shall disable actioning of the next SREJ response freceéved if that SREJ frame has thg
set to "1" and|has the same N(R) (i.e., same value and same numbering cycle) as a previously actioned SREJ frg
resultant retragnsmission was made following the retransmission of the P bit set to "1".

When the SREJ mechanijSm is used, the receiving station shall retain correctly received | frames and deliver

sequence-number order.

F bit
me, and if the

them to the

one or more (not necessarily contlguous) | frame(s) following the detection of a sequence error.

When a primary/secondary or combined statiegeives an out-of-sequence | frame, the | frame shall be held

insmission of

for later

delivery. The | frame shall be delivered to the upper layer only when all | frames numbered below N(S) are correctly

received. If frame number N(S)-1 has not been received previously, then an SREJ frame with the P/F bit set to

"0" shall be

transmitted, at the earliest possible time, that contains the sequence numbers of the list of consecutive missing | frames
ending at N(S)-1; the N(R) field in the control field shall be set to the first sequence number in the list; the information field
shall contain the rest of the sequence numbers. If the list of sequence numbers is too large to fit in the information field of the
SREJ frame, then the list shall be truncated by including only the earliest sequence numbers. The primary/secondary or
combined station on receiving an SREJ frame with the P/F bit set to 0 shall retransmit all requested | frames. After having
retransmitted these | frames, the primary/secondary or combined station may transmit new | frames, if they become available.

When a primary/secondary station is ready to issue the next frame with the P/F bit to "1" and if there are out-of-

frames saved in the receive buffer, the primaryésetary station shall send a SREJ frame with the P/F bit set to '

sequence |
1" with

N(R) equal to the oldest unacknowledged | frame and the information field containing the sequence numbers of the rest of

46 © ISO/IEC 2000 —

All rights reserved


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

the missing | frames. When a combined station is ready to issue the next response frame with the F bit to "1" and if there are
out-of-sequence | frames saved in the receive buffer, the combined station shall send a $BRESEredth the F bit set to

"1" with N(R) equal to the oldest unacknowledged | frame and the information field containing the sequence numbers of the
rest of the missing | frames. If the list of sequence numbers is too large to fit in the information field of the SREJ frame, then
the list shall be truncated by including only the earliest sequence numbers. When a primary/secondanestities an

SREJ frame with the P/F bit set to "1", the primary/secondary station shall retransmit all requested | frames, except those that
were transmitted subsequent to the last frame with the P/F bit set to "1". When a combined station receives an SREJ frame
with the F bit set to "1", the combined station shall retransmit all requested | frames, except those that were transmitted
subsequent to the last frame with the P bit set to "1". After having retransmitted these | frames, the primary/secondary or
combined station may transmit new | frames, if they become available.

Annex B includes examples of the possible use of the multi-selective reject procedure and implementation guidelines.

2.4

5.624

In|the event that the remote data station, as a result of a transmission error, does not receive-~(ab|receives and discards) a
transmission consisting of a single | frame or the last | frame(s) in a sequence of | frames(it*willf not detect an out-of-
sgquence exception condition and therefore will not transmit a SREJ/REJ frame. The data statiop which transmitted the
upacknowledged | frame(s) shall, following the completion of a system defined time-out, period, takp appropriate recovery
agtion to determine the point at which retransmission shall begin.

A

Tima-outracovans
rrHe-outrTrecovery

primary/combined station should inquire status with a supervisory frame. When
a)
b)

c)

a secondary station has a respond opportunity, and
an optional time-out or equivalent function for unacknowledged | frames has run out, and
no new | frames are available,

th
st

f
primary/secondary station, | frame retransmissions shall\be done only after a frame with the P/F bi

en the secondary station should transmit only the last | frame and should wait until stagasiied fr
htion.

pm the primary

the multi-selective reject procedure is used, then status inquiry should be done using a supervisory frame. For a
set to "1" or an SREJ

frgme with the P/F bit set to "0" is received. For a cembined station, | frame retransmissions stajidenly after a

response with the F bit set to "1" or an SREJ response with the F bit set to ‘&eived.

NOTES

1.| If a data station retransmits one of the una¢cknowledged | frames (not the last | frame) after a time-out, th¢ data station should keep
record of the highest value of V(S) that~had been sent so as to be able to identify an N(R) received ps acknowledging or not
acknowledging some or all of the | franes previously transmitted.

2.| Ifadata station does retransmit all inacknowledged | frames after a time-out, it should be prepared to receie a following REJ or SREJ
frame with an N(R) greater thah.thie send state variable at the data station 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 an unanswered P bit set to “1" has been received since the earlier tfransmission of the response
frame.

4.] Care should be taken if a higher layer attempts to change an information field which is being retransnjitted as part of time-out
recovery, because the new information field is discarded if the receiving data station had correctly received an | frame with the same
N(S).

5.] To aceount for possible retransmissions after time-out, a receiving data station should not set a SREJ ekception condition when it
receives an | frame with an N(S) one less than its receive state variable.

56.3."FCS or HCS error

Any frame received with a FCS or HCS 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 or HCS 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 initiating recovery action.

5.6.4 Command/response frame rejection

A command/response rejection exception condition shall be established upoac#ipt rof an error-free frame which

contains 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 be accommodated by the receiving data
station.

At a primary station, this exception condition shall be subject to recovery/resolution at a higher layer. In the case of an
invalid N(R), recovery shall include, at least, the issuance of a mode setting command.
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At a secondary station, this exception condition shall be reported by a FRMR response for appropriate primary st

ation action.

Once a secondary station has established a FRMR exception condition, no additional | frames atzdpbed, except for
examination of the state of the P bit and the value of the N(R) field, until the condition is cleared by the primary station
issuing a mode setting command. The FRMR response shall be repeatedhatepond opportunity until recovery is

effected by the primary station.

At a combined station, 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 described for a primary station, where the
exception condition is resolved as a higher layer function. The combined station shall issue a mode setting command
or a RSET command, as appropriate, as a part of this recovery action.

b) The combined station may follow a course of action similar to that described for a secondary station and request that

the other combined station resolve the exception condition and effect the required recovery.

In the fase of exception conditions that are not related to the | frame transmission from the reporting datg

frame |s unable to effect an appropriate recovery action, it shall reply with a FRMR frame’of its own, rej
receivgd FRMR frame. The combined station that sent the original FRMR frame shall then initiate an 4§
recovdry function as described in a).

5.6.5 Contention situations

Contention may occur in ARM (ABM) during a mode setting action in either TWA ornTWS communications, or foll
extended peffiod of inactivity (idle data link channel state) in a TWA configdration. In the TWA case, the pr
combined stgtion and secondary/other combined station are contending_for the use of the logical communica
mode setting or data interchange purposes. In the TWS case, the-primary/one combined station and se
combined stafion are contending with regard to initiating a mode settingfunction.

In all of the apove cases, the contention situation shall be resolvedithrough the use of different value time-out
each data stgtion. The time-out function employed bysdary/one’combined station shall be greater than that emp|
the primary/¢ther combined station so as to permit such" contention situations to be resolved in fav
primary/specified combined station.

6 HDLC glasses of procedures

Five basic clgsses of procedures are defined in"HDLC: two unbalanced classes of procedures, a balanced class
and two conngectionless classes of procedures:(See 6.6.)

6.1 Types|of data station
The types of

station, the
and F bits
ng a mode
ned station
choose to
the FRMR
ecting the
ppropriate

bwing an
mary/one
ion path for
condary/other

functions in
joyed by
bur of the

of procedures,

ata station that are defined in this International Standard utilize the building blocks illustrated in figyre 19.
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Data Source and
flow sink*
Command Response Command-and
Control '
control control response contro

Primary Control Secondarylributary Combined Peer
station station station station station  station

*

For send-only | frame stations or receive-only | frame stations, remove source or sink capability, af appropriate.
Figure 19— HDLC stations — Buildingblocks
TWvo types of data station are defined for the unbalanced classes of\procedures (see figure 19):

a) primary station, which sends commands, receivegoreses ‘and is ultimately responsible for data link layer error
recovery;

b) secondary stations, whichaeive commands, send pesises and may initiate data link layer error 1ecovery.

Ope type of data station is defined for the balanced<class of procedures (see figure 19), i.e., combiped stations, which send
bgth commands and responsex;aive both commands and pesises, and are responsible for data link layer error recovery.

Three types of data stations are defined for the connectionless classes of procedures (see figure 19):

a) control station in unbalanced copnectionless class of procedure, which sends cometaivss rgzpnses, but does
not support any form of data link layer connection establishment/termination, flow control, pcknowledgement, or
error recovery;

b) tributary stations in unbalanced connectionless class of procedure, veltielves commands, sefdspesses, but
does not support any form of data link layer connection establishment/termination, flow control| acknowledgement, or
error recovery;

c) peer stations(inybalanced connectionless class of procedures, which send both commands arjd resporesbst
commandsy _and responses, but are not responsible for any form of data link layer connection
establishment/termination, flow control, acknowledgement, or error recovery.

NOTE - The 'above terms are introduced in order to avoid having to use compound terms such as "connectionlgss secondary station", etc.,
oughoutihe subclauses that deal with connectionless classes of procedures.

—
=3

612 Configurations

For the two unbalanced classes of procedures, a single primary station plus one or more secondary station(s) shall be
connected together over various types of transmission facilities to build point-to-point or multipoint, half-duplex or duplex,
switched or non-switched configurations.

For the balanced class of procedures, two combined stations shall be connected together over various types of transmission
facilities to build point-to-point, half-duplex or duplex, switched or non-switched configurations.

For the unbalanced connectionless class of procedures, a single control station plus one or more tributary station(s) shall be
connected together over various types of transmission facilities to build point-to-point or multipoint, half-duplex or duplex,
switched or non-switched configurations.

For the balanced connectionless class of procedures, two peer stations shall be connected together over various types of
transmission facilities to build point-to-point, half-duplex or duplex, switched or non-switched configurations.
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6.3 Operational modes

In an unbalanced class, any coupling of a primary station with secondary station(s) shall be operated in either the normal
response mode (NRM) or the asynchronous response mode (ARM), two-way alternate or two-way simultaneous, in
accordance with the capability of the configuration being employed. In the balanced class, two combined stations shall be
operated in the asynchronous balanced mode (ABM), two-way alternate or two-way simultanesecnritance with the

capability of t

he configuration being employed.

In the unbalanced connectionless class, any coupling of a control station with tributary station(s) shall be operated in the
unbalanced connectionless mode (UCM), two-way alternate or two-way simultane@egoirdance with the capability of
the configuration being employed.

In the balanced connectionless class, two peer stations shall be operated in the balanced connectionless mode (BCM), two-
way alternate or two-way simultaneous, in accordance with the capability of the configuration being employed.

6.4 Addre

In all classeq

station addre

The "all-statid

stations on a
4.7. The mec

this Internatid

6.5 Send

For each prin

used for eac

both the sendl and receive state variables of the receiving station shall bé,set to zero. Upon receipt and acc

acknowledge
shall be set tq

For each con|
transmission

6.6 Fund

6.6.1 Designations
Five fundamgntal classes of procedures are defined: They are designated:

UNC - Upbalanced operation Normal response mode Class;

UAC - Upbalanced operation Asynchrenous response mode Class;
BAC - Bglanced operation Asynchronous balanced mode Class;
UCC - Upbalanced operation,Connectionless mode Class; and
BCC - B3lanced operation*Connectionless mode Class.

In these designations

the fir

the se¢ondAetter, A, N, or C, indicates asynchronous, normal, or connectionless response mode; and

5sing scheme

(unbalanced, balanced, and connectionless), commands shall always be sent containjng ‘a de
5s, and responses shall always be sent containing the assigned transmitting data station address.

n" address or a "group" address may be used to transmit a command frame simultaneausly to all t
multipoint configuration or to the defined group of secondary stations. The addressing'Convention ig
hanism to avoid overlapping responses to multiple station addressing is system dependent and is n
nal Standard.

hnd receive state variables

ary-to-sendary or combined-to-combined pairing, a separate pair,ofi\s€éndeanive state variables sh
direction of transmission of information (l) frames. Upon receipt-and acceptance of a mode settin|

ment response to a mode setting command, both the sergteive state variables of the originating
zero.

frol-to-tributary or peer-to-peer pairing, there are no.send and receive state variables used for ead
Df data.

mental classes of procedures

letter, ¥ or B, indicates unbalanced or balanced operation;

stination data

he secondary
specified in
pt specified in

all be

g command,
bptance of an
tation

h direction of

the third letter, C, stands for class.

6.6.2 Basic repertoires
The following basic repertoires utilize single octet addressing, unextended control field format, a 16-bit FCS, and

synchronous

50

transmission.
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6.6.2.1 UNC
The basic repertoire of commands and responses for UNC shall be as follows:

Commands  Responses
| |

RR RR
RNR RNR
SNRM UA
DISC DM
FRMR
6.6.2.2 UAC

The basic repertoire of commands and responses for UAC shall be as follows:

Commands  Responses
| |

RR RR
RNR RNR
SARM UA
DISC DM
FRMR
6.6.2.3 BAC

The basic repertoire of commands and responses for BAC shall be as follows:

Commands  Responses
| |

RR RR
RNR RNR
SABM UA
DISC DM
FRMR
6.p.2.4 UCC

The basic repertoire of commands and responses.for UCC shall be as follows:

Commands  Responses
Ul ul

6.6.2.5 BCC
The basic repertoire of commandsand responses for BCC shall be as follows:

Commands  Responses
ul

6{7 Optional functions

Table 13 lists thetoptional functions that are available to modify the fundamental classes of procedurgs defined in 6.6. These
optional funetions involve the additions or deletions of commands and responses to or from the basic repertoires, or the use
oflalternate.address or control field formats or alternate frame checking sequences or alternate form ¢f transmission (see table
13).

68 Cunoiotcnuy ofclasses—of pi’uucd'u'i‘co
The consistency in the five classes of procedures, obtained through the use of the concepts of modes of operation, basic

command/response repertoires, and hierarchical structuring, is illustrated in 6.6.2. This consistency in repertoire facilitates
the inclusion of multiple versions of the classes of procedures in a data station that is configurable.

6.9 Conformance to the HDLC classes of procedures

A data station shall be described as conforming to a given class of procedures, with optional functions, if it implements all
commands and responses in the basic repertoire for the class of procedures as modified by the selected optional functions,
i.e.,

a) aprimary station shall have the ability to receive all of th@oeses in the basic repertoire for the unbalanced class of
procedures as maodified by the selected optional functions;

b) a secondary station shall have the ability ¢geive all of the commands in the basic repertoire foruhbalanced
class of procedures as modified by the selected optional functions;
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c)

d)

e)

a combined station shall have the ability to receive all of the commands guuhees in the basic repertoire for the
balanced class of procedures as modified by the selected optional functions.

a control station shall have the ability to receive all of thepoeses in the basic repertoire for the unbalanced
connectionless class of procedures as modified by the selected optional functions;

a tributary station shall have the ability to receive all of the commands in the basic repertoire fmb#ianced
connectionless class of procedures as modified by the selected optional functions;

a peer

station shall have the ability to receive all of the commands apdnsss in the basic repertoire for the

balanced connectionless class of procedures as modified by the selected optional functions.

