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- of, and participaticn in, the work of

FORWARD
This documen: is the result of an cffort initiated by the promulgation in July 1974
of a Corporate Strategic Dircctive on Link and Line Control Procedures. The

purpose of this directive was to establish a standard link control procedure upon

The communication control procedure def 5 document is intended to meet
these objectives. The procedures are

P, S

L | LR R N | - JRRI, I
nidi, ITEIrnaviliigi, &G VEIGor

standards bodies. The format ans a1 gy have been chosen to be compatible

ith non~transparent procedures.
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‘¢) Error detection was based on relatively weak and inefficient column and

row parity.

d) Supervisory messages were protected only by column parity.

e) The mixture of message control, device controlizand:iiik.control forced

onal level.

- a significant amount of processing at a low fu

f) The procedures were basically two way alt and thus could not take

‘advantage of duplex facilities.

The objective of these procedures, then, 1 -' yme these deficiencies by

defining a protocol which:
a) is independent of code

b) is transparent tot C n content, i.e., text.

control.

N



e , f) provides reliable error detection for all transmissions.
" g) 1is equally applicable to all types of communication facilities.

The document is intended te ensure internal standardization av ell as to promote

compatibility when interfacing foreign, non-CDC syste se is to serve

as a design planning guide in writing developmental SE ations. The definition
T exast in all stations
in all applications. It is for this reason that a definitix erface specification,

written within the framework of this documen itten for each product

type. _

The procedures contained in this docuy best knowledge of the authors,
wili assure compatibility with the v: standards. it must be siressed,

however, that bit oriented proce
~ some revision and change. C

cannot be 'g‘uamnte ed withou
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0

SCOPE | o ' : :

e Control Data Communication Control Procedure (CDCCP) is a bit oriented,

code independent, modular data link control pro_tocol. It is designed to be line
) and link compatible, to the greatest extent possible, wjth other national and

iternational bit oriented procedurcs and with IBM's Synchro Data Link

Control (SDLC).
“ This document defines in detail the frame structure 1 CDCCP transmissions.
5f.the various fields in the

It describes the structure, formatting, and significan

frame as well as the frame delimiting flags an ck sequences.

The document includes a complete definitior ¢lements of procedure which

comprise the building hlocks of CDCC soribes the various modes of operation

~and includes description of cormmumng ities and links which form the

“CDCCP environment.

Various classes of procedure ich thap the elements of procedure to general

applications, are defined.

Appendices are pr

compatibility, bi:
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2.4
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IBM Synchronous Data Link Control - General Information,

Draft International Standard on HDLC

REFERENCES

Corporate Strategic Dircetive en Line and Link Control Procedures, 2 July 1974,

1 GA27-3093-0,

March 1374.
Proposed American National Standard for Advanced Eifa. mmtinication Control
Procedures (ADCCP) - Independent Numbering, 3r& February 1975.
ents of Procedure,

Proposed Draft International Standard on HDL

ISO/TC97/SC6/1005, Revised May 1975.

se Structure, ISO DIS 3309.



e 3,0 COMMUNICATION FACILITIES AND LINKS

As a communications control procedure, CDCCYP defines a protocol, or set of
rules, governing the transfer of data between participating stations interconnected

by communication links.

Before defining the protocol, it is necessary to clarify the:sor mes confusing

ferminology applied to communication facilities. TFor 'mple, communication
interconnects are variously referred to as lines, ¢

They are described as being duplex, simplex, full

and four-wire. Simultaneity of data transfer i, imes equated to physical

The advent of satellite facilities™

transfer.

premise loops further clouds the picture:

3.1 Communication Facilities

3.1.1 Definition

A communication

1ol the facility is rigidly defined as the connector on the terminal

he data set, modem or other access equipment. Sece Figure 3-1a.

wr ' _ and interconnecting arrangements.

- O



Modes of Operation

There are three modes of operation possible with commonly available communication

facilitics: simplex; half duplex; and duplex.

taneously.

Types of Channels

Communication facilities are terized as being 2-wire or 4-wire. These

facilities are used to make up re or 4-wire channels. A 2-wire chamel is the

vhich may carry both directions of transmission. A



4

3.1.4

3.1.4.1

- between switched and non-switchad

- 3.1.4.2

The type of equipment comprising the communication facility is usually transparent

to the user. Ile is unawarc of whether his channel is carried on cable, carricr,

microwave or satellite facilities. The only manifestation may be a change in

propagation delay which is of concern to data link control.

Faterconnecting Arrangements

Many intercomnecting arrangements of communication figilities are possible. The

most common are point=to-point and multipoint.

Point-to—-Point tercomect

A point-to-point facility is one which interconne o and only two stations. See
Figure 3-1a. Point-to~point facilities may

rceferred to as private line or dedicate

transmission beeause of the need for two way communication.

+



mission. This is the broadcast polling arrangement whi

~ master and two or more remote stations as illustrate bk

remotes are received only by the master. This mul

3.1.4.3 Loop Interconnects

22 PR, 7L T T U SR I
Tie most likely to be encountered i

The conference multipoint is arranged such that transmissions from any station
are rcceived by all other stations. This arrangement is not suitable for CDCCP

due to the contention problems involved.

The third basic multipoint arrangement is the most commonly iised for data trans-

5.0f a singlz2

f2igure 3-1b. Trans-

missions from the master are received by all remo “rismissions from the

leneelly

AN

£ arrangement requires

T —

RN

g

Many special and hybrid combinations igreohhect arrangements are possible.

P (P NP 2= b 7 -
piicaticns is the loop arrangsme:

that the loop starts and ends 10 location. See illustration in Figure 3-1c.

repeater.

Loop facilitic: 3 ncountered which are completely user-owned, especially

111 the confines of a building. Others may use common carrier

-

faciliti¢ geographically dispersed.
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2. 3.1.5
G/

3.2
3.2.2

tions link to

Facility Control

Facility control is defined as that subset of data link control which is concerned
with the manipulation and monitoring of the data set control signals available at

the demarcation point. In the case of switched facilities, this function is also

necessarily concerned with the acquisition and release of the sivitched facility.

The requirements of facility control are defined in a s %.standards applicahle

to the interface between the data terminal equipme ata communication
-366, CCITT V.24,

CCITT V.35, and others.

Communication Links

A communication link is defined ;

logic“associate_d with the data
as a path for the transfer of natich between stations. The control of this infor-
mation transfer requires a’s jLT}és for initializing, sequencing, verifying, and
terminating the information tray '-.,'Lﬁl‘. This control is the function of data link controi.

Data Link Control

A data link con ocgdure is the protocol which governs the use of a communica-

fer information between participating stations.

N

Data 1in procedures are conunonly designed to control one or more of three
ata transfer: Onec Way (OW); Two-Way Alternate (TWA); or Two~Way

s (TWS). These terms are used to avoid confusion with simplex, half duplex,

‘0



o, and duplex 2peration of the facility. Two-way alternate data transfer, for example,

L

can occur on a duplex facility but two-way simultancous data transfer cannot occur
on a half duplex facility. The term "data" when used here refers to information

plus link contrel; i.e., two-way simultaneous operation does not necessarily mcan

that end user information is flowing in both directions simulfitioously.

2.2.3 CDCCP Data Link

In CDCCP the normal cycle of communication betwe ms consists of the

transfer of frames containing information from thé™ nation source to the infor-

-3 -

mation sink, acknowledged by a frame in the og

A CDCCP data link involves two or more stations. For control purposes,

¢

one station must assume responsibility, nization of data flow and for link

level error recovery. This control iown as the Primary. The framesg

transmitted by a primary are alx d to as command frames. All other
es and the frames they transmit are referred
:sponsible for executing commands received

‘hen instructed to do so by the primary.

- TQ



4.0

4.1

4.2

'CDCCP is called a frame. A frame is a sequence of cdn’cigu :

48 bits in length and must conform to the following stru:

~ where
= Flag ‘Sequence
= Address Field
= A Control Field
I= o Inf "rmaiz.u Field
FCS= . f‘lag Check Seque

FRAME STRUCTURE

General

The vehicle for all command, response, and information transmissions under - -

-bits bounded by

and including opening and closing flag sequences. A vali minimum of

F, A, C, 1, FCS, T

Frames containing only link: “sequences form a special case where no I

field is present.

