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1 Definition of NDM, ADM and IM
secondary modes

1.1 Disconnected modes

There are two link level disconnected modes : normal discon-
nected mode (NDM) and asynchronous disconnected mode
{ADM). These modes differ from NRM") and ARM in that the
secondary is logically disconnected from the data link, i.e. no
information (1), unnumbered information (Ul) or supervisory

frames are trans

These disconne
dary from appea
ing unusual sit
operation could

mitted or accepted.

— the secondary terminal is manually switched from a
local (home) condition to a connected-on-the-link (on-line)
condition.

1.1.1 Normal disconnected mode (NDM)

NDM is a secondary mode in which the secondary is logically
disconnected from the data link and is therefore not in opera-
tional status. The secondary has normal mode respond oppor-
tunity and shall initiate a response transmission only as a result
of receiving either a command frame with the P-bit setto *1" or

aLIP command

ted modes are provided to prevent a secon-
ing on the link in a fully operational mode dur-
Lations or exception conditions since such
cause :

— unintended contention in ARM;

—  sequenc
secondary;

— ambiguit
A secondary sh
that causels) it a

disconnected m

The secondary ¢
to :

— acceptin

b number mismatch between the primary and

y in the primary as to the secondary status.
hil be system predefined for the condition(s)
ways to assume one of the two predetermined
bdes (NDM or ADM).

hpability in either NDM or ADM shall be limited

g one of the mode setting commands (SNRM,

SARM, SNRME, SARME, SIM or DISC);

— acceptin|

— transmit
each respond

in NDM or ADM
shall respond D
frame received

A secondary in
reject’” exceptiol

If a secondary i
mand, it shall re
isin NRM, AR
respond with th
command.

g an XID command;

ing a DM, XID, RIM or RD response frame at
opportunity.

a secondary station, as a minimum capability,
M with the F bits set t0./’1"" to a command
ith the P-bit set to /1"

NDM or ADM shall_not establish a “‘command
condition.

in NDM-or’ ADM and receives a DISC com-
pond with the DM response. If the secondary
or |M and receives a DISC command, it shall

if it of actioning the

In this mode, a secondary shall only action mode sptting com-
mands and the XID. A mode setting command or an XID com-
mand that cannot be actioned or any other.command with the
P-bit set to ““1”" shall cause a secopdany in NDM |to respond
with a disconnected mode {DM) réspanse or, if the¢ secondary
determines it is unable to function, a request for |nitialization
{RIM). In the case where a mode setting commang or an XID
command has been received'but cannot be actioned or a status
condition is to be reported) a UP command with thg P-bit set to
“0" may cause a secondary in NDM to respond yvith DM or
RIM, as appropriate.

Any command\with the P-bit set to “0", other than mode set-
ting, the XID command or the UP command, shal| be ignored
by a secondary in NDM.

1c1.2 Asynchronous disconnected mode (ADM)

ADM is a secondary mode in which the secondary is logically
disconnected from the data link and is therefore npt in opera-
tional status. The secondary has asynchronous mgde respond
opportunity and may initiate a response transmisgion in two-
way alternate exchange upon detection of an idle link state, and
in two-way simultaneous exchange at any time. Such a
response transmission shall only consist of a requegt for logical
connection to the primary (DM), or a request for [nitialization
(RIM) if the secondary determines it is unable to flinction.

In this mode a secondary, if capable, shall action| only mode
setting commands and XID.

Other valid commands with the P-bit set to /1" shall cause a
secondary in ADM to respond with a “disconne¢ted mode"’
response or, if the secondary determines that it is unable to
function, a request for initialization (RIM). Other| valid com-
mands with the P-bit set to "0’ shall be ignored by the secon-

Examples of possible conditions {in addition to receiving a

DISC command

) which may cause a secondary to enter a

disconnected mode are :

— the secondary power is turned on, or restored following
a temporary loss of power;

— the seco

1} See ISO 4335

ndary link level logic is manually reset;

for all abbreviations not defined in this addendum.

dary.

1.2 Initialization mode (IM)

IM is the secondary mode of operation in which the secondary
link control program may be initialized or regenerated by
primary action, or in which other parameters to be used in the
operational mode may be exchanged. IM is invoked when a
primary concludes that a secondary is operating abnormally
and needs its link control program corrected, and for remote



https://standardsiso.com/api/?name=3633f019e5fbcf4439c8483f9dbfe5cd

upgrading of the secondary’s link control program. In a similar
manner, a secondary may determine it is unable to function due
to program checks and request IM to obtain a good program
from the primary.

A secondary shall enter the IM upon sending a UA (at its
system predefined respond opportunity) in response to the
receipt of a set initialization mode (SIM) command. The secon-
dary may request SIM by sending a request initialization mode
(RIM). In IM, the primary and secondary may exchange infor-
mation in the predetermined manner specified for that secon-
dary, for example Ul or | frames.

ISO 4335-1979/Add. 1-1979 (E)

set to “*1”, each individual secondary shall respond with at least
one frame, the last frame having the F-bit set to ““1”. If the UP
has the P-bit set to ‘0", each individual secondary may or may
not respond depending on the status of the secondary; secon-
dary responses sent in reply to this command shall have the
F-bit set to ‘0’ in all frames of each secondary’s response. A
secondary which receives a UP with the P-bit set to 0" shall
respond when it has :

— an I/UI frame (or frames) to send;

— an | frame to resend because it did not receive an

IM is [terminated when the secondary receives and
acknowlgdges (via a UA response) one of the other mode set-
ting command.

2 Defjnition of additional commands

The following list contains the bit encodings of the defined
commandgls.

Low-to-high bit

Command R
encoding
SIM 1110P000
urP 1100P100
Ul 1100P000
XID 1111P101

2.1 Set initialization mode (SIM) command

The SIM|command causes the addressed secondaryto.initiate
a stationispecified procedure (or procedures) to initialize its link
level control functions.

No information field is permitted with the~SIM command. Theé
secondary shall confirm acceptance of’'SIM by the transmission
of a UAJ Upon acceptance of this~<command, the secondary
station s¢nd and receive state variables shall be set to zero,

Previousll;l1 transmitted | frames-that are unacknowledged when
this comand is actioned).remain unacknowledged.

2.2 Unnumbered/poll (UP} command

The UP gommand is used to solicit response frames from a
group of|secondaries (group poll) or from a single secondary

ackrowtedgerTent;
— received but not acknowledged an l|frame {or frames);

— experienced an exception/condition ¢r change of status
that has not been reported;

— a status that mudst)be reported agair] (for example DM,
CMDR).

if idle {15 ones) lis) detected following recdipt of a frame (or
frames), or nolresponse is received within|a given period of
time, it is“assumed the secondary has conpleted, or will not
initiate,\transmission.

23, Unnumbered information (Ul) pommand

The Ul command is used to send information (for example
status, operation interruption, temporal dgta, link level pro-
grams or parameters) to a secondary (or sepondaries) without
impacting the V(S) or V(R) variables at any gtation. There is no
specified secondary response required to the Ul command.

2.4 Exchange identification (XID) gommand

The XID command is used to cause the addressed secondary
station to identify itself, and optionally to pfovide primary sta-
tion identification and/or characteristics [to the addressed
secondary. An information field is optional with the XID com-
mand; if present, the information field shall ¢ontain the primary
station identification. A secondary receivind an XID command
shall, if capable, action the XID in any modg uniess a set mode
response (UA) is pending transmission, or B CMDR condition
exists.

If in an operational mode (NRM, ARM) a CNIDR condition may
be established if the received XiD informati

(individual poll}. Tn the case of a group poll, the mechanism
employed to control response transmissions schedule (to avoid
simultaneous transmissions) is not defined in this addendum.
The UP command does not acknowledge receipt of any
response frames that may have been previously transmitted by
the secondary (or secondaries). No information is permitted
with the UP command.

The secondary (or secondaries) which receives UP with a group
address shall respond in the same manner as when polled using
an individual address. The response frame {or frames) shall
contain the sending secondary (or secondaries) individual ad-
dress, plus N{S} and N(R) numbers as required by the particular
response (or responses). The continuity of each secondary {or
secondaries) N(S) shall be maintained. If the UP has the P-bit

3 Definition of additional responses

The following list contains the bit encodings of the defined
responses.