6.10 Method of indicating classes and optional functions
The classes of procedures and the optional functions shall be indicated by specifying the designation of the class (see 6.6.1)

plus the number(s) of the accompanying optional functions (see 6.7).
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Example]
optional

the secopdary station(s) to the primary station.

Example]

1 Class UNC1,2,6,9 indicates the unbalanced operation normal response mode class of preeeddres with the
unctions for identification (XID), REJ recovery (REJ), unnumbered polling (UP), and one-way data [flow from

2 Class UAC1,5,10.1,13 indicates the unbalanced operation asynchronous response,mode class ¢f procedures

with the pptional functions for identification (XID), initialization (SIM, RIM), extended sequence numbering [(modulo

128), andl request disconnect (RD).

Example]
optional

Example]
with the

Example]
with the

3 Class BAC2,8 indicates the balanced operation asynchronous balanced ‘mode class of proceddires with the
unctions for REJ recovery (REJ) and the ability to send | frames as commands only.

4 Class UCC1,12 indicates the unbalanced connectionless operationconnectionless-mode class ¢f procedures
ptional functions for identification (XID) and data link test (TEST)

5 Class BCC1,14 indicates the balanced connectionless operation connectionless-mode class df procedures
ptional functions for identification (XID) and 32-bit FCS.
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Option Functional description Required change UNC | UAC | BAC| UCC| BcCC
1 Provides the ability to exchange identification and/prAdd command: XID X X X X X
characteristics of data stations Add response: XID
2 Provides the ability for more timely reporting of | Add command: REJ X X X
frame sequence errors Add response: REJ
3.1 Provides the ability for more efficient recovery from} IAdd command: SREJ X X X
frame sequence errors by requesting retransmissignAdd response: SREJ
a single frame
3.2 Provides the ability for more efficient recovery from IAdd command: SREJ X X X
frame sequence errors by requesting retransmissignAdd response: SREJ
one or more individual | frames with a single reque$t Support multi-selective
consisting of individual I-frame indicators only reject procedure using
wadibaddiiall franmaa
indicators only
3.3 Provides the ability for more efficient recovery from IAdd command: SREJ X X X
frame sequence errors by requesting retransmissignAdd response: SREJ
one or more individual | frames with a single reque$t Support multi-selective
consisting of individual I-frame indicators and span reject procedure using
list indicators, as appropriate individual I-frame
indicators and span list
indicators
4 Provides the ability to exchange information fields | Add command: Ul X X X
independent of the mode (operational or non- Add response: Ul
operational) without impacting the | frame sequence
numbers
5 Provides the ability to initialize a remote data statignAdd command: SIiM X X X X X
and the ability to request initialization Add response: RIM
6 Provides the ability to perform unnumbered group | Add command: UP X X X X X
and all-station polling as well as unnumbered
individual polling
7 Provides for greater than single octet addressing Use extended addrespingX X X X X
fotmat instead of basic
addressing format
8 Limits the procedures to allow | frames to be Delete response: | X X X
commands only
9 Limits the procedures to allow | frames to be Delete command: | X X X
responses only
10.1 Provides the ability to use extended sequence Use extended control field| X X X
numbering (modulo 128) format instead of basic
control field format; use
the SXXME command
instead of the SXXM
command
10.2 Provides the ability te:use extended sequence Use extended control field| X X X
numbering (modulo 32 768) format instead of basic
control field format; use
the SM command instead
of the SXXM command
10.3 Providesithe ability to use extended sequence Use extended control field X X X
numbering (modulo 2 147 483 648) format instead of basic
control field format; use
the SM command instead
_ of the SXXM command
11 Provides the ability to reset the state variables Add command: RSET X
associated with only one direction of information
flow
12 Provides the ability to perform a basic data link tes Add command: TEST X X X X X
Add response: TEST
13 Provides the ability to request logical disconnection Add response: RD X
14.1 Provides for 32-bit frame checking sequence (FCS) Use the 32-bit FCS insteati X X X X
of the 16-bit FCS
14.2 Provides for 8-bit frame checking sequence (FCS) Use the 8-bit FCS insfeadX X X X X
of the 16-bit FCS

© ISO/IEC 2000 — All rights reserved

53


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

Table 13— Optional functions (Cont'd)

Option Functional description Required change UNC | UAC | BAC| ucC BCC
15.1 Provides for start/stop transmission with basic Use start/stop X X X X X
transparency transmission with basic

transparency instead of
synchronous transmissioh

15.2 Provides for start/stop transmission with basic Use start/stop X X X X X
transparency and flow-control transparency transmission with basic
transparency and flow-
control transparency
instead of synchronous
transmission

15.3 Provides for start/stop transmission with basic Use start/stop X X X X X
transparency and control-character actet transpare nnﬁncmiccinn with hasic
transparency and control
character octet
transparency instead of
synchronous transmissioh

16 Prqvides for operation in a start/stop transmission | Use the seven-bit data X X X
enJironment that only permits transfer of seven datapath transparency
bitd per character function, in conjunction
with one of the Option 15|
functions
17 Prqvides the ability to set up a link Use the Set Mode X X X

command in place of the
corresponding frame
from the basic repertoire
(SXXM) or the
associated extended
frame (SXXME) te'set.up|

the link
18 Prqvides the ability to have an optional information| Use the UAand DM X X X
fieldl in the UA and DM response frames and the responses.and the DISC
DIYC command frame command with an
optiopal-information field
19 Prqvides the ability to have an optional information| Use'the corresponding X X X

fieldl in different mode setting commands from the | amode setting command
bagic repertoire (i.e., SABM, SARM, SNRM) or the|<with an optional

altgrnative frame per optional function 10.1 (i.e.; information field
SABME, SARME and SNRME)
20 Prgvides the ability to exchange information fields | Add command: UIH X X X X X

thaf are not fully protected by a check'seguence, | Add response: UIH
independent of the mode (operational,or non
opgrational) without impacting the | frame sequencg

nurpbers
21 Prqvides the ability to have'moere than one addresg Use more than one X X X X X
fieldl in a consecutive manner following the openind address field after the
flag opening flag and before
the control field.
22 Prqvides the framéformat field immediately Include the frame format X X X X X
follpwing the.opehing flag sequence and before any field after the opening
address fields frame sequence
23 Usg ofssegmentation The segmentation X X X X X
subfield is present in the
fl allic fUI miat fll‘.’h}l
24 Inhibits bit or octet insertion as a transparency Do not perform bit or X X X X X
mechanism octet insertion
25 Start/stop mode intra-frame timeout Set the timer upon regeiptX X X X X
of a stop bit and disable
upon receipt of a start bit
or upon the timer running
out
26 Provides a check sequence over the header A HCS is inserted ajter X X X X X

the control field
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6.11 Unbalanced operation (point-to-point and multipoint)

6.11.1 General

The following requirements apply to the procedure for unbalanced operation of synchronous or start/stop data transmission
over point-to-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The procedure
uses the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the
basic command/response repertoire designated UNC or UAC (see 6.6.2.1 or 6.6.2.2, respectively). Although only the basic
commands and responses are described, there are several optional functions available for enhanced operation. These ar
listed in 6.7 and shown in table 13.

NOTE — The HDLC unbalanced classes of procedures operate as illustrated in the examples given in Annex B.

6.11.2 Description of the data link

6./l11.2.1 Configuration (see figure D, Introduction)

The unbalanced operation data link configuration shall consist of one primary station and ©nhe’or more secondary stations
inferconnected by physical layer transmission facilities.

6.Jl1.2.2 Physical layer transmission facilities

The physical layer transmission facilities may provide either half-duplex or duplex transmission @ver switched or non-
syitched data circuits.

NOTE — In the case of a switched data circuit, the procedures described assumethatthe switched data circuit hfas been established.

The data link layer shall not initiate data transmission until an indication/of circuit availability is proyided by the physical
layer. (In some systems providing two-way alternate data exchange on physical layer data cir¢uits using half-duplex
transmission, this indication of physical layer circuit availability is’indicated by an idle data link chann€| state.)

6.Jl1.3 Description of the procedures

6.11.3.1 General

Upbalanced control procedures shall operate on a.data link with one primary station and one or morg¢ secondary station(s) in
either normal or asynchronous response mode. ‘©Only one secondary station at a time shall be put i asynchronous response
mpde. The primary station shall be ultimately r&sponsible for overall data link error recovery.

Eqch data station shall check for the correct'receipt of the | frames it has sent to the remote data station by checking the N(R)
ofleach received | frame and supervisoryyrame.

6.[11.3.2 Data station characteristics
The primary station shall be responsible for:

a) setting up the datalink and disconnecting the data link;

b) sending information transfer, supervisory and unnumbered commands; and
c) checkingseceived rpsnses.

Edach secondary station shall be responsible for:

a) ehecking received commands; and

b)~{ sending information transfer, supervisory and unnumbered responses as requiredbgittegl commands.

6.11.4 Detailed definition of the procedures
The procedures for a permanently connected data link or an established switched connection are defined in 6.11.4.1 to
6.11.4.6.

The protocol for establishing and disconnecting a switched data circuit is not within the scope of this International Standard.
However, the ability to exchange identification and/or characteristics after the switched connection is established is available
as an optional function.

6.11.4.1 Setting up and disconnecting the data link

6.11.4.1.1 Setting up the data link

The primary station shall initialize the data link with a secondary station by sending a SNRM (or SARM) command and shall
start a response time-out function (or equivalent). The addressed secondary statioreaging the SNRM (or SARM)
command correctly, shall send the UA response at its first opportunity and shall set its sereteind state variables to
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zero. If the UA response i®ceived correctly, the data link set up to the addresseshslecy station is complete, and the
primary station shall set its send and receive state variables relative to tloadaeg station to zero and shall stop the
response time-out function (or equivalent). If, upaceipt of the SNRM (or SARM) command, the sadary station
determines that it cannot enter the indicated mode, it shall send the DM response. If the DM respecsieds ccorrectly,

the primary st

ation shall stop the response time-out function (or equivalent).

If the SNRM (or SARM) command, UA response or DM response is aotived correctly, it shall be ignored. The result
will be that the primary station's response time-out function (or equivalent) will run out, and the primary station may resend
the SNRM (or SARM) command and restart the response time-out function (or equivalent) (see 6.11.4.3).

This action may continue until a UA response has beaeived correctly or until recovery action takes place at a higher

layer.

6.11.4.1.2 D

isconnecting the data link

The primary
response tim
shall send a
disconnected
secondary st
UA or DM reqg

When it is a
mechanism u
address is sy

If the DISC ¢
This will resu
resend the D

This action m
takes place @

6.11.4.1.3 P

A secondary
(or SARM) c(
secondary st
response witl
be used to re

6.11.4.2 Ex

6.11.4.2.1 S

The control fi
and with N(R
to zero. The 1

If the data std
the modulo -

6.11.4.2.2 R
After a data S

tation shall disconnect the data link(s) with secondary station(s) by sending a DISC command and
b-out function (or equivalent). The addressed secondary station(sgegieing the DISC command.corr
A response at its first opportunity and shall enter the normal disconnect mode (NDM), or'the ag
mode (ADM), as predefined for that secondary station. If, @oeipt of the DISC command, the add

ponse to a sent DISC command, shall stop the response time-out function (or equivalent).

multipoint configuration, the UA response from secondary stations shall not interfere with one al
sed to avoid overlapping responses to the disconnect (DISC) command using-a group address or
stem-defined.

bmmand, UA response or DM response is roeived correctly, it shalllbe-ignored by the receiving
t in the expiry of the primary station's response time-out function (or'equivalent), and the primary §
ISC command and restart the response time-out function (or equivalent) (see 6.11.4.3).

Ay continue until either the UA response or a DM response/hasdusived correctly or until recovery g
a higher layer.

rocedure in a disconnected mode

station in NDM (or ADM) shall monitor commands;éshedlat, at the earliest nesnd opportunity, to a SN
mmand as outlined in 6.11.4.1.1, and shall respond with a DM responsed¢eized DISC command
htion shall respond to other commaedsived with the P bit set to "1" with a disenected mode (
the F bit set to "1". Other commaretived with the P bit set to "0" shall be ignored. The DMVpasse s
bort the secondary station status asynchronously in ADM.

hange of information (1) frames

ending | frames

bld format shall be as defined in 5.5.1 for an | frame with N(S) set to the value of the send state va
set to the value of thé\receive state variable V(R). Following data link set-up, both V(S) and V(R) 4
naximum length of the“information field in | frames shall be a system-defined parameter.

|, the data-station shall not send the | frame but shall follow the procedures described in 6.11.4.3.

eceiving.| frames
the receive state vé

tion is already in the disconnected mode, it shall send the DM response. The primary 'stati@ceiyan

shall start a
ectly,
ynchronous
ressed

a

other. The
the all-station

tation.
tation may

ction

RM
The
DM)
hall

riable V(S)
hall be set

tion is ready to:send an | frame numbered N(S), where N(S) is equal to the last received acknowlegigement plus

wriable V(R)]

that it can ac

value of

following actions:

a)

f the

If information is available for transmission and the remote data station is ready to receive, it shall act as described in

6.11.4.2.1 and acknowledge the received | frame(s) by setting N(R) in the control field of the next transmitted | frame
to the value of V(R).

b)

send an RR frame and acknowledge the received | frame(s) by setting N(R) to the value of V(R).

)

the received | frame(s) by setting the N(R) to the value of V(R).

If information is not available for transmission but the data station is ready to receive | frames, the data station shall

If the data station is not ready to receive further | frames, the data station may send an RNR frame and acknowledge

If the data station is unable to accept the correctly received | frame(s), V(R) shall not be incremented. The data station may

send an RNR

frame with the N(R) set to the value of V(R).

6.11.4.2.3 Reception of incorrect frames

56

© ISO/IEC 2000 —

All rights reserved


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

If a frame is received with an incorrect FCS, it shall be discarded.

If an | frame is received with a correct FCS but with an incorrect N(S), the receiving data station shall ignore the N(S) field
and discard the information field in that frame. This shall continue until the expected | frame is received correctly. The data
station shall, however, use the P/F and N(R) indications in the discarded | frames. The data station shall then acknowledge
the expected | frame, when received correctly, as described in 6.11.4.2.2.

NOTE — Ignoring the N(S) field and discarding the information field of an | frame applies to the basic repertoire. When using any variant
of optional function 3 for individual frame retransmission, the N(S) field is not ignored and the information field is retained.

The P/F recovery (checkpointing) shall cause retransmission of the | frames received incorrectly, as described in 5.4.3.2.