The frame structure lustrafed in Figure 4~1. Each element of the frame is

nd’close with the flag sequence. This sequence has the binary

1110, that'is, a zero bit followed by six one bits, followed by a

BT § RN
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The opening flag serves as a position reference for the address, and control
ficlds and initiates transmission error checking. The closing flag scrves as a

position reference for the flag check sequence.

Transmitters must send only complete eight-bit flags. All ivers attached to

the data link must search continuously, on a bit-by-bit basi 1e flag sequence.

Thus, the flag sequence provides frame synchronizatio

An F may be followed by a frame, another ¥, or a ine. An F which closes

a frame may also be used as the opening F on g:following frame. Any number of

F's may be transmitted between frames.

contiguous; Note that zero insertion at the transmitter follows the compu-

tation of 1 nd that zero deletion at the receiver precedes the FCS check process.

- 99
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[

4,3.3

‘where N > 1. The contents of the field may be a single

- basic mode field consists

Address Ficld (A)

General

The address field (A) immediately follows the opening flag of a frame and precedes

the control field. This field always contains the address of ¢ econdary station.

‘The primary station is never identified. The address fiel ;tets in length

up, or globhal address.
Two addressing modes are defined for the seconda on link address field.
These are the basic and extended modes descrit - All stations must be
capable of operating in both modes. For a spe-c Jdink the maximum number of

octets must be explicitly defined.

Szcondarvy Link Address Field - Bagd

In the basic mede, the secondary | s field contains one address, which

extension is not permitted. so-combinations are available for addresses. This

45—23.

Secondary Link A -~ Extended Mode

In the extended 4 econdary link address f ield is a sequence of octets which

comprise a ary address. The least significant bit is used as an exten-
sion indic this bit is zero, the following octet is an extension of the

address. ficld: The address field is terminated by an octet having a one in bit’



- position onc (lcasti significant bit). Thus the address field is recursively extend-

able. The format of the extended address ficld is illustrated in Figure 4~2b.

4.3.4 Group and Global Addresses

- Each sccondary station on a data link must be capable of re izing a group or

global address which is contained in one unextended octet sve n extended mode

is normally used.

/
q
/

.

Two or more secondaries may be required to recogrhi: same group or global

address. Iach secondary, however, responds ividual address.

4.4 Control Field (C)

4,4.1 QGenera

[

- The control field (C) is located ini ollowing the address field and pre-

ceding the information field in th *frame structure. The control field is
used to convey commands, ¥

the data link.

- 24 w
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4' 4-4' Z

4.4.3

Control Ficld - Basic Mode

The basic control {icld consists of a single 8 bit octet. This fieid is structured
fnto onc of three formats. These are the information transfer format used by

primary and secondary stations to transfer information, the supervisory format

used to convey link supervisory data, and the non-sequence rmat used to pro-

vide additional primary and secondary link control functi

ATV TS Y f:lv
OOONITELNA

- 20 -
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' CDCCP exists as a vehicle for traﬁsporting the data coy

related to character structure or not. The I figh

the data.

- sequence number

" The control ficld is extended Iy the addition of a second contiguous, octet immedi-

ately following the basic ficld. This extension incrcases the modulus count to
128, The three formats for an extended mode control field are illustrated in

Figure 4-3b.

Information Field (1)

yined in the information
oantents of the I

field. The Ifield may, therefore, consist of any n

and limitations beyond the link level. Fac

channel error characteristics, station

transfer format.
permitted.

Provisions: nade for an I field in a non-sequenced C field format. Such

-~

frames ay £ hrotected by scquence checking.

-7



P

“0 Formats ~‘ : 1 2 3 456 7 8 Control Field Bits

Information Transfer 0 N (S) |PI'f N (R)

S;.&pervisory i 0|S S|PIf N(@®) )

Non-Scquenced 1 1M M|PF M M M

w}her_e : f ransmitte
N (S) = Se-nd Sequence Count (Paragraph ) -
N (R) = Receive Sequence Count (Paragraph )
'S = Supervisory Function Bits (Paragraph

M = = Modifier Bits (Paragraph )

PF = Poll Final Bit

. a) BASIC M NTROL FIELD

1 2 3 4 5 6 7 8

1 2
" Information ’i‘x'a11sfer 0 PF N (R)
Supervisory 1 0 PT] N (R)
Non-Sequenced 1 1 PFEFM M MIX X X X

* First Bit Transmitted J

where X bits are reserv

EXTENDED MODE CONTROL FIELD

FIGURE 4-3. CONTROL FIELD FORMAT
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4.6

Frame Check Sequenee (1FCS)

-including the address, control and information fields

fach CDCCP framne includes a 16 bit frame check sequence (FCO) immediately
following the I ficld (or the C ficld if there is no I field) and preceding the closing

flag. The FCS field serves to detect errors induced by the transmission link and

validate transmission accuracy. The 16 bits result from a fathematical coinpu-

tation on the digital value of all binary bits (excluding ins s} in the frame

The process is known as cyclic redundancy checkin generator polynomizl

12 5

of XIG +X7 + X" +1. The transmitter's 16 hitiremainder value is initialized to

all ones before a frame is transmitted. The b alue of the transmission is

premultiplied by X16 and then divided by t r pelynomial. Integer

quotient values are ignered and the trans:

- DD -



4.7.1

4.7.3

Transmission States

- .- ~2 . 1 T 4
A communication channel is in

Once established, the data communication channcl between DCE's on the link is
assumed to be constant. Transmission over the channel is trans itory. A defini-
tion of transmission states provides a convenient means of referring to the condi-

tions which exist on the channel at any given point in time.

Transient State

A comrmunication channel is defined to be in the tra
setting up to transmit, i.e., the siation has issued s jest-to-send to the DCE

and is awaiting a clear-to-send signal from th

Active State

2 Loon
1o

receiving frames or interframe t Laragraph ).

Idle State

- 30 -
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4.8
v
i

4.9

A station ilentifies the idle state by the absence of signal in the following channel

-configurations:

é) Half duplex - primary or secondary.

b) Full duplex ~ multipoint - secondary.

mterframe Time Fill
Interframe time fill may be transmitted by a Rk
maintain the link in an active state and to retain s

also be used to avoid time outs and to hol

. interframe time fill muge

- 381 -



o 4.10
o
4.11
%“L‘
4.12
4.12.1

Invalid I'rame

An invalid frame is defined as one not properly bounded by an opening and closing
flag or onc which is too short, i.e., less than 32 bits between flags. A station will

fgnore an invalid frame.

Order of Bit Transmission

The order of bit transmission for data contained: the information field is appli -

The crder of bit transmission for th 10st significant bit first.

Loop Operation

Operation in a loop configura ned in paragraph 3.1.4.3 requires that

stations be capable of ope eater stations. The loop configuration also
places some wniqgue requiremen frame handling and requires the definition of

an initializing sequeng lled:z:"'Go-Ahead" sequence.

- 32 -

1s bit sequence 011111 11. I loop operation, a secondary



¥

A GA paftorn following a frame is illustratcd below.

F,A,C,FCS, F,;j0111111111111111

| !
)< (GA il |

following their response transmission. The GA seq

whereby linked secondaries can sequence res

- 38 -



(}, b) It immediately resumes the repeater function and dcpcnds upon steady ones from
the primary to create a GA pattern. With this method of operation, the primary

has the capability of interrupting transmission from a group of secondarics.

In either a or b, the GA sequence will be relayed downloop ¢ ill elicit transmissions

from the next downloop station with the authority and necd it. Eventually,
after all secondary stations have completed their trangmissions, the GA sequence
- will be returned to the loop controller station (pri

A1l secondary stations on a particular loop im; fhier method a) or b).

4.12.2 Primary Station Generation of GA

The primary station gencerates the GA cieeaceording to the following rules:

P}

b)

N

osing Flag | n Flags of GA
01111110 Time-Fill i011].].111



(» 4.12.3 Sccondary Recognition of GA

The sccondary station activates recognition of the GA sequence upen receipt of a
command {rame which legitimately instructs or invites it to transmit a frame.
I the sccondary station response to the command frame is optional, and if the

station chooses not to transmit a frame when the first GA sc jiignce is detected, it

shall deactivate the GA recognition capability and forego 10 transmit a

frame until again instructed or invited as above.

The secondary station thus recognizes the following e before transmitting

a response frame.

