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ABSTRACT

The subject of this thesis concerns conversion between the inter-

faces specified by CCITT recommendations X.21 and V.24.

The evolution of public data networks agaiﬁst the'background of
- data communications using the telephone network is outlined. The
DTE/DCE interface is identified as being of particular importance
and is explained in terms of the ISO model for Open Systems

 interconnection (0SI).

CCITT recommendation X.21 is descfibed in detail using the OSI
layered approach. Finite state machine (FSM) terminology is defined
and the concept of an interface machine introduced.

CCITT recommendation V.24 is described in terms of the physical
layer of the OSI model. Only those aspects of V.24 relevant to the

subject of this thesis are examined.

Inferface conversion between X.21 and V.24 is discﬁssed in detail
and the design of devices to perform the conversion described. A
microproceééor—based translétor td perform interféce conversion
between a V.24 DTE and a X.21 DCE for switcﬁed circuit use is
Adesigned, using the FSM approach. A preliminary model of such a
translator, implemented on a development system, is described. Its

hardware and software are outlined and areas for further work

identified.



ii

ACRKNOWLEDGEMENTS

My heartfelt thanks go to the following people.
Mr Alan Knott%Craig of the Department of Posts and Telecommunications
for suggesting the topic of this thesis, as well as my superiors in

Cape Town for |allowing me to take time off from my normal duties to do

the work required.

My Supervisor, Prof. H.S. Bradlow of UCT, for his time and objective
| ' '
| : ' N

criticism which although merciless was always constructive.

Mr Americo da Silva of SAPONET Cape Town for his practical assistance

and availability.

My wife Michelle for her moral support and encouragement, which were
fuelled by much more than a mere academic interest in the matter at hand.
The lady who typed this documént, Diane, whose pleasant nature made

it a pleasure to work with her.



Abstract

TABLE OF CONTENTS

i
Acknowledgements ) ii
Table of Contents 111

List of Tables - v

1. INTRODUCTION

1.

1

BACKGROUND

1.2 LITERATURE SURVEY
1.3 OBJECTIVE

2. 'COMMUNICATION ACROSS THE DTE/DCE INTERFACE

2.

2.

W W WM
WK =N

w W

O O
WK =N

1
2

~N N

BACKGROUND
STANDARDISATION
|
|
DESCRIPTION
OVERVIEW '
THE X.21 DOCUMENT
THE PHYSICAL LAYER
MECHANICAL CHARACTERISTICS
ELECTRICAL CHARACTERISTICS
FUNCTIONAL CHARACTERISTICS
PROCEDURAL CHARACTERISTICS
3.3.4.1 EXPLANATION
3.3.4.2 DESCRIPTION
LINK LAYER
.1 SYNCHRONISATION
.2 ERROR DETECTION AND CORRECTION
NETWORK LAYER:
1
2
3

wwww
wwoww
SN =

.5. CALL ESTABLISHMENT

.5. FACILITIES

.5. DTE TIME-LIMITS AND DCE TIME-OUTS
EST LOOPS

VANTAGES AND SHORTCOMINGS

: DESCRIPTION

OVERVIEW

V.24 DOCUMENTATION

INTERFACE DEFINITION

4.3.1 MECHANICAL CHARACTERISTICS
ELECTRICAL CHARACTERISTICS
FUNCTIONAL CHARACTERISTICS
PROCEDURAL CHARACTERISTICS
4.3.4.1 SWITCHED SERVICE
4.3.4.2 DEDICATED LINES
CCITT RECOMMENDATION X.21 bis

&S
W ww
SN

iii

NN
I
I o N o Y

| UL

[
oD

J-\J-\J-\J-\J-\JE\J-\J-\J-\J-\
—_ = =S, NN -



5. TRANSLATING BETWEEN X.21 AND V.24
5.1 OVERVIEW

5.1.1

X.21 DTE TO V.24 DCE TRANSLATION

©5.1.2 V.24 DTE TO X.21 DCE TRANSLATION -

w N

X.
V.
5.
5.

5.3.3

5.3.4

6. CONCLUSION

2
2
3.
3.2

1
4

DTE TO V.24 DCE TRANSLATION
DTE TO X.21 DCE TRANSLATION

METHOD

AREAS REQUIRING CAUTION

5.3.2.1 COLLISIONS

5.3.2.2 MISCELLANEOUS FACTORS

5.3.2.3 ERROR RECOVERY .

IMPLEMENTATION .

3.1 PHYSICAL LAYER

3.2 LINK LAYER

3.3 NETWORK LAYER IMPLEMENTATION

PRELIMINARY MODEL

4.1 HARDWARE

4.2 SOFTWARE

a) . The Physical Layer

b) The Link Layer

e) The Network Layer

i) The call request routine
ii) The incoming call routine
iii) The character identification routine
iv) The call clearing routines
v) Implementation of tlme—llmlts
d) Software Summary

5.3.
5.3.
5.3.
THE
5.3.
5.3.

6.1 PRESENT STATUS OF DEVELOPMENT
6.2 TFURTHER DEVELOPMENT
6.3 SUMMARY

REFERENCES

ILLUSTRATIONS

APPENDICES
Appendix

Appendix

" Appendix

A:
Appendix B:

C:
Appendix D:

E:

FORMAT OF ADDRESS SIGNALS

BACKUS-NAUR FORMAT OF SELECTION SIGNALS AND DCE
PROVIDED INFORMATION

CODING OF CALL PROGRESS SIGNALS

X.21, X.21 bis and V.24; PIN ASSIGNMENTS AND

_ INTERCHANGE-CIRCUITS

X.21 DTE TIME-LIMITS AND DCE TIME~OUTS

iv

R R R



Table
Table
Table

Table

Table
Table

Table

Table
Table

Table

Table
Table
Table
Table

Table

3.1
3.2
3.3

3.4

4.1
4.2

4.3

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

LIST OF TABLES

. page

page
page

page

page

- page

page

page

page

page

page

page

page

page

page

5-6

5-7
5-22

. 5-24

5-36

5-44

5~54



1-1

1. INTRODUCTION

. 1.1 BACKGROUND
‘Data transmission betueen data processing deviées requires some form
of communications network, unléss distances between aevicés are trivial.
Traditionally, the public telephone network'(PTN) has been used to
this end ang Qsers have.had the choice of a dial-up service, or the
‘use of deditated lines. |

The telephone hetwork, being designed sbecifically to énasle Voice
communication and not to meet the more stringent requiréments of data
transmissiJn, suffers from various inherent drawbacks. Some.of these
afe: circdit interruptions, impulse noise, bandwidth limitétiohs,-
frequency shifts, amplitude diéfortion, enQeIOpé delay distortion and
wvhite noise of which the first three tend to cause problems most
frequently. These shortcomings have resulted in most network
administrations opting fﬁr the introduction of public data networks
(PDNs). PDNs may be divided into three categories : dedicated lines
only, circuit switched, or packet switched; Netwofks providing Qedicated
lines only.are limited.in flexibility and find their main application
vith heavy éata traffic between users. Circuit switched networks are
most efficient when long bursts of data traffic are common, while
packet switched networks come into their own when traffic is sporadic

and of low volume.

"~ As the data terminal equipment (DTE) connected to networks and the
netvorks themselves belong to two different parties, and the network

is inténded for multi-user applications, the method of connection



 requires careful definition and specification, and has resulted in the

birth of a host of interface specifications and communication protocols.
This thesis deals with translation between two different interface

specificatiéns. The interfaces in question are defined by CCITT

I
|

recommendatiors V.24 and X.21. A conversion unit is required to allow
equipment designed for use with either interface to be used with the

other.

CCITT recommendation V.24 has its roots in the beginnings of data
transmissidn over the telephone network and has become the most commonly

used interface for data traﬁsmission internationally. The X.21
-interface is é more recent deveiopment aséociaféd with the emergence

of public dafa networks such as those of the Nordic countries and.Jépan.v
It is intended for use on synchronoﬁs, cifcuit switched public data
networks and offers numerous adﬁantages o&er other interfaces previously
used for the same application. . The most significant of these is that

it allows fast, efficignt circuit switching through the saﬁe interface
used for data transmission. (For the same application, V.24 requires
the use of a separate interface for call control). X.21 is weli suited
for call establishment under DTE control, with or without hum;n
intervention.v Further than this it allows the user access to various
network facilities such as call progress signals, calling/called line

‘identification, charge information and the establishment of closed user

groups.

When introducing a new interface such as X.21, which has network layer
features, the administration concerned is faced with an immediate

problem in that the majority of its users will not be able to subscribe to th
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new service, because their equipment only implements the V.24 physical

jlayer interface. (The concept of different layers, such as network

and phy91cal, is explained in section 2. 2) With this difficulty
in m1nd the CCITT has published a recommendatlon (X.21 bis) 1ntended

as an 1nter1m measure during the perlod of transition to X.21. Recommendatlon

X.21 bis encourages the use of DCE (uata circuit- termlnatlng

equlpment) presenting the user -
vith a phy51cal layer V. 24 1nterface, 1mplemented so as to allow him

- some of the advantages of a public data network which he did not

enjoy on the telephone network The user may be allowed to bypass the

V.24 interface by, for example, having a keypad and display on the
DCE to realise some of the network layer features characteristic

of X.21.  Typical of this 31tuat10n is the neuly-deve10ped Nordic Data

- Network. This network is full duplex circuit switched and supports

the X.21 DTE/DCE interface, The Swedish manufacturers Standard Radio

" and Telefon AB, produce a range of DCE for this network (1) which is

‘divided into three classes. Class X supports pure X.21, while classes

VP and VPC implement V.24 synchronous and asynchronous interfaces
respectively. The VP and VPC equipment incorporates a keypad and display
vhich allow direct user-network interaction. The VP equipment has been

designed to conform to CCITT recommendation X.21 bis.

Manufacturers of data terminal equipment on the other hand tend to look

for ways of upgrading their products so ;s to take bgst advantage of the
pover offered by the new interface., Typical of this tendency‘is the |

IBM reaction to the introduction of X.21 in Japan. X.21 has been found to
be compatible with the lower layer AF IBM's Systems Network Architecture (2).

IBM have taken the approach of upgrading their product line for Japan

. to gain X.21 compatibility, allowing their equipment full interaction

vith the data network.
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1.2 LITERATURE SURVEY
In pfeference to isolating specific source documents at this stage,
the literature used as sourcé material for thisvﬁhesis is grouped intb
two general categories. The first is that of the international
standards produced by orgénisations'such as the CCITT and IS0, A sound
comprehension of the CCIfT.recommendations on the V.24 and X.él DTE/
DCE interfaces forms a fundamental requirement for the work undertaken
here, The ISO model for "Open Systems Interconnection" (dSI), vhich
has a strong bearing on current vork done in the areas of distributed

computing and digital communications, vas also studied in some depth.

The second cafegory cdnsists of literature produced as a result of the
first, Much of it is tutorial by nature, the authors Being closely
~associated with development of the standards in question. Their
contributions aid in grasping thecconcepts behind the standards.  Examples’
are H.C. Folts who vas instfumental in the'developmentiof X.21, and

H. Zimmermén vho chaired the IS0 éommittee on Open Systems Interconnection.
Many of the other authors répresent PTTs and manufacturers vho are
conberned witﬁ the implementation of the standards of interest. Their
contribution is valuable when forming an opinion as to the capabilities

" and limitations of the proposed standards.

1.3 OBJECTIVE

~ The aim of tHis thesis is to design and construct a unit-to do conversion
between the X.21 and V.24 interfaces.  This unit should be able to operate
in the following two modes: |

a) X.21 interfacing to a DCE and V.24 interfacing to a DTE, and

b) X.21 interfacing to a DTE and V.24 interfacing to a DCE.

The unit should allow data transmission at the speeds of 1200 bits/sec,
2400 bits/sec, 4800 bits/sec and 9600 bits/sec, and should give an indication

of the current state of the interfaces.



2. COMMUNICATION ACROSS THE DTE/DCE INTERFACE

2.1 BACKGROUND
The.DTE/DCE.interface is traditionally defined as existing at the
line of demarcation of responsibility between the users of data
terminal equipment (typically déta processing systems composed of
anything from simple terminals to hostjéombuters) and tﬁe.administratioﬁ__
providing the data circuit‘terhinating equipment (such as modemsjaﬁd
associated equipment). Thig line of demarcation of responsibility is
referred to as th? interface point or interchange point, and its

physical position is usually associated with the connector joining

the cable between DTE and DCE. ' .

Communication across the intérchange point is in binary digits and,
data may be transferred either ip serial or parallel form, althoﬁgh
serial transmission is the norm. Information transmission across
phé interchange point is on interchangevcircuits which carry up to
.thfee kinds of information : data, control and timing. The timing
and control circuits are required to transmit the information on the
déta circuits across the interface. Where timing information is not
transmitted, communication ig known as asynchronoué; Synchronous

- communication (used for highér volume traffic) requires the transfer

of timing information across the interface.

The behaviour aﬁd significance of the signals transmitted on the
interchangé circuits is governed b? a set of rules known as a
comﬁunicafions proﬁocol. -Various protocols exist and their use
depénds on several factors, such as the equipment manufacturer, the
application, the rate of data transfer required and the type of network
being used. Until recently, the popular medium for data transmission

.

was the public telephone network, and emerging protocols were designed
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vith this in mind. Serial data is transmitted over the PTN
in three ways: |
i) duplex (full duplex) or two-wéy simultaneous transmission;
ii)v half duplex or twd—way alternate transmission;
and

iii) simplex or one-way only transmission

(With an international increase in the.volume of data transmitted,
several PDNs have emerged and with them, protocols designed -
specifically for PDNs. The tendency has been for these networks -

to be full duplex, vhich is reflected in the DTE/DCE interface).

Data transmission over thelfelephone netvork may employ thfee
" methods of call establishment:

]

i) manual dialling, where an operator will dialiﬁhe felephone
nuhber of his destination addréss (eg. a host computer) and
swvitch his‘terminal equipment to_line once the call is
established;

'ii) automatic dialling and answering, where the dialling function .
is performed us1ng a separate DCE 1nterface such as V.25

(not supported in thls country) to that used by the DCE; and

iii) the use of dedicated lines

When dedicated lines are used, the genefal trend is for a private
networkAto develop using the dedicated lines as ﬁrunks. With such
a network, the routiﬁ§ and switching of calls becomes a function
vhich is berformed by terminal equipment. This results in the user
carrying an overhead which is the responsibility of network

administrations when dial-up facilities are used. CCITT recommendation
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V.24 has evolved vith data.transmission over the felephone network
and therefo:e satisfies related criteria. It does not attempt to
cater for switching or routing functions, assuming the presence
of dial-up facilities or leased lines. |

Public data networks have emerged to fulfil switching and routing
functions, taking this overhead away from the user andbagain making
it the responsibility of the network administration. Apart from
this, the administration may decide to give its network value

" added. features which are not avéilable on the teiephone hefwurk.
- CCITT récommendétion X.21 makes allowance for tﬁe implemenfatioﬁ of

the following value added network features:
i) facility registration or cancellation;
ii) direct calling, or "hotline" facilities;
iii) abbreviated addressing;
iv) multiple address calling;
v) called line identification;
vi) calling line identification;
vii) closed user groups;
viii) redirection of calls; and
ix) 'the provision of charge advice

2.2 STANDARDISATION
International standardisation did not play a strong role in the
~design of early communications protocols, resultihg in a large number
of protocols vith many variations and inconsistancies. Some
manufacturers' protocols emefged as de facto standards, examples
being IBM's SDLC (synchronous data link control) and BSC (binary
synchronous communication) protocols. With the advent of PDNs, the
tendency has been for protocols to be developed by or under the
auspices of international standardisation bodies such as the ccITrl
and IS02,

1) International Telegraph and Telephone Consultative Committes -

2) International-Organisation for Standardisation

1
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Adopting such standards results in manufacturers designing equipment
according to a widely recognised specification with great compatibility

advantages over older protoéols.

The CCITT is an organisation éomposed of representafives

df the PTT administrationé of the various member countries. It forms
a part of the Internatiohal Teleéommunications Union of the UNESCO.
The CCITT ﬁublishes relevant standards in the form of recommendations
.which are the work of a number of study groups. Two of these groups
are of particular interest to the subjedt of this thesis : study .
group XVII, which publishes the V-series recommendations for data
transmission over the telephone network, and study group VII which

publishes the X-series recommendations for data transmission over

data networks.

The ISﬁ is an independent organisation composed of representatives

of the standardisation bodies of the member countries and does much .
vork on standardisatioh in thé data processing world in general. The
“CCITT and ISO co-ordinate their work to avoid duplication of effort.