6.11.4.2.4 Data station receiving acknowledgements

A data station receiving an I, RR or RNR frame with a valid N(R) shall treat as acknowledged all previously transmitted |
fr i i i i L

6.11.4.3 Time-out considerations

In[ order to detect a no-reply or lost-reply condition, each primary station shall provideansestime-put function (or
equivalent). Also, in ARM, each sendary station shall provide a command time-out functien“(or equivalenga¢h case,
the expiry of the time-out function (or equivalent) shall be used to initiate appropriate-error recovery procedures. In NRM, a
sgcondary station shall depend on the primary station to initiate time-out recovery.

The duration of time-out functions (or equivalent) shall be system-dependent. T@ resolve possible fontention situations in
ARM, the duration of the secondary station's time-out function shall be differéntfrom that of the primafy station.

6./11.4.4 P/F bit usage
F bit usage in the unbalanced classes of procedures, UNC and UAE, shall be as described in 5.4.3

0

6.Jl1.4.5 Two-way alternate considerations
the case of normal respond opportunity, two-way alternaté, data link operation

=3

a) transmission from the primary station shall not be-allowed until either:
1) receipt of a frame with the F bit set to, "1, 0or
2) expiry of a no-response time-out fuhiétion; and

b) transmission from the secondary station shall not be allowed exgipt of a frame with the P bit sgt to "1".

NOTE 1 — In multipoint configurations of>normal respond opportunity, two-way alternate, data link operatiop over duplex physical
fagilities, the primary station may transmit-frames with the P bit set to "0" to non-polled secondary stations in the apove mentioned period.

In[ the case of normal respond @pportunity, two-way alternate, data link operation, a data station fhedepbtfurther
frames after a frame with the P/F bit set to "1" was accepted and before it sends a frame with the F/R bit, respectively, set to
"1

In[the case of asynchrenous respond opportunity, two-way alternate, data link operation, transmission from a data station
shall not be allowed until either

a) detection-of an idle data link channel state after receipt of a frame or a flag; or
b) theend of an extended period of inactivity (idle data link channel state).

NPTE 2— In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to cortrol the direction of data
trgnsmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physichl layer.

=

If no frames are transmitted from either data station while in ARM and information is waiting for transmission, it is advisable
that the data station transmits at first a supervisory frame only in order to avoid long time recovery action, which would occur
in the case of | frame contention.

If a data station has transmitted frames and no further frames are pending for transmission, it shall give the right to transmit
to the remote data station.

6.11.4.6 Two-way simultaneous considerations

For eachunbalanced class of procedures, two-way simultaneous communication protocols may be used independent of
physical data circuit capability (i.e., half-duplex transmission). However, in the case of half-duplex data circuit facilities,
appropriate accommodation has to be made to control the direction of data transmission. The direction of transmission is
controlled by the data link layer. In addition, in the case of normal respond opportunity, data transmission from the secondary
station shall not be allowed until receipt of a frame with the P bit set to "1".
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6.12 Balanced operation (point-to-point)

6.12.1 General

The following requirements apply to the procedure for balanced operation of synchronous or start/stop data transmission over
point-to-point data links with two-way alternate or two-way simultaneous data transfer. The procedure uses the HDLC frame
structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It uses the basic
command/response repertoire designated BAC (see 6.6.2.3). Although only the basic commands and responses are described,

there are several optional functions available for enhanced operation. These are listed in 6.7 and shown in table 13.

NOTE — The HDLC balanced class of procedures operates as illustrated in the examples given in Annex B.

6.12.2 Desc

ription of the data link

6.12.2.1 Configuration (see figure E, Introduction)

The balanced operation data link configuration shall consist of two combined stations interconnected byph

transmission

6.12.2.2 Phy

The physical
switched datg

NOTE — In the
The data link|

layer. (In sofne systems providing two-way alternate data exchange on physical layer data circuits using

transmission,|

6.12.3 Desc

6.12.3.1 Ge
Balanced co

station. The procedures shall use the asynchronous balanced maedée. Each combined station shall be equally 1

data link laye

Each combin
checking the

6.12.3.2 Coinbined station characteristics

Each station
and receive ¢

6.12.4 Detal
The procedu
defined in 6.1

The protocol
However, the
as an optiong

6.12.4.1 Set

acilities.

sical layer transmission facilities

layer transmission facilities may provide either half-duplex or duplex transmissian) ever switch
circuits.

case of a switched data circuit, the procedures described assume that the switched data gircuit has been estal]

layer shall not initiate data transmission until an indication of circuit availability is provided by the

this indication of physical layer circuit availability is indicated by an idle data link channel state.)

iption of the procedures

heral
trol procedures shall operate on a data link where the data station at each end of the data link i

error recovery.

ed station shall check for the correct receipt of the | frames it has sent to the remote combine
N(R) of each received | frame or supervisopy frame.

hall be a combined station, i.e.,it-shall be able to set up the data link, disconnect the data link, a
bmmands and pesses.

ed definition of the procedures
es for a point-to-point®data link using a permanently connected or an established switched co|
2.4.1106.12.4.6.

or establishing.and disconnecting a switched data circuit is not within the scope of this Internation
ability to exchange identification and/or characteristics after the switched connection is establisheq
| function!

tind up-and disconnecting the data link

ysical layer

bd or non-
lished.

physical
half-duplex

5 a combined
esponsible for

i station by

nd both send

hnection are

hl Standard.
is available

6.124.11 S

etting up the data link

Either combined station may take the initiative to initialize the data link. It shall send the SABM command and start a
response time-out function (or equivalent). The other combined station, epeiving the SABM command correctly, shall

send a UA response and reset both its send acélive state variables to zero. If the UApesse is eceived correctly, the

data link set-up shall be complete, and the initiating combined station shall set both its state variables to zero, stop the
response time-out function (or equivalent), and enter the indicated mode. If, egeiptr of the SABM command, a
combined station determines that it can not enter the indicated mode, it shall send the DM response. If the DM response is
received correctly, the initiating combined station shall stop thearse time-out function (or equivalent).

If an SABM command, UA response or DM response is maeived correctly, it shall be ignored. The result will be that the
response time-out function (or equivalent) will run out in the combined station which originally sent the SABM command
and that combined station may resend the SABM command and restart the response time-out function (or equivalent) (see

6.12.4.3).
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This action may continue until a UA response has bemeived correctly or until recovery action takes place at a higher

layer.

6.12.4.1.2 Disconnecting the data link
Either combined station may take the initiative to disconnect the data link. It shall send the DISC

command and start a

response time-out function (or equivalent). The other combined station, in an operational modesagioing the DISC
command correctly, shall send a UA response and enter the asynchronous disconnected mode (ADM).dEeaipoof the

DISC command, the other combined station is already in the disconnected mode, it shall send

the DM response. The

initiating combined station, on receiving a UA or DM pemse to a sent DISC command, shall stop its response time-out

function (or equivalent).

If a DISC command, UA response or DM response is eaeived correctly, it shall be ignored. The res

ult will be that the

response time- out function (or equwalent) WI|| run out |n the comblned statlon WhICh orlglnally sent the DISC command

6.112.4.1.3 Procedure in a disconnected mode

Alcombined station in ADM shall monitor received commands, shall react to a, SABM command as
and shall respond with a DM response taeagived DISC command. It shall pend te-other commandscsd
bif set to "1" with a disconnected mode (DM) response with the F bit set to "1Other comneailsed

to"0" shall be ignored. The DM response shall be used to report the combined station status asynchr

6.[12.4.1.4 Simultaneous attempts to set mode (contention)

equivalent) may be
Ction (or equivalent).

has been received

outlined in 6.12.4.1.1,
ived with the P

ith the P bit set
bnously in ADM.

hen a combined station issues a mode setting command and, before receiving an appropdate réseives a mode

sqtting command from the remote combined station, a conteftion situation has developed. Conte
resolved in the following manner.

hen the sent and received mode setting commands are.the same, each combined station shall §
egrliest respond opportunity. Each combined station shall either enter the indicated mode immediat
inflicated mode until receiving a UA nganse. In the latter case, if the UA response is roeived, the comi
enter the mode when the response time-out funetion (or equivalent) expires, or the combined statig
sdtting command.

hen the mode setting commands are different, each combined station shall enter ADM and issu
egrliest respond opportunity. In the caseyof a DISC command contention with a different mode settir]
agtion is required. In the case of contention between a SABM and a SABME or SM command, the cd
the SABME or SM command shall rave priority over the combined station sending the SABM com
data link establishment.

6.[12.4.2 Exchange of information (l) frames

6./12.4.2.1 Sending | frames

The control fieldiformat shall be as defined in 5.5.1 for an | frame, with N(S) set to the value of the sd
and with N(R).set'to the value of the receive state variable V(R). Following data link set-up, both V(S
to[zero. The maximum length of the information field in | frames shall be a system-defined parameter.

If the cOmbined station is ready to send an | frame numbered N(S), where N(S) is equal to the last reg
plps‘the modulo - 1, the combined station shall not send the | frame but shall follow the procedures dd

htion situations shall be

enpoaddlatahe

ely or defer entering the
ined station may

N may reissue the mode

e pddigeras the

g command, no further
mbined station sending
mand in re-attempting

nd state variable V(S)
and V(R) shall be set

eived acknowledgement
scribed in 6.12.4.3.

The decision whether to send an | frame as a command or as a response, i.e., to use the remote or the local address to indicate
a P or an F bit, respectively, shall depend on the need to acknowledge a received P bit set to "1" by transmitiongsa res

with the F bit set to "1".

6.12.4.2.2 Receiving | frames

After a combined station receives correctly an in-sequence | frame [i.e., N(S) equals the value of the receive state variable
V(R)] that it can accept, the combined station shall increment its receive state variable V(R), and, at dgpogiinity to

send, take one of the following actions:

a) if information is available for transmission and the remote combined station is ready to receive, it shall act as
described in 6.12.4.2.1 and acknowledge the received | frame(s) by setting N(R) in the control field of the next
transmitted | frame to the value of V(R);

b) if information is not available for transmission, but the combined station is ready to receive | frames, the combined

station shall send an RR frame and acknowledge the received | frame(s) by setting N(R) to the
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value of V(R); or

59


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

c)

acknowledge the received | frame(s) by setting the N(R) to the value of V(R).

if the combined station is not ready to receive further | frames, the combined station may send an RNR frame and

If the combined station is unable to accept the correctly received | frame(s), V(R) shall not be incremented. The combined
station may send an RNR frame with the N(R) set to the value of V(R).

The | or supervisory frame transmitted will be either a command or a response depending on whether a P bit set to "1" or an
F bit set to "1" transmission, respectively, is required. If the transmission of a P bit or F bit set to "1" is not required, the
acknowledgement frames may be either commands or responses.

6.12.4.2.3 Reception of incorrect frames
If a frame is received with an incorrect FCS, it shall be discarded.

If an | frame is received with a correct FCS but with an incorrect N(S), the receiving combined station shall ignore the N(S)

field and disc]
combined st
acknowledge

NOTE — Ignor|
of optional fun

The P/F reco

6.12.4.2.4

A combined
transmitted |

equivalent).
procedures.

The duration
equivalent) i
alternate ope

The time-out
reply is requi

rd the miormation e at frame. This shall continue untl the expected T irame 1s received co
ion shall, however, use the P/F and N(R) indications in the discarded | frames. The combined,stati
the expected | frame, when received correctly, as described in 6.12.4.2.2.

ng the N(S) field and discarding the information field of an | frame applies to the basic repertoire. (When using
tion 3 for individual frame retransmission, the N(S) field is not ignored and the information field is'retained.

ery (checkpointing) shall cause the retransmission of the | frames received incorrectly, as describe

ombined station receiving acknowledgements

tation receiving an I, RR, or RNR frame with a valid N(RX shall treat-as ‘acknowledged all prev|
rames up to and including the | frame transmitted with N(S) equal 1o

e-out considerations

tect a no-reply or lost-reply condition, each combined station_ shall providpamsestime-out function
[he expiry of the time-out function (or equivalent) shall\be used to initiate appropriate erro

of time-out functions (or equivalent) shall be systeém<dependent. The duration of the time-out f
the two combined stations shall be unequal in_drder to resolve contention situations, especially|
ation.

function (or equivalent) shall be started, whenever the combined station has transmitted a frame
ed. When the expected reply is received, the time-out function (or equivalent) shalbjpedstlf, during

interval that the time-out function (or equivalent) isqunning, other frames are sent for which acknowledgements &

the time-out f
If the respons
response tim

6.12.4.4 P/H
P/F bit usage

6.12.45 Tw
In two-way al

a) detect

inction (or equivalent) may have to be restarted.
e time-out function (or equivalent) runs out, a command with the P bit set to "1" may be (re)transmit|
e-out function (or equivalent)westarted.

bit usage
in the balanced class of procedure, BAC, shall be as described in 5.4.3.

D-way alternate considerations
ernate, data link operation, transmission from a combined station shall not be allowed until either

onof an‘idle data link channel state after receipt of a frame or a flag; or

rectly. The
pn shall then

any variant

i in 5.4.3.2.

ously

(or
recovery

Linction (or
in two-way

for which a
the
re required,

ted, and the

b) theen

of an extended period of inactivity (idle data link channel state).

NOTE — In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.

If no frames were transmitted from either combined station while in ABM and information is waiting for transmission, it is
advisable that the combined station transmits at first a supervisory frame only in order to avoid long time recovery action,
which would occur in the case of | frame contention.

If a combined station has transmitted frames and no further frames are pending for transmission, it shall give the right to
transmit to the remote combined station.

6.12.4.6 Two-way simultaneous consideration

For a balanced class of procedures, two-way simultaneous communication protocols may be used independent of physical
data circuit capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuit facilities,

appropriate accommodation has to be made to control the direction of data transmission. The direction of transmission is
controlled by the data link layer.
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6.13 Unbalanced connectionless operation (point-to-point and multipoint)

6.13.1 General

The following requirements apply to the procedure for unbalanced connectionless operation of synchronous or start/stop data
transmission over point-to-point or multipoint data links with two-way alternate or two-way simultaneous data transfer. The
procedure uses the HDLC frame structure defined in clause 4 and the HDLC elements of procedures described in clause 5. It
uses the basic command/response repertoire designated UCC (see 6.6.2.4). Although only the basic command and response
are described, there are several optional functions available for enhanced operation. These are listed in 6.7 and shown in table
13.

6.13.2 Description of the data link

6.13.2.1 Configuration

T}lue unbalanced connectionless operation data link configuration shall consist of one control (Stdtion plus one or more
triputary stations interconnected by physical layer transmission facilities.

6.[13.2.2 Physical layer transmission facilities

The physical layer transmission facilities may provide either half-duplex or duplex tfansmission gver switched or non-
switched data circuits.

NOTE— In the case of a switched data circuit, the procedures described assume that the switched data circuit hgs been established.

layer. (In some systems providing two-way alternate data exchange.'on physical layer data cir¢uits using half-duplex

T}e data link layer shall not initiate data transmission until an indication of\eirCuit availability is proyided by the physical
transmission, the indication of physical layer circuit availability is indicated by an idle data link channe| state.)