Low-to-high bit

Response encoding
DM 1111F000
RD 1100F010
RIM 1110F000
Ul 1100F000
XID 1111F101
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3.1 Disconnect mode (DM) response

The DM response is used to report a status where the secon-
dary is logically disconnected from the link; and is, by system
definition, in NDM or ADM.

The DM response is sent by the secondary in NDM or ADM, to
inform the primary that it is still in NDM/ADM and cannot ac-
tion the set mode command. No information field is permitted
with the DM response.

On a switched network where the call is initiated by a secon-

status, operation interruption, or temporal data) to a primary
without impacting the V(S) or V(R) state variables at either
station. It should be noted that there may be some system-
dependent restrictions on the use of the Ul response, for exam-
ple error control, flow control, etc.

3.5 Exchange identification (XID) response

The XID response is' sent as a reply to an XID command. An in-
formation field containing the secondary station identification
and/or characteristics is optionally present with the XID

dary, the DM shall be sent to request a mode setting command.

On a non-switch
response at any

A secondary in N
to detect a respo
RIM, XID, or RD
XID) are accepteq
the receipt of SN

3.2 Request

The RD respons

bd line, a secondary in ADM may send a DM
espond opportunity.

DM or ADM shall monitor received commands
hd opportunity in order to {re)transmit DM (or
hs appropriate), i.e. no commands (other than
until the disconnected mode is terminated by
RM, SARM, SNRME, SARME or SIM.

Hisconnect (RD) response

b is used to indicate to the primary that the

secondary wishe:

to be placed in disconnected mode (NDM or

ADM). In switchgd networks, a request for logical disconnect
function at the d4ta link level may also serve to initiate a request

for a physical di
level; i.e., to have
may be sent asyn
NRM, as a respo
command with th
mitted with the R

A secondary wh
command frame
command frame

connect operation at the physical interface
the requesting secondary go ““on-hook’’. RD
Chronously if the secondary is in ARM, or, ifin
hse to either a UP command or to any other
e P-bit set to 1", No information field is per-
D response.

ch has sent an RD response and receives a
or frames) other than DISC shall accept the
or frames) if it is able to do so,If\the secon-

dary accepts the pon-DISC command frame (or-frames}, it shall

follow the norma
the primary. Secq
after sending an

If the secondary s
(NDM or ADM) i
dary cannot acg
problems it may

3.3 Request

HDLC elements of procedures’to respond to
ndary acceptance of a frame other than DISC
RD response shall cancél’'the RD response.

till wishes to be-placed in disconnected mode

shall re-issue.the RD response. If the secon-
ept the non-DISC frames due to internal
espondwwith RD again.

nitialization mode (RIM) response

response. A second_erW?ary Teceiving an C d shall, if
capable, action the XID in any mode unless a JA)esponse is
pending or a CMDR condition exists.
On switched networks, the secondary may, at its rjspond op-

portunity, use the XID response which,may optionglly contain
an information field, to request an XiD exchange.

4  Implied changes to 1SO 4335
4.1 The specification of the CMDR response not{ to be ac-
tioned in non-operational mode requires the followihg change
in 1ISO 4335 :

Sub-clatse 5.3.2.2 :

Add to the first line after secondary :

"“in the operational mode”’

4.2 The definition of the unnumbered poll (UP)|command
requires the following changes in 1SO 4335 :

Sub-ciause 4.1.1 :
Change the first sentence of the second paragraph [to read :

“In this mode (NRM), the secondary cannot transmit until a
command frame with the P-bit set to 1"’ or a UP command is
received.”’

Add to the last sentence of the second paragraph :

“or a UP command with a P-bit set to 1"’ or 0.’

The RIM is used to report a secondary need for initialization.
Once a secondary station has established a RIM condition,
additional commands subsequently received (other than SIM
or DISC or if capable XID) shall be monitored only to detect a
respond opportunity to retransmit RIM, i.e. no additional
transmissions shall be accepted or actioned until the condition
is reset by the receipt of SIM or DISC. No information field is
permitted with this response.

3.4 Unnumbered information (Ul) response

The Ul response is used to send information (for example,

4.3 The definition of the unnumbered information (Ul) and
exchange identification (XID) commands require the foliowing
changes to the CMDR definition in ISO 4335 :

Sub-clause 5.3.2.2 :

Add to the second item following the first paragraph after | :

“, Ul or XID”"

NOTE — Other additional changes to 1SO 4335 may be required in
addition to those above.

&
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INTERNATIONAL STANDARD

I1SO 4335-1979 (E)

Data communication — High level data link control
procedures — Elements of procedures

0 INTRODUCTION

High le
designed

el data link control (HDLC) procedures are
to permit synchronous bit sequence independent

data transmission.

This Int
procedu
note th

brnational Standard describes HDLC elements of
es as outlined in clause 1. The reader should
further study is in progress to define additional

elements| which enhance this document. This further study

may res
Internati

It in a need for minor changes to the text of this
bnal Standard. ‘

In  HDUC procedures, the normal cycle of the code
transpargnt data communication between two data stations

consists
from th
a frame
equipme
reply, it

of the transfer of frames containing information

data source to the data sink, acknowledged by
in the opposite direction. Until the data terminal
nt (DTE) comprising the data source receives the
must hold the original information~in~memory

in case the need should arise for retransmissions:

A data

ink involves two or more participating stations.

For conlrol purposes, one station on-the'link must assume

responsi

link leve

these re
frames |
The oth

ility for the organization ‘of data flow and for
error recovery operations. The station assuming
ponsibilities is known./as the primary and the
t transmits are referred to as command frames.
br stations on the/link are known as secondaries

and frames they transmit are referred to as response frames.

For the

transfer_of\data, the following two cases of data

link control are considered :
comprising the data source’ performs a p
control function and controls the DTE

In’ the first case, the DTE

rimary data link
comprising the

data sink that is associated with a secondary data link

control function, by'select type commands

In the second case, the DTE comprising the data sink
performs a primary data link control function and controls

the DTE comprising the data source that i
a secondary data link control functio
commands.

b associated with
h, by poli-type

s be transmitted

The’ information flows from the data soyTrce to the data

sink and the acknowiedgements will alwa
in the opposite direction.

These two cases of control may be combined differently

so that the data link becomes capable of ty
communication, or two-way simultaneous

The control of traffic between the data sod
sink is effected by means of a numbering
cyclic within a modulus specified in tH
measured in terms of frames. An indepen

vo-way alternate
communication.

rce and the data
scheme, which is
e standard and
dent numbering

scheme is used for each data source/data gink combination

on the link.

The acknowledgement function is accon
data sink informing the data source of th
sequence number. This can be done in a
not containing information, or within th
a frame containing information.

hplished by the
e next expected
separate frame,
control field of

innnf/lnfnrmnfinn
—
First case Primary Secondary
—
ACK
Data source Data sink
Poll/ACK
e
Second case | Primary Secondary
easgil)- -
information
Data sink Data source
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1 SCOPE AND FIELD OF APPLICATION

This International Standard describes elements of data link
control procedures for synchronous bit sequence indepen-
dent data transmission using the HDLC frame structure
(see 1SO 3309")) and independent frame numbering in
both directions.

These HDLC elements of procedures are described specially
in terms of the actions that occur on receipt of commands
at a secondary.

the secondary (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).

3 CONTROL FIELD AND PARAMETERS

3.1 Control field formats

The three formats defined for the control field are used to

This Internatiorfal Standard is intended to cover a wide
range of appli¢ations, for instance, one-way, two-way
alternate or twp-way simultaneous data communication
between DTE's| which are usually buffered, including

parform numbered —mformation tramsfer, numbered supe-

7
visory functions and unnumbered control functiony.

operations on d
multipoint/point
transmission, sw|

The defined H
considered as

types of contro
does not defin

ferent types of data circuits, for example,
-to-point connections, duplex/half-duplex
tched or non-switched, etc.

LC elements of procedures are to be
common basis for establishing different
procedures. This International Standard
b any single system and should not be

regarded as a [pecification for a data communication

system. Not all
might be require

A DTE intende
this Internatio
compatibility, if
class of operatio

2 OPERATION

In this Internati
defined for seq
(NRM) and asyn

the commands or responses, respectively,
Hl for a particular system implementation,

to be operated within the constraints of
| Standard provides a high degree of
it implements all features of the stipulated
h as specified in other HDLC standards.