Poll Frame Any Bit Str

where:

a) The Poll Frame is a command “ivhich requires or invites the station

fo transmit a frame.

b) MAny Bit Stream' may be genérated by up-loop secondary stations; that is,



™ 4.12.4 Loop Sccondary I'ramc Formats

s

{ ' Secondary stations on a loop format frames when they are transniitting as follows:

Received: 01111111 (GA Scquence)

Transmitted: 01111110 (Opening Flag)

- The secondary is in a repeating mode before and until it.rcceives & complete GA

sequence. In this mode, all received sequences fron: gp side are relayed to the

down-loop fransmi’cter. While repeating, some anic f logical transit delay is
necessary because of the requirement that the spect and withhold the
GA sequence when it wants to send a frame. t delay is equivalent to a

propagation delay through each repeating
'”'ﬁ ' It is desirable that the logical transit ds only one bit time in order to achieve
| highest efficiency. In no case will:} xceed 8 bit times.
 The secondary station always; a closing flag following the last frame it

transmits and prior to rela sequence.

*

tinuing tran
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5.1

5.1.1

ELEMENTS OF PROCEDURE

This section defines the elements of procedure which represent the building blocks

of CDCCP. The elements of procedure emply the basic frame structure delineated

in Section 4.

Using these common elements, various classes of controt res which meet

requirements of various application situations can be ¢ ructed. Classes of

control procedures are discussed in Section 6.

Operational Modes

CDCCP defines two primary operational mode >se are the Normal Response

Mode (NRM) and the Asynchronous Response SRM).

Normal Response Mode (NRM)

© a response transmi

NRM is an operational mode i : ‘S'econdary station may initiate transmission

only as the result of receiv cit permission to do so from the Primary station.
Explicit permission is define ansmission by the Primary of a command frame
with the Poll bit set to 1. Afte ceiving permission, the Secondary shall initiate

esponse transmission may consist of one or more



. 56.1.2 Asynchronous Response Mode (ARM)

.

ARM is an operational mode in which a Secondary may initiate transmission without
receiving explicit permission from the Primary. Such an asynchronous fransmission
may contain single or multiple frames and is used for information field transfer and/

‘s are the number of

or status changes in the Secondary. Examples of status cha

the next expected frame, change from a ready to a busy con vice versa, or

establishment of an exception condition.

In ARM, a Secondary will transmit a frame with a F'i t set to 1 only in response

to a received command frame with the Poll bi dditional response frames

ray be transmitted following the frame which ]:'lq 52 'TFinal bit set to 1.

Should a Secondary on a FDX link be in 5 of transmitting when a command

vith the Poil bit set to 1 is received bit will be set to 1 in the earliest

~ possible subsequent frame to be {; ; : .

. 5.1.3 Secondary Response Queuin

Secondary stations do not

format. In the

be a single i or unnumbered response frame.

- 38 -
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5.2

5.2.1

5.2.2

5.2.¢

5.3

Transmission IFormats

The three control field formats introduced in Paragraph 4.4.2 and illustrated in
Figure 4-3 are used to perform information transfer, basic supervisory control

functions, and special or infrequent control functions.

Information Transfer Format (I)

The I format is used to perform an information transf t is the only format

Supervisory Format (S)

£ T ra i3 : +
y control functions such as to

The S format is used to perform linl

“acknowledge information frames, jucsiiretransmission of information frames,

or to indicate temporary interrupt

Unnumbered Format (U)

The U format is used to provide aaditional Primary and Secondary link control func-

»~



™. 5.3.1

.

5.3.2

- "stored for transmission and/or

- In CDCCP operation, each s

Sequence Number Modulus |

Each information frame is sequentially numbered and may have the value 0 through

modulus minus 1 (where modulus is the modulus of the sequence numbers). Modulus

- equals 8 for the unextended control field, and the sequence numbers cycle through

the entire range. Sece Paragraph 4.4.3 for a description of t; sxtended control

field modulus.

The maximum number of sequentially numbered inf¢ mat frames that the

Primary or Secondary may have outstanding (i.e., wledged) at any given
time may never exceed one less than the MOD ¥ sequence numbers. This
restriction is to prevent any ambiguity in the a ion of transmission framss
with sequence numbers during normal operati #or error recovery action. In
‘most cases, the number of outstanding; ﬁrther restricted by the station
storage capability; e.g., the numbe tion response frames that can be

ssion in the event of a transmission error.

Frame Variables and Sequem

) tadintains a separate (independent) Send Sequence

Number N (S) and a Receive Sequence Number N (R) on the information frames it

N\
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5.3.4

5.3.5

Send State.Variable - 8

A Primary station and all Secondary stations capable of receiving information format
frames have a state variable, S, which denotes the sequence number of the next in
sequeénce information frame to be transmitted. S can take on the value 0 through

MODULUS -1 (where MODULUS is the modulus of the sequ numbering schemz

and the numbers cycle through the entire range). The value . incremented by

one with cach successive information format frame tr ission, but cannot exceed

N (R) of the last received frams by more than MODULUS

Send Sequence Number N (S)

Only information frames contain N (S), the send gagitence number of transmitted

frames. Prior to transmission of an in-s ormation format frame, the

value of N (S) is updated to equal the v ,ue'nd State Variable S. The N (S)

- field comprisss bits 2 thru 4 of the ks » and bits 2 thru 8 of the first octet

of the extended mode control fiel

Receive State Variable - R

A Primary station and all £ *y:Stations capable of receiving information format
ich denotes the sequence number of the next in
received. R can take on the values 0 through

US is the modulus of the sequence numbering scheme

rough the entire range). The value of R is incremented by

-4l -



5.4

5.4.1

" Receive Sequence Number N (R)

All information framess, supervisory command and supervisory response frames
contain N (R), the expected scquence number of the next received frame. Prior

to transmission or retransmission of a frame of the above three types, the value

of N (R) is updated to equal the current value of the Receive ‘State Variable R.

N (R) indicates that the station transmitting the N (R) has:cor received 2ll
information format frames numbered up to N (R) ~1. (R) field comprises
bits 6 thru 8 of the basic mode and bits 2 thru 8 of tet of the extended -

mode control field of all information transfer and su; sryisory formz{t frames.

Poll/Final {P/F) Bit

The Poll/Final (P/F) bit serves a function’ii} mmand and receive frames.

In command frames, it is referred to z In response frames, it is

is set tc 1.

formats.

Poll Bit Functions

y to solicit a response or sequence of responses from

In NRM, tl o1 et to 1 when the Primary desires to solicit information frames

r solicit supervisory or unnumbered responses from a Secondary.

Sccondary cannot transmit until a command frame with a P bit is received.

- 49 -



The Primary can solicit information frames hy sending an information frame with
a P bit or by sending certain supervisory frames with a P bit. The Primary can
also restrict the Secondary from transmitting information frames by sending a

"receive not ready' supervisory frame with a P bit,

In ARM, the P bit is not used to solicit information fram

mitted by the Secnondary on an asynchronous basis. Th bit may, however, be used

to solicit supervisory or unnumbered responses. - if the Primary wants

to get positive acknowledgment that a particular comn: vas received, it may

set the P bit in the command. This will force . ponse.drom the Secondary as

described in Paragraph 5.4.2.

- 43 -



7 5.4.2 Final Bit Functions

“{

The T bit is used only by a Sccondary and only to respond to a P bit reccived from

a Primary.

In NRM, the Secondary is required to set the F bit to 1 in th Jast frame of its

response which may consist of one or more frames. Tol ransmission

of a frame with the F bit set to 1, the Secondary must transmission until a

command frame with a P bit set to 1 is received.

In ARM the Secondary is required to transmit a nseframe with the F bit set

to 1 in response to a P bit but is not required t ransmission. The F bit shall

be sent at the earliest opportunity as a func ik configuration, i.e., TWA or

TWS. Since additicnal frames may be y a Secondary in ARM following

e Y

. r te ot n o o rys e e i e
an I' bif response, the F bit is not ¢ ted by the Primary as the end of

transmission. It simply serves t ¢ response to the Primary command

frame with the P bit set.

5.4.3  Checkpointing

Since P and F bits are exchange: a cne for one basis and only one P bit can be

the P or I bit sct to 1. In all cases the N (R) count of a correctly reccived I or S

format frame shall confirm previously transmitted I frames through N (R) -1. - 44 -
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e
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5.4.4

- which was transmitted with the P or F bit set to 1.

In ARM the N (R) count of a received frame which has the P or I bit sct to 1 shall

cause the receiver to initiate retransmission if the N (R) does not acknowledge at

least all Iframes transmitted previous to and/or concurrent with the last frame

Poll/Final Bit Sammary ' “

" The figure below summarizes the applicability of P/F

sietions in the two operational
modes NRM and ARM and on two-way alternate (TW. way simultaneous

(TWS) links.