6.[13.3 Description of the procedures

6.13.3.1 General

Upbalanced connectionless control procedures shall operate on a data link with one control station gnd one or more tributary
stption(s). The procedures shall use the connectionless-mode of operation. The control station shall be responsible for
sgnding unnumbered command frames amdeiving2unnumbered response frames. The tributary |station(s) shall be
responsible for eéceiving unnumbered command frames and sending unnumbered response frames. Neither shall be
responsible for connection establishment/termination, flow control, acknowledgements, or error recovery.

Both the control station and the tributary station(s) shall check incoming frames for correct frame che¢k sequence and correct
frgme format. Incorrect frames shall be discarded without notification to the other station.

6./13.3.2 Unbalanced connectionless station characteristics
The control station shall be responsible for:

a) sending unnumbered command frames;

b) receivingunnumbered response frames; and

c) determining'when each tributary station shall send.
The tributary-station shall be responsible for:

a) receivingunnumbered command frames; and

b)“¢ sending unnumbered response frames when given the right to transmit.

6.13.4 Detailed definition of the procedures

The procedures for a permanently connected (dedicated) data link or an established switched connection are defined in
6.13.4.1 to 6.13.4.6. The protocol for establishing and disconnecting a switched data circuit is not within the scope of this
International Standard. However, the ability to exchange identification and/or characteristics after the switched connection is
established is available as an optional function.

6.13.4.1 Setting up and disconnecting the data link

[There are no data link set-up procedures or data link disconnect procedures in the unbalanced connectionless class of
procedures.]
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6.13.4.2 Exchange of unnumbered information (Ul) frames

6.13.4.2.1 Sending Ul frames
The control field format shall be as defined in 5.5.3 for a Ul frame. The maximum length of the information field in Ul
frames shall be a system-defined parameter.

Whenever the control station is ready to send a Ul command frame, it shall send it immediately since there is no flow control
in connectionless class service. The tributary station(s) shall only send Ul response frames when given permission to do so.

6.13.4.2.2 Receiving Ul frames

When a control or tributary station receives correctly a Ul frame that it can accept, the information field contents are passed
up to the higher layer. If the control or tributary connectionless station is unable to accept the correctly received Ul frame, the

information field contents are discarded.

If a tributary gtation correctly receives a Ul command frame with the P bit set to "1", the tributary station shall send whatever
Ul response frames it has to send and then will send a Ul response frame with the F bit set to "1". The Jikresponse frame
with the F bif set to "1" shall contain a zero length information field (in order to minimize its exposure te transmission
errors).

6.13.4.2.3 Reception of incorrect frames

If a frame is feceived with an incorrect FCS, it shall be discarded. If a frame is received with incorrect format,|it shall be
discarded.

6.13.4.2.4 Unbalanced connectionless station receiving acknowledgements

Unbalanced ¢onnectionless stations do not operate with acknowledgements per se“A tributary station reacts to[the receipt of

a Ul comman
process. A cq
Ul command

d frame with the P bit set to "1" by sending a Ul response frame with the F bit set to "1" as part of
ntrol station reacts to the receipt of a Uboese frame with the E bit set to "1" as a result of a previou
rame with the P bit set to "1" as an indication that the secondary is through sending Ul frames.

6.13.4.3 Time-out considerations

In order to d
provide a res
use to initiate|

The duration

The time-out
the P bit set
function (or e

If the respons
and the respd

6.13.4.4 P/H

P/F bit usage
allowed to trg
information td

btect a no-reply or lost-reply condition relative to P/F bit exchange (i.e., polling), each control st
bonse time-out function (or equivalent). The expiry.of the time-out function (or equivalent) shall be a|

bf the time-out function (or equivalent) shallbe system-dependent.

unction (or equivalent) shall be started)whenever the control station has transmitted a Ul comman
0 "1". When a Ul response framejwith the F bit set to "18¢gived from the tributary station, the tin
Huivalent) shall be stopped.

e time-out function (or equivalent) runs out, a Ul command frame with the P bit set to "1" may be f|
nse time-out function (or.equivalent) restarted.

bit usage

in the unbalanced connectionless class of procedure, UCC, serves to indicate which tributary st3
nsmit. The iSsuance of a Ul response frame with F bit set to "1" indicates that the tributary station
send.

transmission of another P bit set to "1" Ul command frame, to the same or a different tributary statign.

the polling
5ly sent

ation shall
vailable for

=]

il frame with
e-out

ansmitted,

ition is being
as no more

6.13.4.5 Twp-way.alternate considerations
In two-way al{ernate data link operation
a) transmission from the control station shall not be allowed until either:
1) receipt of a Ul regonse frame with the F bit set to "1", or
2) expiry of a no-response time-out function (or equivalent); and
b) transmission from a tributary station shall not be allowed until receipt of a Ul command frame with the P bit set to

"1n

NOTE 1 — In multipoint configuration, two-way alternate data link operation over duplex physical facilities, the control station may
transmit Ul command frames with the P bit set to "0" to non-polled tributary stations in the above mentioned period.

NOTE 2— In the case of half-duplex data circuit facilities, appropriate accommodation has to be made to control the direction of data
transmission. The direction of transmission is controlled by the data link layer, and may be signalled by the physical layer.
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13.4.6 Two-way simultaneous consideration

For the unbalanced connectionless class of procedures, two-way simultaneous operation may be used independent of physical
data circuit capability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circuit facilities,
appropriate accommodation has to be made to control the direction of data transmission. The direction of transmission is
controlled by the data link layer. In addition, data transmission from the tributary station shall not be allowed until receipt of

a frame with the P bit set to "1".

6.

6.

14 Balanced connectionless operation (point-to-point)

14.1 General

The following requirements apply to the procedure for balanced connectionless operation of synchronous or start/stop data
transmission over point-to-point data links with two-way alternate or two-way simultaneous data transfer. The procedure uses

th
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S§
eq

E
sh

6.

lin

6

JL4.2.1 Configuration
The balanced connectionless operation data link configuration shall consist of two peer stations int

Edch station shall'be a peer station. It shall be able to both send and receive Ul command framgstioe

JL4.4( Detailed definition of the procedures

mmand/response repertoire designated BCC (see 6.6.2.5) Although only the basic command défin
veral optional functions available for enhanced operation. These are listed in 6.7 and shown n:tabl

14.2 Description of the data link

er transmission facilities.
14.2.2 Physical layer transmission facilities

itched data circuits.

DTE— In the case of a switched data circuit, the procedures describedassume that the switched data circuit hg

ber. (In some systems providing two-way alternate «data exchange on physical layer data cir
Ansmission, the indication of physical layer circuit availability is indicated by an idle data link channe

14.3 Description of the procedures

14.3.1 General
hlanced connectionless control procedures shall operate on a data link where the data station at ea

nding Ul command frames. and receiving Ul command frames, but shall not pensédse
tablishment/termination, flow'centrol, acknowledgements, or error recovery.

hch peer station shall check incoming frames for correct frame check sequence and correct frame
all be discarded withoUt-notification to the other peer station.

14.3.2 Balanced connectionless station characteristics

k connection\to be established.

The\procedures for a point-to-point data link using a permanently connected (dedicated) or a

ed is described, there are
P 13.

erconnected by physical

ver switched or non-
s been established.
ided by the physical

uits using half-duplex
state.)

h end of the data link is a
shall be responsible for
for connection

format. Incorrect frames

tneed for a data

h established switched

connection are defined in 6.14.4.1 to 6.14.4.6. The protocol for establishing and disconnecting a swi

tched data circuit is not

within the scope of this International Standard. However, the ability to exchange identification and/or characteristics after the
switched connection is established is available as an optional function.

6.

14.4.1 Setting up and disconnecting the data link

[There are no data link set-up procedures or data link disconnect procedures in the balanced connectionless class of

pr

6.

6.

ocedures.]

14.4.2 Exchange of unnumbered information (Ul) frames

14.4.2.1 Sending Ul frames

The control field format shall be as defined in 5.5.3 for a Ul frame. The maximum length of the information field in Ul
frames shall be a system-defined parameter.
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Whenever a peer station is ready to send a Ul command frame, it shall send it immediately since there is no flow control in
connectionless class service.

6.144.22 R

eceiving Ul frames

When a peer station receives correctly a Ul command frame that it can accept, the information field contents are passed up to
the higher layer. If the peer station is unable to accept the correctly received Ul command frame, the information field
contents are discarded.

6.144.23 R

eception of incorrect frames

If a frame is received with an incorrect FCS, it shall be discarded. If a frame is received with incorrect format, it shall be

discarded.

6.14.4.2.4
Peer stations

6.14.4.3 Ti

In order to d
time-out func

shall be availible for use to initiate transmission of Ul command frames.

The duration
equivalent) in
This time-out
a Ul comman
(or equivalen

6.14.4.4 P/H
There is no P|

6.14.45 Tw

In two-way al
a) detect
b)

NOTE — In th

the en

transmission. Tlhe direction of transmission is contrelled by the data link layer, and may be signalled by the physical layer.

If no frames
transmission,|
order to avoid

If a peer stati
to the remote

6.14.46 Tw

For the balan
data circuit ¢
appropriate §

do not operate with acknowledgements.

e-out considerations

tect a no-activity condition in two-way alternate configurations, each peer station shall provide a
ion (or equivalent) - idle data link channel state detector. The expiry of this time-out function (or €

of this time-out function (or equivalent) shall be system-dependent. The ddration of the time-out f
the two peer stations shall be unequal in two-way alternate operation in_order to resolve contentio
function (or equivalent) shall be started whenever the peer station observes a steady idle state cor
d frame is received the time-out function (or equivalent) shalldppeth, 1.the no-activity time-out fun
) runs out, a Ul command frame may be transmitted.

bit usage
F bit usage in the balanced connectionless class of procedure, BCC.

D-way alternate considerations
ernate data link operation, transmission from a peer station shall not be allowed until either:

on of an idle data link channel state after reeeipt of a frame or a flag; or
0 of an extended period of inactivity (idle-data link channel state).

b case of half-duplex data circuit facilities; appropriate accommodation has to be made to control the dired

were transmitted from either peer station for quite some time and information becomes a
it is advisable that the peer station transmits at first a Ul command frame with a zero length informg
long timer recovery aetion, which would occur in the case of contention of Ul frames with informatig

bn has transmitted frames and no further frames are pending for transmission, it shall give the righ
peer station.

D-way simultaneous consideration

ced connectionless class of procedures, two-way simultaneous operation may be used independg
hpability (i.e., half-duplex or duplex transmission). However, in the case of half-duplex data circui

no-activity
quivalent)

unction (or

n situations.
dition. When
Ction

tion of data

ailable for
tion field in
n.

t to transmit

ent of physical
[ facilities,
nsmission is

ccommodation has to be made to control the direction of data transmission. The direction of traj

controlled by

ne data linkK layer.

6.15 Uses of the optional functions

Some uses of the optional functions defined in 6.7 are described in this clause. The optional functions provide additional
capabilities beyond the basic operations described in 6.11, 6.12, 6.13 and 6.14. The commands and responses identified are,
in general, defined in 5.5.

6.15.1 Option 1 — identification

The identification optional function provides the means for data link layer entities to exchange data link layer parameters and
characteristics of operation before or during normal operation. The function utilizes the Exchange Identification (XID)
command and response frames.

A prime application of Option 1 is in conjunction with a switched network connection. Following the indication of a working
physical path from the physical layer, and prior to establishing a logical data link connection over which higher layer
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information can be exchanged, the data link layer entities can exchange details concerning the data link layer addresses
(individual and group) that they are responsive to, the capabilities that they support (for example options, class(es) of

procedure, etc.), and the parameter values employed (for example, value of reply timer, receioe wize, maximum
information field length, etc.). The manner in which these details are encoded in the information field of the XID frames

exchanged is the subject of clause 7.

Included in the identification function is an option for accommodating a limiteduarhof higher layer information in the
XID frame information field. This may be useful in applications where security and/or authentication check routines must be
invoked prior to the establishment of a logical data link connection between higher layer entities. Such information is

transported transparently by the data link layer entities.

In addition to its applicability before data link connection establishment, the identification function also provides a
mechanism for indicating a change in data link layer parameter value(s) while in the information transfer phase. Examples of
such parameters are the receivenadw size and the maximum frame length. Local conditions at one end of a data link

cdnnection (for example, Tong term congestion or non-temporary reduction in buffering capacity).m
operation of the remote station in order to maintain efficient utilization of the physical facilities. Fhei
allows a local-to-remote transfer of local parameter values at any time, with a remote-to-local confirmg

6.Jl5.2 Option 2— REJ recovery

The REJ recovery optional function provides a mechanism for reporting an observed-out-of-sequenc
received | frames, and thereby requesting the retransmission of | frames starting” with the first
mechanism is the reject (REJ) command/response frame.

ay dictate a change in
dentification function
tion in return.

e exception condition of
missing | frame. The

This function has its greatest utility in systems that support two-way simultaneous operation, so tlhat an observed gap in

r
eration, the REJ function offers a somewhat lesser utility, but does\séparate the sequence error r

each transmibpportunity.

two-way simultaneous operation, the improvement in perormance gained by using the REJ func
mber of | frames that would be sent after the point in time'where the gap is reported, versus when {

Indow is exhausted or acknowledgement timer times-out, and the status enquiry process perfo
nsmit windows or long acknowledgement timers, this\could be a substantial amount of time.

6.Jl5.3 Option 3— SREJ recovery

why simultaneous operation, the retransmiitted | frames are interspersed in the ongoing sequentid
frgmes. In two-way alternate operation) the requested | frames alone are retransmitted, followe
appropriate. Although this optionakfunction imposes greater buffering requirements inciigar data li
oyt-of-sequence, higher-numbered.good frames received until the required lower-numbered frames|

better utility of the information transfer capacity of the data link.

6.15.3.1 Option 3.1—-SinAgdle individual | frame retransmission request

The single individual frame retransmission optional function provides a mechanism for a receiver to
offa single | frameyoutof a series of | frames. Any number of requests for different | frames may be ouf
mechanism is the selective reject (SREJ) command/response frame.

The SREJ frame does not incorporate an acknowledgement function for | frames received when th{
dges whemnrthe P/F bit is set to "1". For example, to report frames numbered X, X+3, and X+5 mis
cquld be/sent with its P/F set to "1", when appropriate for the mode of operation, to acknowled

eived sequence numbers can be reported immediately, during inéoming information transfer|.