AL MODES

onal Standard two operational modes-are
ondary stations; normal resporise. mode
chronous response mode (ARMY:

2.1 Normal response mode (NRM)

NRM is an opetlational mode in which-the secondary may

initiate transmis:
permission to @
permission, the

ion only as the result of receiving explicit
o so from the_ primary. After receiving
secondary shall* initiate a response trans-

mission. The redponse transmission may consist of one or

more frames wh
last frame of th
indicated by th

le maintaining an active channel state. The
e response transmission will be explicitly
b (secondary. Following the indication of

the last frame, t

explicit permission is again received from the primary.

Control field hits

Control field format for
1123 4| 5 (|6 7 8

Information transfer command/.

response (I frame) 0| NI(S) P/F || N{R)
Supervisory commands/responses

(S frame) 1{0] s P/F || M(R)
Unnumbered commands/responses

(U frame) 111 ™M P/F M

2.2 Asynchronous response mode (ARM)

ARM is an operational mode in which the secondary may
initiate transmission without receiving explicit permission
from the primary. Such an asynchronous transmission may
contain single or multiple frames and is used for infor-
mation field transfer and/or to indicate status changes in

where

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 bits

M = Modifier function bits

P/F = Poll bit — primary transmissions
Final bit — secondary transmissions
{1 = Poll/Final)

3.1.1 Information transfer format — I

The I format is used to perform an information |transfer.
Unless otherwise specified, it is the only format which may
contain an information field. The functions of N{($}, N(R),
and P/F are independent, i.e. each I frame has|an N(S)
; teh may or
may not acknowledge additional frames at the receiving
station, and a P/F bit that may be set to “1" or /0",

3.1.2 Supervisory format — S

The S format is used to perform link supervisory control
functions such as acknowledge I frames, request retrans-
mission of I frames, and to request a temporary suspension
of transmission of I frames.

1) 18O 3309, Data communication — High level data link control procedures — Frame structure.
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3.1.3 Unnumbered format — U

The U format is used to provide additional link control
functions. This format contains no.sequence numbers and
consequently 5 “modifier’ bit positions are available which
allows definition of up to 32 additional command functions
and 32 additional response functions.

3.2 Parameters

The various parameters associated with the control field

ISO 4335-1979 (E)

transmitted frames. Prior to transmission of an in-sequence
I frame, the value of N(S) is updated to equal the value of
the send state variable.

3.2.5 Receive state variable V(R)

The receive state variable denotes the sequence number of
the next in-sequence I frame to be received. This receive
state variable can take on the values 0 through MODULUS
minus ONE (where MODULUS is the modulus of the

sequence numbering scheme and the numb

formats|are described in the following sub-clauses.

3.2.1

Each I fframe is sequentially numbered and may have the
value 0 through MODULUS minus ONE (where MODULUS
is the modulus of the sequence numbers). The modulus
equals § for the unextended control field, and the sequence
numbers cycle through the entire range. See 5.4 for
descriptLon of the extended control field modulus.

The maximum number of sequentially numbered I frames
that thd primary or secondary may have outstanding (i.e.
unacknowledged at any given time may never exceed one
less thgn the modulus of the sequence numbers. This
restrictipn is to prevent any ambiguity in the association
of trangmitted 1 frames with sequence numbers during
normal pperation and/or error recovery action.

odulus

NOTE + The number of outstanding I frames may be further
restricted by the data station storage capability, i.e. the number
of [ framps that can be stored for transmission and/or retransmission
in the eJent of a transmission error. Optimum link efficiéncy can
only be|obtained, however, if the minimum data_station frame
storage dapacity is equal to or greater than the round trip trans-

mission delay.

3.2.2 HKrame variables and sequence-numbers
In HDLIC operation each data station maintains an indepen-
dent sehd sequence numberCN{S) and receive sequence

frames |t has correctly received from the primary. In the
same manner the\primary maintains independent N(S) and
N(R) counts for1 frames sent to and recevied from each
secondafy.-onthe link.

the entire range). The value of the receiv
incremented by the receipt of an-error
I frame whose send sequence number
receive state variable.

3.2.6 Receive sequence.number N(R)}

All T frames and .S-frames contain N{
sequence numberkof the next received

transmission of ‘a’frame of the above ty
N(R) is updated to equal the current va
state variable. N(R) indicates that the st
the N{R) has correctly received all I fran
to N{R) — 1.

See’'5.3.2.2 for definitions of the range of

3.2.7 Poll/Final (P/F) bit
The poll (P/F) bit is used by the primar

ers cycle through
e state variable is
free, in-sequence
N(S) equals the

R), the expected
[ frame. Prior to
bes, the value of
ue of the receive
tion transmitting
hes numbered up

alues of N(R).

v to solicit (poll)

a response or sequence of responses from secondaries.

The final (P/F) bit is used by a secondary

a) in NRM to indicate the final frame transmitted as

the result of a previous soliciting (poll)

command;

b) in ARM to indicate the response 11:ame transmitted

as the result of a soliciting (poll) comm

See clause 4 for further descriptions
functions.

3.3 Data link channel states

3.3.1 Active channel state

nd.
of the P/F bit

A-channslisinan-ACTIVE conditionwhi

3.2.3 Send state variable V(S)

The send state variable denotes the sequence number of the
next in sequence I frame to be transmitted. The send state
variable can take on the value 0 through MODULUS minus
ONE (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 is
incremented by one with each successive I frame trans-
mission, but cannot exceed N(R) of the last received frame
by more than MODULUS minus ONE.

3.2.4 Send sequence number N(S}

Only 1 frames contain N(S), the send sequence number of

en the primary or

a secondary is actively transmitting a frame, a single abort
sequence or interframe time fill. In the ACTIVE state the

right to continue transmission is reserved.

3.3.1.1 ABORT

Aborting a frame is accomplished by transmitting at least
seven contiguous one bits (with non-inserted zeroes).
Receipt of seven contiguous one bits is interpreted as an
abort and the receiving station will ignore the frame.

NOTE — In sending more than seven one bits to abort, care must
be taken that if 15 or more one bits are sent, including those already
transmitted at the time of decision on abort, an {DLE channel
state will result.
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33.1.2 INTER

Interframe tim
continuous flag

FRAME TIME FILL

e fill is accomplished by transmitting
s between frames. There is no provision

for time fill within a frame.

3.3.2 [dle channel state

A channel is defined to be in an IDLE condition when a
continuous ones state is detected that persists for at least

15 bit times; |
station has term

4 FUNCTIONS

The poll/final (1
frames and resq
bit is referred

4.2 Final bit functions

4.21 Final bit functions in NRM

In NRM the secondary must set the F bit to 1" in the
last frame of its response. Following transmission of the
frame with the F bit set to ‘1" the secondary must stop
transmitting until a subsequent command frame with a P
bit set to “’1'’ is received.

4.2.2 Final bit function in ARM

DrCE conaition indicates that the remorte
nated transmission.

OF THE POLL/FINAL (P/F) BIT

P/F) bit serves a function in both command
onse frames. In command frames the P/F
to as the P bit. In response frames it is

referred to as the F bit.

4.1 Poll bit fun
The P bit is used

On a link only

ction
to solicit a response from the secondary.

one - frame with a P bit set to “1” may be

outstanding at [a given time. Before a primary can issue

another frame
response frame
“1". If no valid
defined time-o\
the P bit set
permitted.

4.1.1 Poll bit f
In NRM the P

with P bit set to ‘1" it must receive a
from the secondary with the F bit set to
response frame is obtained within a system
t, the retransmission of a command with
to “1" for error recovery purposes is

Unctions in NRM

bit is set to “1" to-solicit response frames

from the secondary.

In this mode
command framg
primary can sol
P bit set to 1"
SREJ) with the

the secondary, cannot-transmit until a
with the/P\Bit set to J’hs received. The
cit I frames by sending anf;\;frame with the
or by ‘sending certain S fra}ﬂ’es (RR, REJ or
P bit set to ““1"’.