OPERATIONAL MODE NRM

LINK CONTFIGURATION TWA

P/R BIT IN p | ps
COMMAND/RE SPONSE

Solicit Information X

Last Frame Indication

Solicit Supervisor or
Unnumbered Responses

Checkpointing




5.5

5.5.1

- Bit

Commands and Responscs

The following paragraphs define in detail cach of the set of comimands and responses
used in each of the three transmission formats. Table 5-1 summarizes these

commands and responses.

Information Transfer (I) Format Command and Response

The function of the Information Transfer command and:s¥#&sponse is to transfer

sequentially numbered framss containing an inform ross a data link.

The I command and response control field is encodc

Control Field
Bits

First—————1 2 8 4 5 6

Transmitted | 0 N (S) P/F

miormation Comn
Transfer
Format y

a R

Receive
Sequence
Count
Modulo 8

1 field contains two sequence numbers. Bits 2, 3,

ormation frame. Bits 6, 7, and 8 comprise N (R), the

- 46 -



FORMAT COMMANDS RESPONSES

C? Information I ~ Information I -~ Information
RR - Reccive Ready RR ~ Receive Ready
RNR - Receive Not Ready RNR -~ Réceive Not Ready
Supervisory :

REJ - Reject REJ

SREJ - Selective Reject Selective Reject

SNRM Set Normal Response

~ Mode

_ Set Asynchronous
SARM Response Mode
DISC - Disconnect

RSPR - Response

o :
M Set Nor
J i —
SNRME - priode B
g Set Asy \ronols Re-
Unnumbered _ SARME Spos . Extended
NSI -
Unnumbered
UA ~ Aclknowledge
CMDR - Command Reject
RQI -
C ROL -

TABLE 5-1. CO}\\II\'IAND/RE‘SPONSE SUMNMARY 47 -
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FORMAT COMMANDS RESPONSES
Dﬁormatiqn I - Information I - Information
RR - Receive Ready RR - Receive Ready
RNR - Receive Not Ready RNR. - Réccive Not Ready
Supervisory
REJ - Reject
SREJ - Selectivei:eject ‘Sclective Reject
SNRM - I%;e(t):()lio»rmal Response
samar - S Asychoncus
DISC - Disconnect
RSPR - Response
sNRm - Sot Norn
Unnumbered SARME - Set Asyrmchrongus Re-

> Extended

NSI -

Unnumbered

VA - Acknowle dge

CMDR - Command Recject

RQI -

ROL -

......

TABLE 5-1. COMMAND/RESPONSE SUMMARY
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FORMAT COMMANDS RESIPPONSLES
o _ _
({ : Information’ 1 - Information I = Information
RR = Receive Ready RR = Receive Ready
RNR - Receive Not Ready RNR - Réccive Not Ready
Supervisory

REJ - Reject

Unnumbered

Response Mode

SREJ - Selective Reject ctive Reject
Set Normal Response
J i >~
SNRM Mode
SARM - Set Asynchronous

DISC - Disconnect

RSPR - Response

- Set Norma
J \TF —

NS -

Unnumberad -

va - - Acknowledge

CMDR -~ Command Reject

RQI -

ROL -

TABLE 5-1, CORIA?It\ND/RIfSPONSE SUMMARY
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FORMAT COMMANDS RESPONSES
Iﬁhrmation I - Information I - Information
RR - Recéi*vc Ready RR - Receive Ready
RNR - Receive Not Ready RNR. - Réceive Not Ready
Supervisory :
REJ ~ Reject
SREJ - Selective Re:ject
SNRM - %ﬁdliormal Response
samar - &1 Asynotmonus
DISC - Disconnect
RSPR - Response
SNRME -
Unnﬁmbered

NSI -

Unnumbered

VA = Acknowle dge

CMDR - Command Rcject

RQI -

ROL -

TABLE 5-1. COI\II\IAND/RE‘SPONSE SUMMARY
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it s

FORMAT COMMANDS RESIPPONSES
Information I - Information I =~ Information
RR - Receive Ready RR - Receive Ready
RNR - Receive Not Ready RNR - Réceive Not Ready
Supervisory -
REJ - Reject REJ
SREJ - Selective Reject Selective Reject
i Set Normal Response
NP\ -
SNRM - yrode
_ Set Asynchronous
SARM Response Mode
DISC - Disconnect
RSPR - Response
S . _ Set Normi
SNRME Mode E
Unnumbered SARMNE - roneus Re-

. Extended

NSI -

Unnumbered

UA ~ Acknowle dge

CMDR - Command Rejeet

RQI -

ROL -

TABLE 5-1. COMMAND/RESPONSE SUMMARY
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FORMAT COMMANDS RESPONSES
Informatioﬁ 1 - Information I - Information
RR = Reccive Ready RR - Receive Ready
RNR - Receive Not Ready RNR' - Réccive Not Ready
Supervisory e

REJ - Reject:

Unnumbei‘ed

SREJ - Selective Reject ‘Selective Reject
pv - et Normal Response
SNRM Mode
_ Set Asynchronous
SARM Response 1Mode
DISC - Disconnect

RSPR - Response

NST -

Unhumbe red
VA = Ackno wledge

CMDR - Command Rcjecct

RQI -

ROL -

TABLE 5-1. COMI\IAND/RF:SPONSE SUMMARY

. AT _
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"FORMAT COMMANDS RESPONSES
informaticn 1 - Information I ~ Information
RR - Recéivc Ready RR - Receive Ready
RNR - Receive Not Ready RNR‘ - Réceive Not Ready
Supervisory. :
REJ - Reject REJ
SREJ - Selective Ré.ject lective Reject
SNRM - l%egdléormal Response
samar - St Asynchronous
DISC - Disconmnect
RSPR - Response R
SNRAIE - ot e .
Unnﬁmbered |SARME - SS‘“;E AS’S—HL_G'-I : Eﬁ;ﬁf@;}

NSI -~

Unnumbered

VA - ac knowledge

CMDR - Command Reject

:RQI -

ROL -

TABLE 5-1. C('.)MI\IAND/RI:;SPONSE SURDMARY

— A7 .
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‘Bit 5 is the Poll/Final bit which functions as described in Paragraph 5. 4.

Supervisory (S) Commands and Responses

" fore do not increment the sequence counts at either th

Supervisory format commands and responses are used to perform basic link

supervisory control functions such as acknowledgment, polliiig; and error recovery.

Frames with the supervisory format shall not contain an jnformnition field and there-
ansmitter or the receiver.

The Slpery"isory command and response control fiel ded as follows:

Contrcel Field Bits

First Bit——1 2 3 4 5 6
Transmitted

1 0 S ‘P/F

Supervisory Command
Format
A
Supervisor give Sequence

Count
Modulo 8

Codes

- 48 -



PeicN Bits 3 and 4 of the S control ficld define the supervisory function and are encoded

as follows for both command and response frames:

Bit 3 4 Command/Response
0 0 RR - Receive Ready
0 1 REJ - Reject
1 0 RNR - Receive Not Ready
1 1 SREJ - Selective Reject

5.5.2.1

G

5.5.2.2




5.5.2.3

“information frame N (R) and any sul

or RNR with t

Only onc REJ exception condition, from a given station to another station, may
ke established at any given time; another REJ or SREJ may not be actioned until

the first REJ exception condition has been cleared.

The REJ exception condition is cleared (reset) upon the receip an I frame with

r)—,'—',(-:'

an N (S) count equal to the N (R) of the REJ command/resp

See Section 7 for sequence error recovery protocol

Receive Not Ready (RNR) Command and Respor

The Receive Not Ready (RNR) Supervisory frame sed by the Primary or Secondary

to indicate temporary inability to accept ada oming information format frame s.
Information format frames numbered up: Iuding N (R) -1 are acknowledged;
aformation format frames receifed, if
any, are not acknowledged.

A station receiving an RNR f in the process of transmitting (i.e., a FDX
station) is to stop transmitt arliest possible time by completing or aborting

the frame in process.

The Primary station may use'the RNR command with the Poll bit set to "1' to obtain

the receive sta

rinal it set to "1,

— Rfh



™ 5.56.2.4 ‘Selective Reicet (SREJ) Command and Response
w0 )
£

s The Sclective Reject, SREJ, Supcrvisory frame is used by the Primary or Sccondary

to request retransmission of the single information numbered N (R).