A recent ISO publication (3,4) reflects modern trends in network
‘architectures, and should be used in definition and design of protocols

and networks.
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This pubiication, produced by‘subcommittea 16 of IS0 technical
committee 97 (data proceasing)'describes a basic reference model for
"Dpea Systems Intarconnection". This document defines the concept
of layered network architectures, which is central in the‘definitionv‘
of modern communications pratocols. Some of the basic concepts

of the 0S1 reference model are described in the following pafagraphs.
The 0SI reference model may be conaidered as aﬁmodqlar approach

to computer network architecture, breaking a.netWOrk ar end-user
systam into seven hierarchical modules or layers. Communication.
betweén layers of the sama system is only allowed up or down

the hierarchy between adjacenﬁ layefa. Communication befweenu
systema is only alloved on the basis of "peer pair" relationships:

" layers in one system may only communicate with layers of equal

hierarchical rank in other systems.

The top of the hierarchy (level 7 : the application layer)
is associated with a user application. Examples of the application

=]

layer are:

i) the operator of an automated banking terminal (a manual
application process); and
ii) a programme running in a computer centre and accessing a

remote data base (a computerised application process).

By way of example, if the automated banking terminal is directly
connected to the host computer, the following sequéncé of events

might take place. The operator would logon to thé host computer

-

and, after receiving an appropriate response enter an account
G -

number.
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The computer could respond with the name associated with the account
number and its balance. The operator could now enter transaction
data, to which the computer would respond with an updated balance.

Having completed the transaction the opefator would logoff,

A remote user of.the same system would go throughlthe same procedure
except that he might switch his terminal on-line and off-line in
additioﬁ to logging on and of £ the system.v The remote user, vhile
part of the application procesé, wvould be unaware of the presénce of
a network between hiﬁself_and the host. The connection betueen his
términal and the -host couldvbe a dedicated line, a circuit switched
circuit or a packet switched.virtual circuit wifhoUt it éffecting
fhe application process in an§ vay. The tér&inal application layer
vould communicate with the layer immédiatély belov it, This layér
would similarly communicate vith the layer immediately below it and.
~in this wvay a chain of communication between edjacent layers_would
be established doun to the third level of.the 0SI model, uhich is
responsible for call establishment across a network., (It is at

- this level that the distihction bgtween‘different vays of establishing
a connection becomes obvious).

At the host compute: side of the network,‘the reverse proéess takes
place, where communication is upwards to the applicatiﬁn programme,

again via consecutive layers of the 0SI hierarchy.

The lower levels prﬁvide level 7 with the services required by the
applicatioh. Layer 7 prbvides a "window" thfough vhich the application
process communicates with other application processes, without

being aware of the presence or function of the lower layers. Each

layer "adds value" to the services provided by the layers below it.



0f particular interest to those involved with PDNs are the lower
three~léyers, as these provide the medium for transport of the data
generated and received by.communicatihg application processes and
therefore must be pfovided by the PDN. The descfiption of protocols
fqr information interchange across the DTE/DCE4interFace covers
:areas falling into ail threefof the lower layers. The following
definitions of the'nétwork, data link and physical layers are Frbm

reference (3).

LAYER 3 : THE NETWORK LAYER

This layer provides the means to establish, meintain and terminate

network connections between separate systems, the application

processes of which require communication vith each other. 1In doing
so, it rélieves higher layers of the routing and switching

" consideration associated with the establishment of é given network

| connection. It makes invisible to the higher_layers how the network
layer uses Qnderlying resources, such as daté-link coﬁnections, to

" provide network connection.

LAYER 2 : THE DATA LINK LAYER

This layer provides the functional and procedural means to establish,

maintain and release data-link connections (built up of one or more
physical connections) among network entities., Its. objective is to
detect and, where possible, correct errors which may océur in the
physical layer. ‘This layer giQes the network layer the ability to
request assembly of dété circuits within the physical'layer (i.e.

to control circuit-switching).
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LAYER 1 : THE PHYSICAL LAYER

' The physical layer provides mechanical, electrical, functional and

- procedural characteristics to activate, maintain and deactivate
o
physical connections for transmission of bitstreams between the

entities Of a data link. This is the lowest level of the OSI

hierarchy.

The description of the physical layer in terms of the four

charactegistics mentioned above is common practise and is adopted
o .

here. It is important to realise that functional and procedural

characteristics of an interface are not restricted to the physical

layer only, but may cover higher layers as well.



31 ‘X.21 ? DESCRIPTION

3.1 OVERVIEW
CCITT recommendation X.21<describes én interface suitable for use on.
bsynchronous, circuit switched full duplex publié dafa networks. The
interfaée is described in terms of a quiesceﬁt phase and a call confrol
phase. The call control phase ié divided into call establishment,

data transfer and call'cleafing.

The_quiesceht phase, describing fhe'interface when no data is being
transferred and no atFempt ié being made at éstablishing or answeriﬁg

a call, falls within the ph&sical laYer of the OSI model. When bo;hi
sides of the interface are ready, a transitién may be made from the
quiescent phase to the call control phase. This happens either when
‘the DTE indicates a call request or the DCE indicates the presehée :

of én incoming call. Once a call has been established the data tr;nsfe;

phase is entered.

Egit from the data transfer phase is via the cail clearing phase, after
which the interface reverts fo the quiescent phase. The call control
phase is covered by thg link and network 1ayers of the 0SI model. During
" data transfer thever, all link and network level funcfions fall away,
leaving a fﬁll duplex phyéiéal circuit between end—useré. The
significance of this is that end~users are free to implemént any higher

level protocol they wish to during data transfer.

In this chapter, X.21 is described in terms of the OSI model rather

than emphasising the split between quiescent and call control phases.

3.2 THE X.21 DOCUMENT
The 1980 revision of CCITT recommendation X.21 is a document consisting

of:



i) descriptive text covering the physical and call control elements

of the interface;

ii) a Serieé of state diagrams formally describing'the'ﬁrocedural
elemengs of the protocol; and

iii) a series éf énnéxes of secondary importance to understanding the
protocol, but essential for its implementation. These anne#es

~ cover [such aspects as DTE time-limits and DCE time-outs, format

of selection signals and recognised transitions between states.

The main elements of procedure afe defined in terms of the state
diagrams, with the text serving only as a backup and not as formal
definition of the protocol. The text often refers to other standérds
and recommendations. Table 3.1 provides a cross'reference 1istingna11

_ recommendations referred to by X.21, along with the context in which

the reference was made.



RECOMMENDATION OR
STANDARD '

CONTEXT IN WHICH REFERENCE WAS MADE

CCITT V.3 :
INTERNATIONAL ALPHABET
NO. 5

CCITT X.1 INTERNATIONAL
USER CLASSES OF SERVICE
IN PUBLIC DATA NETWORKS

CCITT X.2 : INTERNATIONAL
USER SERVICES AND FACILITIES
IN PUBLIC DATA NETWORKS

CCITT X.4 : GENERAL
STRUCTURE OF SIGNALS OF
IA 5 CODE FOR DATA
TRANSMISSION OVER PDNs

CCITT X.21 BIS: USE ON
PDNis OF DTE DESIGNED
FOR INTERFACING TO
SYNCHRONOUS V-~SERIES
MODEMS

CCITT X.24 : LIST OF
DEFINITIONS FOR INTER-
CHANGE CIRCUITS BETWEEN
DTE AND DCE ON PDNs

CCITT X.26: ELECTRICAL
CHARACTERISTICS FOR UN-
BALANCED DOUBLE-CURRENT
INTERCHANGE CIRCUITS FOR
GENERAL .USE WITH INTE-
GRATED CIRCUIT EQUIPMENT

CCITT X.27: ELECTRICAL
- CHARACTERISTICS FOR
BALANCED DOUBLE-CURRENT
INTERCHANGE CIRCUITS FOR
GENERAL USE WITH I.C.
EQUIPMENT

CCITT X.29 : HYPOTHETICAL
REFERENCE CONNECTIONS
FOR SYNCHRONOUS PDNs

CCITT X.96: CALL PROGRESS
SIGNALS 'IN PDNs .

ALIGNMENT OF CALL CONTROL CHARACTERS
ERROR CHECKING

SERVICES TO BE PROVIDED BY PUBLIC
DATA NETWORKS

FACILITIES TO BE PROVIDED BY PUBLIC
DATA ‘NETWORKS

- ERROR CHECKING

" INTERWORKING BETWEEN X.21 AND V.24-

TYPE DTE

DEFINITION OF FUNCTIONAL CHARACTERIS-
TICS FOR X.21

DEFINITION OF ELECTRICAL CHARACTERISTICS
FOR X.21; FAULT CONDITIONS ON INTER-
CHANGE CIRCUITS

DEFINITION OF ELECTRICAL CHARACTERISTICS
FOR X.21; TFAULT CONDITIONS ON INTER-
CHANGE CIRCUITS

REFERENCE CONNECTIONS FOR PDNs

DEFINITION OF X.21 CALL PROGRESS
SIGNALS

- TABLE 3.1 (CONTINUED OVERLEAF)




RECOMMENDATION OR
STANDARD

CONTEXT IN WHICH REFERENCE WAS MADE

CCITT X.121 : INTERNATIONAL

NUMBERING PLAN FOR PDiis

CCITT X.150 : DTE AND DCE
TEST LOOPS FOR PDNs '

ISO 4903 : DATA COMMUNI-
CATION 15-PIN DTE/DCE
INTERFACE CONNECTOR AND
PIN ASSIGNMENTS

INFORMATION CONTENT AND CODING OF
SELECTION SIGNALS

DEFINITION OF TEST LOOPS

DEFINITION OF MECHANICAL CHARACTE-
RISTICS FOR X.21

RECOMMENDATIONS AND

TABLE 3.1 (CONTINUED)

STANDARDS REFERRED TO BY X.21

3-4



3.3 THE PHYSICAL LAYER
- The physical layer of this-interface is defined mainly by reference

‘ito other standards and recommendations.

,{ 3.3.1 MECHANICAL CHARACTERISTICS |
The most Hasic elements ofbthe physical layef are its meéhanical
character%stics. ‘One of the most important mechanical characteristics
for standérdisation is the DTE/DCE interface connector defined by
IS0 4903 45). Figure 1 illustrates the DCE half of this connector
in detailf The pin assignméntSwof the interface connector defined

bvaSO 4903 also form part of the mechanical chéracteristics, and

are listed in Appendix D.

A fufther mechanical chéracteristip for definition isvthe Eositian
of the_interface connector, defining the line of demarcation of
responsibility between DTE and DCE. CCITT recommendation X.24 uses
the connector to define the physical position of the inte;face. X.24
goes further to say that the connector need not physically be attached
to the DCE, but may be mounted in a fixed position near>the DTE. The

female part of the connector belongs to the DCE.

An interconnecting cable is normally provided with. the DTE.
Its length is defined with the electrical characteristics of the
interchange circuits, as cable length is a»factor governing the

maximum attainable data transmission speeds across the interface.

3.3.2 ELECTRICAL CHARACTERISTICS
The electrical characteristics of the interface are specified by
reference to CCITT recommendationsX.26 and X.27, which describe

electrical characteristics for double-current interchange circuits (6,7).



These recommendations differ in that X.27 specifies a balanced inter-
change circuit allowing higher transmission speeds ihan X.26 vhere

the interchange circuits are unbalanced. The two recommendations are

- compatible and may interwork when transmission speeds inside the

X.26 range are adhered to. These speeds are'specified in CCITT

recommendation X.1l, and are listed in Table 3.2 below.

A . .
USER CLASS ' DATA SIGNALLING RATE ADDRESS SELECTION
OF SERVICE : AND CALL PROGRESS
SIGNALS

3 600 bits/sec 600 bits/sec, IAS+
4 2400 bits/sec , - 2400 bits/sec, IAS
5 4800 bits/sec 4800 bits/sec, IA5
6 ' 9600 bits/sec 9600 bits/sec, IAS5
7 » 48000 bits/sec 48000 bits/sec, IA5 ’

+ IA5 : INTERNATIONAL ALPHABET NO. 5, AS IN CCITT RECOMMENDATION V.3 (10). .

CTABLE 3.2



Both recomﬁendations describe»the interface in terms ofvgenerators,
interconnecting cable and recéiversp Both describe the same
_;bélanced (differential) receiver, but X.26 has an unbalanced génerator
és opposed to the balanced generator of X.27. X;27 uses a signal
conductor ﬁnd a return conductor for each interchange.circuit,

while X.26Euses one signal conductor per interch#nge circuit and /
a common return in each direction of transﬁission. X.26 allows
'transﬁissidn speeds up to 100 k bits/sec with a cable length of

10 metres and up to 1 k bit/sec at 1000 metres. X.27 allows
transmission speeds upvto 10 Mbit/sec at 10 metres, apd 100 k bit/

sec atv1009 metres. (These are conservative estimates based on
empirical éata). Both recommendations are intenaed for DTEs and

DCEs implemented in integrated circuilt technology.

The data signal condition O (spaéé) op'an interchange circuit 1is
indicated by a voltage positive with respect to the return
conductor,vwhile a 1 (mark) is represgnted by a negative voltage.

 0n timing and control circuits, binary 1 and O indicate OFF and ON
conditions respectivel&. Signal conditions in both recommendations
are specified at the generators and at the receivers but not at the
interchange point forming the line of demarcation of responsibility

between DTE and DCE. This has been identified as a potehtial source

of conflict between the owners of DTE and DCE respectively (8).

Recommendation X.21 specifies the use of X.27 on the DCE side of the
interface at all times, and at the DTE side of the interface for
~transmission speeds above 9600>bits/sec{ Up to 9600 bits/sec the

¢

DTE may conform to either X.26 or X.27.



3.3.3 FUNCTIONAL CHARACTERISTICS
The functional characteristics of the X.21 interface are defined
by reference to rec@mmendation X.24.
' Table 3.3 is taken from the X.24 recommendation, and lists the

interchange circuits with which the X.21 interface is implemented.

INTERCHANGE | = INTERCHANGE . DATA CONTROL TIMING
BégggélTION CIRCULT NAME FROM 10 FROM T0 FROM TO
DCE DCE - DCE - DCE DCE DCE
G Signal Ground
or Common
Return
Ga DTE Common | | X
‘ Return v ’ B :
T Transmit ' . X ' X
R -Receive X X
c Control N i o X
1 Indication ' , X
S ' Signal Element ‘ ' : ' X
Timing v _
B Byte Timing : : , X
TABLE 3.3

X.21 INTERCHANGE CIRCUITS




"CIRCUITS G AND Ca:

vCircuit G is used to connect the zéro—&olt.reference point of a
generatof té that of a receiver. This connection is not used

. | .
- with X.26 aﬁd is optional with X.27. When used, it may be
connected to protective ground at will within the DCE, to minimise

noise or to! meet with national safety regulations.

Ga forms the DTE common return when implementing X.26.

CIRCUITS T AND C:

When C is ON, the signals on T are data being transmitted to the DCE.
When C is OFF, T transmits ‘control signals. Both these circuits

are monitored by the DCE for electrical fault conditions.

CIRCUITS R AND I:

When I is ON, the signals on R should be interpreted by the DTE
as data relayed by the DCE from the distant DTE. When I is OFF, the
DCE transmits control signals to the DTE on R. The DTE should monitor

both signals for electrical fault conditions.

CIRCUITS S AND B:

The DCE transmits timing information (i;e.'a clock signal) on S at
ail'times that the timing source is capable of generating this

' information.- The DTE presents binary signals on T and conditions

on C in which the transitions occur when S goes from OFF to ON.

The same conditions apply to the DCE signals on R and I. Circuit B

is provided to give 8 bit byte timing information. It is optional with
X.21 and will only be usea by some administrations. Its use is not
generally required, as character synchronisatién will be provided by the
network's transmission of‘éynchronisation characters over R in the

~

control state.
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3.3.4 PROCEDURAL CHARACTERISTICS

3.3.4.1 EXPLANATION

-

The state diagrams used by the CCITT in defining'the X.21 interface
are associated with the concepf of an.interface machine. Although
the recommendation makes né méntion of this, the-useipf an interface
machine implies that each side of the interface has been represented
as a finite state machine (FSM) formally defined as a set with fiye

elements.

. FSM = (S, 1S, 0S, FNS, FOUT),where

S 1s a finite set of all the states permitted to occur durlng the
operation of the interface;

IS is a finite set of all the legitimate inputs to the FSM;

0S is a finite set of all the legitimate outputs from the FSM;

FNS : S.I -+ S' is the next state function, mapping current (state,
input) pairs into the next state; and

FOUT .: S.I » OS is the output function, mapping current (state,
input) pairs into the current output. (Static output as well
as pulsed output signals, such as messages, are allowed).