In ARM, the secondary will transmit a response frame with
the F bit set to ‘1" only in response to a-receiyed com-
mand frame with the P bit set to *‘1”. Following tHe receipt
of a command frame with the P bit set(to ‘1", the second-
ary must initiate transmission of a response with the F bit
setto ‘1",

In the case of a two-way /simultaneous commuinication
where the secondary is transmitting when the command
frame with the P bit setto “1" is received, the K bit will
be set to 1" in thedearliest possible subsequent [response
frame to be transmitted.

in ARM, the tfansmission of a response frame with the F
bit set to “I does not require the secondary|to stop
transmitting: Additional responses frames may be trans-
mitted *following the response frame which had the F bit
set tod'1"". Thus, in ARM the F bit is not to be inferpreted
as.'the end of transmission by the secondary. It i only to
be interpreted as indicating the response of the secondary
to the previous command frame with the P bit set tp “1"",

4.3 Use of the P/F bit to assist in error recovery (see also
clause 6)

As the P and F bits are always exchanged as a pair (for
every P there is one F, and the P cannot be issued until the
previous P has been matched with an F) the N{R) cpntained
in a frame with a P or F bit set to "’1"" can be used 1o detect
I frame sequence errors. This capability can provjde early
detection of I frame sequence errors and indicate the frame
seguence number to begin retransmission. This cppability
is referred to as check pointing.

4.3.1 Check pointing in NRM

In NRM the N(R) of a received frame which P1as the P
(command) or F {response) bit set to ‘‘1" shall] initiate

The primary can also restrict the secondary from trans-

mitting I frame
bit set to “‘1".

s by sending an RNR S frame with the P

4.1.2 Poll bit functions in ARM

In ARM, 1 frames can be transmitted by the secondary
on an asynchronous basis. The P bit zero set to 1" is used,
to solicit a response, at the earliest opportunity, with the
F bit set to “1”. For example, if the primary wants to get
positive acknowledgement that a particular command has
been received, it may set the P bit in the command to ““1”.
This will force a response from the secondary as outlined
in4.2.

4

error recovery if N(R) does not acknowledge at least all
I frames transmitted previous to and concurrent with the
last frame which was transmitted with the P or F bit set
to “1”. In all cases the N{R} of a correctly received I or
S frame shall confirm previously transmitted I frames
through N{R) — 1.

4.3.2 Check pointing in ARM

In ARM the N(R} of a received frame which has the P
{command) or F (response) bit set to ‘1" will cause the
receiver to initiate error recovery if the N(R) does not
acknowledge at least all I frames transmitted previous
to and concurrent with the last frame which was trans-
mitted with the P or F bit set to 1"
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In ARM a secondary transmission (one or more response
frames) will be retransmitted if the transmission is not
acknowledged by the primary within a system specified
time-out period. Since contention may occur, in the case of
two-way alternate communications the interval employed
by the secondary must be greater than that employed by
the primary so as to permit contention situations to be
resolved in favour of the primary.

4.4 Summaryof P/E hit function Ko/

I1SO 4335-1979 (E)

SNRME — Set normal response mode extended
SARME — Set asynchronous response mode extended
Information transfer format responses

I — Information

Supervisory format responses

The applicability of the P/F bit fur(tions in the two
operatipnal modes (NRM and ARM} and on links
employjng two-way alternate and two-way simultaneous
commuhication is summarized in the table below.

Operational mode NRM ARM

Communication mode TWA | TWS | TWA | TWS

P/F bit in command/response |P|F [P|F}P{F |P|F

Solicit information X X

@ l_ast frame indication X | x X

]

.'-:‘ PUY .

H Solicit supervisory or

;f unnumbered response X X X X
Check pointing Xix {x|[x}xix |[x]x

X : Inditates that the function is applicable

TWA : Two-way alternate
TWS : Two-way simultaneous

5 CONIMANDS AND RESPONSES

This clduse defines the commands and associated responses.
Sub-clapises 5.1, 5.2 and.-"5.3 contain the definition of the
set of gommands_and-responses (listed below) for each of
the conftrol fieldformats.

Information transfer format commands

I — Inf¢rmation

RR -— Receive ready
RNR — Receive not ready
REJ — Reject

SREJ — Selective reject

Unnumbered format responses
UA — Unnumbered acknowledge

CMDR — Command-reject

5.1 Information transfer format comma;ld and response

The function of the information, I, comnpand and response
is toUtransfer across a data link sequentially numbered
frames containing an information field.

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

et Control field bits . g
1 2 3 4 5 [ 7 8
0 N(S) P/F N(R)
Infor- Receive
mation sequence
transfer number
format Send Command {0-7)
sequence poll
number
Response
(0-7) .
final

The I frame control field contains two sgquence numbers :
N(S), send sequence number, which indijates the sequence

Supervisory format commands

RR — Receive ready
RNR — Receive not ready
REJ — Reject

SREJ — Selective reject

Unnumbered format commands

SNRM — Set normal response mode
SARM — Set asynchronous response mode
DISC — Disconnect

number associated with the I frame : N(R), receive number,
which indicates the sequence number (as of the time of
transmission) of the next expected I frame to be received
and consequently indicates that the I frames numbered
up to N(R) — 1 have been correctly received.

See clause 4 for description of P/F bit functions.

5.2 Supervisory format commands and responses

Supervisory S, commands and responses are used to
perform numbered supervisory functions such as ac-
knowledgement, polling, temporary suspension of
information transfer, or error recovery.
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Frames with the S format shall not contain an information
field and therefore do not increment the sequence numbers
at either the transmitter or receiver.

The encoding of the S command/response control field :

—mg— Controlfield bits . 5,

Only one REJ exception condition, from a given station
to another station, may be established at any given time :
another REJ or SREJ may not be actioned until the first
REJ exception condition has been cleared unless other
conditions have been detected as indicated in 6.2.1 to
6.2.4.

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

1 2 3 4 5 6 7 8
1 0] S P/F N(R)
J |
Supervisory Receive
format sequence
number
Command (0-7)
pol}
Response
final
Commands Responses
RR — Receive 00 RR — Receive
ready ready
REJ — Reject -0 REJ — Reject
RNR — Receive] 10 RNR — Receive
not reaqy not ready
SREJ— Selectivp 11 SREJ— Selective
reject reject

An S frame comtains an N(R), receive sequence number;
which indicates the sequence number of the next expected
I fram- to be feceived at the time of transmission“and
consequently indicates that all received I frames numbered
up to N(R) — 1 hrve been correctly received.

See clause 4 for description of the P/F bit funetions.

5.2.1 Receive rdady, RR, (S bits = 00).command and
response

The receive ready, RR, framelis used by the primary or
secondary to :

a) indicate it|is ready-to receive an I frame;

b) acknowlepge previously received 1 frames numbered

5.2.3 Receive not ready, RNR, (S bits = 10) comnpand
and response

The receive not ready, RNR, frame is used by the|primary
or secondary to indicate a busy condition, i.e. temporary
inability to accept additional incomiing”l frames. | frames
numbered up to N(R) -1 are_acknowledged. [ frame
N(R) and any subsequent I frames received, if any| are not
acknowledged : the acceptance’ status of these frames will
be indicated in subsequent-exchanges.

Indication that the busy condition has cleared and [l frames
will how be acceptedvis communicated by the trangmission
of an RR, REJSREJ, SARM, SNRM, SARME, $NRME,
and UA with:or without the P/F bit set to “1”,[or an |
frame withcthe P/F bit set to *'1".

A secondary receiving an RNR frame when in the| process
of Aransmitting (i.e. two-way simultaneous}) shpll stop
transmitting 1 frames at the earliest possible tinpe. It is
suggested that a secondary in NRM return a fr:]:we with
the F bit set to 1" before suspending transmission,

The primary may use the RNR command with [the poll
bit set to ‘1" to obtain an S frame from the se¢ondary.
The S frame from the secondary shall have fina| bit set
to 1", :

5.2.4 Selective reject, SREJ, (S bits = 11) commard
and response

The selective reject, SREJ, frame is used by the primary or
secondary to request retransmission of the single(I frame
numbered N(R). I frames numbered up to N(R]—1 are
acknowledged; I frame N(R) is not accepted. [Once a
SREJ has been transmitted, the only I frames accepted are
those numbered in sequence following the frame
requested, and the specific retransmitted I frame ipdicated

upto N(R)—T.

RR may be used to clear a busy condition that was initiated
by the transmission of RNR. See 6.1.

The primary may use the RR command with the poll bit
set to 1"’ to solicit responses from (poll} a secondary.