Information format frames numbered through N (R) -1 and bciow are acknowledged.

Once a SREJ has been transmitted the only I frames acceps ose which are

mumbered contiguously and in sequence following the I 2 requééted and the

command/response.

. After a station transmits a SREJ it ma smit SREJ or REJ for an additional

~ ~ s M~ ~ e i3
aen cleared. (J.u GG 3¢ WoluG

‘seqguence error until the first SREJ
acknowledge as correctly receive ~up to N (R) -1, where N (R) is the sequence

number in the second SREJ or REJ

I frames that may have becit itfed following the Iframe indicated by the SREJ

command/response are not retrpnsmitted as the result of receiving a SREJ. Additional

I frames pending initi sion may be transmitted following the retransmission

of the specified I ed by the SREJ.

See Section 7 quence error recovery protocols.

P

-
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Unnumbered (U) Commands and Responses

The Unnumbered (U) format commands and responscs are used by the Primary
and Sccondary to extend the number of link supervisory functions. Frames trans-

mitted with the unnumbered format do not increment the Send Sequence counts

N (S) at either the transmitting or receiving station. Five mcdifier bits are defined

which allow up to 32 additional supervisory functions. Of.these 19 are defined. The
remaining combinations are reserved for future assign: The Unnumbered com-

mand and i‘esponse control field is encoded as folloy

First Bit 1 2 3 4 5 6 7 Control Field Bits
Transmitted
1 1 M
Unnumbered

Format

Each of thes 1nds and responses is detailed in the following paragraphs.

- 52 -
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BITS USED AS
DEFINITION

3 4 6 Command { Response
0 0 O NSI - Non Scquenced Information Frame X X
0 0 O SNRM - Set Normal Response Mode X
o 0 O DISC - Dis'conmect id
0 01 ORP -~ ‘Optional Response Poll X
0 0 1 UA ~ Unnumbered Acknowledg X
1 0 0 SIM - Set Iitialization Mode X

RQI - Request for mitializ X
1 0 0 RSPR - Response Reject X

CMDR - Command Rej X
1 1 0 SARM - Set Async ssponse Mode X

ROL X
1 1 0 SARME - X
1 1 0 SNRME -~ 1] ended X

All Cthers

Reserved For Luture Assignment

UNNUMBERED FORMAT -~ MODIFIER BIT ENCODING




™. 5.5.3.1

o £
S
A,

5.5.3.2

s

5.5.3.3

- octet

Non Scquenced Information (NSI) -~ Command and Response

The Non Scquenced Information fram'c is used to convey non scquenced information
to the Sccondary (Command) or from the Secondary to the Primary (Respounse).

An NSI frame is not acknowledged.

Set Normal Response Mode (SNRM) Command

The SNRM commund is used to place the addressed Sec¢ongary station in the Normal

Response Mode (NRM) where all control fields are
tion is permitted with the SNRM command.

The Secondary station confirms acceptance of by transmission of an Unnum-

bered Acknowledge (UA). Upon acceptance i this command the Secondary station
send and receive counts are set to zer
megnowledged when this command is

Previously transmitted frames th;

actioned remain unacknowledged

Disconnect (DISC) Commana

The DISC command is used in' s ‘hed networks to perform a physical disconnect;

i.e., causec the addre! in to go "on-hook". It is also used in non-switched

networks to perforyi isconnect; i.e., inform stations that the Primary

is suspending op#& ;"that Secondary station. No information field is per-

SC command. Prior to actioning the command the Secondary con-

mitted with th
firms accepita SC by the transmission of a Non~- Sequenced, NSA. Upon
actioning.this conimand the Secondary station is placed in the unextended (i.e., single

ol field mode.




e Previously transmitted frames that are unacknowledged when this command is

e

actioned remain unacknowledged.

5.5.3.4 Optional Response Poll (ORP) Command

An Optional Response Poll command is used to solicit transmizizion from the

addressed Secondary station. ‘An I field is not permitted. rams,

5.5.3.5 Unnumbered Acknowledge (UA) Response

lary to acknowledge

The Unnumbered Acknowledge response is used by a ,

receipt and acceptance of an unnumbered com TA response is transmitted
cted by the received unnumbered

T the UA response.

f .5.3.6
5' 5 L] 30 7
5.5.3.8 ) Command
nind is used by the Primary station to report that one of the following
¢sulted from the receipt of an error free frame from the Sccondary station.
.

R I



e The receipt of a response that is invalid or not implemented.

@ The receipt of a response having an I frame with an Information ficld

which cxceeded the size of the buffer available.-

e The rcceipt of a response frame having an invali nt. (See

'5.5.3. 5 for definition of an invalid N (R) count
A Status field is returned with this command to provic _reason for the Response

Reject, RSPR. Refer to Section 5.5.3.9 for théisize.and.content of the Status field

PP 3T s L

~ N T B —~2 - M TN T o~
Comimanga Reject (CMDR) Response

—~~

- The CMDR is used by a Secondary:




.

oA

A status ficld is returncd with a CMDR to provide the reason for issuance of tﬁc

CMDR. The status ficld contains the following ficlds and information.

First Bit 1234561789 1011 12 13 14 15 16 17 18 19 20
Transmitted

Rejected Control
TField

0 N (8) N (R w X y z

where:

Rejected Command Control Field is the control eceived frame which

caused the Command Reject.

N (S) is the current Send Sequence Vari the Sccondary.

¢ value at the Sccondary.

- 57 =

Status
Field Bits

ceived and returned in bits 1 through 8 was



it sen s

S

z set to "1 indicates the control field received and returned in bits 1 through 8

contained an invalid N (R) count. This bit is mutually exclusive with bit w above.

An all zero information field (including w, %, y, and z all equal to zero) indicates

an unspecified rejection of the command.

If required the information field contained with the CMDR may b padded with zero

bits to prdvide a modulo of the character width bei
The format for the status field returned with csponse is as follows

when Control Field Extension (see Section 4, 4.3

Y

33 36

(W)
o
D
[o%]
V]

1 16 17

Rejected Extended
Command Control Field

0 N R) w

b

yi2

s sty




™, Previously transmitted frames that are unacknowledged when this command is -

actioned remain unacknowledged.

5.5.3.11 Request Onlinc (ROL) Response

ROL is transmittcd by a Sccondary to indicate that it is discé

5.5.3.12 Set NRM Extended (SNRME) Command

The SNRME command is used to place the addressed -}étation in the Normal

Response Mode Extended (NRME) where 211 control 1 vill be two octets in length

as defined in Section 4.4.3. The Secondary st

_Previously transmitted frames that

actioned remain unacknowledged

5.5.3,13 Set ARM Extended (SARMIE]

The SARME command is used & the addressed Secondary station in the

Asynchronous Response Mode E 1ded (ARME).

e,

- 59 -~



5.6.1

5.6.3

Timers and Retry Counts

Primary NRM Responsc Timeout

In order for the primary to detect a no response or lost response condition, cach

primary must provide a response timeout function.

In NRM, this timer is started whenever a command f /ith the P bit set to "1"

is transmitted. The timer is restarted upon receip free frame with the

T bit set to "0'" and is stopped upon receipt of an er s frame with the F bit
set to '"V'. No more than one P bit may be ouj ne time. Should the
timer expire, appropriate higher level action sl initiated.
The duraiion of the timer is a function éngth and link characteristics.

1t is therefore system dependent an bi-iateral agreement.

command or:losttommand condition.




5.6.4

o -
e 3.6.5
4 .

~The detection of an idle link condition may re

" This timer is started with the transmission of an I frame. It is restarted in

TWA with the transmission of cach frame until the link is relinquished by the
sccondary going to idle state. 'In TWS, the timer is never restarted. The timer
is stopped by the reccipt of an crror free frame containing the expected N (R).

Expiration of the timer shall initiate appropriate higher level fecovery action.

The duration of the timer is system dependent and subjcct.fo bi-lateral agreement.

i
i

Idle Timer
the-use of a timer to detect receipt

of a "continuous oneg" condition for 15 bit times if the facility does not provide clock

signals in an idle condition.

[RS8V

' confrol the number of retransmissions
fon which should be retried are attempts

ation with a busy station, and obtain acknow-
Jedgment of a command. F * of retries is system dependent and subject to
bi-lateral agreement. The counfét would normally be set to a value ™', If n plus

one is reached the cofigition igiteported to higher level as unrecoverable at link level.