Each valid combination of inputs from IS and outputs from 0S defines

a unique state belonging to S. The combination of the current state
and a change in inputs'results in the FSM being ﬁapped into a new
state by FNS, the next state function. A corresponding set of outputs

<

determined by FOUT is simultaneously generated.

The X.21 interface may be represented as two finite state machines

with the following input and output sets:

DTE : s = (r,i) , . 0s = (t,c)
DCE : IS (t,c) 0s (r,i)



where t,c,r,i, repfesent the signals on circuits T,C,R and I
respectively. The sets FNS and FOUT determine the behaviour of the

DTE and DCE, being derived from the X.21 definition.

- The behaviour of an interfacé may be modelléd using the concept of an
interface machine (95 and'represented grapﬁically using state
tranéition diagrams. The inferface machine uses the signals generated
by both sides of the interface as its input set and has no outputs.

" Its behaviour is mapped by a finite set of states connected by a
finite number of legitimate transitions which may be initiated by
either side of the interface.. A transition is caused by a éhange.in
the input set to the interface machine. The use of the interface

machine is limited to situ?t%pns where the transmission medium does
not introduce delays and where communication is in .the half duplex

mode. On Fhe whoie, these coﬁditions are met by the X.21 interface,"
wherg transmission delays may be ignored and transitions between
states are initiated by either side of the interface in two-way
alternate fashion.

When both sides of the interface act simultaneously, éausing a

"collision" as in state 15 of figure 3, the interface machine gives

a poor representation of the behaviour of the interface.

3.3.4.2 DESCRIPTION

-The physical layer procedural aspects of X.21 cover the following

areas:



. the X.21 quiescent phase;
. the data transfer phase;
the call clearing phase, which involves physical level handshaking

across the DTE/DCE interface; and
the implementation of dedicated circuit interfaces which only
operate on the physical level.

‘These four areas are covered in this section.

a) The Quiescent Phase

Figure 2(a) gives an explanation of the state diagrams used by the
CCITT in defining the behaviour of the X.21vinterface machine. Figure
»2(b) shows the set of valid states for the X.21 qﬁiescent phase, as
well as 1egitima§e inter-state transitions. VThe quiescent phase méy
. be entered after termination qf the call controlior data transfer“
vphases by call clearing, or as a result 6f fault conditions. It may
only be left via the READY éTATE.

Figure 2(b) shows that both the DTE and DCE finite state machinesi
>may generate outputs corresponding to READY and NOT READY conditions,
with the DTE being either CONTROLLED or UNCONTROLLED while NOT READY.

This creates six valid quiescent states.

X.21 does not suggest uses for the CONTROLLED NOT READY condition.

Two instances when this condition would be likely to apply are:

i) when the DTE is in local mode; and
ii) when the DTE is involved in interaction with an operator to

generate selection signals.



-

Table 3.4 (below) summarises some of the information éf figure 2(b),

using FSM/interface machine notation.

DTE FSM INTERFACE MACHINE DCE  FSM
IS(r,i)] 0S (t,c) s IS (t,c) | 05 (r,i)
1,0FF 1,0FF READY 1,0FF 1,0FF
1,0FF {01,0FF DTE CONTROLLED NOT READY |O1,OFF 1,0FF

. DCE READY

1,0FF | 0,0FF DTE UNCONTROLLED NOT - 0,0FF “1,0FF
READY, DCE READY

0,0FF | 1,0FF DTE READY,DCE NOT READY 1,0FF 0,0FF

0,0FF }01,0FF DTE CONTROLLED NOT READY,}|01,O0FF 0,0FF
DCE NOT READY :

0,0FF | 0,0FF DTE UNCONTROLLED NOT 0,0FF 0,0FF -
READY, DCE NOT READY

TABLE 3.4 |

c

INPUT AND OUTPUT STATE SETS FOR DTE AND DCE DURING QUIESCENT PHASE
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For the conditions on t,c,r,i to be interpreted as valid, they
must be kept steady for at least 24 periods of the signal on S,

or detected for at least 16 periods.

'b) The Data Transfer Phase

The interface may leave the quiescen; phase to enter the X.21 call
.control.phasé; This makes use of link and network layer fé;tufes,
which fall away completely once data transfer is reached. The X.21
protocol is designed to provide a transbarent full dﬁpiex circuitb‘.
during dafé transfer, allowing ﬁ;ers the freedom of choosingbany
higher level protocols or network architecture they wish to. This

favours the use of X.21 as the physical layer of different protocols

and_ network érchitectures, such as X.25 and SNA (10,2).

Although X.21 is primarily intended to provide a full duplex circuit

between end-users, half dupléx operation is also supported.

Figure 6 shows how a two point dedicated line is implemented, as well
as 1llustrating how half duplex operaﬁion may be achieved. If state

13 (DATA TRANSFER) is omitted, figure 6 represents an interface

| implementing half duplex data transfer. The idle state 1is the X.21

READY condition with both sides transmitting (1,0FF). Either side of
the interface may transmit data (D,ON), .provided that the ofher side

is presenting the READY condition.
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Recommendation X.21 treats thé case of half duplex data transfer

:; on the switched circuit service in the context of V.24 equipment
3being coupled to the network via a X.21 bis interface, where the

ipossibility.of half duplex operation érises on the DTE side. Two

. I . ’
solutions are allowed to this problem.
| ‘ v

i) During ithe data transfer phase X.21 bis circuits 109 (CARRIER

|
DETECTED) and 105 (REQUEST TO SEND) are logically connected with
X.21 circuits C and I respectively, via the data network, as shown
in figpre 5. X.21 does not specify how this '"logical connection"

|
i
is established. By implication it is left to the network to establish

|
by whatever method suits the signalling system used. ihe
implementation of this 1ogi;a1 connection allows the realisation
of half duplex transmission as described above for the case of leased
lines. When the X.21 DTE signals (t, c) = (D, ON) to transmit
data, the network will cause the X.21 bis DCE to signal circuit
109 (CARRIER DETECTED) ON, indicating that the V.24 DTE should
expect to receive déta. When the V.24 DTE signals circuit 105
(REQUEST TO SEND) ON on the X.21 bis interface, the network will
cause the X.21 DCE to sigﬁal (r, i) = (D, ON). The X.21 DTE
should no& signal (t, ¢) - (1, OFF) if it is not already doing so,
causing the network to switch the X.21 bis DCE circuit 109 (CARRIER
DETECTED) OFF. The X.21 DTE should now be ready to receive data
from the network. When the V.24 DTE signals circuit 105 (REQUEST

TO SEND) OFF on the X.21 bis interface, the network should cause

the X.21 DCE to signal (r, i) = (1, OFF).

ii) Alternatively, the X.21 DTE shall signal READY FOR DATA (t, c)
= (1, ON), when the X.21 bis DTE signals circuit 105 (REQUEST

TO SEND) OFF, effectively substituting the condition (1, ON)
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for (1,0FF), in figure 6. This permits half duplex wofking for

bTEs npt:requiring circuit 109 (CARRIER'DETECTED)'to be off’before‘
lzgignalling 105 (REQUEST TO SEND) ON. |

As recommendation X.21 does not define explicit procedures for.

the impleme%tation'of half duplex inﬁerfacés on the switched service,
but only gives the above gﬁideiines in the context of implgménting

a X.21 bisg inteffacé, it is up to the iocal administration to
decide on the exact metﬁod of realising half duplex tréﬁsmission'

on the swifched service.

g

c) The Cail Clearing Phase | o S
The data.tgansfer phase may be terminated either by the DTE or'by .
the DCE (i.e. by the femote DTE). When the DTE initiates clearing,
it transmits_é CLEAR REQUEST (0,0FF).. The DCE responds with CLEAR -
CONFIRMATION (O,IOFF),. foliowed by DCE READY (i,OFF). The DTE then
signals READY (1,0FF) and thé interface assumes the READY state,

<

as shown in figure 4.

The DCE clears by signalling CLEAR INDICATION (0,0FF). The DTE
responds with CLEAR CONFIRMATION (0,0FF) after which the DCE indicates
READY. The DTE follows suit and the interface again enters the

READY state.

- The clearing sequence may be entered from any state except READY,

and may be initiated by either side of the interface.



d) Dédicated Circuits

The X.21 dedicated circuit interface of figure 6 covers only the
physical layer of the OSI model, containing no link or network
layer features. Tﬁis interface allows the implementation of point
to pbint and centraliséd muitipoint dedicatedvcircuits. With
centralised multipoint working (the configuration of figure 7) the
data transmitted by the centrél DTE is delivered to all remote
DTEs ana the data transmitted by the.remotg DTEs (one by one as
determined by the data- link protocol) is delivered to the central
DTE. While the transmitting party is in state 13 S,the receiving .
party 1is in state 13 R of figure 6. Dufing state 13 the central
DTE sends data to all remote DTEs while the remote DTEs tr;nsmifv

to the central station, one by one as determined by the data link

protocol.

3.4 THE LINK LAYER |
3.4.1  SYNCHRONISATION

The handshaking protocol of the call control phase shown in figure
3 is character orientated. Synchronisation between DTE and DCE is
required to ensure that characters are defined between specific
limits and also so that entfy and exit from states may be made on
character boundaries. The byte timiﬁg information proviged by the
DCE of some networks on circuit B may be used to this end, but is not
of genéral value as it will not be universally adopted. Recommendation
X.21 requires all networks tb transmit synchronisation information
on circuit R at the start of the call control phase. Tﬂe IAS cﬁaracters
“+" and "BEL" in states 3 and 8 of figure 3 must be preceded by a
minimum of two "SYN' characters. These should be used by the.DIE to
élign itself with the DCE for the rest of the call control pha;e.
Subsequent "SYN" trahsmissions by the DCE may be used by the DTE to check

“synchronisation.



Once the end to end connection has been established and both DTEs
‘are in the DATA TRANSFER PHASE (state 13), they are responsible
for establishing their own alignment as X.21 link layer functions

fall away once the call has been set up.

3.4.2 ERROR DETECTION AND CORRECTION

Besides being résponsible for synchronisation, the link layer must
detect and possibly correct errors which may occur within the
‘physical layer. Normally, the 1iﬁk layer is required to perform
its functions on a data link between tw§ points having a significant
physical separation. In the case of X.2t1, tHe link layervoperates
across the interface between DTE and DCE, whiqh is usually.onlyra
small distance. The probability of errors occurring on this

short liﬁk is minimal under normal Qorking conditions.

CCITT recommendation‘x.21 specifies the use of IAS charactefs with
oneparity bit (oddparity) | for error checking. No provision is
made for error correction, other than the possibility of clearing the
call and retrying, as a result of incorrect (or no) responses being
.recelived on transition to a new state. This action is further

explained in section 3.5.

Once the eﬁd-to-end connection haé been established and both DTEs
are in the DATA TRANSFER PHASE (state 13), they are responsible for

establishing their own error detecting and correcting procedures.

3.5  THE NETWORK LAYER
The network 1ayer.of X.21 provides a call control phase (figure 3)
thch‘is entered from the quieséent phase via the READY state. The
call control phase is normally_terminated by the daté transfer.phasé,

when all link and network layer features of X.21 fall away.
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At any stage during call establishment, the clearing phase may

be entered and the interface returned to the quiescent phase.

The cail establishmént phése of figure 3 appeafs to be based on the
way a normal dial-up teiephone call is established. The READY state
corresponds to the on-hook condition, and the CALL REQUEST and
INCOMING CALL states to someone lifting a‘handset fo—hook before

_ dialling, and a telephone riﬁging. Seleétién signals correspond

to dialling impulses, and the states immediately preceding data
transfer may be compared to the various tones generated byvé telephone
network. The CALLVACCEPTED state corresﬁonds to a person lifting'

the handset off-hook when answering a ringing telephone.

In the following paragraphs, call establishment, facilities
available with X.21, and the role of time-limits in controlling the

network layer are discussed.

3.5.1 CALL ESTABLISHMENT
The call establishment procedure starts with the interface in the
READY state. From this point a call may be either requested or

received.

When a call is to be made the DTE initiates. the procedure by
signalling CALL REQUEST (0,0N). The DCE responds with PROCEED TO
SELECT (+,0FF). The DTE now traﬁsﬁits SELECTIgN SIGNALS (IA5,0N)
to indicate the address of the called party and other relevant

information, followed by DTE WAITING (1,0N).
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vThe DTE now waits for the DCE to respond with READY FOR'DATAF
(1,0N).m If the DCE does so, data transfer can take place (staté
13). However, while the network is busy connecting the call, the
DCE may pro#ide the DTE with information és to how thgvcail is

| progressing (states 6,7/10 aﬁd 11 : DCE WAITING, DCE PROVIDED

INFORMATION, CONNECTION IN PROGRESS respectively).

Depending on how long it takes to connect the call and on the
facilities requested by the DTE, all or some of these states
‘may be entered into and the relevant information transmitted to .

the DTE before state 12, READY FOR DATA;'is entered.
In thé event of the bCE beiné unable to éstablish a.call requested

by the DTE, it will providevinformation in the form of CALL PROGRESS -
SIGNALS to the DTE, indicating why the call is not being established.
These CALL PROGRESS SIGNALS (state 7/10) may be followed either by

a DCE CLEAR INDICATION or by DCE WAITING, depending on what the -
factors impairing call establishment are. (Appendix C contains a
list of CALL PROGRESS SIGNALS with their codeé, while Appendix B
shows the format of all DCE provided information). The DCE PROVIDED
INFORMATION (state 7/10) may also include CALLED LINE IDENTIFICATION

if requested by the DTE.

(See Section 3.5.2 : Facilities).

Wigh an incoming call, tﬁe sequence again starts with the interface
in the READY state. The DCE signals INCOMING CALL (BEL,OFF) and the
DTE responds with CALL ACCEPTED (1,0N). As before the DCE could
respond to this with READY FOR DATA, but .it could also go through.
states 6, 10 bis and 11 (DCE WAITING, DCE PROVIDED INFORMATION,

CONNECTION IN PROGRESS) before entering state 12, depending on how
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long it takes to conmect the call and on the facilities provided

by the DCE.

The DCE ?ROVIDED INFORMATION may include CALLING LINE IDENTIFICATION

or CHARGING ADVICE.

In the eyent'of a CALLVCOLLISION (étate 15), where an INCOMING
CALL coincides with a CALL REQUEST, the DTE is given pr;ference
‘and the incoming call refused. State 3, PROCEED TO SELECT, then
follows the collision and the normal call request sequence is

completed. S o R _ -

3.5.2 FACILITIES
Recommendation X.21 allows the user to take advantage of.a number
of oétional facilities provided by the network. These facilities
 are:
i) facility registration and cancellation;
ii) direct call;
iii). abbreviated addressing;
iv) multiple address éalling;
v) called line identification;
“vi) calling line identification;
vii) closed user group;
viii) rédirection of calls; and

ix) charge advice.

Depending on the network implementation of X.21 and on the facility
concerned, the user may activate the desired facility either when
subscribing to the network, or via his terminal at any time he

wishes to.
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* FACILITY REGISTRATION OR CANCELLATION: .

This is done by the DTE making a call to the network. Dufing staﬁe
"4, SELECTION SIGNALS, the DTE indicates the nature of the facility
required by using a special selection sequence. The network responds
with the agpropriate CALL PROGRESS SIGNAL to ihdicate acceptance or

rejection of the registration/cancellation actions, and then

terminates [the call by signalling CLEAR INDICATION.

DIRECT CALL:

A user whofis registered for the direct call facility can make diréct
! . :

calls to ajpredetermined address by responding to PROCEED TO SELECT

(state 3) with DTE WAITING (state 5), instead 6f.giving SELECTION

SIGNALS (state 4). When this facilitf is provided on a per-éall

basis the user may either go through the normal selection sequence,

or make direct calls,

ABBREVIATED ADDRESSING:

c

This is used to represent a designated full address with a reduced
number of characters. This facility would be used where the designated

addresses are frequently accessed by the DTE.

MULTIPLE ADDRESS CALLING:

This facility may be used to establish conference or broadcast types

of communication. .

CALLED LINE IDENTIFICATION

When this is requested, the network verifies the address of the
called party during state 7/10 : DCE PROVIDED INFORMATION. This

allows the user to detect when his call is being redirected.
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CALLING LINE IDENTIFICATION:

This feature enables a DTE to prevent calling parties from gaining
unauthorised access to its address. The network identifies the

calling party during state 10 bis : DCE PROVIDED INFORMATION.

CLOSED USER GROUP:

A subscriber in a closed user group generally communi cates only
with other members of his group. He does not have free access

“to the rest of the network; nor can the rest of the network access
"him. (There are variations of this concept, allowing some members

of the group outside communication). -

REDIRECTION OF CALLS:

The sbbscriber may have the network redirect all incoming calls to
another address (eg.outside normal office hours), by prior

arrangement with the network.