5.2.2 Reject, REJ, (S bits = 01) command and response

The reject, REJ, frame is used by the primary or secondary
to request retransmission of I frames starting with the
frame numbered N(R). I frames numbered N(R)—1 and
below are acknowledged. Additional I frames pending
initial transmission may be transmitted following retrans-
mitted I frame(s).

6

by the N{R) in the SREJ command/response.)

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

After a station transmits a SREJ, it may not transmit
SREJ or REJ for an additional sequence error until the
first SREJ error condition has been cleared. (To do so
would acknowledge as correctly received all I frames up
to N(R)—1, where N(R) is the sequence number in the
second SREJ or REJ).

I frames that may have been transmitted following the
1 frame indicated by the SREJ command/response are not
retransmitted as the result of receiving a SREJ. Additional
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I frames pending initial transmission may be transmitted
following the retransmission of the specific 1 frame
requested by the SREJ.

See 6.2 for sequence error recovery procedures.

5.3 Unnumbered format commands and responses

Unnumbered, U, commands and responses are used by
the primary and secondary to extend the number of link

1SO 4335-1979 (E)

In two-way alternate communications, a secondary,
following the receipt of a mode setting command, is
restricted to transmitting a single UA response frame.
In two-way simultaneous communication a secondary
which is transmitting concurrent to the receipt of one of
these mode setting commands shall initiate transmission
of a single UA response frame at the first “respond

opportunity”’.

The secondary may continue transmission following return

of the UA response, if appropriate.

Control l’ullbl;Ullb. Fldlllﬁb lellblllilltd VV;L;I Lilc .\J. ;Ulllldl.
do not lincrement the sequence counts at either the trans-
mitting | or receiving station. Five “modifier’” bits are
defined|which allow up to 32 additional fucntions. Five
combinations are defined below, all others are reserved.

The encpding of the U command/response control field is :

——}—— Control field bits I~
1 2 3 4 5 6 7 8
| 1 1 | | M M | [P/F | LM M MJ

!

Unnumbered Command 5 “modifier”’

format poll bits (see 5.3.1
Response and 5.3.2)
final

See claukse 4 for description of the P/F bit functions.

5.3.1 UWnnumbered commands

The follpwing unnumbered commands;are defined :

Control field bits

SARM command
SNRM command

DISC command

1 1 T T P 19} T O SAR

1 1 1 1 P 0 1 1 SNRME command

See clause 4 for description of the P/F bit functions.

The SNRM, SARM, DISC, SNRME and SARME unnum-
bered mode setting commands require the secondary to
acknowledge acceptance by responding with an unnum-
bered acknowledgement, UA, frame. The secondary station
transmission of a UA response following the receipt of one
of theses commands takes precedence over any I or S
format response which may be pending at the secondary.
The secondary may ignore all frames received following
receipt of a mode setting command until it has sent a UA
response acknowledging receipt of that command.

5.3.1.1 SET NORMAL RESPONSE MOD
COMMAND

e (SNRM)

The SNRM command is used to place the addressed
secondary in the responséymode (NRM).[ No information
field is permitted with the SNRM command. The secondary

confirms acceptanceCof" SNRM by transm

ssion at the first

respond opportunitys of a single UA resgdonse with the F
bit set to “1'.(Upon acceptance of this command, the

secondary send and receive variables are se

Previously{ transmitted I frames that are
when «this command is actioned remain

to zero.

unacknowledged
Linacknowledged.

Whether the station retransmits unacknowledged out-

standing I frames or not may be decided a

k the higher level.

5.3.1.2 SET ASYNCHRONOUS RESPONSE MODE

(SARM) comMAND

The SARM command is used to place the addressed

secondary in the asynchronous respons
No information field is permitted with

£ mode (ARM).
the SARM com-

mand. The secondary confirms acceptance of SARM by
the transmission at the first respond dpportunity of a

UA response. Upon acceptance of thi
secondary send and receive variables are se

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

5 command the
to zero.

unacknowledged
Linacknowledged.

Whether the station retransmits unacknowledged out-

standing I frames or not may be decided af the higher level.

5.3.1.3 DisconnNECT (DISC) coMmMAN

The DISC command is used to terminafe an operational

i mand. lh both switched
and non-switched networks it is used to inform addressed
secondaries that the primary is suspending operation and
that the secondaries should assume a logically disconnected
mode. In switched networks, a logical disconnect function
at the data link level may also serve to initiate a physical
disconnect operation at the physical interface level; i.e.,
to have the addressed secondary go ‘‘on-hook’’. No infor-
mation field is permitted with the DISC command. Prior
to actioning the command the secondary confirms the
acceptance of DISC by the transmission of a UA response.

Previously transmitted I frames that are unacknowledged
when this command is actioned remain unacknowledged.
Whether the station retransmits unacknowledged out-
standing I frames or not may be decided at the higher level.

7
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5.3.1.4 SET NORMAL RESPONSE MODE EXTENDED
(SNRME) cOMMAND

The SNRME command is used to place the addressed
secondary in the normal response mode extended (NRME)
where all control fields will be two octets in length as
defined in 5.4. The secondary confirms acceptance of
SNRME by transmission at the first respond opportunity
of a UA response, with the F bit set to 1", in the extended
control field format. Upon acceptance of this command
the secondary send and receive variables are set to zero.

that one of the following conditions resulted from the
receipt of a frame without FCS error from the primary :

— the receipt of a command that is invalid or not
implemented;

— the receipt of an I frame with an information field
which exceeded the size of the buffer available;

— the receipt of an invalid N(R) from the primary.

An invalid N(R) is defined as one which points to an I

Previously transmitted I frames that are unacknowledged
when this comnpand is actioned remain unacknowledged.
Whether the sthtion retransmits unacknowledged out-
standing I frames or not may be decided at the higher level.

5.3.1.5 SET ASlY NCHRONOUS RESPONSE MODE
exTeENDED (SARME) comMMAND

The SARME cdmmand is used to place the addressed

secondary in thg asynchronous response mode extended

(ARME) where |all control fields will be two octets in
length as definefl in 5.4. The secondary confirms accept-
ance of SARME by transmission at the first respond
opportunity of 8 UA response in the extended control field
format. Upon adceptance of this command the secondary
send and receive Jariables are set to zero.

Previously transmitted I frames that are unacknowledged
when this command is actioned remain unacknowledged.
Whether the station retransmits unacknowledged out-
standing 1 framegs or not may decided at the higher level.

5.3.2 Unnumbeled responses

The following unnumbered responses are defined :

Contrel field bits

UA response

CMDR response

53.21 UNNUMBERED ACKNOWLEDGE (UA)

frame—which—has—previoushy—besn—transmitted  and
acknowledged or to an I frame which has not begn trans-
mitted and is not the next sequential I frame [pending
transmission.

The secondary transmits the CMDR ‘at-the first [respond
opportunity. An information field\will be returned with
this response. to provide the ,reason for the command
rejct response. The information-field contains the fpllowing
field and information.

. Information field bits . — — | P

1 2 3 45 6478 91011121314151617 18 1920

Rejected command
control field 0] N{(S) (0| NR) lw|klyiz

wherg

Rejected command control field is the control| field of
the received frame which caused the command reject;

N{S) is the current send sequence variable valye at the
secondary (bit 10 = low-order bit);

N(R) is the current receive sequence variable |value at
the secondary (bit 14 = low-order bit);

w set to “1"” indicates the control field received and
returned in bits 1 through 8 was invalid|or not
implemented;

x set to ““1" indicates the control field received and
returned in bits 1 through 8 was considred invalid
because the frame contained an information field which
is not permitted with this command. Bit w must be set
to “1"” in conjunction with this bit;

y set to ‘1" indicates the information field [received

exceeded—themaximum—informationfield langth which

RESPONSE

The UA response is used by the secondary to acknowledge -

the receipt and acceptance of the U format commands
defined in 5.3.1. Received U format commands are not
actioned until the UA response is transmitted. The UA
response is transmitted in the normal or extended control
fieid format as directed by the received U format com-
mand.

No information field is permitted with the UA response.

5.3.2.2 CommaND REJECT (CMDR) RESPONSE

The CMDR response is used by the secondary to report

can be accommodated by the secondary;

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

The w, x, y and z bits in the information field of the
CMDR may all be equal to zero, indicating. an
unspecified rejection of the command for one or more
of the conditions cited above.