In two-way alternate
pporting from the P/F bit

change checkpointing function that in some modes of operation is‘tequired to be associated with the last frame transmitted

ion is measured by the
he transmitter's transmit
rmed. In cases of large

This optional function is equally adaptable ta/hoth two-way simultaneous operation and two-way altefnate operation. In two-

| transmission of new |
d by new | frames as
nk layer to hold

are received, it yields a

request retransmission
standing at a time. The

b P/F bit is set to "0"; it
5ing, a SREJ(X) frame
e receipt of | frames

numbefed up through X-1. SREJ(X+3) and SREJ(X+5) frames could be sent immediately with their

P/F bits set to "0", not

acknowledging any T frames received. Acknowledging receipt of a retfransmitted T frame 1s usually accomplished by an |, RR
or RNR frame transmission with an N(R) value that identifies the correct receipt of the requested | frame.

Another request for retransmission can take place when it is perceived that the desired action has not taken place. This
perception comes about either as the result of a SREJ timer timeout, or lac#iptrof requested | frame X before requested

| frame X - n (the request for | fram& - n precedes the request for | frame X).

6.15.3.2 Option 3.2— multiple individual | frame(s) retransmission request consisting of individual I-f
indicators only

The multiple individual | frame(s) retransmission optional function that uses only individual I-frame

rame

indicators provides a

mechanism for a receiver to request retransmission of one or more individual | frame(s) out of a series of | frames with a
single request by incorporating an information field in the SREJ frame. Any number of requests for different | frames may be

outstanding at a time. The mechanism is the selective reject (SREJ) command/response frame with
procedure using only individual I-frame indicators.
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The multi-selective reject procedure SREJ frame using only individual I-frame indicators does not incorporate an
acknowledgement function of | frames received when the P/F bit is set to “0”; it does when the P/F bit is set to “1”, as in the
case of 6.15.3.1 above. With this multi-selective reject procedure, to report | frames numbered X, X+3 and X+5 missing, a
single SREJ frame would be sent with "X" encoded in the control field N(R) subfield and with "X+3" and "X+5" encoded as

individual I-frame indicators in the information field of the SREJ frame. Acknowledging receipt of retransmitted |

frames is

accomplished in the normal manner by an I, RR or RNR frame transmission with an N(R) value that identifies the correct in-

sequence receipt of the requested | frame(s).

Another request for retransmission can take place when it is perceived that the desired action has not been accomplished.
This perception comes about either as the result of a SREJ timer time-out, or lecéiet of a requested | frame X before
requested | frame X-n (the request for | frame X-n precedes the request for | frame X, either in an earlier SREJ frame or the

same multi-selective reject procedure SREJ frame that uses only individual I-frame indicators).

6.15.3.3 Optien-3-3
indicators and span list indicators, as appropriate

The multiple individual | frame(s) retransmission optional function that uses both individual I-frame indicators-a
indicators, as|appropriate, provides a mechanism for a receiver to request retransmission of one or more individ
out of a serigs of | frames with a single request by incorporating an information field in the SREJ-fraiie. Any
requests for different | frames may be outstanding at a time. The mechanism is the selective reject (SREJ) comm
frame with the multi-selective reject procedure using both individual I-frame indicators and)span list indi
appropriate.

The multi-selective reject procedure SREJ frame using both individual I-frame indicators and span list ing
appropriate, gloes not incorporate an acknowledgement function of | frames receivedwhen the P/F bit is to “0”; i
the P/F bit id set to “1”, as in the case of 6.15.3.1 above. With the multi-selective-feject procedure, to repd
numbered, X| X+3, X+5, X+6, X+7, and X+8 missing, a single SREJ frame would\be sent with “X” encoded in tl
field N(R) sulifield, and with “X+3” encoded as an individual I-frame indicator, and-“X+5, X+6, X+7 and X+8" encq
span list indjcator in the information field of the SREJ frame. Acknowledging receipt of retransmitted |
accomplished in the normal manner by an I, RR or RNR frame transmission with an N(R) value that identifies the
sequence regeipt of the requested | frames.

Another requst for retransmission can take place when it is petceived that the desired action has not been 4
This perceptipn comes about either as the result of a SREJ timer time-out, or lacéiet of a requested | frame X b
requested | frame X-n (the request for | frame X-n precedes,the request for | frame X, either in an earlier SREJ
same multi-selective reject procedure SREJ frame that.'uses individual I-frame indicators and span list in
appropriate.

6.15.4 Optigh 4 — unnumbered information

The unnumbered information optional function-provides a mechanism for the sending of higher layer information
without any impact on whatever mode of-opération may be in use. The mechanism is the unnumbered infor
command/regponse frame.

There are nofflow control procedures.and no acknowledgement procedures associated with Ul frame operation.
data link estgblishment and no efroi recovery procedures required with Ul frame operation. Error control proce
only those matters concerned with frame structure and the frame check sequence, leading to the frame being dis
action taken.|The only data.link layer parameter that is involved is the maximum established information field

d span list

al | frame(s)
number of
and/response
cators, as

icators, as
does when
rt | frames
ne control
dedin a
rames is
correct in-

ccomplished.
efore

rame or the
dicators, as

at any time
mation (UI)

There are no
dures cover
carded and no
size at the

receiver. Violption of makimum information field size may lead to a frame rejection (FRMR) excepdindition when

received duripg an operational mode (see 5.2.1).

Ul frames cap be fransmitted to one or more or all multiple stations without concern for sequence number alig
stations involyedsDepending on the appllcatlon UI frames can be transmltted repeatedly with the same conten
the likelihoodlthata-good

Ul frame-only operation may be a logical choice of operation in highly reliable, error-free data link layer envi
Higher layer provision of error recovery procedures and flow control procedures may result in an acceptable
transport mechanism for the users of such configurations.

6.15.5 Option 5— initialization

ment at the
s to improve

ronments.
information

The initialization optional function provides the mechanisms for requesting and initiating an initialization mode of operation
wherein system-defined initialization procedures are utilized. The mechanisms are the set initialization mode (SIM)

command and the request initialization mode (RIM) response frames.

This function can be employed at any time, whenever it is deemed necessary by the station involved. A RIM response would
result in an SIM command being sent. The SIM command shall be responded to using the UA response frame. The nature
and make-up of the exchange or exchanges involved to realize a successful initialization are system defined. The conclusion
of the initialization mode is identified by the exchange of an appropriate mode-setting command frame and the UA response
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frame. When a primary/combined station initiates the initialization procedures, a SIM command frame is sent without there
being a requesting RIM response frame.

6.15.6 Option 6 — unnumbered pdling

The unnumbered polling optional function provides the mechanism for a primary/combined station to poll one or more or all
of the associated secondary/combined stations with a single frame transmission. The mechanism is the unnumbered poll (UP)
command frame.

The UP command frame contains no sequence numbers, acknowledges no frames received and is addressable to one or mor
or all of the stations on the data link. The order of response and ensuring non-overlap of responses is not the subject of this
International Standard. Responses are optional or mandatory depending on whether the UP command frame had its P bit set
to "0" or "1", respectively. Unless the underlying response-ordering-mechanism provides an indicator of "last responder", it is
suggested that a specified "last" station respond to every UP command &eeieed, with an F bit set to the value of the P

bl Nn the U command Traime O [(Na ne ation Wr [ er ne Ur comimand does Nno ntime—out_

The multi-octet addressing optional function defines the means for having an addressfield of Nl octets in length. The
chanism employs one bit per octet to act as an end-of-address-field indicator. This+bit set to 0" means that another
address field octet follows. This bit set to "1" means that this octet is the final octet in.the address fig¢ld. The sum of the 7N
bits in the identified N-octet address field constitutes a single address. This address-Ccan be an indiyvidual or group address.
The all-station address is always an address octet of "1" bits. An N-octet addre§sfield can be considered to have an address

This optional function may be employed in situations where it is considered desirable for each data link location within a
syistem (even a system that spans independent data links) to have a unigue data link layer identifier. [System management and
stption administration may benefit as a result. Station portability from' data link to data link within|the system could be
enphanced. This optional function may also be employed in situations' where one octet of addressing (i.e., 256 total addresses,
intluding the null and the all-station addresses) is insufficient,

6.Jl5.8 Option 8— command | frames only

The command | frames only optional function restricts Nframes to being | command frames only.
In|balanced operation, each combined station's aBility to send | frames is only impeded to the extent thaicars¢ feame

cgnnot be utilized to return an F bit set to "1" when an F bit set to "1" must be sent. A non-I response(frame must be utilized.

If b series of | command frames is in the process of transmission when an F bit set to "1" must be sent, a non-I response frame
mst be inserted into the stream of | frames, between | frames, in order to convey the F bit set to "1" t¢p the remote station.

In[ unbalanced operation, applying the-optional function results in a quite different overall servige, one that yields an
information send-only service at the'primary station and an information receive-only service ataheéasgdtation(s).

6.[l5.9 Option 9— response Iframes only

The response | frames only optional function restricts | frames to being | response frames only. This function was defined to
b¢ the procedural complément of the command | frames only optional function (see 6.15.8).

In| balanced operation, each combined station's ability to send | frames is only impeded to the extent that | framtes ca

cdrry P bits. Hence, a non-I command frame must be sent if a P bit set to "1" is required. If a series of | response frames is in
thi process-of transmission when a P bit set to "1" must be sent, a non-l command frame must be ingerted into the stream of |
frgmes, between | frames, in order to convey the P bit set to "1" to the remote station.

In| unbalanced operation, applying the optional function results in a quite different overall servige, one that yields an
informadtion receive-only service at the primary station and an information send-only service ataheéssgdtation(s).

6.15.10 Option 10— extended sequence numbering

Typical applications for modulus values greater than 8 are: satellite operations, long propagation delay environments and
very high speed/heavy traffic load situations. The greater modulo value allows for larger seneteaivé whdows to be

defined so that information transfer performance can be improved in such applications. The choice of higher modulus value
depends on the actual delay and other parameters of the specific environment.

6.15.10.1 Option 10.1— extended sequence numbering— modulo 128

The extended sequence numbering modulo 128 optional function provides the mechanism for defining the sequence
numbering for | frame transfer to be modulo 128. The mechanism is in the form of separate mode-setting commands and
different frame formats for extended sequence numbering for the normal response mode (NRM) operation, the asynchronous
response mode (ARM) operation, and the asynchronous balanced mode (ABM) operation.
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The send and receive sequence numbers in | frames @dalm128. The eéceive sequence number in supervisory frames is
modulo 128. The control field in | frames and supervisory frames is extended to two octets in length. The control field in
unnumbered frames remains one octet in length.

6.15.10.2 Option 10.2— extended sequence numbering— modulo 32 768

The extended sequence numbering modulo 32 768 optional function provides the mechanism for defining the sequence
numbering for | frame transfer to be modulo 32 768. The mechanism is in the form of an SM command with an optional
information field to indicate the modulo and the mode of the operation (i.e., the normal response mode (NRM) operation, the
asynchronous response mode (ARM) operation, or the asynchronous balanced mode (ABM) operation).

The send and receive sequence numbers in | frames@dalm32 768. Theaceive sequence number in supervisory frames
is modulo 32 768. The control field in | frames and supervisory frames is extended to four octets in length. The control field
in unnumbered frames remains one octet in length.

6.15.10.3 O

The extende
sequence nu
an optional in
operation, thq

The send and
frames is mo
The control fi

6.15.11 Opt
The one-way

of informatior]
information tr

A combined {
frame. The re

Resetting ong
sender. The
retransmissio
sender has b

6.15.12 Opt

The data link
any time, indg
and responsg

The test func

ption 10.3— extended sequence numbering— modulo 2 147 483 648

| sequence numbering modulo 2 147 483 648 optional function provides the mechanism)for

mbering for | frame transfer to be modulo 2 147 483 648. The mechanism is in the form of-an'SM co
formation field to indicate the modulo and the mode of the operation (i.e., the normal response m
asynchronous response mode (ARM) operation, or the asynchronous balanced mede/ABM) oper

receive sequence numbers in | framesa@aalm?2 147 483 648. Theceive sequence number in supe
julo 2 147 483 648. The control field in | frames and supervisory frames is/extended to eight octe
bld in unnumbered frames remains one octet in length.

on 11— one-way reset

reset optional function provides a mechanism for initiating the resetting of the logical data link for orj
transfer in the balanced mode of operation without affecting,the logical data link for the other d
Ansfer. The mechanism is the reset (RSET) command frame.

tation initiates a reset of the logical data link relative to.its ['frame transmission by sending the RSE
mote station acknowledges the RSET command frame by returning a UA response frame.

 direction of the logical data link results in the fellowing events taking place at the RSET sender
send state variable is reset at the RSET sender, and the receive state variable is reset at the U
N counter is reset at the RSET sender. The-UA response indicates that any busy condition that exig
pen cleared. Also, any frame reject (FRMR)-Condition that existed at the UA sender has been clearg

on 12— data link test

test optional function provides-almechanism for testing the basic data link layer function at a remof
bpendent of the mode of opé€ration or the phase of the procedures. The mechanism is the test (TE
frames. It is not intended as a conclusive test of remote station operation.

ion checks the following.capabilities at the remote station:

an opening flag;

b zero bits that'have been inserted for transparency from the received bit stream following the open
a closing'flag;

te an FCS for the received bit stream;

defining the
mmand with
ode (NRM)
ation).

visory
s in length.

e direction
rection of

T command

and the UA

IA sender. The
ted at the UA
d.

e station, at
5T) command

ng flag;

that'the unigue FCS remainder was obtained;

decode its address as being the contents of the address field;
decode the control field as the TEST command;

accommodate the length of the information field;

generate a bit stream consisting of its own address in the address field, the TEST response encoding in the control

field with the F bit set to the same value as the P bit in the received TEST command control field, and the information
received in the information field;

a) detect
b) remoyv|
c) detect
d) calculg
e) check
f)
9)
h)
i)
)
k)

before

send an opening flag;

the closing flag is sent;

it to the transmitted bit stream for zero bit insertion; and
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m) end the transmission with a closing flag.

6.15.13 Option 13— request disconnect
The request disconnect optional function provides a mechanism for a secondary/combined station to request that a data link
disconnect be initiated by a primary/combined station. The mechanism is the request disconnect (RD) response frame.

At an appropriate respond opportunity, a secondary/combined station may send a RD response frame to indicate to the
primary/combined station that the secondary/combined station wishes toabedpin the disennected mode (NDM or
ADM). Upon receipt of the RD rgmonse frame, the primary/combined station may

a)
b)

ignore the RD response frame and continue with the normal procedures; or

accept the RD r@g®nse and issue a DISC command frame.

6.Jl5.14 Option 14— Alternate frame check sequences

Use of an alternate frame check sequence is determined by prior agreement or by use of a ECS negotiation mechanism (for
example, see Annex E when both stations are capable of supporting both the 16-bit FCS andthe’32-lit FCS).