CHARGE ADVICE:

If desired, the network will call the DTE within 200m Sec of the.
termination of an outgoing call and indicate the cost of the call

during sta€e 10 bis : DCE PROVIDED INFORMATION.

Apart from the facilities already defined, new facilities may be

added to the network as the need is identified.

3.5.3 DTE TIME-LIMITS AND DCE TIME-OUTS
X. 2i contains details of time-limits and time-outs to be used to
resolve deadlock situations resulting from equipment malfunctions
on either side of the interface, or from infrequently encountered

collisions on the interface. The following examples illustrate

thelr use.
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_Affer the DTE signalé CALL REQUEST, the network should fespond
within three seconds with PROCEED TO SELECT. If this signal is not'
received within the specified time—limiﬁ, the DTE shouid return to
the READY condition. Another example is the two second time-limit
imposed on the DCE to respond to CALL ACCEPTED (state 9) either with
READY FOR DATA or wifh DCE CLEAR INﬁICATION. If the bCE responds

with DCE PROVIDED INFORMATION (state 10 bis) the time-limit is reset.

If this time-limit expires, the DTE should signal DTE CLEAR REQUEST.

After the DCE ;ignals PROCEED TO SELECT (state 3?, two simultaneéué
time-outs are started. The DTE Has 36.seconds to send the>comp1ete
selection signal, and 6 seconds within which to respond with the
first selection character. The 6 second time-out is reset every
time a selection character is réceived. If either time-out expires,
the DCE will signal DCE CLEAR INDICATION, which may be preceded by

an appropriate CALL PROGRESS SIGNAL.

The shorﬁest time-out is started by a DCE CLEAR INDICATION. The
DTE has 160 ms to respond with a CLEAR GCONFIRMATION. The DTE must
~also respond with READY, inside 100 ms of the DCE .indicating DCE
READY.

A full list of time-limits and time-outs is given in Appendix E.

3.6 TEST LOOPS
To assist with the locati§n of faults on interconnections, X.21
specifies three test loops from recommendation X.150, which defines
a family of test loops. These test loops are illustrated in figure

8 and serve the following functions.
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" LOCAL TEST LOOP - LOOP 3

’ ;Signals (t,é) are presented on circuité (R,I) of the local DTE/DCE
'%interface when this loop is activated. The DTE uses it to verify
vioperation‘of the DTE/DCE interface. At present, manual control
vbf this iobp from the DCE is suggested, with automatic operation .

!
being a possible future extension.

NETWORK TEST LOOP ~ LOOP 2

This loop ks activated in the remote DCE. Again, (t,c) are presented

on (R,I).f The DTIE uses this loop to verify operation of the
| . .
network circuit as far as the remote DCE. It may be controlled

manually from the DCE, automatically from the network or ahtomatically

from the remote DTE. The method for automatic control of this loop

is left as a national option.

DTE TEST LOOP - LOGP 1

This loop is activated inside the DTE itself and is under full control

of the DTE. It is used to verify operation of the local DTE. .

3.7 ADVANTAGES AND SHORTCOMINGS

One of the major advantages in the use of X.21 as opposed to existing
protocols is that it has been developed specifically for use with
public data networks. This makes it possible to take advantage of

- facilities offered by a PDN, as shown in section 3.5.2.

As most administrations developing circuit switched PDNs are showing
a strong interest in the X.21 interface, it appears likely to become
at least very widely, if not universally accepted. This offers a

significant compatibility advantage.

3-25
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The following factors are obvious advantages over any alternatives

for the same application (8,.11, 12).

1) Improved physical layer characteristics

X.21 uses a smnller interface connector than any'othei standard because
it requires fewer interchange circuits. This résultsiin fewer generators
and receivers being required and translates to a cheaper interface,

partitularly on the DCE side.

-

' X.21 has superior electrical characteristics to other interfaces,

allowing higher data rates-and far longer interface cables.

ii) Link Layer Features

fhe uée of a link layer in stpport ot'the_network.léyer results in a
‘character-orientated handshaking protocol with the ability to detect .
errors in ‘data transferred during call establishment; The link layer
suppotts the network inyer in nllowing the transfer of characters
across the interface to achieve fast, efficient call set—up.(typically

200 to 500 mSec) and direct user—network communication. (Older

standards require a separate interface for call set-up).

iii) Network Layer Features

c

- The most significant network layer feature of X.21-is the ability

to perform call establishment using the snme physical layer interface
as used for data transmission. Apart from this, the user may interpret
call progress signals and use the facilities mentioned in section

3.5.2 with his terminal. As new value-added network features become

available, they may easily be passed on to the user.



_iv) Documentation

The use of state transition diagrams in the formal definitidn of this
tecbmmendation, setves to provide a clear and comprehensive definition
df the intetface. There are few ambiguous areas.

Apart from the obvious disadvantage of the lack of compatibility

between X. 2’ and existing equlpment, for which X.21 blSlS intended as
an 1ntermed1ate soldtlon, the following shortcomings have been mentioned

regarding tris protocol.

|
1
t

S 1) vThe DTE is not aware of other calls queueing during the-data
transfet phase, nor is there'any fatility for network recall (13)

" (the ability of the terminal to communicate with the network during
data transfer). Network recall would howevet detract from the

transparent nature of this protocol after call setup.

ii) A more significant shortcoming isrthat the DTE cannot be made
‘aware of incoming talls or queueing while CONTROLLED NOT READY
(14). This is a relevant criticism as the CONTROLLED NOT READY
atate can be used to indicate that the DTE is in local mode,

when it might be desireable to switch the DTE to line to service

an incoming call.

iii) The use of time-outs to resolve deadlock situations has been
criticised. Razouk and Estrin (14) have developed a modified
interface machine for X.21 which does away with the need for

time-outs by introducing a small number of additional states.
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'iv) The method used by the DCE to indicate charge advice could
‘be improved on (13). A more elegant solution would have been
the incorporation of this facility as an option during the

clearing phase.

;
v) Yanoscﬂak (11) points out that poéf use is made of the network
by allowing the DTE to take prioritykin resolving call collisions.
This i5 true, but is done in case the DTE call is a matﬁer of

urgency. As the probability of a collision occurring is small,

network overhead due to this feature is negligible.

vi) West énd Zafiropulo (15) point out that the state transition
diagrams used to define X.é1 do not represent the behaviour of
the interface correctly during collisions. A better represeﬁtation
would have been gained by using separate staté transition
diagrams for DTE and DCE, representihg each as a finite state
machine.
These criticisms are jusfified and their consideration in future
revisions of X.21 would further enhance the protocol. Even without
their inclusién, howéver, X.21 remains the most effective interface
for connecting a DTE to a synchronous, circuit switched public daéa

network.



be V.24 :DESCRIPTION

) 4.1 OVERVIEW

CCITT récommendation‘V.ZA‘(16) is a general purpose DTE/DCE interface
for serial binary data commﬁnication over the public telephone network.
Rather than being an interface definition, it is a colleétion of ciréuit
definitions from which a selection must be made to implehent a éiven
interface.

V.24 cdvers the so-called 100-series of interchange circuits for use
with general applications, as weil as the 200—series intended for use
with automatic calling equipment. The use of automgtic calliﬁg equibment
requires a separate interfacé.(V;ZS, not used in this.cbuntry) to

be in#talle& along with the V;24 interface. As only the 100-series

of cifcuits ;re relevant to DTE/DCE interfacing in this country,

the 200-series will not be discussed.

The first publication of V.24, in 1964, was based on thé American EIA
standard, RS-232. V.24 and RS-232 have evolved together over the years
and cover similar ground but afe by no means identical;. The current and
final version of the EIA standard is‘RS-232—C and fgrms a formal

interface definition (17).

In this chapter V.24 is described in terms of the physical layer of

the OSI model, as it does not have any link or network layer features,
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4.2 V.24 DOCUMENTATION
The 1980 revision of CCITT Recommendation V.24 consists of descriptive.
'téxt covering the functional and procedural éspects of the protocol.
THé text refers the reader to ISO standard 2110 for the interface
mechanical cHaracteristics, vhile pérmissible electrical characteristics
are defined gn recommendations V.10, V.11 and V.28. In several modem
recommendations implementing a V.24 interface, the reader is referred
to IS0 4902 JZS) for the mechanical characteristics to be used with

V.10 or V.1l electrical characteristics.

| , ’
Table 4.1 lists the CCITT recommendations and IS0 standards referred

to in the V.24 text, as well as the context in which the reference

was made.



RECOMMENDATION OR
STANDARD

CONTEXT IN WHICH REFERENCE
WAS MADE

IS0 2110 : Data Communication-
25~-pin DTE/DCE interface connector
and pin assignments. .

IS0 4902: Data Communication-
27-pin and 9-pin DTE/DCE inter-
face connectors and pin
assignments,

CCITT Sl6: Connection to the
telex network of an automatic
terminal using a V.24 DTE/DC
interface. ‘

CCITT v.10, V.11, V.28 and V.31:

Electrical characteristics of
single and double-current inter-
change circuits.

CCITT V.35: Data transmission
at 48 k-bits/sec using 60-108 .
kHz group band circuits.

CCITT V.21: 300 b/sec duplex
modem for use in general
switched telephone network.

CCITT V.25: Automatic calling
equipment on general switched
telephone network.

CCITT V.54: Loop test devices
for modems.

Mechanical characteristics
for V.24 interface.

Mechanical characteristics
of interface for automatic
calling equipment.

Connection of automatic
terminals to the telex net-
work.

Electrical characteristics of
signal ground and common
return conductors.

Flectrical characteristics of
signal ground and common
return conductors.

Original usage of circuits 126
and 127. :

Procedures for automatic
calling equipment.

Loop test conditicns for
maintenance testing,

'~ Table 4.1 RECOMMENDATIONS AND STANDARDS REFERRED TO BY U.24
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4.3 INTERFACE DEFINITION
'Tbis protocdl exists only in the physical layér, as opposed to X.21
uhich covers the three lover layers of the 0SI modei. The network
lével function of addressing is left either to V.25 (Automatic
Célling and/ér Ansvering Equipment),'or to an operator doing
manual diall;ng. A common application is with the use of dedicated

|

the physicalilayer is broken into its mechanical, electrical,

lines, where!the addressing function is not required. As with X.21,

functional a:d'procedural characteristics for the purposes of description.,

% 4,3.1 MECHANICAL CHARACTERISTICS
V.24 has tréditionally made usé of a 25-pin D-type connector as
opposed to fhe 15-pin connector uéed vith X.21. ‘Thié connector (shown
in figure 9) is specified by reference to Isd 2110 (21). The pin
assignments for the interface are listed in Appendix D. The conventions

‘for the position and significance of the interface connector are as

with X.21.

The latest V-series recommendations for DCE allow the use of mechanical
characteristics as laid down by 150 4902 (25), provided electrical

characteristics conforming to V.10 or V.11 are implemented.

. The use of an IS0 2110 25-pin connector with V.24 circuits shall
be assumed here, as this is relevant to V.24 equipment currently in

use in this country.



4.3.2 ELECTRICAL CHARACTERISTICS'
The electrical éharacteristics commonly associated with V.24 interfaces
are described in recommendation V. 28 Recommendation V.10 and V.11
(8), (9) describe electrical characterlstlcs whlch are 1mplemented 1n‘
some newer equipment. (CCITT recommendatlons X.26 and X 27, descrlblng
vthe X.21 electrical characterlstlcs, consist solely of a reference

to the texts of V.10 and V.11 respectively).

The latest V-series DCE récommendétions make allowance for the use
.Of V.10/V.11 electrical characterisfics, and state that CCITT

policy is to encourage phasing out V.28 in favour of a V.11/IS0 4902
type interface. However, as most existing equipment impleménté V.28,
Ainterchange circuits shall here be aésumed to héve V.28 electrical

characteristics. °

The V.28 characteristics allov data rates up to*20 kbits/sec‘for a
cable not exceeding 15 metres in-length. Unbalanced interchange
circuits employing a commoh return conductor for both directions of
‘transmission are described. Apart from describing load and source -
characteristics, voltage aevels and signal characteristics at the inter-~
change point are also specified. For data circuits, binary 1 is
represented by a voltage less ﬁhan minus 3 volts, and binary 0 by a
voltage greater than plus 3 volts, For control and timing circﬁits,

" the ON condition is represented by a voltage greater than plus 3 volts,

and the OFF condition by a voltage less than minus 3 volts.

As the case of synchronous working is the only one of interest here,
the same synchronous Speedé mentioned with X.21 (table 3.2) are also

appropfiate, except that 48 kbits/sec is too high for V.24.
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4,3.3 FUNCTIONAL CHARACTERISTICS
The current revision of V.24 (16) lists some 43 interchange circuitsv
(see appendix D); It.iS'not intended that all these circuits be used
in one interface but rathef that a selection be made to suit a partichar
application. The V-series modem recommendations all contain suBsets of
V.24 to be used in the DTE/DCE interfade; The V.24 circuits required
for use in most practical‘intérfaces.correspond to those defined in
- IS0 2110, listed in table 4.2, Tﬁe fact that these circuits are all
defined as a standard interface does not imply.thaf they all have to
be used in a given piece of equipment. As with the wider range of V.24
circuits, the intention isrthat a sélection be made to suit a giveq |
application. Table 4.3 is a selectiqn of commonly.used interchange.
circuits encountered on synchfonoUs-equipment ih'this country. In the
following sections the approach has been tovuse the circuits of Table
4.3 as avsmall common denominator of frequently used circuits essential

to the correct functioning of the interface.

In describing the use of the more common circuits, it is cohvenient
to grdup them in terms of specific functions. All the circuits
(excepting the common return) carry binary signals, with the functions

" below being true for the ON condition, unless stated othervise.
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CIRCUIT

NAME

PIN GROUND DATA CONTROL TIMING
ING, NO. ’ '
FROM 10 FROM T0 FROM T0
DCE DCE } DCE DCE | DCE DCE
1 Note 1
2 103 Transmitted data X
3 104 Received date X
4 105 Request to send X
5 106 Ready for sending X
6 1 107 ‘Data set ready X
7 102 Signal ground x
8 109 Received line
signal detector
(RLSD) X
2 Note 2
110 Note 2
11 “Note ‘2
12 | 122 Backward channel
© . RLSD : X
13 121 Backward channel
ready X
14} 118 Transmitted back-
vard channel-—- -
data X
15 114 Transmitter signal
S " element timing '
(DCE) X
16 119 _Received backward
: channel data X
17 115 Receiver signal
element timing
) A (DCE) X
18 | 141 Local loopback x
19 120 Transmit backward
: _ line signal %
- 120 108/2 Data terminal
_ : ~ ready X
21 140 Loopback/mainte-. |
nance test X
22 | 125 Calling indicator X
23 111 Data signal rate
' : selector (DTE) x
24 | 113 " Transmitter signal] .
' : ~element timing
(DTE) %
25 | 142 Test indicator x

JABLE 4.2 25-PIN_V,24 INTERFACE ACCORDING T0 150 2110




NOTES TO TABLE 4.2

When shielded interface cable is ﬁsed, the shield

4-8

COMMONLY USED V;24’INTERCHANGE CIRCUITS

NOTE 1:
is connected to this pin;
NOTE 2:  National option.
INTERCHANGE NAME GROUND DATA CONTROL TIMING
CIRCUIT ‘
NUMBER FROM} TO| FROM} TO\|FROM} TO
' DCE ) DCE | CCE | DCE § DCE | DCE
102 Signal ground or )
cemmon return X
103 Transmitted data X
104 Received data X
105 Request to send ° X
106 Ready for sending X
107 Data set ready X
108/2 Data terminal ready X
109 Data. channel re-
ceived line sig- -
nal detector X
1114 Transmitter signal
element timing
(bCE) X
115 Receiver signal
element timing
(DCE) X
TABLE 4.3
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. Equipment readiness

Data Terminal Ready (DTR) and Data Set Ready (DSR) circuits 108/2

and 107, are used to indicate the state of readiness of the interface.
DTR is used by the terminal to prepare the DCE to connect to line.
‘Where the liné connectoin is established by éupplementary means, DTR
 maintains thig connection. The terminal is permitted to present this
signal whenever it is ready to transmit or receive data. DTR OFF causes

the DCE to d%sconnect from line. In dedicated line applicatoihs, this

|
signal should always be ON.

DSR 1is eonsideredas a response to DTR. DSR indicates that the DCE id
connected to:line and is ready to exchange further.control signais to
initiate data transfer. DSR OFF indicates that the DCE is not ready to
operate. WHen DIR is tufned OFF, it may not go ON again until the DCE

turns DSR OFF.