If required, the information field contained with the
CMDR may be padded with zero bits so as to end on.any
convenient, mutually agreed-character, byte, word or
machine-dependent boundary.
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See also 6.4.

The format for the information field returned with the
CMDR response is as follows when control field
extension {see 5.4) is used :

—f— —_information field bits — g

1 16[17[18 24]|25]26 32(33 36

Rejected extended command

control field OIN(S) |OINR) wixly |z

I1SO 4335-1979 (E)

6.1 Busy

The busy condition results when a station is temporarily
unable to receive or continue to receive I frames due to
internal constrain for example receive buffering limitations.
In this case an RNR frame is transmitted. Traffic pending
transmission may be transmitted from the busy station
prior to or following the RNR. Details of how a busy

condition is cleared are given in 5.2.3.

Bit 18 gnd bit 26 are the low-order bits of the sequence
numbery.

5.4 Coptrol field extension

The cortrol field may be extended by the addition of a
second fontiguous octet immediately following the stan-
dard coptrol field. This capability provides for N(S) and
N{(R) numbering of modulo 128.

When the secondary operational environment regarding
control [field format is not known by the primary, a set
mode ¢ommand sent by the primary should not be
expressed in extended format.

Control [field extension for the three formats is as follows :

Control field bits

Contro| field

1st Octet
formaft for

2nd Octet

12345678]9 101112131415 16

Information
transfer
commarnd/
responsg
(I frame)) 0

N(S) PIF N(R)

Supervidory
commarnds/
responsgs

(S framg) 1 0|8 8¢X X X X|P/F N(R)

Unnumbered
commards/
responsgs
(UframF) 1 1MM[U|M M M|P/F

XX X X X XX

6.2 N(S) sequence error

An N{(S) sequence exception conditior]
receiver when an [ frame received'error fr
contains an N(S) that is not'egual to

variable at the receiver. The receiver does
{increment its receive state>variable) the

sequence error or any (I frames which ma
I frame with the correct N(S) is receiveg
to be used to recover from a given seq
information field-of all I frames received
not equal thé\receive state variable R ¥
(See 6.2.3 for SREJ recovery.)

1 frames having sequence errors but FC

occurs in the
be (no FCS error)
the receive state
not acknowledge
ame causing the

follow until an
. Unless SREJ is
uence error, the
whose N(S) does
ill be discarded.

error free shall

A primary or secondary which receiv’-{ one or more

accept the control information contai
field and the P/F bit to perform link ¢
for example to receive acknowledgeme
transmitted 1 frames, and to cause a seco

d in the N(R)
bntroi functions,
ht of previously
hdary to respond

(P bit set to ““1""). Therefore, the retrapsmitted I frame

may contain an N(R) field and/or P/F
that are updated and therefore diffe

bit information
rent from that

contained in the originally transmitted I frame.

Following the occurrence of a sequence er

tor, the following

means are available for initiating the retransmission of lost

or errored I frames.

6.2.1 Poll/Final (P/F) bit recovery (see also 4.3)

When a station receives a frame with the H
it initiates retransmission of unacknow
previously transmitted with sequence n
or equal to the N(S) sequence number of 1
transmitted. Retransmission starts W

/F bit set to ""1”,
ledged I frames
imbers less than
he last P/F frame
th the lowest

numbered unacknowledged I frame. I frames are retrans-
mitted sequwmﬁv—ﬁ'ew—l—f'ra'mermavjt e transmitted if

where X bits are reserved and set to zero and the value of U
is unspecified. Bit 2 and bit 10 are the low-order bits of
the sequence numbers.

6 EXCEPTION CONDITION REPORTING AND
RECOVERY

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

they become available. Such retransmission of I frames is

known as checkpoint retransmission.

Checkpoint retransmission is not initi

following conditions :

a) if an REJ with the P/F bit equal

ated under the

to 0"’ has been

received and actioned, checkpoint retransmission is
inhibited on the next P/F frame received.

b} If an SREJ with the P/F bit equal

to ‘0" has been

received and actioned, retransmission is inhibited on the
next frame with the P/F bit equal to “1” when this
frame is an SREJ and contains the same N{(R) as the

first SREJ.
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¢) If an unnumbered format frame with the P/F bit
equal to 1" is received, P/F bit recovery is inhibited.

d) If an SREJ with the P/F bit equal to “'1"" is received,
SREJ retransmission takes precedence over checkpoint
retransmission.

6.2.2 REJ recovery

The REJ comm

and/response is primarily used to initiate

an earlier exception recovery (retransmlssmn) foIIowmg

the detection of
bit recovery; fo
mation transfer
detection of a

example in two-way sumultaneous infor-
if REJ is immediately transmitted upon
equence error there is no requirement to

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

Only one “sent

REJ” exception condition, from a given

station to another given station is established at a time.

A “sent REJ"”
I frame is recei

exception is cleared when the requested
ed, when the response/command time-out

function expires} or when a P/F checkpoint cycle that was

initiated concu
of REJ is comp
out or by the cH
I frame will nof
I frame or the

rent with or following the transmission
leted. When the station perceives by time-
eck pointing mechanism that the requested
be received, because either the requested
REJ was in errot/lost the REJ may be

repeated. The REJ command/response shall be transmitted

only one time w

A primary or sg
{re-)transmission
indicated by the

If {1) retransm
occurs due to
6.2.1), and (2)
retransmission w
by the N({R)
from the REJ sh

6.2.3 SREJrec

The SREJ comn
more efficient

in the REJ),

thin a P/F checkpoint cycle.

condary receiving REJ initiates sequential
of 1 frames starting with the I frame
N(R) contained in the REJ frame.

ssion beginning with a particular frame
checkpointing (sections 4.3.1, 4.3.2{ and
bn REJ is received which would also start
ith the same particular frame (as:identified
the retransmission resulting
bl be inhibited.

bvery

hand/response Jis\primarily used to initiate
brror recovery by requesting the retrans-

sequence errorr

ther thanithe retransmission of the I frame

mission of a si{gle I frame following the detection of a

requested plus
been subsequen

Il additional 1 frames which may have
ly- transmitted. To improve transmission

efficiency it is

recommended that the SRE} command/

numbering cycle] as that of the previously sent frame with
P/F bit equal to 1",

Only one ‘sent SREJ" exception condition from a given
station to another given station is established at a time.
A “sent SREJ" exception condition is cleared when the
requested I frame is received, when the response/command
time-out function expires, or when a P/F checkpoint cycle
that was initiated concurrent with or following the trans-
mission of SREJ is completed. When the station perceives
by time-out or by the checkpointing mechanism that

i se either
the requested I frame or the SREJ was in error lost, the
SREJ may be repeated.

When a station receives and actions an SREJ witH the P/F
bit equal to ’0”, it will disable actioning of the ngxt SREJ
if the SREJ has the P/F bit equal t9~'1"" and has [the same
N(R} [i.e., has the same value(ahd same numberifg cycle]
as the original SREJ.

6.2.4 Time-out recovery

In the event the remote station, due to a transmissipn error,
does not receive {or receives and discards) a singld I frame
or the last I frame(s) in a sequence of I frames, it|will not
detect an out-of-sequence exception and therefore will not
transmit .SBREJ/REJ. The station which transmitted the
unacknowledged T frame(s) shall, following the completion
of alsystem specified time-out period, take appropriate
reeovery action to determine the point at which| retrans-
mission must begin.

It is recommended that a station which has timed out
waiting for a response should not retransmit all unacknowl-
edged frames immediately. A secondary station |in ARM
will, in this time-out case, either retransmit its Igst single
frame or transmit new frames if they are avallable. A
primary station may enquire status with a supervisory
frame.

NOTE — To account for possible retransmissions after time-out, a
receiving station should not set an SREJ condition when |t receives
an I frame with an N(S) one less than its receive state variaple.

1f a station does retransmit all unacknowiedged 1 framps after a
time-out, it must be prepared to receive a following REJ ffame with
an N(R) greater than the send state variable of the statfon which
retransmits.

6.3 FCS error

response be transmitted as the result of the detection of a
sequence error where only a single I frame is missing (as
determined by receipt of the out-of-sequence N(S)).