6.[15.14.1 Option 14.1— alternate frame checking sequence— 32-bit FCS

The 32-bit FCS optional function provides a higher degree of transmission error detection capability fhan that available with
the normal 16-bit FCS capability. The generator polynomial and the FCS generation and checking process are described in

6.[15.14.2 Option 14.2— alternate frame checking sequence— 8-bit FCS

The 8-bit FCS optional function can be used by those applications withshort frames (e.g., such as
fof digitized voice) where overhead is a concern and/or where the protection afforded is adequate. T
and the FCS generation and checking process are described in4.2.5.4.

n the order of 10 octets
he generator polynomial

6.J5.15 Option 15— start/stop transmission

The start/stop transmission optional function permits,HDLC frames and procedures to be used in
enjvironments. The mechanism for start/stop transmission is described in 4.3.2. The three levels of tr
ag indicated below. Use of this optional function isdetermined by prior agreement.

start/stop transmission
ansparency available are

6.15.15.1 Option 15.1— start/stop transmission with basic transparency

The basic transparency option provides transparency processing for the flags and the control escape

6.

In
D
dd

n
0(
th
of

15.15.2 Option 15.2— start/stop transmission with basic transparency and flow-control transparen

C1/XON and DC3/XOFF control characters defined in ISO/IEC 646. This has the effect of assurin
es not contain values which could be interpreted by intermediate equipment as flow control charact

J15.15.3 Option 15.3— start/stop transmission with basic transparency and control-character octet

addition to the-basic transparency, the control-character octet transparency option provides transp
tets in which/both the 6th and 7th bits are "0" as well as for the DELETE character octet. This ha
At the octet stream does not contain values which could be interpreted by intermediate equipment
DELETE character defined by ISO/IEC 646.

octets.

Cy

addition to the basic tranSparency, the flow-control transparency option provides transparency processing for the

g that the octet stream
ers.

[ransparency

arency processing for all
5 the effect of assuring
as the control characters

6.

5:16 Option 16— seven-bit data path transparency

The seven-hit data path transparency option, for use in conjunction with any of the functions of Option 15, permits HDLC
frames and procedures to be used in start/stop transmission environments where only seven data bits per start/stop charactel
can be transferred (e.g., where bit 8 is used for parity). The mechanism for seven-bit data path transparency is described in
4.3.2.1. Use of this optional function is always in conjunction with one of the transparency functions of Option 15; selection

of the particular Option 15 transparency function is independent from the use of Option 16. Use of optional function 16 is
determined by prior agreement.

6.15.17 Option 17— set mode command (SM) with optional information field used in place of SXXM or SXXME
command

The optional function provides an alternate mechanism for data link set-up in place of the use of SXXM (modulo 8) or
SXXME (modulo 128) commands. The mechanism is the set mode (SM) mode setting command.

The SM frame may contain an information field, in which the mode of operation and the modulus to use may be identified.
Also includable in the information field can be items such as the operational parameters (both standard and user-defined) and

© ISO/IEC 2000 —

All rights reserved

69


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

higher layer user data. This function thereby allows the use of a single mode setting command, SM, in place of up to six set
mode commands (SABM, SARM, SNRM, SABME, SARME and SNRME) in those environments where one or more modes
of operation, or one or more moduli, are supported by a single data link layer entity.

6.15.18 Opti

on 18— presence of an information field in UA and DM responses, and in DISC commands

This optional function allows for information to be conveyed in mode setting response frames (UA and DM) and in the mode
setting disconnect command frame (DISC). The mechanism is the incorporation of an information field in these frames.

The type of information conveyed in UA and DM response frames can include mode of operation and modulus data,

parameter selection matters, and user data information. The type of information that can be conveyed in a DISC command
frame is restricted to user data only. The existence of this optional function complements the selection of optional functions
10.2,10.3, 17 or 19.

6.15.19 Opt
commands

This optional
SABM, SARN
an informatio

The informati
supported, arn

6.15.20 Opt

The unnumb
may not be e
impacting the|
lesser import
of lesser impq
data, or perio

6.15.21 Opt

The multiple
address field

the frame forinat field (see 4.9), when present. Each address field may be chosen independently to use either tH

format or the

6.15.22 Opt

The frame format field optional function allows-a frame to have a frame format field immediately following after th

flag sequenc

on 19— presence of an information field in SABM, SARM, SNRM, SABME, SARME, SNRME

function provides for the ability to convey control and/or user data information in the transmis
I, SNRM, SABME, SARME or SNRME mode-setting command frame. The mechanism is-the“incorp
) field in these commands.

bn field can convey information relative to the operational parameters (both standard and user-de
d user data for passage up to the higher layer.

on 20— unnumbered information with header check

ered information with header check optional function provides the ability’to exchange information
htirely protected by a frame check sequence, independent of the mode“(operational or non-operati

hnce than its delivery to the correct station(s). Cases where the integrity of the information being t

rtance than its delivery to the correct station include the timely transmission of packetized voice, vi
Hically updated information.

on 21— multiple address fields

address fields optional function allows frameste~have more than one address field. When mo
is used, they shall be present in the frame in\a consecutive manner immediately following the ope

pxtended format (see 4.7.1).
on 22— frame format field

p and before any address fieldls. The frame format field includes the format type, frame length

sion of an
oration of

fined) being

fields that
nal), without

| frame sequence numbers. This option can be used when the integrity of the information being transferred is of

ansferred is
deo/graphic

e than one
ning flag, or
e single-octet

P opening
and optional

segmentation subfields. The frame format field is defined in 4.9 and frame formats are defined in Annex H| The XID
parameter supported frame format.types contains a bit mask of the frame format types supported by this station.

6.15.23 Optfon 23— segmentation

The segmentption optionahfunction indicates that the segmentation subfield exists in the frame format field. Thi$ option can
only be used when Option'22 is also used. The segmentation subfield is defined in 4.9.3.

6.15.24 Optjon, 24— no bit or octet insertion

This optional|funetion indicates that the normal transparency mechanisms are inhibited. This option can only be used with

Option 22, since the length subfield defined by Option 22 makes it possible to inhibit bit or octet insertion as a transparency

mechanism.

6.15.25 Option 25— start/stop mode intra-frame timeout

This optional function indicates that an intra-frame timeout is being used in start/stop mode. See 4.6.3 for a description of the
intra-frame timeout.

6.15.26 Option 26— header check sequence

The header check sequence (HCS) optional function indicates that there is a HCS following the control field and before the
information field. The HCS can only be used with Option 22. If present, the HCS is the same length as the FCS and uses the
same polynomial.
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7 General purpose Exchange Identification (XID) frame

A general purpose XID frame is defined for use by two correspondents wishing to communicate with one another in an
HDLC environment.

7.1 General purpose XID frame information field structure

The general purpose XID frame information field structure is the same as that described in 5.5.3.1 for mode-setting
commands and responses.

7.1.1 Format identifier subfield

The format identifier (FI) subfield is defined in 5.5.3.3.11. The list of standard XID format identifiers that are registered is
given in ISO/IEC TR 10171.

7|2 General purpose XID frame information field encoding

The general purpose XID format identifier subfield is the first octet of the general purpose XID~inforfation field. The data
link layer subfields, if present, follow in ascending order according to their Gl values. Except‘where n;Fted, specific data link
layer subfields may appear only once in the general purpose XID information field. The abSence of a particular data link layer
sybfield should be interpreted to mean that parameters within this subfield shall maintain_their presept values. The user data
sybfield, if present, is always the last subfield of the XID information field.

7.2.1 Format identifier subfield encoding
The format identifier (FI) subfield is encoded as illustrated in figure 20.

First bit transmitted

;High order bit

0100 0 0 0 1 Genefalpurpose XID format identifier
Figure 20— General purpose XiDrformat identifier subfield encoding
7.R.2 Data link layer subfield encoding
Figure 21 indicates the Gl encodings for the data link layer subfields that are useable with the general purpose XID frame.
The Gl encoding of all ones (1111 1111) is\not used as a data link layer subfield encoding.
All Gl encodings not assigned in this International Standard (here and in 5.5.3.2.2) are reserved for fyture use.
NOTES

1) The HDLC parameters data link layer subfield and the user-defined parameters data link layer subfield njay each appear more than
once in an XID information field. This allows a station to convey multiple menus of supportable parametgrs through a single XID
frame exchange.

2) The user-defined parameters identifier is for use to identify parameters outside the scope of the HDLC parameters identifier, while
making useyof ‘those parameters that are explicitly identified by the HDLC parameters identifteus allowing parameter
negotiatiofwith a single XID exchange.

First bit transmitted

;High order bit

0 Address resolution
1 HDLC Parameters
1
1

Multilink parameters

100000
000O0O00O
000100

011 User-defined parameters

1
0
0
1
Figure 21— General purpose XID data link layer subfield identifier encodings

The group length is expressed as a two-octet binary number representing the length of the associated parameter field in
octets.

The following is a list of parameter field elements that are defined for the address resolution, HDLC parameters, multilink
parameters, and user-defined parameters data link layer subfields.
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The following legend explains the symbols used in tables 14, 15, 16, 17 and 18.

Pl . Parameter Identifier, expressed as a decimal value.
PL . Parameter Length in octets, expressed as a decimal value.
E : Indicates the field is bit encoded. When this bit position is "1", the feature is present or supported by the sender.
When the bit position is "0", the feature is absent or not supported by the sender.
B : Indicates this field is binary encoded.
N : Number of octets.
NA . Not applicable.
SD : System defined.
BitNo. : Numerical order of bits transmitted.
TBD . Fe-be-determined:
Table 14— Data link layer subfield parameter field elements
Address resolution (Gl = 10000010)
Pl Parameter field element
1 | Unique identifier
2 | Local data link layer address
HDLC parameters (Gl = 00000001)
Pl Parameter field element
1 | Unique identifier
2 | Class of procedures
3 | HDLC optional functions
4 | Group address(es)
5 | Maximum information field length - ttanSmit
6 | Maximum information field length <xeceive
7 | Window size (k) - transmit
8 | Window size (k) - eceive
9 | Acknowledgement timer,
10 | Retransmission attempts
11 | Reply delay timer
12 | Port number
13 | Number of protected bits in a UIH frame
Multilink parameters (G = 00010001)
Pl Parameter field element
1 | Cost frame timer (MT1)
2( ) Group busy timer (MT2)
3. | Reset confirmation timer (MT3)
4 | Multilink window size (MW) - transmit
5 | Multilink window size (MW) - receive
6 | Guard region window size (MX)
7 | Multilink group size
8 | Multilink group member(s)
User-defined parameters (Gl = 00001111)
Pl Parameter field element

0 Parameter set identification

Table 15— Address resolution data link layer subfield parameter field elements

Name PI PL Parameter field element Code type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B (see the note)
Address 2 N Local data link layer address NA NA SD

NOTE— The value of this PV is a subject for further study.
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Code
Name PI PL Parameter field element type Bit No. Value
Identifier 1 TBD | Unique identifier B TBD B
Classes of procedurds 2 2 Balanced ABM E 1 0/1
Unbalanced NRM-Primary E 2 0/1
Unbalanced NRM-Secondary E 3 0/1
Unbalanced ARM-Primary E 4 0/1
Unbalanced ARM-Secondary E 5 0/1
Balanced BCC E 8 0/1
Unbalanced UCC-Control E 9 0/1
Unbalanced UCC-Tributary E 10 0/1
Two-way alternate E 6 0/1
Two-way simultaneous E 7 0/1
Reserved 11to0 16 0
HDLC optional function§ 3 5 1 Reserved 1 0
2 REJ cmd/resp E 2 0/1
3.1 SREJ cmd/resp single frame E 3 0/1
3.2 SREJ cmd/resp multiple frames-individual I-frame E 22 0/1
indications only
3.3 SREJ cmd/resp multiple frames-individual I-frame E 24 0/1
indications and span list indicators
4 Ul cmd/resp E 4 0/1
5 SIM cmd/RIM resp E 5 0/1
6 UP cmd E 6 0/1
7 Basic address (basic capability) E 7 0/1
7.1 Extended address E 8 0/1
8 Delete resp | E 9 0/1
9 Delete cmd | E 10 0/1
10 Modulo 8 (basic capability) E 11 0/1
10.1 Modulo 128 E 12 0/1
10.2 Modulo 32 768 E 25 0/1
10.3 Modulo 2 147 483 648 E 26 0/1
11 RSET cmd E 13 0/1
12 TEST cmd/resp E 14 0/1
13 RD resp E 15 0/1
14 16-bit FCS (basic capability) E 16 0/1
14.1 32-bit FCS E 17 0/1
14.2 8-bit FCS E 32 0/1
15 Synchronousitransmission (basic capability) H 18 0/1
15.1 Start/stoptransmission with basic transparency 19 0/1
15.2 Start/stop transmission with basic and flow control E 20 0/1
transparency
15,3 Start/stop transmission with basic and control-character E 21 0/1
octet transparency
16 Transfer of seven data bits/character in start/stop E 30 0/1
transmission environments
17 Set Mode command with an optional information field to E 27 0/1
be used in place of SXXM or SXXME
18 UA and DM responses, and the DISC command withanl E 28 0/1
optional information field
19 SABM, SNRM, SARM, SABME, SNRME, SARME E 29 0/1
command with an optional information field
20 UIH cmd/resp E 23 0/1
21 Support for multiple address fields E 31 0/1
22 Support of frame format field E 33 0/1
23 Support of segmentation E 34 0/1
24 Inhibit bit or octet insertion E 35 0/1
25 Start/stop mode intra-frame timeout E 36 0/1
26 Header check sequence E 37 0/1
Reserved 38to 40 0
Group address(e8) 4 N Data link group address NA NA SD
Maximum information field 5 N Maximum information field length transmit (bits) B NA B
length (transmit)
Maximum information field 6 N Maximum information field length receive (bits) B NA B
length (receive)
Window size k (transmit) 7 N Window size k-transmit (frames) B NA 0 to modulus -
Window size Kk (receive) 8 N Window size k-receive (frames) H NA 0 to modulus -fL
Acknowledgement timer 9 N Wait for acknowledgement timer (msec) NA B
Retransmission attempts 14 N Maximum number of retransmission attempts N B
Reply delay timer 11 N Maximum delay in generation of reply (msec) [ NA B
Port number 12 2 Local port identifier (for multilink use) B NA B
Number of protected bits 13 N Number of protected bits in a UIH frame NA B
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Table 16— HDLC parameters elements (Cont'd)

Code
Name Pl PL Parameter field element type Bit No. Value
Address-field count 14 N Count of address fields B NA B (see note 4
Supported frame format types 15 N Frame format types supported B NA B (see notel5)
Intra-frame time-out 16 2 Maximum time between octets (msec) B NA| B

NOTES

1. The value of this PV is beyond the scope of this International Standard.

2. This parameter field element may be repeated to specify multiple operational configurations.

3. This parameter field element may be repeated for multiple group addresses.

4 The count is not meant to restrict protocols to a specific interpretation of this field. For example, this field may be used as a count of the lzetwdl num
address fields or of the maximum number of address fields allowed to be present in frames.