@ 6.0 EXCE PTION CONDITION REPORTING AND RECOVERY
This section describes the recovery procedurces which are available to effect
recovery following the detection/occurrence of an exception condition at the Tink

level. Exception conditions described are those situations that may occur as the

result of transmission errors, station malfunction or operaf 1 situations.

For each exception condition, a description of the cau e procedure to be

6.. 1 Busy Condition
A busy condition occurs when a station tempors annot receive or continue to
receive Information frames due to intermnal® dnts, e. g., receive buffering
limitations. A station in a busy conditig: iseard iﬂcoming sequenced or

n
£

non-sequénced information frames.

The "busy" condition is reported byitrar ssion of an RNR frame with the N (R)
number of the first informati: that is expected. Traffic pending transmission

ing the RNR. The continued existence of a

' NRM will upon receipt of an RNR cease transmission at the
1e frame in process may be completed or aborted, however
stiberterminated in the usual manner; i.e., either ended with a frame

to "1" (sec example, Appendix D) or going to the Idle Link State.



~

N

,,,,,,,

6.2

- A Secondary transmitting in ARM will, upon rcceipt of an RNR, ccase transmitting

at the earlicst possible time by completing or aborting the frame in proccess and
going to the Idle Link State. If the RNR command frame had the P bit set to "1"
the Sccondary must transmit a frame with the F bit sct to "1" before going to the

Idle Link State. See examples in Appendix D. The Seconday ust perform a

Response/Command Timeout before resuming asynchron

orm link control functions; e.g., to receive acknowledgment of

will terminate tranamission (I bit sct to "1").

PP

cept the control information contained in the N (R) number and



L

" a poll-back recovery scheme should the R

Following the detection of a sequence error, onc of three recovery procedures

is implemented to achicve recovery. These are:

a) REJ Recovery
b) Poll/Final Recovery

¢) SREJ/REJ Recovery

Which of the recovery procedures is used is a function ¢ r SREJ is imple-

mented by a given secondary; and, in the case of REJ 11/Final recovery,
largely a matter of system choice and efficienc BT recovery procedure
is more efficient especially on TWS links. The™® Final Recovery is always

ed in transmission.

REJ Recovery

The REJ command/response is p

B

A station y¢cei T initiates retransmission of I frames starting with the I frame

-

indicated by the: ¥:(R) number contained in the REJ frame.



The REJ exception condition is clearcd (resct) upon the receipt of an I frame with a

M (S) number equal to the N (R) number of the REJ command/responsc.

6.2.2 Poll/Iinal Recovery

i, following a scquence error, the REJ command/response ig pot received (i.e.,

either not transmitted or due to transmission errors) rcc initiated by P/T
bit exchange. Following the exchange of Poll/Final frames, sequential transmission
of Informaﬁon frames (if available) is initiated start : “previously transmitted

but unacknowledeed I frames or, if none, starting Wil ditional I frames not previously

transmitted. See examples in Appendix D. A ¢

initiate Poll/Final recovery.

-
K ©3.2.8 SREJ/RTLJI Recovery
) “ The SREJ command/response is : sed to initiate more efficient error recovery
‘A izfe information frame following the detection
1smission of the frame requested plus all
n subsequently transmitted. To improve trans-
ided that the SREJ command/response be transmiticd
. sequence error where only a single I frame is missing
6.2.3.1
cond}ff;;.ons.;_n'my e:xi.st within a station, only one exception rccovery is actioned at any
:\ given time; i.e., after a staticn starts the SREJ recovery procedure it may not begin

-- RR .



o a sccond SREJ or a REJ recovery procedure until the first error condition has been
cleared. For a given error condition the SREJ command/response is transmitted

only one time in each Poll/I'inal frame exchange.

The SREJ exception condition heing actioned is clearcd (reset) upon the receipt of an

I frame with an N (S) number equal to the N (R) of the SR d/response,

i.e., the missing I frame.
See examples in Appendix D.

6.2.3.2 REJ Recovery

In the event the sequence error is caused b rore sequential frames not

being received, as determined by the ) numbers, it is recommended

that the REJ command/response be

A

ished at any given time. (Note that there

condition occurs).

e



m 6.2.3.3 Retransmission of SRIEJ or REJ

o

~ per recovery action may be execute.:

In the cvent the SREJ or REJ command/response is transmitted but not received k
by the remote station (i.c., due to a transmission error) it must be retransmitted

following dectection that it was not received. This detection will occur either at the

exchange of P/F bit frames (as described below) or by a Response/Command Timeout.

In either case the SREJ or REJ command/response is retransniitied so that the pro-

i
/

For example, in the casc where a SREJ (or REJ) is mitted by a Secondary but

is not received correctly by the Primary, the Segendary.scenses the SREJ (or REJ)

must be retransmitted when, following transmi f a response frame with Final bit

set to "1" concurrent with or after the SRE - the requested frame(s) is not

received by the Secondary prior £o or co;

yith the receipt of a command frame

with the Poll bit ince the Secondary transmitied the SREJ

w7

ot to 11T

as transmitted a SREJ {or REJ) does not receive

r concurrent with receiving the response frame with



i

6.3

6.4

" CMDR/RSPR Condition

the compic'tion of a system specificd timecout period take appropriate recovery

action to determine the point where retransmission must begin.

In the event an SREJ is transmitted but not received (or is received in error and

discarded) the station that transmitted the SREJ may convert e SREJ to REJ

when again reporting the exception condition (c.g., if add nsmission errors

have occurred since the SREJ was first transmitted)

FCS Error
Any frame received with an FCS error is not 1e receiver. The frame

is discarded and no action is taken as a result of. frame. Should the frame with

an FCS error have been a response frame “the“Secondary with the F bit set to "1,

a resulting timeout will occur at the p #3167 to initiating recovery action.

A CMDR or RSPR exception condit s eéstablished upon the receipt of an error-frece

frame which cannot be action ceiver for any of several reasons including:

the frame contains dn i id command or response in the control field.



6.5

At 4 primary station, receipt of a Command Reject (CMDR) is subject to resolution

and rccovery at a higher level than link control.

At a sccondary station, reccipt of a Response Reject (RSPR) is subject to resolution

and recovery at a higher level than link control.

The detection of a comrmand reject condition at a secor v station is reported by

t‘ransmitting a CMDR response to the primary static: "When a secondary

has established a CMDR exception condition, any add =] commands received,
other than those which clear the CMDR exceptit on, are monitored only to
detect a respond opporfunity to retransmit QMD additional commands are
accepted or actioned until the condition is C. ‘ receipt of a SNRM, SNRME,

SARM, SARME, SIM, or DISC comm

Modulo Count Overflow Condition.

A station establishes the modulo co flow condition when the number of outstanding

(unacknowledged) sequenced es eqﬁals modulo-1.

T frames is halted. The

frames yill pthcoming.



Bas 3

CLASSES OF PROCEDURE
Procedural diffecrences among applications, based on overali system .considerations
such as network configuration, rccovery procedures, terminal sophistication, ecte.,

are accommodated in CDCCP by defining various classes of procedure. These

classes combine the modes of operation (ARM and NRM) and ¢ommands and responses

of Section 5 with the exception recovery procedures of Sc ch class forms
an implémentation subset of CDCCP précedures. A clg s thus characilerized as
thé ability at the primary to receive and action all res “the prescribed
subset and the ability at the secondary to reccive ant on all commands in the
prescribed subset.
All classes of procedure use the frame stri ection 4. All procedures assume
that the links include primary and secc ontrollers. The pljimziry link

by determining, within the constraints

>rimary link controllers transmit only

Secondary link controllers receive the

Table 7-1 sumin; cs the command and response usage by class for comparison

purposes.



<o,

COMMANDS CLASSES
AND
RESPONSES NB NS | NAB | NAS | PPB | PPS
1 p e X X X
RR X X X pe
RNR X X X X
REJ X X X A
SREJ ' X X
SNRM X X X
SNRM E * * *
COMMANDS SARM - <
SARM E * *
SIM X X
DISC X X X X
UI X b X X
Up X X X
XID X X X X
RSPR X X X X
RR X X X X
RNR X X X X
REJ X X X X
SREJ X X
RESPONSES | 1.0 - %
X X X
X X X X X
X X X X X
X X X X X
X X X X X
* Optioxmf

TABLE 7-1

SUMMARY OF COMMAND/RESPONSE

INPLEMENTATION BY CLASS




™ 7.1

C7.1.1

Stations operating in this class may use the REJ comm

The following commands and resps

Normal Mode - Classes of Proccedure

~ In these classes the sccondary station may {ransmit a frame or frames only as

a result of the receipt of an appropriate command frame as described in Section

5.1.1.