When an I frame sequence error is detected, the SREJ is
transmitted at the earliest possible time. When a station
sends an SREJ with the P/F bit equal to 0" and the
“sent SREJ’’ condition is not cleared when the station
is ready to issue the next frame with the P/F bit equal to
“1", the station sends an SREJ with the P/F bit equal
to 1" with the same N{R) as the original SREJ.

Since a frame sent with P/F equal to ‘’1’' has the potential
of causing a checkpoint retransmission, a station will not
send an SREJ with the same N(R) [same value and same

10

Any frame received with an FCS error is not accepted by
the receiver. The frame is discarded, and no action is taken
as the result of that frame. If the frame experiencing an
FCS error was a response frame with the F bit set to ‘1",
a resulting time-out will occur in the primary prior to
initiating recovery action.

6.4 Command rejection

A command rejection condition is established upon the
receipt of an error-free frame which contains an invalid
command/response in the control field, an invalid frame
format, an invalid N(R) or an information field which
exceed the maximum information field length which can
be accommodated by the secondary.
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At the primary this exception condition is subject to
recovery/resolution at a higher level.

At the secondary this exception condition is reported by
a CMDR response for appropriate primary action. Once a
secondary has established a CMDR exception, no additional

ISO 4335-1979 (E)

I frames are accepted, except for examination of the state
of the P bit and the N(R) field until the condition is reset
by the primary. The CMDR response is repeated at each
respond opportunity until recovery is effected by the
primary. The CMDR condition may be reset by reception
of a mode set command or a DISC command.

"
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ANNEX A

VOCABULARY

For the purpose of this International Standard the
following definitions apply :

abort : A function invoked by a sending primary or
secondary causing the recipient to discard (and ignore) all
bit sequences trahsmitted by the sender since the preceding
flag sequence.

accept : The corjdition assumed by a (primary or second-
ary) station upop accepting a correctly received frame for
processing.

address field (A): The sequence of eight {or any mulitiple
of eight, if extended) bits immediately following the
opening flag seqlence of a frame identifying the secondary
sending (or designated to receive) the frame.

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

basic status : A |secondary’s capability to send or receive
a frame containirjg an information field.

centralized contiol : A control in which all the primary
functions of the ¢lata link are centralized in one station.

command : In | data communications, an instruction
represented in thie control field or a frame and transmitted
by the primary| It causes the addressed secondary to
execute a specifig data link control function.

command frame | All frames transmitted by a primary.

contention mode : A mode of transmission/in“which a
transmitter can s¢nd on its own initiative.

control field (Q): The sequence of-eight (or sixteen,
if extended) bits immediately following’ the address field
of a frame. The pontent of the control field is interpreted
by :

a) the receivjng secondary, designated by the address
field, as a command instriicting the performance of some
specific functipn;

b) the receiving-primary, as a response from the second-

. for time fill within a frame.

flag sequence (F): The unique sequence of eight bits
(01111110) employed to delimit the beginning and ending
of a frame.

frame : The sequence of contiguous bits, bracketed by

N e is at
least 32 bits in length and contains an address|field, a
control field and a frame check sequence. A_frame may or
may not include an information field.

frame check sequence (FCS): The field immediately
preceding the ending flag sequence)of a frame, containing
the bit sequence that provides(for the detection ¢f trans-
mission errors by the receiver!

higher level : The conceptual level of control or processing
logic existing in the<hierarchical structure of g station
(primary or secondary) that is above the link level ahd upon
which the petfotmance of link level functipns are
dependent, for\example device control, buffer allocation,
station management, etc.

information field (INFO) : The sequence of bits, ofcurring
between the last bit of the control field and the [first bit
of\\the frame check sequence. The informatign field
contents are not interpreted at the link level.

inter-frame time fill : The sequence of flag sequences
transmitted between frames. This standard does not|provide

invalid frame : A sequence of bits, following the rdceipt of
an apparent beginning flag sequence that either :

a) is terminated by an abort sequence, or

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

link level : The conceptual level of control or prpcessing
logic existing in the hierarchical structure of af station
(primary or secondary) that is responsible for maintaining
control of the data fink. The link level functions|provide
an interface between the station high level logic jand the
data link : these functions include (transmit) bit ihjection

ary, designated by the address Tield, t0 Oone or more
commands.

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

data link : An assembly of two or more terminal -instal-
lations and the interconnecting line operating according
to a particular method that permits information to be
exchanged; in this context the term ‘“‘terminal installation”
does not include the data source and the data sink.

exception condition : The condition assumed by a second-
ary upon receipt of a command which it cannot execute
due to either a transmission error or an internal processing
malfunction.

12

and (7 ot—feld inter-
pretation, command/response generation, transmission and
interpretation, and frame check sequence computation
and interpretation.

r

primary : That part of the data station that supports the
ptimary control functions of the data link. The primary
generates commands for transmission and interprets
received responses. Specific responsibilities:assigned 'to the
primary include :

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

¢c) actions regarding error control and error recovery
functions at the link level.
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primary/secondary : The general case where the link
contains a single primary and one or more secondary
stations.

response : In data communications, a reply represented
in the control field of a response frame. [t advises the
primary with respect to the action taken by the secondary
to one or more commands.

response frame : All frames transmitted by a secondary.

I1SO 4335-1979 (E)

A secondary interprets received commands and generates
responses for transmission.

secondary status : The current condition of a secondary
with respect to processing the series of commands received
from the primary.

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

secondary : That part of the data station that executes  unnumbered responses : The responses that do not contain

data link control functions as instructed by the primary.

sequence numbers in the control field.

13
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ANNEX B

TIMER CONSIDERATIONS
(Not an integral part of the body of this International Standard)

In order to detect a no-reply or lost reply condition, each B.2 ASYNCHRONOUS RESPONSE MODE
primary shall provide a response time-out function. Also,

in ARM, in order to detect a no-reply or lost-reply con- B.2.1 Primary reply timer
dition, each secgndary—shattprovide—a—command-time-out —
function. In any[case, the expiration of a timer shall initiate Start condition

appropriate erroi| recovery procedures. Transmission of a command frame with P bit'set to[‘1".

The.duration of b time-out is system dependent and subject Restart condition
to bilateral agreefnent.

In two-way simultaneous communication, the timer is not
restarted. In two-way alternate”communication, however,
the timer shall be restarted upon transmission of ea¢h frame
until the link is relinquishéd (by reverting to idle gtate) by
B.1 NORMAL RESPONSE the primary.

Stop condition

B.1.1 Primary rkply timer Receipt of an error-free frame with F bit set to 1

Start condition ' B.2.2 Secondary reply timer

Transmission of § command frame with P bit set to 1", Start condition

NOTE — No more than one poll may be outstanding at one time. Transmission of an I frame.

Restart conditio Restart condition

Receipt of an erL’-ffee frame with F bit set to “0"". In two-way simultaneous communication, the timlrr is not
restarted. In two-way alternated communication, however,

ition . .
Stop conditio the timer shall be restarted upon transmission of each frame

Receipt of an error-free frame with F bit set to “J% until the link is relinquished (by reverting to idle §tate} by
the secondary. .

Stop condition
B.1.2 Secondary reply timer

Receipt of an error-free frame containing the éxpected
There is no need|for secondary reply timer. N(R).

14
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ANNEX C

EXAMPLES OF THE USE OF COMMANDS AND RESPONSES
{Not an integral part of the body of this International Standard)

ation used in the annex C diagrams is illustrated below.

/
'.__

rlag (1.e. Trame boundary)

/ \

I /

L‘
Frame containing information o

Information format
Send sequence number

Informgtion frame : I N{S) N(R) P/F-a—Poll or final bit ON

Exampl
frame f
poll bit

Supervi

Exampl
seconda

Receive sequence number
(next expected frame)

sset to 1" (i.e. the secondary is to initiate transmission with I frames if available).