5. The MSB of the first octet of the bit mask represents type O; the second MSB, type 1; and so. The initiating station may use the bit mask to ingieate the ty

it wants, thg+esipiert-can-tse-i-to-ndicate-the-fypes-H-can-sHppor-
Table 17— Multilink parameters elements
Code
Nanje Pl PL Parameter field element type Bit No. Value
Lost frame tinper 1 N MT1 - lost frame timer (msec) B NA B
Group busy timmer 2 N MT2 - Group busy timer (msec) B NA B
Reset confirnjation timer 3 N MT3 - Reset confirmation timer (msef) B NA B
Multilink windpw size 4 2 Multilink window size (MW) - transmit B 1-12 0 through 4095- MX
(transmit) (frames)
Reserved B 13-16 0
Multilink windpw size 5 2 Multilink window size (MW) - receive B 1-12 0 through 40p5-MX
(receive) (frames)
Reserved B 13-16 0
Guard regionjwindow 6 2 Guard region window size (MX) B 1-12 B
size (frames)
Reserved B 13-16 0
Multilink group size 7 1 Number of data links in multilink grouy B NA B
Multilink group member 8 4 Local port number - remote port B NA B
(see note) number, for the data link coanection
NOTE— This parameter field element is repeated for each member of the multilink group.
Table 18— User-defined parameters elements
Code
Nanle PI PL Parameter field element type Bit No. Value
Identifier 0 N Parameter set identification NA NA (See Nete 1)
(Implementortdefined) 1to N (Implementor-defined) NA NA NA
(See Note 2) 255
NOTE 1— Parpimeter set identification.may be from 1 to 255 octets in length. Certain values are listed in ISO/IEC TR 10171.
NOTE 2— Thejuse of PI/PL/PV enceding in this subfield for Pl values other than PI=0 is not required. Such usage is at the dis¢retion of the
organization agsociated with/the\parameter set identified by PI=0.
7.2.3 User data subfield encoding
7.2.3.1 Usel data.identifier encoding
The user dataT e iff

First bit transmitted

;High order bit

1111 11 1 1 Userdataidentifier
Figure 22 — User data subfield encoding

7.2.3.2 User data subfield encoding

The user data subfield is transported transparently by the data link and passed on to the user of the data link. The encoding of
the user data subfield is the responsibility of the data link user, and may be any format that is mutually agreed upon by the
data link users involved.
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7.3 Single-frame exchange negotiation process

This subclause defines a single-frame exchange negotiation process using the XID command/response frame exchange with a
general purpose XID information field to identify and profile the correspondents desiring to communicate over either
switched or private data links.

The primary/combined station desiring to, or having been requested to, initiate the XID frame exchange transmits an XID
command frame with the P bit set to "1" with an information field containing an offered profile of supportable parameters.

The responding station initiates an XID response frame with an information field that indicates the parameter selection from
the profile.

7.3.1 Address resolution

See clause 8.

7.8.2 Parameter negotiation

7.B.2.1 Specifying supportable parameters

The XID command frame shall specify the modes which are supported by the local station., Encoding [of these modes shall be
ag follows:

— In situations where XID frame collisions are possible during parameter negotiation, the local jJunique identifier shall
be placed in the Parameter field.

— Pairs of classes of procedures and the HDLC optional functions parameter value are used to specify multiple modes of
operation. Each pair shall be encoded such that all HDLC eptienal functions specified i the HDLC optional
functions parameter value are supported in association with ‘all’ classes of procedure spetified in the classes of
procedures value.

— All other parameter values are encoded as necessary.

7.B.2.2 Specifying parameter values selected

The XID response frame shall designate the mode in which the local station will opeca&ptAnce crite

Sq

7.
W

u

lection of parameter values by the responding station from those offered by the initiating station is 3

For the "E" bit encoded parameters, onlyoptions supported by both stations may be selected.

For the window size parameters and the maximum information field length parameters, th
chosen.

Parameter fields not supported-by tleeeiver are ignored and omitted from the XIDpesse frame.

In the case of HDLC optional function parameters 3, 7, 10 and 15 (see table 16), one alternati
method of changing from one version to another version, in these cases, is not the subjg
Standard.

In the case of HDLC optional function parameter 14 (see table 16), one or both versiong
supported.©The method of selection is atcordance with the single-frame exchange negot
operation ‘of a system that supports the 16-bit FCS and the 32-bit FCS is described in 7.4.

3.2.3 €allision of XID command frames
hich,station has control of parameter selection during collision situations shall be resolved in the fg

ria or method of
s follow:

b minimum values are

ve must be chosen. The
ct of this International

may be identified as

ation process. The

llowing way. The local
e. If the local unique

igue”identifier is compared with the remote unique identifier received in the XID command fram
identifier 1S greater than the remote unique identifier, then the local station shall select the operatl

ng parameters from the

offered profile of supportable parameters supplied by the remote station in the XID command frame. Selection of these
operating parameters and transmission of the XID response frame is described in 7.3.2.2. If the local unique identifier is less
than the remote unique identifier, then the local station yields control of operating parameter selection to the remote station.
If an XID response frame does not contain an HDLC parameters subfield, this is interpreted to mean that parameters within
this subfield shall maintain their present values (see 7.2).

7.3.2.4 User-defined parameters negotiation

Every user-defined parameters subfield must contain one and only one parameter set identification parameter, and it must be
the first parameter within the subfield.

Parameter set identification values (PV of PI=0) are by prior agreement between data link layer entities, and are not a subject
of this International Standard. (See ISO/IEC TR 10171 Table 4 for specific values.) It is the responsibility of the stations
selecting parameter set identification values to insure that the values are unique within the scope of the intended application.
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A station decoding a user-defined parameters subfield containing an unrecognized parameter set identification value shall
ignore that entire subfield. Likewise if a station does not support user-defined parameters at all, subfields with group
identifiers of 00001111 shall be ignored.

Multiple user-defined parameters subfields with different parameter set identification values are permitted and are to be
treated independently of one another by the station. Handling of multiple user-defined parameters subfields with identical
parameter set identification values is to be determined by the stations agreeing to use the given parameter set identification
value. For example, it may be designated that only one of those user-defined parameters subfields with identical parameter
set identification values may be returned in an XID response (selection from a menu).

The interpretation of parameter set identifier values other than PI1=0 is determined by prior agreement between the stations.

However, user-defined parameters are not to be used for conveyance of parameters or information for the use of higher layer
entities (the user data subfield should be used for this purpose). Neither may user-defined parameters negotiation be used to
negotiate parameters which are defined in the basic HDLC standards (the standard mechanisms defined elsewhere in this
International Ftandard should be used Tor this purpose).

7.4 Framg check sequence negotiation rules

For negotiatign between the 16-bit FCS and the 32-bit FCS, two cases are covered: the general case)and a constrained case.
The constraijed case allows for some simplification in the operating procedures (by virtue of the~known roles pf initiating
and respondipg station) and in the capabilities that the stations involved must supgmatige colliSien”situations dp not

exist). The differences in the basic principles (rules) that are used in the FCS negotiation process are noted by|parenthetical
explanations pelow and in the second example given in Annex E.

The following basic principles (rules) apply to stations that support both 16-bit FCS and-32-bit FCS as far as ffame check
sequence negotiation is concerned.

— FCS nggotiation or re-negotiation is only performed in the logical data link. disconnected phase.

— The inftiating station will start the negotiation process from the 16-bit FCS mode as far as transmitted XID|frames are
concefned.

— Durind the FCS negotiation process, and until the mode-setting command and response have been exchanged, the
stationis will receive and process frames in both the 16-bit:RCS mode and the 32-bit FCS mode simultaheously. (In
the comstrained case, it is not necessary for the initiating station to process received frames in both 16-bit FCS and 32-
bit FCE modes simultaneously since the respondingxstation does not send frames with 32-bit FCS until after it has
indicated selection of the 32-bit FCS mode and has received a set mode command with a 32-bit FGS from the
initiating station.)

— The rgsponding station will select the valuesof FCS to be used from that which both stations are indi¢ating they
suppoft, and will indicate the selected value-in the XID response HDLC parameters data link layer subfield.

— The stations will disable the unusable €S mode upon the sending of @dhiptrof the mode-setting command that
confirms the other station's concurrence as far as the value of FCS to be used for information transfer is cgncerned.

— The sthtions will reactivate the\disabled FCS mode upon the sending of cedbiptrof a mode-setting disnnect
mode gommand, thereby réturhing to a condition where all frames are received and processed in both the 16-bit FCS
mode @nd the 32-bit FCS mode simultaneously.

lllustrative examples of the application of these FCS negotiation rules are given in Annex E.

7.5 Rules|for negotiation use of the frame format field in non-basic frame format mode

Two cases are covered: the general case and a constrained case. The constrained case allows for some simplification in the
operating pr(r:edures (by virtue of the known roles of initiating and responding station) and in the capabilities that the
stations involved must supportdbause collision situations do not exist). The differences in the basic principles (rules) that

are used in the negotiation process are noted by parenthetical explanations.

The following basic principles (rules) apply to stations that support both basic-mode and Option 22 (frame format field) as
far as negotiation of the frame format field is concerned. (In the following paragraph, we will assume for brevity that “non-
basic mode” means “non-basic mode with the frame format field Option 22.”)

— Negotiation or re-negotiation is only performed in the logical data link disconnected phase.

— The initiating station will start the negotiation process from the basic mode as far as transmitted XID frames are
concerned.

— During the negotiation process, and until the mode-setting command and response have been exchanged, the stations
will receive and process frames in both the basic mode anddhebasic mode simultaneously. (In the constrained
case, it is not necessary for the initiating station to process received frames in both basic mada-aadic modes
simultaneously since the responding station does not send frames with non-basic mode until after it has indicated
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selection of the non-basic mode and haseived a set mode command witman-basic mode from the initiating

station.)

The responding station will select non-basic mode options to be used from that which both stations are indicating they

support, and will indicate the selected options in the basic-mode XID response HDLC parameters data link layer

subfield.

The stations will disable the basic mode upon the sending of orebeipt of the mode-setting command that

confirms the other station’s concurrence as far as the options to be used for information transfer is concerned.

The stations will reactivate the basic mode upon the sending of oretteipt of a mode-setting

disonect mode

command, thereby returning to a condition where all frames are received and processed in both the basic mode and

the non-basic mode simultaneously.

8| Resolution/negotiation of data link layer address in switched environment|
8[1 Operational requirements
1. XID Command/Response Frame Support: All stations shall support the XID frame option
optional function 1 (see 6.15.1).
2. All-Stations Address Support: All stations shall support the "all-stations" address capability.
3. Station Address Support: All stations shall be capable of supporting/the complete range

within the constraints of HDLC procedures.

8

In
lin
p
Upon receipt of an indication from the physical layer that'a physioahection exists, the initiating comi
trgansmit as soon as possible an XID command frame as’indicated in 8.2.1 below. The non-initiating
eipt of an indication from the physical layer that-a‘physicalnection exists, shall await the receipt of
frgme in order to transmit an XID response frame as described in 8.2.2 below.

2 Address resolution

cases where the operational data link layer addresses are not known on an a priori basis (e.g.,
ks), the stations involved that initially are assuming an initiatitig combined station status shall star
cedure in order to establish the data link layer addresses to*be employed in subsequent frame exg

Inforder to prevent stations from assuming the "all-stations" or "no-stations" data link layer addresg
olution, stations sending XID command-frames shall choose data link layer addresses in the range

8.1 Generating XID command frames

An address resolution XID command frame shall be sent that contains, within the information field, bd
Lgyer Address parameter and the Unique Identifier parameter, in accordance with clause 7. The XID
sgnt with the "all-stations"taddress in the address field and with the P-bit set to “1”.

If p valid XID response frame is noéceived within a predefined time, another XID command frame sha
then current value’ of that station's Local Data Link Layer Address parameter as well as the stg
padrameter. Thissprocedure may be repeated "n" times (where the value of "n" is implementation depe

For the non=initiating combined station, if a valid XID command frame is ectived within a predefing
injtiating.combined station shall assume the role of an initiating combined station.

henever a station initiates address resolution (i.e., has sent an XID command frame with the "all-st

hl function defined as

bf assignable addresses

on switched circuit data
the address resolution
hanges.

ined station shall
combined station, upon
an XID command

, as a result of address
from 2 to 253.

th the Local Data Link
tommand frame shall be

| be sent, containing
tion's Unique Identifier
hdent).

d time, tm®n-

ations" address), it shall

ain’in the disconnected phase until it has successfully completed an XID frame exchange.

8.2.2 Generating XID response frames

Upon reception of an XID command frame, the received data link layer address parameter field is compared with the local

data link layer address.

with the local data link layer address contained in the address field of the frame as well as in t
address parameter field.

If the two addresses are different, no address modification is necessary. An XID response frame shall be transmitted

he local data link layer

If the two addresses are identical, the local data link layer address must be modified before transmitting the XID

response frame. If the local Unique Identifier parameter value is greater than the Unique Identifier parameter value
contained in the information field of the received XID command frame, then the local station shall increment its data

link layer address by one.
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— If the local Unique Identifier parameter value is less than the Unique Identifier parameter value contained in the
received XID command frame, then the local station shall decrement its data link layer address by one.

Once the address has been modified, an XID response frame shall be sent with the new local data link layer address
contained in the address field of the frame as well as in the local data link layer address parameter field.

NOTE 1— The Unique Identifier parameter values are considered as pure binary numbers for performing the comparison.

NOTE 2— In the case of multiple octet addressing, the incrementation/decrementation operation shall be done such that the bits reserved
for address extension, low order bit “b1”, are not changed.
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Annex A
(informative)

Explanatory notes on the implementation of the frame checking sequence

In order to permit the use of existing devices that are arranged to use a zero preset register, the following implementation may
be used. (This example is given in terms of the 16-bit frame checking sequence, and assumes that all bits of the frame are
checked.)

At the transmitter, generate the FCS sequence in the following manner while transmitting the elements of the frame unaltered

(o]

to-the line:

Al
el

n

n
e

The transmitter or the receiver can independéntly use the ones preset or the first 16-bit inversion

ch

It

th
N4
th

a) presetthe FCS register to zeros;

b) invert the first 16 bits (following the opening flag) before shifting them into the FCS reqgister;
c) shift the remaining fields of the frame into the FCS register uninverted,;

d) invert the contents of the FCS register (remainder) and shift onto the line as the FCS sequen

the receiver, operate the FCS checking register in the following manner, While receiving (and
ements of the frame as received from the line:

a) presetthe FCS register to zeros;

b) invert the first 16 bits (following the opening flag) before shifting them into the FCS checking re

d) invertthe FCS sequence before shifting into the chegking register.
the absence of errors, the FCS register will contain all zeros after the FCS is shifted in.

the above, inversion of the first 16 bits is equivalent to a ones preset, and inversion of the FCS a
gisters to go to the all zeros state.

oose not to invert the FCS in which case itfas to check for the unique nonzero remainder specified

E register. The receiver maot anticipate the beginning of the FCS. Such storage, however, will

€.

storing) unaltered the

gister;

c) shift the remaining elements of the frame, up to the beginning of the FCS, into the checking register uninverted,;

the receiver causes the

Also, the receiver can
in4.2.5.