Normal Mode - Basic Exception Recovery (Class NB)

and/response to solicit

retransmission of any frame detected in errvor. The it retransmission

will consist of the frame in error plus any subsequé: sinitted frames in

ht

accordance with Section 6.0.

The P/F bit recovery procedure is used a=s zifallbagk recovery procedure in

conjunction with the REJ instruction.

t-be implemented in this class:

Commands Responses
I

RR
RNR
REJ
UA
CMDR
XD
RIM
DM

Ul

1

RR
RNR
REJ




£

£

”.1.2

Normal Mode - Sclective Reject Exception Recovery (Class NS)

Stotions operating in the Normal Mode with Sclective Reject capability can request
retransmission of a single specificd information frame without requiring retrans-

mission of previously transmitted following frames as defined, in Section 6. 0.

The P/F bit recovery proceduie is prohibited in this clasy:

The following commands and responses must be impiz: this class:

Commands

I

RR
RNR
REJ
SREJ
SNRM(E)
SIM
DISC
RSPR
UP
XID
UI

Normal and Asynchronous Mod

In these classes, in addition toiferation in NRM, the primary station can condition

secondary staticns Frames at any time independent of further action by

the primary. TI M mode described in Paragraph 5.1.2.
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o

7.2.1

Normal and Asynchronous Mode ~ Basic Exception Recovery (Class NAB)
Stations operating in this class may usec the REJ command/response to solicit
retransmission of any frame detected in error. The resulting retransmission will

consist of the frame in error and subscquent transmitted frames.

The following commands and responses must be implemc# liis class:

Commands

I
RR
RNR
"REJ
SNRM (E)
SARM (E)
SIM
DISC
RSPR
UP
XID
Ul



m 7.2.2

N

7.3

Normal and Asynchronous Mode - Selective Reject Exception Recovery (Class NAS)

Stations operating in the Normal Mode with Asynchronous capability and with
Selective Reject Operation can request request retransmission of a single, specificd

information frame as described in Section 6. 0.

The P/R bit recovery procedure is prohibited in this cla

The fo]_loxvilﬁg commands and responses must be implém ‘this class:

Commands

I

RR

RNR

REJ
SREJ
SNRM (E)
SARN (E)
SIM

DISC
RSPR

UP

XID

UI

Primaryv to Primary Classes of




™ 7.3.1
o

7.3.2

-

Primary to Primary Mode - Basic Exception Recovery (Class PPB)

Stations operating in this class use the REJ command/response to solicit retrans-
mission of any frame(s) detected in error. The subsequent retransmission will con-
sist of the frame in error plus any previously transmitted following frames in

accordance with Scction 6. 0.

The P/F bit recovery procedure is used as a fallback rééovery procedure in

conjunction with the REJ instruction.

The following commandg and responses must b : nented in this class:

Commands
N —
RR
RNR
REJ
SARM JA
DISC CMDR
RSPR XD
XID Ul
UI
In this class, SARM and S: snands reset only the N (S) of the transmitting

*

- recovery procedure is prohibited in this class.

B 7 7 (S
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7.4.1

The following commands and responscs must be implemented in this class:

Commands Responscs

I : I

RR ' RR
RNR RNR
REJ REJ

SREJ ' SREJ
SARM . UA
: S1M CMDR
;  DISC A XID

RSPR ' : Ul
up
XID
Ul

In this class, SARM and SARME commandg 7 the N (S) number of the

transmitting station and the N (R) number of civing station.

Additional Primary to Primary Mo

Although not specifically defined it is also possible to operate a balanced

or near-balanced primary to 1k using Primary to Secondary classes of
procedures. Two examples operation are defined in the paragraphs which

follow.

in which bal; formation transfer in ARM is achieved with Primary function

required i ob ne station and Secondary function required in the other. .

- 77 -



STATION B STATICN A

FDX

Balanced information transfer is achieved by virtud mmefrical functional

equivalency of the I, RR, RNR, REJ, SREJ and.CMDR /T 3 R commands and
responses. Only the station désignated as Pri owever, has the functional

use of the mode setting and DISC commands ‘ting or disconnecting logical

Yink functions. The capability offered by this t f operation may indeed be

satisfactory and optional for a great plications envisioned.
The independence of operation at f the link with regard to originating
information transmission is ili in the examples of Appendix D for infor-
mation frame transmissio ary only, Secondary only, and simultancous
Primary and Secondary.
The two~station conii Tlustrated above is extendable to a multipoint link
configuration; i. ndary is placed in ARM (and operates point-to~point
with the Primary) ther Secondaries are sent a DISC command. Thus the

Primary c: 1o ¥Primary/Primary - type" operation with one station at a time.

N
IS

w78 =



7.4.2

In casc of failure of the 2-way simultancous link, Primary/Sccondary ARM 2-way
simultancous has the ability to substitute a single dial-up linc and operate in ARM

2-way alternate.

Back-to-Back Primary/Secondary Operation

For those cases where completely balanced and independent; tion is desirable,

the capability exists within the definition of Primary/Ssééndary operation to accom-
plish a "Primary/Primary" arrangement. This canlb “the following manner.
A Primary and Secondary link control function; in each station with the
use of two address (and associated sequence nurizegs) to direct transmissions re~

ceived to either the Primary or Secondary™ 51 function.

STATION A

Sec A
HAH/
&

"BH

STATION B

Pri B

&Y

Sec B 3 Pri A

full repertoire of commands relative to Secondary B
of the full repertoire of responses relative to Primary A.

qapplicable between Primary B and Secondary A. Transmissions

- 79 «



arc multiplexcd on a frame by frame basis as required in one direction of the
DX facility (i.c., in the figure from right to left). Transmissicn from Primary B
to Secondary A and transmission from Sccondary B to Primary A arc similariy

multiplexed in the other direction (i.e., in the figure from left to right).

=

By this means, logical interaction between Primary Aa ary B is independent

of the logical interaction between Primary B and Secondaxy A. There is no procedur-
. ¥

al restriction that information (data) flow be only fr # function to Secondary

iunction (i.e., the Secondary function may transmi mation frames, see example
in Appendix D), although this constraiﬁt may be; ccomblis"ﬁed if desirable in several
different ways, e.g., at link level by use of R 11 for non-information responses
only (see vexample in Appendix D) or by pr : agreement that the Secondary

never transmit information frames (see

P bif set to "1". Th

whether it is desir

- 80 -
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CDCCP: Control Data Coxn

COMMAND: The cont

APPENDIX A: GLOSSARY

ABORT: A function invoked by a sending (Primary or Sccondary) station causing
the recipient to discard (and ignore) all bit sequences trzmsmfttod by the sender

since the preceding Flag Sequence.

ACCEPT: The condition assumed by a (Primary or station upon accepting

a correctly received Frame for processing.

ADDRESS FIELD (A): The sequence of eight (¢ vimultiple of eight) bits immedi-

ately following the Opening Flag of a Framg:iden ing the Secondary Station sending

(or designated to receive) the Frame.

ADDRESS FIELD EXTENSION: Eni address field to include more addressing

information.
n Control Procedures

ntrol Field, of a Command Frame sent by the
Primary instructiy ssed Secondary to perform some specific function.

COMMAND FRAZ rames that may be transmitted by the Primary Station

are referred to simand Frames.

- 81 e



CONTROL FIELD (C): The sequence of eight (or sixtcen if extended control ficld)

bits immediately following the Address Field of a Frame. The content of the

Control Ficld is interpreted by the receiving:

() Secondary, designated by the Address Field, as a Coimmand instructing

the performance of some specific function.
/ .
(b) Primary, as a Response from the Seconda: ted by the Address
Field, to one or more Commands.

COITROT, FIELD EXTENSION: Enlarging the Cgiirol Field to include additional

control information.

EXCEPTION CONDITION: The conds sed by a secondary upon receipt of

a command which it cannot execu} \er a transmission error or an internal

processing malfunction.

FLAG SEQUENCE (F): The™

equence of eight bits (01111110) employed to

delimit the beginning and endingfef a Frame.