The conditions on other circuits (apart from the Ring Indicator, circuit

125) are not valid until both DTR and DSR are ON.

" Call Establishment

Request To Send (RTS), Clear To Send (CTS) add Carrier Detected (CD)

are the signals used for call establishment, (CD and CTS are respectively
named Data Channel Received Line Signal Detector and Ready for Sénding

*by the CCITT: popular abbreviatoins are used here for convenience). RTS

is a DTE signal causing the DCE to assume the transmit mode. In half
duplex oderétion, RTS OFF puts the DCE info the receive mode, CTS is a
DCE response to RTS, indicating that the DCE is prepared to transmit

data presented by the DTE across the network, as a data channel has been

established to the remote DCE.

3) In some modems, CTS means that the remote DTE is ready to receive
data. Usually however, CTS has no end-to~-end significance, and the
. status of the remote DCE and/or DTE is only determined on the link layer.



CD is a DCE signal indicating that.a line signal'from the remute DCE
is being received within appropriate limits as specified in relevant
DCE recommendations. CD OFF implies that data presented by the DCE to

the DTE is not valid.

Once the DCE responds to RTS with CTS, the DTE may transmit data.
RTS may not be turned off until the last DTE data bit has crossed thé
interface. After it has been turned OFF, RTS may not be turned ON

again until CTS has been turned OFF.

Direction of Transmission

~ When full duplex transmission is employed, the signsls DR, DSR;»RTS,

CTS and CD should all be ON during- data trahsfer.'

With half dupiex transmission, RTS conditions the DCEsto transmit

data across the network., CIS is the required DCE resporse, indicating

that the DTE may transmit data. When the DTE has finished its.transmission
it turns RTS OFF, putting the DCE into the receive mode. The DCE
shouldvrespond by turning CTS OFF. When it detects a valid data signal
from the rsmote BCE, CD signals the DTE to expect data. During half
duplex transmissicn, CD may not be ON simultaneously with RTS/CTS.

L]

- Data Circuits

‘Transmitted Data {7XD) and Received Data (RXD), circuits 103 and 104,
are used to transfer data between DTE and DCE across the interface in
serial bitstreams. The format of these bitstreams is outside the scope

of V.24,

The DTE may only transfer data on TXD when DTR, DSR, RTS and CTS are

all ON.



When these circuité are all ON and there is nd data to transmit on

XD, the DTE may transmit binary 1, line reversals or other sequences to
maintain timing synchronisation. When RTS and CTS are both OFF, TXD |
must be held at binary 1. fhe DCE must always hold RXD at binary 1.
Qheh CD is OFF; With half duplex transmission, RXD must be binary 1 and

CD OFF when RTS is ON.

Timing Circuits

Transmitter Signal Element Timing (TSET) and Receiver Signal Element
Timing (RSET), circuits 114 and 115 respectively, are the only DCE
circuits hormally used to provide the DTE with timing information for
synchronous transmission. Both signals Have nominally equal ON and OFF
periods. The DCE should provide timing information on both circuits at
all times, although the accuracy énd stability of RSET are only critical

- ‘'when CD is ON. - °

The DTE presents a data sighal on TXD in which the transitions between
signal elements coincide with OFF to UN transifions on TSET. The OFF
to ON transitions of RSET indicate the nominal centres of signal elements

on RXD.

Common Return

Signal Ground (Circuit 102) establishes a common return conductor for
'both directions of transmission uhen V.28 is adhered to. When implementing

V.10 or V.11 it is used as the d.c. reference potential.

Miscellaneous Circuits

The Ring Indicator, circuit 125, is a DCE signal used with automatic
calling and answering equipment to indicate the presence of an incoming
call on the swvitched service. This is the only signal to be considered

valid vhen DTR and DSR are OFF. Its use is not supported in this country.



There are three test circuits which may be implemented in V.24 equipment:
i): Loopback/Maintenance Test (circuit 140), used by the DTE to initiate
| «% loopback or other conditions; . |
, iif Local Loopback (eircuit 141), used by the DTE to establish a local

“ loopback '(i.e., to test the DTE/DCE interface); and |
iii) Test Inaicator (circuit 142), used by the.DCE to indicate when it

is under test.

. Secondary Channel

Table 4.2 shows the use of a secondary channel (circuits 118, 119, lZQ,
121 and 122).5 The circuits in question fulfil the eame functien as'their
similarly naeed counterparts.in the primary channel‘described'in this
.chapter. Thevsecondary channel operates.at a lower speed than the
primary ehannel, and is normaily used for maintenance and test purposes
and verification.of the integrity of data transmitted on the primary’

channel, It may be nsed to establish a form of duplex working in some

applications.

4.3.4 PROCEDURAL CHARACTERISTICS
The procedurai charactefistics of the V.24 interface may be split into
two eategories; switched services and dedicated lines. The switched
case consists of cell establishment, data transfer and.call clearing,

wvhile call establishment and clearing do not apply to dedicated lines.

4.3.4.1 SWITCHED SEBVICE
Figure 10 shows the different phases a V.24 interface goes through
to realise data transfer. Being pureiy a physical level protocol, V.24
depends on some external means of establishing the physical circuit
between endusers. This function may be fulfilled either by a human
operator or by using a separate V.25 interface witﬁ automatic calling

and answering equipment.



In both cases the extefnai method of call establishment fulfils network
layér functions, the V.24 interface only being used for physical layer
elements of handshaking and data transfer. As automatic calling equipment
is not Qsed on the telephone network in this country, figure 10 shows

the prdcedure followved by a human operator in establishing the physical

circuit between end users and cbnnegting the DCE to line.

- Before thé DCE is connected-to line, it must signal the OFF cdndition

on DSR (circuif 107), so that none of the Signals.on the interface

may be considered valid, (See the paragfaph Yequipment readiness" in
section 4.3.3). After the DCE has been connected to iine, handéhakiﬁg
beings across the interface. Once éircuits DTR ana DSR (108/2 and

107) are both ON, either side of the interface may cdntinue the hand-
éhaking.‘ If the DTE wishes tootransmit'data, it switehes RTS CN and
waits for the DCE to respond with the ON condition on CTS before tréns-'
mitting data, If the DCE vishes to transmit data, it signals. the ON
condition on Cp and is thgn free to transmit. Figure 10 shows line |
turnaround dur}ng data transfer when half duplex transmission is used.
(See the paragraph "direction of transmission" in section 4.3.3).

Figure 11 shows hov .call clearing is achieved on the switched service.

At ény stage after the DCE has been connected to line and the signals

DTR and DSR aré ON the DTE may initiate ; ciearing sequence by sighalling
*OFF on DTR. The DCE responds by signalling OFF on DSR, indicating that
it is now diéconnected from the line. On the switched service, exit from

the data transfer phase is always via this clearing sequence.

4.3.4,2 DEDICATED LINES
. Figure 12 shous the phases a V.24 interface goes through when used with

a dedicated line. In dedicated line applications, circuit DTR (108/2)



should always be ON while the DTE is powered up. As the DCE is
permanently connected to line.circuit DSR (107) should also alvays be

ON in response to DIR.

Further handshaking is similar to the switched service, except that
there is no call clearing sequence. Exit from the data transfer phase
is either by the DCE signalling OFF on CD, or by the DTE signalling

OFF on RTS.

4.4 CCITT RECOMMENDATION X.21 BIS (19)
CCITT recommendation X.21 bis is intended as an interim measure to
facilitate smooth introduction of public data networks on vhich the

 X.21 interface is to be made availéble.

To fulfil this purpose, it describes a V.24 interface which differs

from tablé 4.3 only in that the test circuits (140, 14l_and 142; see
section 4.3.3) are included in the interface to be used with dedicated
lines. In addition, the ring indicator is included in the switched
service interface., Where it is desired to use automatic éalling and
answering eduipmeﬁt, the implementation of a V.25 interface in conjunction

with the X.21 bis interface is ‘described.

X.21 bis claims to conform to V.24 and appropriate modem récommendations
.in its implementation of the V.24 circuits utilised, so that its operation
corresponds to the V.24 interface described in this chapter. Duplex
working is assumed, with half duplex operation being treated as a special
case,

A secondary channel is not implemented.



The X.21 bis interface only operates in the physical layer of the 0SI

.,. model,'dépending on automatic bélling/answering equipment with a V.25

~ interface, or on manual operation to realise the network layer. =~ = -



5. TRANSLATING BETWEEN X.21 AND V. 24
5.1 OVERVIEW

5.1.1 X.21 DTE TO V.24 DCE TRANSLATION

As fhe V.24 interface only cogers the.physical-layer, V.24 DCEs cannot
. provide the network:layer_functions required during the call control
.phase of the X.21 switched service., If these network laYervfuﬁctions
are réquired, they may be provided in either of the following two ways:
i) -automatic célling and answering equipment with a V.25 interface

may be used; or
ii) one may use manual opgratiga for call control, as is done with

the present dial-up system over the telephohe network.
The first possibility, requiring X.21 to V.25 conversion for call control
and X.21 to V.24 conversion for data transfer, is discarded because

‘the V.25 interface is not supported in this country.

The second possibility may be used with relative ease by configuring
the X.21 DTE to operate on a dedicated line, iniaccordance vith the
state diagram of figure 6. . Translation between the X.21 and V.24
interfaces may.then be done using an interface adaptor consisting of

simple logical connections between the two interfaces.

The implementation of dedicated circuit services is straightforwafd,

requiring only the above adaptor.

X.21 features such as direct calling, call progress signals or other

- DCE providéd information will not be available to the X.21 DTE, as these
are essentially features of the data networks which support the X.21
interface. It is assumed that where it is required to interface a X.21
DTE to a V.24 DCE, the DCE belongs to a telephone network and not.to a

dataknetwork.
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5.1.2 V.24 DTE TO X.21 DCE TRANSLATION

V.24 DTEs éannot operate within the netvork léyer to interaét vith

X.21 DCEs, as required during call control on the X.21 switched éerviée.
The translation process must therefore pfovi&e the X.21 DCE with
network layer informétion such as selecfion signals, and be capablei

of interpreting and processing DCE proQided information,

This leédé to a microprocessqr—based_devicg performing the necessary
translation, as in figure 13.' This translator appears as a V.24

DCE to the terminal, and as a X.21 DTE to the network. It also
‘requires an operator interface consisting of:a keypad and display,
to allov an operator to initiate X.21 call control procedures as

required.

Hardware and software for a preliminary model of such a translator,

developed on an evaluation system, are described later in this chapter.

Where the V.24 DTE requires only dedicated line facilities on the

| X.21 network, translatioﬁ méy Ee done qsingvan adaptor consisting of

" logigal connections between .the two interfaceé. This adaptor operates
on the physical level only, as the X.21Apr0tocol for dedicated lines

does not operate in the network or link layers.



5.2 X.21 DTE TO V.24 DCE TRANSLATION

AS»has.beeﬁ stated in section 5.1.1, the translation betwéen a X.21
DTE and V.24 DCE may be based on an interface adaptor which'éxpects
the DTE to be configured for use on a dedicated cirbuit,‘according to
' thé state diagram of figure 6. Subjecf to the constraints outlined
Eelow, such a circuit may be either full or half duple#. Where the
V.24 DCE is not connected to a dedicated circuit, dial'Up faciiities
are assumed to establish the.circuit between ehd-users; - The adéptor
operates within the physical layer only, as netwofk and link layer

functions are not required.

The state diagram of figure 6 shows a X.21 interface which may be
.used,either for full or half duplex transmission. If state 13, DATA

| TRANSFER, is never entered, half duplex tfénsmission is being used.

This differs from the half duplex transmission normally associated

vith a V.24 interface, in that figure 6 assumes the use of a standard
X.21 four-wire circuit across the network, supporting full duplex
transmission across the DTE/DCE interface. The transition from SEND

DATA to RECEIVE DATA (states 135S and lBR)bmay therefore be comparatively |
fast, because no allowance needs to be made fbr-the time taken byb

lipe turn—around across the network, as must be done with the two-wire

circuits commonly used with V.24 half duplex interfaces.

Figure 14 shows an interface adaptor which takes account of the abovevv
factors, When.full duplex (four—wire) transmission is used, this

adaptor implements the main state diégram of figure 6 exactly. When half
- duplex transmission is used, tHe adaptor signals DCE NOT READY to the

X.21 terminal during line turn-around, after which it proceeds as normal.
For those cases when line turn-around is effectively instantaneous (as

vhen half duplex transmission. is implemented over a four-wire circuit
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~and RTS is looped back to CIS in the V.24 DCE) the adaptor does not

generate the DCE NOT READY condition.

The adaptor of figure 14 was designed by taﬁing the &éfinitive state -
diagram of figure 6 and.identifying V.24 conditions equivalent ﬁo the
X.21Hstates. This iﬁformation was consolidated in truth tables in
terms of inputs and éutputs. Boolean expressions for the outputs were
then derived and translated into the combinational logic circuit of

figure 14.

“Tabie 5.1 (below) gives the X.21 states described by figure 6 and the
equivalént V.24 conditions. The eventuality of the X.21 DTE signalling
UNCONTROLLED NOT READY (as it would wheﬁ powéred down) has also been
included in the table, as has the case of line turn-around. The latter
case arises while waiting for CTIS to réspond to RTS on the V.24 interface,
while line furn—around is being éccomplished with half duplex transmissicn.
It was decided that during this period the DCE signal on the X.21
interface should be NOT READY. The X.21 state diagram of figure 6, -
indicates that this is a valid procedure‘and that the X.21 DTE condition
remains constant thle the DCE signals R, I = 0, OFF. When CTS goes ON,

R must go from O to 1 so that the interfaces revert to the condition

shown in the second line of table 5.1 (state 13S : SEND DATA).

: Should.the X.21 DTE signal UNCONTROLLED NOT READY, this will be translated
as DTR OFF on the V.24 interface; Where diai~up facilities have been

used to establish a circuit across the network from the local interface,
this signal will result in the DCE reléasing the call and responding

with DSR OFF.
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X.21 INTERFACE V.24 INTERFACE
IX.21 STATE T C R I TXD RTS DIR RXD CD CTS DSR
1: READY 1. OFF | 1 OFF 1 OFF ON | 1 OFF OFF ON
13S: SEND DATA D ON | 1 OFF D "ON ON 1 OFF ON ON

13R: RECEIVE DATA{1 OFF [D ON | 1 OFF . ON | D . ON OFF ON
13: DATA . - |
TRANSFER D ON|[D ON | D ON ON | D- ON ON - ON

DCE NOT READY - -]lo oFF | - - -1 x X X OFF
DTE UNC. NOT o , .
READY : o OFF |- -] X X OFF | - - - -

TURN~AROUND D ON { O OFF D - ON ON 1 OFF OFF  ON

TABLE 5.1 X.21/V.24 EQUIVALENT STATES

The information of table 5.1 may be used to draw up truth tébles‘in terms
of inputs and outputs from which the boolean expressions required for

the adaptor may be derived. The outputs may be divided into two groups.
The first consists of V.24 outputs TXD, RTS and DTR, caused by X.21 inputs
T and C. The second group consists of X.21>§utputs R and I and is caused
by V.24 inputs RXD, CD, CTS and DSR and the V.24 signal RTS, an output from
the first group. Inspection of table 5.1 shows that the expression

'RTS = C is always valid, so that the second group of outputs may be

said to be caused by V.24 iﬁputs‘RXD; CD, CTS and DSR and the X.21 input
C.. (This i$ a slightly more elegant statement than the.first). Tables
5.2 (a) and 5.2 (b) are based on the abéve : table 5.2 (a).refers to the

first group of outputs and 5.2 (b) to the second.
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INPUTS OUTPUTS
X.21 STATE T C TXD RTS DTR
1: READY 1 OFF 1 OFF . ON
13S: SEND DATA D ON D ON ON
13R: RECEIVE DATA 1 OFF 1 OFF ON
13: DATA TRANSFER D ON D ON ON
DCE NOT READY = - - - =
DTE UNC. NOT READY 0 . OFF X X OFF
TURN-AROUND D ON D ON ON
TABLE 5.2 (a)
_INPUTS OUTPUTS
X.21 STATE C BXD CD CTS DSR R I
1: READY OFF 1 OFF OFF ON 1 OFF
13S:SEND DATA ON 1 OFF ON ON 1 OFF
13R:RECEIVE DATA OFF D ON OFF ON D ON
13:DATA TRANSFER ON D ON ON ON D ON
CE NOT READY X X X X OFF 0 OFF
TE UNC NOT READY - - - - - - -
TURN-AROUND 1t~ OFF OFF ON 0. OFF

ON

TABLE 5.2 (b)




INPUTS

OUTPUTS
X.21 STATE T TXD RTS
1:READY 1 1 1. 1 0
113S:SEND DATA D 0 D 0 0
13R:RECEIVE DATA 1 1 1 1 0
13:DATA TRANSFER- D 0 D 0 0
DCE NOT READY - - - - -
DTE UNC. NOT READY 0 1 X X 1
TURN-AROUND D o] D 0 o]
TABLE 5.3-(a)’
INPUTS OUTPUTS
X.21 STATE C RXD CD DSR R I
1:READY 1 1 1 1 0 1 1
13S:SEND DATA 0 1 1 0 0 1T
{13R:RECEIVE DATA 1 D 0 1 0 D 0
13:DATA TRANSFER o - D 0 0 0 D 0
DCE NOT READY X X X X 1 0 1
' IDTE UNC.NOT READY - - - - - - -
TURN~AROUND o 1 11 0 0 1

NOTE: ON = O and OFF

~ TABLE 5.3 (b)

1 for control circuits




Tables 5.3 (a) and (b) co@;ain the same infprmation as tableé 5.2 (a)

and (b), but in the form used to derive the boolean expressions on which:
figure 14 is based. These expressions (in their simplest form) are

as follows:—

table 5.3 (a)

™Xb = T;
RTS = C;
DTR T.C=T + C; "

\

table 5.3 (b)

DSR.RXD. ( CTIS + C + CTS.C); and -
RXD.CD.CTS.DSR + DSR

R
I

]

Combining the above five expressions gives rise to the circuit of
figure 14. The V.24 signal TSET may be directly connected to the X.21
signal S (after matching electrical characteristics) to provide timing

information for the X.21 DIE. (See figure 19).