Supervisory command/response

ory frame : XXX N(‘R) P/F «— Poll or final bit ON
Receive sequence number
: Pri xmits : RR2 P. This denotes a receive ready (RR) command, N(R) = 2 (i.e. the next expected
'y is receive sequence number2), and the poll bit is set to 1",

!//y /\ /Frame witLout information

e © Pri xmits : 12,6 P. This denotes a primary information frame with send sequence number 2, the next expected I
om the secondary is receive sequence number 6 (frames numbered 5 and below are therefore ackndwledged) and the

I frame from the

15
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C.1 EXAMPLES OF NORMAL RESPONSE MODE (NRM) 2 WAY ALTERNATE (HDX) TRANSMISSION
C.1.1 Normal response mode (NRM) HDX without transmission errors

C.1.1.1 NARM start-up procedure and secondary only information transfer

SNRMP RRO,P RR3,P
Pri xmits : ::‘ A I:’ I:j
' UAF -0 H-¢ }2-BF 13- 14-9

Sec xmits : ':l I } ' i ' '

A

C.1.1.2 NRM start-up procedure and primary only information transfer

SNRM,P 16,0 11,0P 12,0 13,0
Pri xmits : ': j } 4 I
UAF RR2,F

Sec xmits : |:] . ':j

pu
-~

C.1.1.3 NRM information transfer by primary and secondary

10,0 g 12,0P 13,2 14,2P 15,8
Pri xmits : | } } | } 1 | p———

103 11,3F 12,5F
Sec xmits : - i ! prerrere——|

C.1.2 Normal rpsponse mode (NRM) HDX with transmission errors in command frames
C.1.2.1 NRM start-up command-error

Lo SNRM;P Time-out SNRM,P 10,0
Pri xmits : ——t:’ —

UA.F

Sec xmits : ‘::I

C.1.2.2 NRM primary information frame error

Retransmitted frames

10,0 11,0 y / 12,0P 11,2 12,2 13,2P
Pri xmits : F { /V { } —

T L4

v 18,1 In1F
Sec xmits : } } |

16
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C.1.2.3 NRM primary poll frame error

ISO 4335-1979 (E)

Retransmitted frame

(X} 11,0 I2,0P/ Ti RR@,P 12,2 13,2 14,2
Pri xmits : | 5 g /AV R | : : 1
10,2 I1,2F
Sec xmits : t I 4
C.1.3.1 [NRM start-up response error
SNRM,P Ti . SNRM,P 10,0
Pri xmit§ : L—_j - Ime-ou — :I —_—
UAF UA,F
Sec xmifs : m l—:l
C.1.3.2 | NRM secondary infaormation frame error
Retransmitted frames
10,0 11,0 12,0P 13,0 14,0P 15,2
Prixmity : - ; % | xL = | —
10,3 11,3F 18,5 11,5F
Sec xmitfs : } /AV/§ | } +
OR:
Retransmitted framgs
10,0 1,0 I2,0P RR@oP 13,2
Pri xmity : | J } — l:' —_
10,3 11,3F 10,3 I1,3F
Sec xmitfs : } /Ay/f —] } |
C.1.3.3 | NRM secondary “final” frame error
Retransmitted frame
10.6— 18— 12.¢p Time-out or 13— / 15,3
Pri xmits - | . ; | idle line detect — ' - / —
18,3 11,3F 11,5 12,5F
Sec xmits : ! } /AV:/ F 4 .
OR:
Retransmitted frame
166 116  12,0P idTI(L”I‘,“‘étt‘” t RR1P 13,3
. i ine detec
Pri xmits : } } !--——-—-——-—-—————-—-[:j —
10,3 11,3F 11,3 12,3F
Sec xmits : } 1 /AVJI —_—

17
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C.2 EXAMPLES OF ASYNCHRONOUS RESPONSE MODE (ARM) 2-WAY ALTERNATE (HDX) TRANSMISSION
C.2.1 Asynchronous response mode (ARM) HDX without transmission error

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

SARM P RR2 RR3
Pri xmits : I:] I:1 t::‘

i
UAE 100 110 1 12,0
Sec xmits : l: :I Indefinite time }——mo-—] i |
weutll ] s ‘-—-—2
L— Indefinite time ——’

C.2.1.2 ARM primary and secondary information transfer with contention situation

Contention

SARM,P \. 108 1P o 1007 1P
| |

Pri xmits :  — = imeout —™! } {

UAF 160 11,0 s 10,2F
Sec xmits : l:' Indefinite time ® p—————d] ~——— ti::—r:)uiry ——— | S

-~

C.2.2 Asynchrgnous response mode (ARM) HDX with transmission errors in command frames
C.2.2.1 ARM start-up command error

SARM P SARM.P

Pri xmits : ’;ﬁ‘ Time-out _r_'__]
UA,F
Sec xmits : l:_—l

C.2.2.2 ARM primary information frame error

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

SARM,P. I@,@A/ 11,0P 10,06  11,0P

Pri xmits : : Indefinite time | & — : = i Indeffnite time
= 7 -]
UA,F RROF RR2F

Sec xmits : ":_1 t_—__l l:_]
C.2.2.3 ARM primary “poll” information frame error
NOTE - Recovery procedure is identical to NRM operation.

SARM P 10,0 I1,0P 10,0 12,0P
Pri xmits : — Indefinite time f———+———— |41 line detect F————+———
Sec xmits : UAF RR1 ’ RR2F  Indefinite time

— — ] —-—

18
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C.2.3 Asynchronous response mode (ARM) HDX with transmission errors in response frames

C.2.3.1 ARM start-up

SARMP SARM,P
Pri xmits : — Time-out —

UAF UA,F

Sec xmits : m :j

C.2.3.2 | ARM secondary information frame error

Retransmitted frame

SARMP RR@,P RR2
Pri xmitf : ':j rj ’/\ I:l

UAF 10,0 .o 10,0F 11,0

. Indefinite time
Sec xmits : l"‘__1 Indefinite time —t B i

-

C.2.3.3 | ARM secondary “‘final” information frame error

SARMP RR2

Pri xmitp : I:l —
10,0 10,06 0
Sec xmifs I:1 . Indefinitgtime Time-out | Indefinite time
UAF ~m- - ————— —————————]
Retransmitted frame

C.3 EXAMPLES OF NORMAL RESPONSE MODE (NRM) 2-WAY SIMULTANEOUS (FDX) TRANSMISS|ON
C.3.1 Normal response' mode (NRM) FDX without transmission errors
C.3.1.1 | NRM.start-up procedure and secondary only information transfer

SNRM P RR@AP RR1 RR2 RR3 _RR4 RR5,P
Pri xmits : t::] t:j :] i 4| l -‘| | | l:j

A UAF 10,0 11,0 12,0 13,0 14,0F RRO,F

its : i 1 ] l ] l
Sec xmits : t:j l } } } }

OR (where primary acknowledgements are returned for several response frames)

SNRM,P RRoP RR3
Pri xmits : l:l [:I ':1
UAF 10,0 11,0 12,0 13,0 140 F

Sec xmits : l:l

-
p=

— —
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C.3.1.2 NRM start-up procedure and primary only information transfer

SNRM,P 19,0P 1,0 12,0P 13,0 14,0P 15,0
Pri xmits : [:] |
UA,F RR1,F RR3,F RR5,F

Sec xmits : l:] t:' t:l | I:1

SNRM,P 10,0pP e 12,0 13,0 14,6 I5,0pP
Pri xmits : E =

~

UA,F RR1,F RR6,F

Sec xmits : m l:l I‘:I

C.3.1.3 NARM start-up procedure and primary/secondary information transfer

SNRMP 10,0P 11,0 12,1 34 144 154 165 | 175
Pri xmits : |1 t

UAF 10,0 I 12,2 13,2 14,2 15,5 16,7

Sec xmits : I:'

-
~

] [ [l } i }
¥ L] L) 1 T T

Ne

C.3.2 Normal rpsponse mode (NRM) FDX with transmission errors in command frames

C.3.2.1 NRM REJ capability

1p.gP 1,0 2.0 / 13,1 142 123 13,4 14,5

. [P ! I YA ! ! I /U\_I 1 (
Pri xmits : } } } / V } } "

191 11,2 12,2 REJ2 13,2 14,2 15,3 16,4
Sec xmits : } } } || L| {

C.3.2.2 NRM SREJ capability

Retransmitted frame

1o,0pP 11,0 12,0 / 13,1 14,2 12,3 15,4 16,5
Pri xmits : } < } } //IV } 1 f } } 1
10,1 11,2 12,2 SREJ2 13,2 14,2 5,5 16,6
Sec xmits : } } } } ]I ll : } } 3

* Optional : Frame may be completed or aborted.

20
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