&



FRAME CIIECK SEQUENCE (I'CS): The ficld, immediately preceding the ending

¥lag of a Frame, containing the bit scquence that provides for the detection of

transmission errors by the receiver.

HIGH LEVEL (H1.): The conceptual level of control or processing logic existing in

the hierarchical structure of a (Primary or Secondary) s s above the Link

Level and upon which the performance of Link Level fuictions are-“dcpendent, c.g.,
device control, bulfer allocation, station manageme

INFORMATION FIELD (INFO): The sequence [ tooun ing between the last bit

of the Control I'ield and the first bit of the Fra ck Sequence. The Information

Field contents are not interpreted at the I

INVALID TRAME: A sequence of bi the receipt of an apparent beginning

Flag Sequence that either:

(a) Is terminated by a: Saoguence, or

(b) Contains less thaw 32 hits before an apparent ending Flag Sequence is
detected.

LINK LEVEL: Sncentual level of control or processing logic existing in the

hierarchical ko) a (Primary or Sccondary) station that is responsible for
he data link. The Link Level functions provide an interface

,}High Level logic and the data link; these functions include (’cransmit)

putation and interpretation.

- 83 =



PRIMARY: That portion of the Primary station rcsmnsiblc for control of the data
communication link. The Primary generates Commands and interprets Responses.

Specific responsibilitics assigned to the Primary include:

(a) Initialization of (data and control) information inter
(b) Organization and control of data flow
(¢) Retransmission control

(@)  All recovery functions at the Link Lev

Primary with respect to the y the secondary of one or more Command
Ffa:mes.
RESPONSE FRAME : ¢s that may be transmitted by a Secondary Station

- 84 -



SFECONDATY STATUS: The current condition of a Sccondary with respect to

processing the serics of Commands reeeived from the Primary.

BASIC STATUS: A Sccondary Station's capability to send or receive a Frame

containing an Information Field.

INTER-FRAME TIME FILL: The sequence of bits tra tted between Frames.

This standard does not provide for time fill within

UNNUMBERED COMMANDS: The commands 5 -:vntain sequence numbers

in the Control Field.

UNNUMBERED RESPONSES: The respg “do not contain sequence numbers

in the Confrol rield.



B.0

APPENDIX B: TIE CDCCP FCS TECIINIQUE

Frame Check Sequence Generation and Checking

This ﬁppendix is intended to provide additional information to those responsible

for implementation of the FCS technique described in Section

These FCS requirements' are formulated to detect fra ngth changes due to
erroncous addition or deletion of zero bits at the e vare as well as to

detect errors introduced within the frame.

FCS Generation

The equations for FCS generation are:

1 .o
x8 g (X) + X" L (X
P (X)

L) = x40 4 x4

38+ xP e x? X0 in

R (X) = The rema ich is of degree less than 16,

> of bits represented by G X), Q >

16 12

P o CCITT V.41 generator polynomial (X°7 + X7 + XS +1), and

- 80



A

When the FCS gencration is by the usual shift register tec

G X)= The message polynomial. It includes the contents of the address, control

and information ficlds, excluding the zero bits inscrted for transparency.

The generation of the remainder R (X) differs from that used j conventional check

sequence gencration by the presence of the XK L (X) term in” generation equation.
e X¢ L ) term

is addéd in either of two ways:

eros as in conventional

generation procedures. Otherwise, shift £ ) tﬁrough the register
as in conventional procedures, or,

2. TInvert the first 16 bits of G (X) befs: 5 into the register and shift the

remaining part of G (X) througi This requires that G (&} coniain at
Jeast 16 hits.

Whether 1 or 2 is used, the coister contents, after shifting through G (X),

is R (X). These contents a1

The transmitted sequeh vays (in algebraic notation):

G X) + FCS.

- 87 =

bit-by-bit and transmitted as the FCS sequence.



o B2 FCS Checking

The received scquence will be denoted M* (X), which differs from M (X) if trans-

mission crrors are introduced. The checling process always involves dividing the

received sequence by P (X) and testing the remainder. Direct division, however,

does not yicld a unique remainder and it is expected that in mgst cases the received

sequenced will be modified for checking purposes by additic: szms which will cause

M (X), i.e., when the

the division to yield such a unique remainder when M*

frame is error free.
Two classes of checking equations are given be

1. X X)) +X LX)
P (X)

= Q=

- . - . - P - * e ~=VY « o~
In this case the unique remainde mainder of the division X p:

0+X8+X3+X2+X+1

2. R X
TP ®)
“remainder is always zero regardless of the value of ¥
Shift regis iplementation of the above equations normally use Y = 16 .
(pre~mu \). When this is the case, the added term XX L (X) in both 1

w 88 ~



s

and 2 js added by cither inverting the first 16 received bits of M* (X) before shifting
them through the checking register or by presctting the register to all 1's and shifting

all of M* (X) through normally. Thus the receciver action on the leading protion of

a frame is the same with either 1 or 2. ,' )
The + 1 of the term (XX + 1) L (X) of the generation equa s. added by inverting
the FCS. This implies a 16 bit storage delay by the F¢ ction at the receiver since

the location of the FCS is not known until the closingifia eived.

- RO



™ APPENDIX C STANDARDS COMPATIBILITY

-

C.1

c.2.1

'be required to interface.

Scope

This ‘apnendix is intended to dctail, to thc greatest extent possible, the differences

between CDCCP and other existing bit-oriented procedures. e standards con-

sidered for compatibility include:

IBM - SDLC
ANSI - ADCCP

ISO - HDLC

The material here is intended to provi Jesioner with information which will

permit him to evaluate the impact o 25 inn the standards and to take a

flexible approach so as not to pr Atibility with standards which he might

Since the bit-oriented standz tation is highly volatile as of this writing, the

information presented here is subject to change. While every attempt will be made

it is the responsibility of the designer to maintain

Frame Structiire




P 3
A

C.2.2

C.2.3

C.2.4

ADCCP is ambigucus in this respect. Flags are included as part of the frame-

structure but frame definition calls for a minimum of 32 bits.

NCR defines a frame as the sequence of bits between the opening and closing flags.

IBM includes the flags as part of the frame.

Address Extension: CDCCP has adopted the ISO/E of permitting address

extension on a bilateral agreement basis., CDCCP

capable of extending the address field beyond a,

ANSI presently uses mandatory extension y limiting the first octet to

128 addresses. This position is expec

permits group or global addresses in an un-

SI position and the SDLC position. ISO permits

CDCCP, ANSI, and ISO permit control field extension to

v mumber modulus. SDLC does not mention C field extension.

-

- 91 -



™ C.2.5 Abort: SDLC specifics eight contiguous one bits as signalling an abort. IBM has,

%

however, supported the "more than seven, less than 15 position' used by CDCCP,

I1SO, and ANSI.

(ADDITIONAL MATERIAL TO BE SUPPLIED]



. APPENDIX D PARAMETERS SUBJECT TO BILATERAL AGREEMENT

CDCCP is designed to cover a wide range of applications. As with any protccol,

this flexibility of application results in a requirement that certain parameters must

be established by bilateral agreement for the specific applica

NOTE
Future revisions of this docmne:iu; il iﬁresent precise

. parameters.

3% limited to:

pess field

d extension

=93 -
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- APPENDIX E ~ EXAMPLES OF CDCCP PROTOCOL

A

,{‘

The examples presented in this scetion are illustrative of the exchanges which

would take place under the condition given for the example. The notation used

and most of the examples are those which have been adopted by, ANSI and ISO.

The notation is illustrated below:

,-7 Flag (i.e., frame boundary) |

' Frame containing b
7 Tram ining

I ! - information

—Frame without
information

|
'g

mformation Frame: T N & 0l or Finzal Bit scf

Teceive Sequence Number
(next expect frame)

Example: Prixmits: 12,61

with sequence numbet

- aA




Supcrvisory command/response

Supcrvisory Frame: XXX N (R) P/F <— Poll or Final bit sct to "

ét--—— Receive Sequence Number

) commaud,

Example: Pri xmits: RR2P. This denotes a Receive Ready (
N [®R)=2 (i.e., the next expected frame from:
geqﬁence number 2), and the Poll bit is s
/
In the examples time moves from left to right. Ti me is, therefore,
transmitted first. An errored or missing fraxn

oted as follows:

[ / { errored or missing Infor on frame

i me- 5_.-_..;’35% errored or m U frame
Examples are provided for er

Normal and Asynchronous

changing and ending operations
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