5.3-'V.24 DTE TO X.21 DCE TRANSLATION

. 5.3.1 METHOD

Interface translation between‘a V.24 DTE énd a X.21 DCE falls into

tvo clésses,.dépending on whether dedicated éircuits or switched

- ‘circuits are used. With dedicated éircuits, tHe X.21 interface aiways
operatés vithin the physical layer and tranélation betwveen V.24 and

U X.21 is stréightforward. An interface adéptor consisting of logical

connections may be used and is described later in this chapter.

- Translation between V.24 and X.21vfor the.X.Zl svitched service is

more complex because fhe frénslétion process must interact with _

the X.21-DCE on the network layer. This leads to the translator outlined
in section 5.1.2, which was developed on an evaluation system. The

' sYsteﬁ console vas used as operator interface; allbwing X.21 selection
signals to be generated and DCE provided information to be diéplayed.
Hardware was built to allow the evaluation system accesé to fhe V.24

and X;Zl interfaces; Softwafe waé developed to implement the translation

process.

The possibility of direct DTE/translator communication (eliminating
~ the operator/translator interface) initially éppeared attractive.
Hovever, this would have fequired the translator to be compatible
~with a multitude of higher level protocols (sdch as SDLC, BSC, HDLC,

_BDLC, etb) to make it suitable for general application.

Achieving such a level of compatibility seemed beyond the scope of

this thesis.



The V.24 interféce between £he.translator'and DTE was implemented

by using the same inferface signals as would be used on a V;24 DTE/
DCE interface for a dedicated circuit.,  This was done because the idle
condition on such an interface has the DTE signalling DTR UN vith

.the DCE resﬁonsé of DSR ﬁN. This condition.correspohds to the X.21
.READY state (X.21 state 1) vhere bothvsides of the X.21 interface
signal READY., Apart from this édﬁantage,.using the dedicated circuif
interface allows the transiator to implement automatic eall answvering.
Software was written to make the transiator appear as é'V.24 DCE

to the terminal.

Whereas the V.24 interface operates within the physical layer only,
the X.21 interface covers the physical,link.and ﬁetwork layeré. The
X.21 interface was implemented by writing software to make the
translator appear as a X.21 terminal to the X.Zi network. The network
and link layer functions required by the.X.Zl interface were provided

by the translator itself, in conjunction with the operator interface.

The software developed for the franslator results in the following
process taking place. During the X.21 quigécent phase, which falls
vithin the physical layer, conditions on the V.24 interface are

translated to equivalent conditions on the X.21 interface, and vice versa.

During the X.21 call control phase, which incorpofates link and network
‘layer features, the translator interacts with the operétor vhen
‘necessary, via the system console, to implement X.21 procedures such

as generating selection signals.

When the data transfer phase is reached, logical connections are

established between V.24 circuit TXD‘(lOB) and X.21 circuit T, as wéll



as X.Zl circuit R and V.24 Eircuit RXD (104). Link and network
layer features fall away while data transfer between the V.24 DTE
and X.21 DCE takes place. The translator monitors the interfaces
and implements line turn-around vhen required for half duplex V.24
equipment; When necessary, the translataor carries out X.21 call
clearing procedﬁres and brings the interfaces Béck to the qgiescent

phase.

The major software task is the implementation of the X.21 interface.
The V.24 interface is straightforward to implement. Figure 15 shows

the translator and the two interféces in terms of the 0SI model;

When deciding on the actual software structure, two popular approaches
to_implementing interfaces defined by state diagrams are encountered.
The first approach involves tabulating all the valid interstate
transitions and writing corresponding routines to cope with each
trénsition. The interface is monitored to determine the current state,
" When a transition between states is detected, it is identified by
comparing it to the entries in the transition table. The appropriate
transition routine is then executed. This approach is best suited ta
situatiqns vhere the next state is likely to be any one of a number
of possible states, For instance, if the interface is in the X.21
READY state, the next state could be any one of six possibilities
v(states 14, 18, 24, 2, 8 or 15 of figures 2(b) and 3). The likelyhood
lof any one of these states occurring rather than another, varies
according to factors outside the designer's control, (Such factors
“include the volume of traffic across the interface, the reliability of
the DTE and DCE, and thelamount qf time the DTE is used offline).

This situation is conveniently handled with the Pascal construct gggg

Cveees of, as follows:



case next state gf
state 14: .eevveeee ;
state 18: ;.....;.. ;
: state'24? ' "v."“'“'. ';
- state 2: .;.;;.;;. §
state 8: ..;.;;.;;';
state 15: ..;.;;.;; H

end

The second approach is best suited to sifuations whefé it is known

wvith a reasonable degree of certainty what the next stafe is going to be.
When a transition to a new state is detected, the new state is compared
to the expected one and appropriate action is taken. This action will
involve the execution either of the appropriate transition routine,

or of an error routine. As an exémple, if the current state is the

X.21 CALL REQUEST STATE (state 2 of figure 3), the next expected

étate is PROCEED TO SELECT. 1If the DCE does not respond with this

signal within a predetermined time, the X.21_DTE must execute an

error routine after the CALL REQUEST stéte, rather than geaeréting

selection signals.

As suggested by the above exampleé,.both approaches have been used in
vriting software for the translator. The X.21 quiescent phase of
figure 2(b) (which falls within the physical layer), is best handled
using the first approach, while the call control phase of figures 3 and

4 is best handled by the second.

Generating software which implements the X.21 state‘diégrams accUrately
may be done using an approach suggested by West and Zafiropulo (15).

The X.21 state diagrams used to define the protocol are split into two
sections, one for the DTE and one for the DCE. These sections now define

the behaviour of each side of the interface as a finite state machine.



The signals defining each finite state machine are Qrouped into inputs

and outputs. The FSM behaviour is then described in terms of sending

its outputs and receiving its inputs. Figure 16 shows how the DTE
behaviour is derived during the X.21 quiescent phasé. The uriting

next to each transition in this figure denotes the action whieh must

be taken by the DTE for the interface to behaVe according to the X.Zl |
definition. The letters S and R denote send and receive (output and
input) sets for ﬁhe DTE, refefring to the signals on (T,C) and (R,I)
respectively. Figure 17 shows the behaViour of the X.21 DTE-during ehe

- quiescent ahd call establishment phases, and is used in writing translator

software.

It is a fairly straightforward exercise to.generate software from
the above diagrams, provided that a block structured language such as

.Pascal is used.

Dering the X.21 cell control phase, the X.21 netwerk sees the translator
as a sequential logic system with each state influencing the next, as it
emulates a X.21 DTE. This is the translator's only task during the call
control phase, the V.24 interface beingvheld static pending‘call

' estabiishment. It is therefore necessary to treat the translator as a
finite sfate machine, with its inputs and outputs grouped separately.
This makes it easy to implement the X;Zl interface using the send and

receive pairs mentioned earlier,

During the quiescent phase there is a one to one mapping between X.21
and V.24 states, as only physicel layer procedures are involved. The
problem of translating between the X.Zl and V.24-interfaces could be
solved by using combinational logic implemented either in softwere or
_hardware. Alternatively, the FSM approach Qsed for the.cali‘control

phase could be extended to cover the quiescent phase as well., This would



'result in tﬁe translator's input énd output sets beihg composed of
elements from both interfaces. The hardware configuration decided on.
for the translator, described in section 5.3.4.1, favours thé adoption
of the FSM approach} This has pro&ed conQenient to implement, as the
translator's enfire operation is covered by the realisation of one

- FSM.

The state machine approéch to quiescent phase translation results in
the state diagrém of figure 18; vhere the translator is defined as

a FSM with:

(TXD, RTS, DTR, R,I); and
(RXD, CD, CTS, DSR, T, C)

input set : IS
output set: 0S

Figure 18 shows the set of possible states with legitimate inter-state

transitions for translation during the quiescent phase.

During thevX;Zl call control phase, the V.24 interface remains static
(DTR and DSR both at binary 1) until data transfer. The X.21 state
diagrams of figﬁre 17 describe trénslator behaViour during the call

control phase, as it is essentially a X.2) DTE for this period;



5.3;2 - AREAS REQUIRING CAUTION

5.3.2.1 COLLISIONS

West and Zafiropulo's work on automated vaiidation of the X.21
protocol (15) reveals a number of intéresting facts.about_collisions
oh the interface. Although their work wéé based on the 1976 revision
of X.21 and the veaknesses they discbvered have 1argely‘been attended
to in the 1980 version, many ofvthe points they raise are still
relevant to the.design of X.21 equipment. Some of these are

mentioned below.

i) .The state diagrams derived for a X.21 DTE or DCE by using send
and receive pairs should consis£ of the same states and
transitions as the definitive diagram from which they were derived.
This was found to allow an uhdesirable transition in the DTE
state diagram, némely that from INCOMING CALL (state 8 of figure 3)
to CALL COLLISION (state 15); This transition_implies that the
DTEvmay signal a call request after receiving the DCE signal
INCOMING CALL. This is obviously nof the intention of the X.21
protocol designers, as is mentioned in the 1980 revision of X.21.
For this reason the transition in question does not appear in
figure 17. The X,21 recommendation still has gfey areas in thié
regard, as it contains a table of valid DTE interstate transitions
- wvhich permits the transition from state 8 to state 15. When
reading the state diagram of figure 3 (which forms the formal
~definition of the X.21 call coﬁtrol phase) it is by no means obvious
~ that the transition in question is usually illegal,
P
(The difficulty in defining this particular area of X.2l1 arises from the'
use of the interface machine as a conceptual tool. Danthine (9) notes

that the interface machine should be restricted to the use of half duplex
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procedures. Half duplex in.this‘context meansithat actioﬁs on either
side of the X.21 interface must follow on each other iﬁ tvo-way alternéte
action-reaction sequenées. Collisions are an obvious contravention |

of this rule, in that both sides of the interface act simultaneously.

The interface machine.concept'ié not suitable for defining the

behaviour of the interface under these conditions. West and Zafiropulo's
isuggestion of defining X.21 in terms of separate DTE and DCE state

diagramsmakes good sense in this context}.

ii) Other possible.collisions occur when the DTE makes a transition
from the READY state to UNCONTROLLED NOT READY simultaneously
wvith the DCE signalling INCOMING CALL, or when the DCE makes a
transition from READY to NOT READY simultaneously with a DTE
CALL REQUEST. In both cases the transition to NOT READY will be
misinterpreted as intention to Elear the céll, and a clearing
sequence will be initiated. In the.lattér case the DTE vill
réspond with CLEAR CONFIRMATION and wait for the DCE to respond
vith READY, which it is unlikel; fo do. This deadlock should be

- satisfactorily resolved by the expiratidn 6F DTE time~limit Té,
wvhich results in the DTE considering the DCE as NOT READY. None-
theless, a sequence of events forming part of the normal opefation
of the X.21 interface can result in an error condition. Tﬁis

possibility could be relevant to DTE design,

iii) Another collision which has pdtential for causing confusion
occurs when the DCE gives a valid response to DTE signals
simultaneously with the 5TE signalling CLEAR REQUEST. The DCE
response would then arrive at the DTE before thé DCE CLEAR -
CONFIRMATION. This eventually could be said to be covered
by.the (X,XS condition.of (r,i) ering state 16, but it may

not be obvious that (X,X) could also cover changing conditions.



of (r, i). Problems in this respect may be avoided by ensuring

that the DTE only responds to the (0,0FF) condition of (r, i).

'5.3.2.2 MISCELLANEOUS FACTORS

Various other factors requiring careful treatment may be gleaned

from the X.21 text.

i) The DCE is permitted to insert SYN characters at random between
DCE PROVIDED INFORMATION characters. This should not interfere

vith whatever processing the DTE does to DCE provided information.

ii) Some areas of X.21 are left as matters of national option. These
include the number of automatic retries permitted per call and the

minimum delay permitted between such retries.

iii) Future extensions to X.21 might well include the use of additional
IA5 characters, new transitions between states or additionél states.

This should be borne in mind while designing the DTE.

5.3.2.3 ERROR RECOVERY
So far it has been assumed that the DCE operates withoﬁt making any
errors, according to the X.21 protocol. Any realistic DTE implementation
should howéver take into account the possibility of DCE malfuncti@ns
and take adequate precautionary measures where justified. Some of

the possible error conditions which might conceivably occur are:

i) the DTE receiving characters other than '"+" or "BEL" in these

character streams during states 3 or 8;

ii) circuit I going ON at some stage during the call control phase

when it is not supposed to; and



iii) DCE provided information being received with format violations.

Any of the following alternativés may be decided on as an adequate

precautionary measure:

i)' the DTE may ignore the error and fely on the appropriate time-
limit to expire and resolve the situation;
i1i) the DTE may initiate a clear and retry sequencej Or
iii) where appropriate, the DTE may initiate a clearing sequence
and then wait until the DCE interface recovers from its error

condition before initiating another call.

(For the purpose of implementing a préliminary modél of the translator,
it vas decided to rely on the DTE time;limits to resolve.possible

error conditions., Thié would aid in gaining a deeper understanding

of the protocol as it would show whether or not the time-limits

adequately catered for failures on the interface).

‘One possible error which is not taken into account by any of the DTE

Itime-limits is also mentioned by Yanoschak. In‘state 8, DCE INCOMING
CALL, the DCE could conceivably transmit a continuousvstring of "SYN"
characters without following these by "BEL". This would effectively

hang up the interface without starting any timers to resolve the

_ deadlock. This condition could be catered for by inclﬁding anvextra

DIE time-limit with an appropriate error message on its expiration

to be started on receipt of a DCE “SYN'" character, and stopped on

receipt of the first DCE "BEL" .



5.3.3 IMPLEMENTATION

5.3.3.1 PHYSICAL LAYER

The physical layer design of the translator is outlined here in terms
of mechanical, electrical, functional and prdcedural characteristics
to maintain compatibility with the physical layer descriptions of the

X.21 and V.24 protocols in sections 3.3 and 4.3 reSpectivély.

Mechanical Characteristics

The translator's V.24 mechanical interface consists of a 25-pin D-
type connector with female contacts, as the translator is a DCE

to the V.24 terminal.

The X.21 mechanical interface consists of a 15-pin D-type connector

- with male contacts, as the translator is a DTE to the X.21 DCE,

Electrical Characteristics

The V.24_electrical characteristics conform to the V.28 recommendation
(unbalanced double-current interchange circuits), while the X.21
electrical characteristics conform to X.27 (balanced double-current

interchange circuits).

The bit rates are determined by the clock sighal generated by the -

X.21 interface and may vary from 1 200 bits/sec to 9 600 bits/sec.

Functional Characteristics

‘The V.24 interface generatés the DCE signals>RXD, cD, CTS, DSR, TSET
and RSET, and responds to the DTE signals TXD, RTS and DTR. (See

table 4.3).
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. The X.21 interface generates the DTE signals T and C and responds

to the DCE signals R, I and S. (See table 3.3).