Shall be realized that inversion of the(FCS by the receiver requires a 16-bit storage delay before shifting received bits into

normally take place
withhold 16 bits from

Flpg

iturally as the FCS checking funétion will need to differentiate the FCS from the data, and it will thus
e next function at all times.
Flag AddreSs Control Information Frame checking sequence
. K bits |t 16 bits ——————»
G(x)
n bits
- MO0 -

T

orHotaa-tha OO o bacad on tha cccimntionc that:

B P
CProteotTrCToTaSImIgttieT T TS C OOt e o S SUT T oo TSt

a) thekbits of data which are being checked by the FCS can be represented by a poly@bthial

Example G(X) = X* + X + 1 represents 101001.

b) The address field, control field and information field (if it exists in the frame) are
polynomialG( X) .

represented by the

c) For the purpose of generating the FCS, the first bit following the opening flag is the most significant(BiiXo)

regardless of the actual representation of the address, control and information fields.

d) There exists a generator polynom( X) of degree 16, having the forP(X) = X'° + X*+ X°
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The FCS is defined as the ones complement of a remaR(@pbtained from the modulo 2 division of

x®G(X) +

XOE+ %+ B+ X2 X X% X3 & X % 3 % R % )

by the generator polynomidP(X) .

XOG(X) + X( X+ X+
P(x)

¥+ 1) R(% pecs

P(X)

= Q(x) +

The multiplication of G(X) by X*® corresponds to shifting>(X) by 16 places and thus providing the space of 16 bits for

the FCS. The addition ofX* (X" + X' + -

-+ X+1) to X*®G(X) [equivalent to inverting the first 16 bits of

x"®G(X)] c

of protection

complementing ofR( X), by the transmitter, at the completion of the division ensures that the received, @rror-fre|

will resultin a
detectability g

At the tran
M(X) = X

At the receiv

P(X).

If the transmi

Rr(X) is the
establishing t

Note that FG
to a bit-by-bit

The equation

returns the ch

Rr(X) is the

rresponds to nitializing the initial remainder to a value of all "ones'. This addition 1S provided for ih§
against the obliteration of leading flags, which may be non-detectable if the initial remainderis

unique, non-zero remainder at tieeeiver. Thenon-zero remainder provides protection against potent
f the obliteration of trailing flags.

Smitter, the FCS is added to thé(leG(X),
G(X+ FCS

resulting in an M(X).of ‘tength N, wh

br, the incomingVI(X) is multiplied by X'°, added to X" (X" + X¥47--+ X+1) and divided

X[X®F R+ FCP+ X X+ X'+ +
P(X)

%3 Prx

P(X)

bsion is error free, the remaind@f(X) will be "00027:101 0000 1111"X™ through X°

16 L( X)

remainder of the divisionw where/L(X) = X° + X" +- -
X

= Qr(x) +

respectively).

+ X+ 1. This can be show
hat all other terms of the numerator 6fthe receiver division are divisilb? Xy .

S R Y= I ¥+ R X TAdding L(X) without carry to a polynomial of its same length is equ
inversion of the polynomial.]

above, for the FCS/Teceiver residual, is used in the following to show that inverting the FCS at

L(X) Q¥ + Rr(X)

ecking register o, zero. This equat|0ﬁ—|s—
P(X) P(X)

residual'contents of the FCS register.

where L(X) is as defined abovg

16L(X)+ XlGL(X)

Hie
TS

=0.

ib ‘added to the above numerator, the resu

purpose
zero. The
E message
ial non-

o

by

h by

valent

he receiver

and

if X"PL(X) i

Px)

Physically, the addition o&™° L(X) is achieved by inverting the FCS.
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Annex B
(informative)

Example of the use of commands and responses

B.1 Introduction

B.1.1 General notation

The notation

OML

\ Flag (i.e. frame boundary) 7\\

Frame containing information

Frame with erfor : b——%{ or %

B.1.2 Notation for primary and secondary stations

Frame without informatior]

Information format
rSend sequence number

Information frame : I N(S), N(R) P/F -a—Poll or final bit ON

Receive sequence number {next expected frame)

Example : Pri kmits : 12,6 P. This denotes a primary information frame with send sequence number 2, the next expected | frame from
the secondary |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 flame : XXX N(R), P/F -a—Poll or final bit ON

Raca:
et

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

Unnumbered command or response

Unnumbered frame : XXXX, P/F -— 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
/—Send seouence number
Information frame : X, | N(S), N(R) P/F «a—-Poll or final bit ON

Receive sequence number (next expected frame)

——Address
\ r—SupeNiww command/response
Supervisory frame : X, XXX N(R), P/F «a——Poll or final bit ON

LReceive sequence number

Address
; ‘—— Unnumbered command or response

Unnumbered|frame : X, XXXX, P/F -e—Poll or final 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 RRQP RR3.P
Pri xmits : :j m [:
UA,F 10,0 11,0 i2,0F 13,0 4.9
Sec xmits : m F + s { ' —+ d
B.2.1.2 NRM start-up procedure’and primary only information transfer
SNRM.P 0.0 11.0P 12,0 13.0
Pri xmits : Aw)| b + ! F 4 1
YA RR2E
Sec xmits : — —
B.2.1.3 NRM information transfer by primary and secondary
9.0 11,0 12,0P 13,2 14,2P 15.3
Pri xmits : } $ { | — } J _—
10.3 11,3F 12,5F
Sec xmits : } + I —_—

82

© ISO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=d2a18ba61145d41baf6161b22ca34b0b

ISO/IEC 13239:2000(E)

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 0.0
Time-out
Pri xmits m-.—-—__m ———
/ UA.F
Sec xmits : m
B.2.2.2 NRM primary information frame error
Retransmitted frames
10.0 1.0 i2,0P 11,2 12,2 13,20
Pri xmits - b } /AVJ/]L — — — + 3
19,1 11,1F
Sec xmits : + 4
B.2.2.3 NRM primary poll frame error
Retransmittad frame
10,0 11,0 |2,GP/ T RRO.P 12,2 13,2 14,2
Prixmis 1 * L : : e )
10,2 11,2F
Sec xmits : | ¢ -
B.2.3 Normal response mode (TWA) HDX with transmission errors in response frames
B.2.3.1 NRM start-up response érror
SNRMP - SNRM.P 10.0
t
Pri xmits : m —- L | L tj  Sa—
UAF UA,F
Sec xmits : % E
B.2.3.2 NRM secondary information frame error
Retransmitted frames
199 1.0 12,0 13,0 14,0P / \ 15.2
Pri xmits : } } — [ —
4 \
10,3 1,3F 10.5 11,5F
Sec xmits : } /1/: i ! ' 1|
/V
or Retransmitted frames
10,0 1,0 12,0P RRO.P 13,2
Pri xmits : s } } - m P
9.3 [1,3F 8.3 11,3F
Sec xmits : — /Ay/} — - + —
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B.2.3.3 NRM secondary ‘‘final’’ frame error

Retransmitted frame

10.0 11,0 12,0 Time-out or 13,1 14,1P 15.3
Pri xmits - b N ' . idle line detect N ) .
¥ T ¥ — | }_——?
2,3 I1,3F 115 12.5F
Sec xmits : b $ A/ b + ~
or Retransmitted frame
00 110 120P _ Time-out or RR1,P 13.3

Pri xmits - — : - 1‘ idle line detect ‘:’ '
0.3 11,3F 1,3 12,3F

Sec xmits : I ¢ /V' —_—

B.3 Examples of asynchronous response mode (ARM) two-way aiternate (TWA) transmission

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

B.3.1.1 AR

Pri xmits : :] m , m
UAF 00 X0 ! 12,0
S its - . i
ec xmits m Indefinite time  F———=—— ‘ — - 2
Q— Indefinite time —4
B.3.1.2 ARM primary and secondary information transfer with contention situation
Contention
SARM P \ 00 11,0 N 100 1.0
Pri xmits : E : - } m:::urvt f t —
UA F 10,0 11,0 Secondary 10.2F
M . I p— . i
Sec xmits : m Indefinite time | : { - time-out !

M start-up procedure and secondary only information transfer

SARM P RR2

RR3

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 :

84

SARM P

l;m_.

SARMP

Time-out

UAF
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B.3.2.2 ARM primary information frame etror

NOTE — Recovery procedure is identical to NRM operation.

ISO/IEC 13239:2000(E)

Retransmitted frames

SARMP la,oA/ i1.0P 10.0 i1.0p
Pri xmits . Indefinite time  F— Va4 + — — Indefinite tme
—————————— g
UA F RRO.F RR2,F
Sec xmits . m m Ez
B.3.2.3 ARM primary ‘“‘poll’’ information frame error
NOTE — Recqvery procedure is identical to NRM operation.
/— Retransmitted frame
SARM P 0.0 11,0P 10.0 12. 0P
; ite - Idie li
Pri xmits : E Indefinite time f_—“—ﬁA r d:telgfﬁ —t— RR3,F Indefinite time
B ———————— il —E i~ ‘————ﬁ
UA F RR1
Sec xmits : t: t:
B.3.3 Asynpchronous response mode (ARM) TWA with transmission errors in response frames
B.3.3.1 ARM start-up
SARM P SARM P
Pri xmits : E_‘_ Time-out ¥t:
UAF UA F
Sec xmits : m :
B.3.3.2 ARM secondary information‘frame error
Retransmitted frames
SARM P RRQ.P RR2
Pri xmits : m m
UAF 10,0 11,0 10,0F 11,0 J.oo
Sec xmits - m - ’_7674——0 — g aefiite time )
Indefinite time
A rr————————
B.3.3.3 ARM secondary ‘‘final’’ information frame error
SARM P RR2
Pri xmits : [:
0.0 0.0 11,0
Sec xmits : m Indefinite time ’_744 Time-out ‘7_‘——* Indefinite time
UAF e — ———————— g
Retransmitted frame
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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 RR9@,P RR1 RR2 RR3 RR4 RRS,P
Pomis: - — S R e R s I
UA F 10.0 11,0 12,0 13.0 14,0F RRO.F
Sec xmits : — ! I 1 } L 1 m
or (where prifnary acknowledgments are returned for severai response frames)
SNRM. P RRQP RR3 RRY.P
Pri xmits : — — — B
UAF 10.0 11,0 12,0 13,0 14.0F RRQ,F
Sec xmits : — : t ' + + — | —
B.4.1.2 NRM start-up procedure and primary only information transfer
SNRM.P 10,0P 11,0 12,0P 13,0 14,0P 15,0
Pri xmits : :1 } + . n + ; )
UAF RR1F RR3,F RRS,F
Sec xmits : t: m m :j
or (where prifnary sets poll bit to 1" to solicit acknowledgment for several frames)
SNRM P 10,0P 11,0 12,0 3.0 14,0 15,0P
Pri xmits : — F } + + + + 1
UAF RA1F RR6,F
Sec xmits : E t: :
B.4.1.3 NRM start-up procedure and primary/secondary information transfer
SNRM,P 10.0P 11,0 121 13.4 14.4 15.4 16.5 (7.5
Pri xmits : = + t + t t t +
UAF 10.0 111 12,2 13,2 14,2 15.5 16.7
Sec xmits : t —
B.4.2 Norma
B.4.2.1 NRM REJ capability
Retransmitted frames
Abort*®
10.0P 1.0 I2,0/ (3.1 14:\ 23 134 14.5
. . A " i d §
Pri xmits : } 4 + 4 + + +
F / v l
101 11,2 12,2 REJ2 13,2 14,2 15,3 16,4
Sec xmits : 5 +— 4 —1 } + + + al

¢ Optional : Frame may be completed or aborted.
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B4.2.2

NRM SREJ capability
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/— Retransmitted frame

1a.0P 11.0 12.0 131 14,2 12,3 154 16.5
Pri xmits : — + + //%ré . 4 . —
191 11,2 12,2 SREJ2 13.2 142 5.5 166
Sec xmits : b i I . = " | 3
T T T }_’ T 1
B.4.3 Normal response mode (NRM) TWS with transmission errors in response frames
B.4.3.1 | NRM REJ capability
looP [10 12,2 131 141 REJT [51 16,1 17,1 7102
Pri xmits |[: + + + + i +- } 4 ?
10,1 H,ZA 12,3 13,4 11,5 12,7 13,9
Sec xmitg : I + $ + } $ 4 J
vV Y Y \ 1 + 7
Retransmitted frames
B.4.3.2 | NRM SREJ capability
10,0P 11,0 12,0 13,1 141 SREJT 151 16,1 17.4 0.4
Pri xmits | ' + + + } 71 + + ' —2
191 11,2 12,3 134 11,5 14,6 5.0
Sec xmits ¢ } + /14/ + " s N )
/ 1 2 T T T 7
Retransmitted frame
B.S Examples of asynchronous response mode (ARM) two-way simultaneous (TWS) transinission
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 0.1 11,2P
Pri xmits | :j } + -
UAE 100 i1 0 RR2 F
Sec xmits : [:3 ~_ Indefinite time t - { :1

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

SARM.P lo.oPp 110 12,1 13.2P 142 15,3 16,4P
i its - I $ : I 3 s J
Pri xmits : r T____:___‘ "____f\'_____\,_‘___'__J ¢
¥ v
UAF Indefinite t 0.0 11,1F 12,2 13,4F 14,5
Sec xmits : :j e ™ -t 1 +— = ¢ {
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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 SARMP
Pri xmits : Time-out E Indefinite time
—- — —
UAF
Sec xmits : m
B.5.2.2 ARMREJcapability
Abort * Retransmytted\frames
¥
SARM.P . 10.0P 111,10/ 12,0 13,1 11,2P 12,3 13,5 143
Pri . Indefinite | " i + : " " 3
ri xmits : m ime A 4 + + 4 N + + {
- — 3 TTTTTRY
UAF RR1,F 19,1 [1,1 REN 121 RR2.F 13,3
Sec xmits : — 3 ' +—+ v e —
B.5.2.3 ARM SREJ capability
— Retransmitted flame
SARM.P 0,0P I 0/1/ [2,0 3.1 [1,2P 14,3 15.3
Pri xmits : E b —+ Yas = + + ! + + 4
i
Indefinite . HE A
time ! !
—— ) 1
UA,F RRY, 18,1 (1,1 SREJ1 121 RR4 F 13.5
Sec xmits — l———l——:j———l 'z —_
B.5.3 Asynchronous response mode (ARM) TWS with transmission errors in response frames
B.5.3.1 ARM REJ capability
Time-out
- . _ad
SARMP i0,0P 1,0 121 13,1 REJT 141P 15,1 16.2P
Pri xmits : = G + —t1 + + —7
tndefinite
time
UAF 10,0 l1.17 12,2 13.3 14,4 4 12,5F 135 1486
Sec xmits : I: b + /Ay t + + + +

Optional : Frame may be compieted or aborted.
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