Figure 19, giving the :elationship.between'X.Zl and V.24 timing
~ information, shows that X.21 circuit S may be used to generate V.24
timing information. In the translator, the V.24 timing signals

TSET and RSET are generated by making a logical connection from S. Vv

X.21 circuit G corresponds to the V.24 circuit signal ground

(circuit 102). These two circuits should be directly connected.

Procedural Characteristics

The prpcedural aspects of translation on the physical level cover
the following areas: |
. tﬁe X.21 quiescent phase, which fulfills similar functions to
the procedural aspects of V.24; |
. the datq transfer phase, during which X.21 link and network iayer
aspects fall avay;
'_. ~the X,21 call clearing phase, which involves handshaking across
the DTE/DCE interface on the physical level; and
. the implementation of dedicated circuit interfaces,which only
operate on the physical level. | |

These four areas are covered belovw.

i) THE X.21 QUIESCENT PHASE

During fhis phase, signals on the V.24 interfacé are converted to
equivalent conditions on the X,21 interface and vice versa. The V.24
sighals DTR ON and DTR OFF are translated as X.21 conditions DTE READY
and DTE UNCONTROLLED NOT READY respectively. The X.21 conditions

DCE READY and DCE NOT READY are translated as ON and OFF conditions

respectively on V.24 circuit DSR.
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The X.21~condition.DTE CONTROLLED NOT READY has no equivalent on the
V.24 interface and will therefore never be initiated by the V.24 DTE;.
The translator generates this condition however, while it is receivihg |

selection signals from the.operator console.

Applying the above conditions allous the franslator's X.21 interface
to operate according to the state diagram of figure 2(b) during the
X.21 quiescent phase, |

" The tranélator's operétion is summafised ih figure 18, which was used
to write the quiescent phase translation software. This figure
represents the.translator as a FSM, with

input set: IS = (TXD, RTS, DTR, R, I); .and
output set: 0S = (RXD, CD, CTS, DSR, T, C)

The translator's main software task during the X.21 quiescent phase

is to monitor its inputs and generate appropriate output conditions.

The translator's operation during the quiescent phase is summarised

in table 5.4 below.



X.21 NETWORK

TRANSLATOR V.24 TERMINAL
X.21 DCE X.21 DTE V.24 DCE V.24 DTE
cd | cTs | DSR TXD | RTS | DTR
READY READY OFF | OFF | ~oN 1 | oFF ON
NOT READY READY OFF | OFF | OFF 1 | OFF- | "ON
READY UNCONTROLLED NOT OFF | OFF ON T | OFF | OFF
READY
NOT READY UNCONTROLLED NOT OFF | OFF | OFF 1 OFF | OFF
READY -
READY CONTROLLED NOT OFF | OFF ON 1 OFF ON
READY :
NOT READY CONTROLLED NOT OFF | OFF | OFF 1 OFF | ON
© READY
TABLE 5. 4 QUIESCENT PHASE TRANSLATION

AAS
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ii) THE DATA TRANSFER PHASE
During the X.21 call control phase, the V.24 interface is held idle,
with the translator genérating OFF conditions on circuits CTS and CD.

L]

Circuit DSR should be ON in response to DTR.

Once the data tfénsfer phase is reached, the network and liﬁk layer
aspeéts of X.21 fall away and only a physical level interfaée exists
between DTE and DCE. During data transfer therefore, the translator
only operates within the physical layer. onr full dﬁplex transmissién,
ON conditions are signalled on V.24 circuits CD and CTS, while a logical
vconnection is established between X.21 circuit R and V.24 circuit RXD,
as well és V.24 circuit TXD and X.21 circuit T. The translator holds

X.21 circuit C in the ON condition.

With half duplex transmission, the same connections between TXD and T
and RXD and R are made. "Line turn-around" is_achieved by switching
CTS ON and OFF in response to RTS. CD is always given the opposite
condition to CTS. This assumes that the remote terminal also operates
in half duplex mode, so that although the translator's X.21 interface
remains full duplex, data will never be travelling across tﬁe network
in both directions at once. This solution avoids problems due to the

loosely defined areas of X.21 mentioned in section 3.5.2.2.

. iii) CALL CLEARING

The translator continuously monitors the X.21 interface, looking for a

DCE CLEAR INDICATION. When this occurs, the translator disconnects circuit
TXD from T and R from RXD, and puts OFF conditions on V.24 circuits

CTS and CD. DSR is set to either ON or OFF depending on the condition

of DTR, and the X.21 interface is moved through the call cleéring procedure

of figure 4.



5-24

vA similar sequence of aCtiéns is followed when the operator initiates
a DIE CLEAR REQUEST on the X.21 interface via his comsole, of if the
V.24 signal DTR goes OFF és would happen if the DTE were powered down,
or under certain fault conditionms. |

' 1V) DEDICATED CIRCUITS

When only a dedicated circuit is requirea by a V.24 terminal on a X.21
.network, the X.21 interface is constrained to functioning as.in figure 6,
~and only operates in the physical layer. Because the V.24 interface
also only operates in the physical layer, an interface adaptor similar
to the one developed in section.5.2 may be used. The»equivalence
between X.21 and V.24 states shown in table 5.1 is also valid for this
adaptor, and may be uséd to dréw up truth tables from which the
circuit for the adaptor can be derived. Table 5.5, below, is based

.on table 5.1 and shows the relationship between the X.21 and V.24
interfaces. This is a simpler case than the one in section 5.2,

in that no allowance need be made for the time fakenvby line turn-
around with half duplex working, as the X.Z1 interface is associated
with a full duplex circuit. The V.24 circuit RTS may be looped back
to CTS inside the adaptor to give the necessary response to

the V.24 terminal, so that the expression'CTS ="RTS holds true.

INPUTS OUTPUTS
X.21 STATE TXD . RIS  DIR T c
1 : READY 1 1 0 1 1
13S: SEND DATA D 0 0 D 0
13R: RECEIVE DATA 1 1 0 1 1
13: DATA TRANSFER D 0 0 D 0
DCE NOT READY - - - - -
DTE UNC. NOT READY X X 1 0 1

TABLE 5.5 (a)
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OUTPUTS

IDTE UNC. NOT READY

INPUTS

X.21 STATE R I RXD CD . DSR
1: READY 1 1 1 1 0
|13S: SEND DATA 1 1 1 1 0
|13R: RECEIVE DATA D 0 D 0 0
13: DATA TRANSFER D 0. D 0 0
DCE NOT READY 0 1 X X 1

NOTE : 1) CTS = RTS

2) ON = 0 and OFF

Tables 5.5 (a) and (b) produce the following boolean expressions:

T = TXD.DIR
C = RTS. DIR + DIR

It

RXD = R
b =1

'DSR = R.I

Combining these expressions results in the circuit of figure 20

TABLE 5.5 (b)

1 for control circuits.

an adaptor which allows a V.24 terminal to use a X.21 dedicated circuit

interface.
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5.3.3.2 LINK LAYER
The‘V.Za interface being a bhysical layef interface only'is-not involved
in link iayer bfécedures. fﬁe link layer is based on synchronous
" data transmission across the X.Zl-intefface,-ﬁsing seven-bit IA5 -
characters; 'Ah eighth bit is uéed as a parity bit to allow eprof

checking; 0dd parity is supported;

~The 1link layer comes into effect during the X.21 states PROCEED TDn
SELECT and INCOMING CALL (states 3 and 8 of figure 3), both of which
herald the start of DCE inuolﬁement in the call control phase. The
.X.Zl prbfocol reqﬁires the DCE to preceed the IA5 characters "+"

and "BEL" in states 3 and ﬁ of figure 3 with a minimum of two
'synchroniéatioa characters, The IA5 character "SYN" is uéed. Further
character transmission from both sides of tﬁe interface should fall

within the character boundaries indicated by‘the DCE,

Whereas some administrations allow character synchronisation between
DTE‘and DCE to be based on the X.21 circuit B (see section 3.3.3),
this is not mandatory with X.21 and is therefore not used in the

translator.

The translator hardware has been designed so that it can be programmed

to support the X.21 link layer features outlined above.

5.3.3.3 NETWORK LAYER IMPLEMENTATION
Exit from the quiescent phase on fhe X.21 interface is to the call
control phase via the READY state, and may be due to either an
incoming.call or én operator (DTE) call request. Return to the quiescént

phase is only via the call clearing phase.
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For the duration of the cali control phase, the DTE time-limits
of Appendix E are in operation. Appfopriate action is taken on their

expiry.

Call Request

From the time a call'request is initiated until the X.21 interface
reaches state 12 READY FOR DATA, the V. 24 interface is kept inactive

by translator signals DSR ON and CTS and CD OFF,

A call request may . be initiated via the operator intérface, and should
' be preceded by interaction with the operator to obtain the selection
signals required during X.21 state 4. (During the course of this
interaction in the quiescent phase, the trgnslator presents the DCE
~with the DTE CONTROLLED NOT READY signal)., The translator indicates
CALL REQUEST by signalling (t, c :VU,ON) and vaits for the DCE to
respond with (r, i = +, OFF). (The "+' transmission will be preceded
by at least two "SYN" characters, which wili_be used by the translétor
. on the link layer to get "in step" with DCE charfcters).\ The translator
nov responds wvith the selection signals of state 4, which are preceded
by synchronisétion characters. If the operator has specifiéd direct
calling,>state 4 is bypassed and the translator signals DTE WAITING

(1, ON); The translator now waits for the DCE to signal READY FOR

DATA (1, ON). All relevant DCE provided informaﬁion vhich may precede
this state is displayed on the operator console. When required tp, the

Qtranslator will take appropriafe action (such as clearing a call) on

receiving call progress signals.

Incoming Call
The translator detects the "SYN" characters preceding the DCE signal
INCOMING CALL (BEL, OFF) and then Wéits until it detects "BEL" before

- signalling CALL ACCEPTED (1, ON). It waits for the DCE to signal READY
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FOR DATA (1, ON), while displaying all relevant DCE provided
information on the éonsole. As before, the translator will take

appropriate action on receiVing call progress signals,

Until the translator detects the READY FOR DATA signal, itAsignals

DSR ON, CTS and CD OFF to the V.24 DTE.

- The events initiated by either a céll request or an incoming call
_usually result in the data transfer phase, during which the link ahd
network layer aspects of X.21 fall away. The data transfer phase is
not entered if call progress signals indicate that clearing should
take place, or if call clearing followé in the normal course of
events, such as when the DCE initiates an incoming call to provide

charge advice,

At any stage during the call control phase, the interface may be
returnéd to the quescent phase by entering the call clearing procedure

described in section 5;3.3.1 (1ii).

5.3.4 THE PRELIMINARY MODEL
 5.3.4.1 HARDWARE

The hardware developed for the.preliminary_model consists of a wire-~
wrapped c?rd wvhich is connected to the motherboard of the SABUS computer
used as an evaluation system. The circuitry is shown in block diagram .
form in figure 21.- The hardware_presents a DCE interface to the V.24
DTE and a X.21 DTE interface to the DCE. The main hardware components
are two pérallel ports, a USRT (universél synchronous receiver/transmitter)
and twé timers. These devices are addressed from the system address
bus after address decoding has been done. Some miscellaneous hardware
devices (such as multiplexors) are used to implement functions specific

to the translator. Line driver and receiver circuits are used to
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o~

implement the electrical characteristics specified for the two inter-

faces.

Paraliel Ports

These ports, one for input and one for output, are used to détect

'and present conditions én the two interfaces simultaneously. The ports
Cohvey this information to énd from the system data bﬁé. The output ﬁ
port is clocked QSing the X.21 signal S, so that changes on circuits

T and C occur on bit boundaries as specified by the X.21 recommendation.

Bits 6 and 5 of the_outpuf port are used to control a 4-line toAl-iine
multiplexor. This multiplexor presents one out of four input signals
on X.21 circuit'T,'depending on the condition of its two contfol
~inputs. The four multiplexor inputs ére the USRT transmitter data
output, the V.24 signal TXD, 'an alternate sequence of ones and zeros
(obtained by halving the frequency of S), and bit 4 of the output bort,

vhich may be either logic one or zero and is set under programme control.

Bit 3 of the output port is used to generate the condition on X.21

circuit C,

Bits 2,1 and 0 of the dutput port are used to generate the conditions

on V.24 circuits CD, CTS and DSR respectiQely; The ‘condition of CD is.
also used to control a 2-line to l-line multiplexor vhich has as its .
output the V.24 circuit RXD; Tﬁe two inputs are the X.21 cirecuit R

and a/steady>binary 1. (V.24 states that RXD should be at binary 1 vhile

CD is OFF).

Bits 3 to O of the parallel input port are used to sample X.21 circuits

R and I and V.24 circuits RTS and DTR respectively.
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Universal Synchronous Receiver Transmitter

The USRT is also clocked by'the X;21 signal S, It receives data from
X.2) circuit R, pfesenting'it to the data bus; and transmits data from
the data bus té the 4-line to 1-line multiplexor for presentation on
X.21 circuit'T; The USRT is used for link ievel.functions such as
detecting and generating éynchronisation characters and detecting
~parity errors in reéeived data; It élso generétes a périty bit on data

" transmitted to the DCE.

»Two timers are used. The fifst is used in conjunction with the "clear
détector" of figure 21 to detect a Vélid DCE CLEAR INDICATION on X.21
circuits R and I, The second is used for thelimplementation-of the X.21
time-limits of Appendix E. The counters produce an output after counting
a value previously loéded from thé system data bus down to zero. These

outputs are tied to two of the evaluation system's CPU interrupt lines.

The Clear Detector

The criterion for a valid DCE CLEAR iNDICATIUN is that it.should last
for a.minimuﬁ of 16 bit-periods and itsvduration should be at least

10 mSec. Over the tfanslator's operational range (1 200 b/sec, 2 400
b/sec, 4 800 b/sec and 9 600 b/sec),bthe 16-bit peribd lasts from 13,3 m
Sec to 1,7 mvSec. It is only at 1 200 b/sec that the 16-bit period
exceeds the 10 m Sec criterion thch would apply when detecting a valid DCE
CLEAR INDICATION. On the preliminary model it was found convenient to
apply a single criterion of 15 mSec before accepting a DCE CLEAR
INDICATION as valid. This is an arbitrary value chosen to satisfy all
bitrates in the translator's operational range; As'X;Zl only specifies
a lower limit of 10 mSec and no upper iimit, fhe_lS mSec period is not

in conflict with fhe recommendation;



5-31

. The clear detector detects the (0,0FF) condition on X.21 circuits R and I
and starts a downcount on timer TA, which has been pre-loaded with a value
corresponding to 15 mSec.. Should the (0,0FF) condition change before

the 15 mSec period expires, the down-count stops and the timer reverts

to its original count value without CPU intervention. If terminal

count is reached, timer TA generates an interrupt which is serviced

by the system's CPU.

As a DCE CLEAR INDICATION may occur at any stage outside the X.21
quiescent phase and must last for a set time-limit, it is much easier
. to implement the timer in hardware than in software.

DTE- clearing is also catered for, by allowing an ON to OFF transition
of the V.24 signal DTR to trigger the same interrupt used by the DCE
¢lear detector. On receiving the interrupt, the CPU should
interrogate the parallel imput port to see whether the DTE or DCE
initiated clearing.

The '"Steady Binary" Convertor

The steady binary convertor has as its inputs the X.21 signals R, I and S.
It monitors the conditions of R and I and regenerates these same conditions
as outputs, provided they have remained steady for 16 periods of S. This
ensures that the values of R and I read by the CPU from the parallel

input port are steady. In the event of the convertor being presented

- with a continuously varying input (as when there is a data signal on R),
the last steady binary value is latched on the corresponding output.

Implementation of X.21 Time~Limits

The X.21 DIE time-limits of appendix E could conceivably be implemented
either in hardware or in software, but the hardware implementation is far
more convenient. As justification for this, the example of implementing
X.21 DTE time-limit T2 may be used. T2 is a 20 second time-limit which

is started in the X.21 state DTE WAITING (state 5 of figure 3). It may

be stopped after the DTE receives call progress signals resulting in the
call being cleared, or if the DTE receives a DCE CLEAR INDICATION, or if
the interface moves through to the READY FOR DATA condition (state 12

of figure 3). Before this time-limit is terminated, the translator

could be required to process several interstate transitions. Implementing
the down-count of a software timer while this is being done, would be

a tedious process. Using a hardware timer simplifies matters considerably,
as instructions equivalent to '"start timer" and "stop timer" can be used
.where appropriate, while the down—count is performed by an external

clock.

Address Decoding

Signals on the system address bus, in conjunction with conditions on the
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1/0 read and write lines, afe decoded to address the above devices as

required by- the translator software.

Line Drivers and Receivers

Two classes of drivers and receivers are used. One implements X.27
elecfrical characteristics for the X;21 interface, while the other

implements V.28 characteristics for the V.24 interface.

X.21 circuits T and C are presented to a 15-pin D~type connector by
the X.27 line drivers, while X.21 circuits S, R and I are taken from
this connector as inputs for the X.27 line receivers. These drivers

“and receivers convert between TTL voltage levels and X.27 line signals.

In similar fashion, the V.28 line drivers present V;24 signals RXD,
CD, CTS, DSR, TSET and RSET to the V.24 25-pin D-type connector, while

receiving signals TXD, RTS and DTR.

General

On the V.24 interface, circuits TSET and RSET are derived directly

from X.21 circuit S, while the_V.24 signal ground (circuit 102) is tied
to the translator ﬁardware‘s circuit grodnd. As S is also used to
clock the USRT and the parallel output port, the translator may be used

at any clock rate presented on S, without requiring any adjustment.

Operation

During the X.21 quiescent phase, tﬁe USRT and timers are not used,

Bits 6 ahd 5 of the parallel dutput port are set so that bits 4 and 3
control the conditions of X;Zl circuits T and C respectively. Bits 2

to O control the conditions oF‘V.24 circuits CD, CTS and DSR respectively,
vhile bit 2 (CD) also controls V.24 circuit RXD, as explained under the

subheading "parallel ports" earlier in this section, The signals
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connected to bits 3 to O of the parallel input port(CR, I, RTS and
DTR respectively) are inputé to the translator from both interfaces.
These inputs are monitored and used to determine what conditions should

be présented on bits 4 to 0 of the output port. Thié hardware

configuration allows the FSM of figure 18 to be implemented.

While selection signals are being entered from the operator's console,
the "01" condition is generéted on X.21 circuit T by an appropriate
éetting of bits 6 and 5 of the parallel output port, allowing the

_ condition DTE CONTROLLED NOT READY to be implemented,

During X.21 call setup; bits 6 and 5 of the parallel output port
are set so that the USRT may be used to generate IA5 characters on
circuit T. The USRT also presents IAS5 characters received on X.21

circuit R to the system data bus.

Timers TA and TB come into operation as soon as the X.Z1 quiescent
phase is left, being used to detect the DCE CLEAR INDICATION and

implement X.21 DTE time-limits.

During the data transfer phase, bits 6 énd 5 of the parallél output -

port are set so that V.24 circuit‘TXD is connected to X.21 circuit T.

X.21 circuit R is connected to V.24 circuit RXD by setting bit 2 of the
parallel output port ON, which simultaneously puts an ON condition

onto V.24 circuit CD. This is valid for implementing full duplex’
transmission. The conditions on bits 2 to O may also be used to implement

half duplex transmission as described in section 5.3.3.1 (ii).
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5.3.4.2 SOFTWARE
In implementing the translétidn process along the lines described
in section 5.3.3, software functions may also be divided into the
physical, link and network layers., In section 5.3.3 the physical layer
. aspects of translation’werevgrouped into foup categories, namely
the X.Zl qdiescent phése, the data transfer phase, the call clearing
procedﬁre and the case of dedicated circﬁits. The'cése of dedicated
circuits has been treated in section 5.3}3;1, vhere the interface‘
adéptor of figure 20 is used to perform the translation. It is
‘convenient to groﬁp the data transfer phése.softwére with that of the
netwvork léyer, as it.follbws on naturally from the call contfol phase;
The call clearing procedure is also>grouped vith network layer software,
as it is invoked only from the call control and data transfer’phases;
" The X.21 quiescent phase is therefore the only aspect of tfanslation

treated directly under the physical level.

The link layer features of chéracter format, synchronisation and error
detection are proQided by the USRT described in the previous section.
Related software is concerned with initialising the USRT to proVide the
necessary features and, if required, interrogating it to determine

ithe validity of incoming data;

On the network layer, translator software must implement the X;Zl

call control phase, culminating in data transfer unless the call plearing
procedure is invoked during call establishment. The>céll control phése
is naturally divided into a call request procedure and an incoming call
procedure., Network layer softwarevserves to make the translafor

emulate a X.21 DTE during call control, while presenting the V.24 DTE
with an ON signal on DSR and OFF signéls on both CTS and CD. Interaction
wvith én operétor (via the console) is required to generate selection

signals for use while implementing a X;Zl béll request., The translator
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achieves automatic answeriné of calls when the DCE indicates an in-

coming call on the X,21 interface.

To support the main software tasks mentioned 'so far, several

. . ) ;
auxiliary routines are required. These include procedures to start
~and stop X.21 DTE time-limits, and a procedﬁre to display messages

reflecting the status of the'interféces on the console.

a) The Physical Layer

- The nature of circuit switched traffic is such that the DTE/DCE inter-

face will spend most time in thé quiescent phase., The translator software
(programme translator) has been developed along similar.lines, with

the basic function being trqnslation during the X.21 quiescent phase.

Exit from the quiescent phase may be made to the call control phase,

during the X.21 READY state.

. The baéic hardware unit used during quiescent phase translation is the
parallel I/0 section of figﬁre 21, explained in~section 5.3.4,1. The
input port is used to‘determine the status of the V.24 DTE (bits O and
1) and the X.21 DCE (bits 2 and 3). Using FSM terminology, this

port monitors the translator's input set, Depending on the value of
the input set (IS), translator software will determine an appropriate
output set (0S) and write -this to the output port. Bits 0, 1 and 2 of
the output port control the V.24 interface and bits 3 to 6 the X.21

interface.

Table 5.6»(below) based on table 5.4 and the state diagram of figure
18, lists the mnemonics used to represent different conditions of 15
and the corresponding desired value:of 0S as implémented by programme
translator. The numbers in these mnemonics and'in figure 18 refer to

the corresponding states of the X.21 interface. The only output set



EQUIPMENT STATE ‘ INPUT SET (IS) - CORRESPONDING OUTPUT SET (OS)
V.24 DTE | X.21 DCE " RTS,DTR,R,I |MNEMONIC CcD, CTS, DSR, T, C | MNEMONIC

READY READY - ‘OFF ON 1 OFF IS1 OFF OFF ON 1 OFF 0S1
READY NOT READY OFF ON O OFF IS18 OFF OFF OFF 1 OFF 0518
NOT READY | READY OFFOFF 1 OFF IS24 OFF OFF ON O OFF . 0824
NOT READY. | NOT READY ~ OFF OFF O OFF 1522 - OFF OFF OFF O OFF 0522
REQUEST ' , ' : '
TO SEND READY “ON ON 1 OFF 182 OFF OFF ON 01 OFF 05142

1y . _

UNDEF INED - - - - - » | OFF OFF OFF 0 OFF 0s22
NOTES :

1) Only when the translator interacts with the console to receive X.21 selection signals.

2) The V.24 signals CD, CTS and DSR in this output set reflect the condition of the X.21 DCE
before this state was assumed, and persist for the duration of procedure selsigs.

TABLE 5.6 .

9¢-¢
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which is generated as a result éf factors other than the input set is
0s 14, correspoﬁding to DTE CONTROLLED NOT READY on the X.21 interface.
This condition is generated by the translator while selecfion signals
are béing received from the console, as 1s explained later in this

section.

In the event of the input set not corresponding to any of the first
four possibilities reflected inAtable 5.6, an unidentified quiescent
state is detected and the translator indicates NOT READY to both
interfaces. If the X.21 DCE is in the call control or data transfer
phase at this point, as could happen if the translator were reset
during call control or data transfer, the translator signal will be
interpreted by the network as a DTE CLEAR REQUEST and the DCE will

respond with a DCE CLEAR CONFIRMATION in accordance with the state

diagram of figure b,

The translator continues to transmit NOT READY to both interfaces until
the DCE signals READY. When this happens, normal ope;ation is resumed
and the translator-converts conditions on one interface to appropriate
»conditions on the other. When the X.21 interface is in state 1 again

(DTE, DCE READY), the interrupted call may be re-—established. -

While executing the "undefined input set" procedufe, the V.24 DTE
is presented with the true state of the X.Zi DCE, while the‘X.21
DCE is presented with the condigion DTE NOT READY regardless of the
DTE condition. This has no adverse effect on the interfaces as it
results from a correct impleméntation of the X.21 call clearing

procedure.

If the unidentified state 1§ due to the DTE or to persistant fault
" conditions, the translator's NOT READY signals to both interfaces will

continue until the fault is cleared.



5-38

When the DTE signals ON on V.24 circuit DTR and the DCE signals
READY, translator software tests fof‘the presence of an incoming
“call or a call request, Either possibility results in exit from

‘the quiescent phase to the call control phase.

An incoming call is detected by thé USRT when it recéives two or more
contiguous SYN characters from the DCE.. Translator softuvare
interrogates the USRT and on finding that SYN characters have been
detected, sets a boolean variable ((INCOM). If no SYN characters

have been detected, the variable is reset. The value of INCOM is
used to determine whether an incoming call should be servicéd during

the READY state.

>If the DTE signals ON on RTS during the X.21 READY stéte (IS 2), the
translator enters a procedure.to receive selection signals from the |
console (procedure selsigs). These signals are echoed to the cnnsole
and stored in a buffer areé of memory called SELBUF for use during X.21
call establishment (state 4 of figure 3 : SELECTION SIGNALS). During

| the execution of Erécedure selsigs, the tfanslator generates the DTE |

CONTROLLED NOT READY condition on the X.21 interface (0S14).

If a "$#" is typed at any stage during selsigs, the boolean variable

ABORT is set to true and the procedure terminated, When ABORT iS»true,','
translator software ignores the contents of SELBUF and procedure selsigs

, hay be re-entered. This allows the operator to correct incorrect

selection.signals inadvertantly entered.

The format of selection signals must be.as in appendix B, the sequence
being terminated with a '"+"., If the first character is a "+", procedure
selsigs is terminated and the boolean variable DIRECT set to true,

indicating that the translator should implement a direct call rather
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" than generating selection éignals during call establishment. If a
" - " is encountered during the sele;tion seduence (see appendix B),
the selection signals‘are scanned to see if they contain a request
for the charge informatiénrfacilify._ If the'correspondiﬁg code is
found, the boolean variéblé CHARGEINF is set to true. (If CHARGEiNF
is true, time-limit T7 is set during call clearing. The DCE must |
then respond with the required charge informatiop before.this time-
limit expires). If the conditions for ABORT, DIRECT and CHARGEINF
to be set to true are not met, these variables are set to false when
procedure selsigs is terminated. If ABORT is false when procedure
selsigs is terminated, the translator initiates a call request if both
'DTE and DCE afe READY. (This is explained in greater detail under

network layer software).

A description of procedure selsigs using a mixture of English and Pascal

censtructs is given below.

procedure selsigs;

const
lim = predetermined value;
true = 1;
false = Q;

type .
osvalue = as in table 5.6;
boolean false..true;
character = IA5;

 var
0S : osvalue;
selbuf: array (O..lim) gg_character;
~abort, direct, chargeinf : boolean;

begin = timestart (T sigs);
0S : = 0St4
message ! = "SELECTION SIGNALS';
chargeinf, abort, direct : = false;
read first console character;
store character in selbuf;
write character back to console;

if character = "4#" then
begin _ '
abort : = true;
message : = "ABORTED";

end
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else
begin
if charactér = '+' then
begin direct : = true;
" message : = "DIRECT CALL";
end |
else v
begin
repeat
read next console character;
store in selbuf;
write character back to console,
until character = "4" or "+";
if last character = "4%" then
" begin
abort : = true
message : = "ABORTED";
end
else
begin
scan selbuf for "-';
if "-" is found then
begin
scan preceding
characters for
-"61" code;
if "61" found then
begin
chargeinf : = true;
end
end =
end T
end ene
end

'329. timestop;

If the boolean variable RETRY is found set during the READY state,

.the call request procedure is executed immediately and tﬁe selection
signals from the last call attempt re-used. RETRY is set after group

2 or group 6 call progress signals (see appendix C) are received by the

" translator during call establishment. .After receiving these call progress
signals a X.21 DTE is expected to clear the éall and make another attempt

after waiting for a period defined on a national basis.

Potential problems due to call collisions (state 15 of figure 3) are
avoided by examining the status of RETRY and RTS before that of INCOM.

This results in the DTE being given preference in the event of a call

collision taking place.
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The functions outlined so far are summarised below, using a mixture
of Pascal constructs and English. The mnemonics for input and output
sets are from table 5.2. The statement "message" calls a foutine

to write the appropriate message to the console.

programme translator;

const false = 0;-
true = 1;
‘type boolean = false .. true;

isvalue, osvalue = as in table 5.6;

var incom, retry : boolean;
IS : isvalue;
0S5 : osvalue;

- label start;
begin
start: repeat
incom : = false;

interrogate USRT; :
if SYN characters received then
begin incom : = true end;
read input set (IS);
case IS of
IS1 : 0S5 : = 0S1;
message : = "DTE READY, DCE READY";
if retry : = true then
begin execute call request end;

else
begin
if RTS = ON then
begin

service console; (procedure selsigs)
execute call request;
end
else
begin
if incom = true then
begin
service incoming call;
end
end

:

end
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1518: 0S5 : = 0518; . :
: message : = "DTE READY, DCE NOT READY";

1524:  0S : = 0S24; |
message : = "DTE NOT READY, DCE READY"Y;

'1522:  0S : = 0S22; _ ‘
. message : = "DTE NOT READY, DCE NOT READY";

unde« . - '
fined: - 0S : = 0522; : :
message : ="undefined quiescent state";
repeat read IS until IS = IS1 or = IS 24;
~end
until forever

end

b) The Link Layer
. Translator software functions for X.21 link layer implementation consist

 of correct USRT initialisation.

The USRT is initialised to tramsmit and receive characters consisting of

seven data bits plus one'parityAbit. 0dd parity is used.

The USRT indicates the occurrence of parity errors in data received from
the DCE during call establishment, making this information available to

translator software on a character by character basis.

The USRT is programmed with IAS character 1/16 (SYN) as synchronisation
character. To comply with X.21 requirements, two contiguous SYN characters

are specified. (See section 3.4.1).

c) The Network Layer

Trénslator software implementing X.21 network layer functions is divided
into three main routines. The call request procedure coversvimplementation
of X.21 states 2, 3, 4 and 5 of figure 3 : CALL REQUEST, PROCEED TO SELECT,

SELECTION SIGNALS and DTE WAITING.
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The incoming call proceduéé covers X.Zf states 8 and 9 of figure 3:
INCOMING CALL and CALL ACCEPTED. X.21 states 6 to 13 (excluding states

8 and 9)‘are covered by a Singlevprocedﬁré which follows-from the call
request and incéming cgll procedures;and leads up to data transfer.

This has been called the character idéntification routine, as its primary
function 1is tobidentify characters transmitted by the DCE énd.take

appropriate action.

Table 5.7, which lists the mnemonics used for the input and output sets
in these routines, should be used in conjunction with the explanation

which follows.

In the following programme descriptions, X.21 time-limits are started

by calling a procedure named timestart, arnd stopped by one named timestop.
In the Pascal/English notation used, the specific time-limit started
follows the call on timestart in parentheses. For example, "timestart

(T 7)" loads the value corresponding to time-limit T7 into the time-limit
- timer and starts a down-count. ‘''Timestop" stops the downcount. These
‘procedures are explained in greater detail in section 5.3.4.2 (c)(v).

(1) The call request routine (procedure calreq).

Procedure éalreq usés information genefa;ed by the selection signal
routine (procedure selsigs) while implementing a X.21 call request. The
procedure first signals CALL REQUEST on the X.21 interface (0S2) and then
waits for the DCE to respond with PROCEED TO SELECT (IS3). If the boolean
variable DIRECT is false, the selection signals contained in SELBUF are |
transmitted to the DCE (0S4). This is followed by signalling DTE WAITING.
-If DIRECT is true, the procedure signals DTE WAITING (0S5) immediately
after the DCE signals PROCEED TO SELECT, effectively bypassing state 4

of figure 3.



5-44

EQUIPMENT STATE INPUT SET (IS) CORRESPONDING OUTPUT SE

T (0S)

-|v.24 DTE {X.21 DCE  [RTS, DTR, R, I |MNEMONIG| CD, CTS, DSR, T, C MN

EMONIC

,Reqﬁest Reédy On  On 1 Off 1s2 | Off Off On O Onj 0S2
To Sen$l) | .
w . fProceed - {On On + Off} 1S3 off Off On 1IA5 On| 0S4
, To Select _ ‘ V
B " On On + OFF| 1S3 | OFF OFF On 1 On| 0S5
" DCE Wéiting On  On SYN Off | 1S56A off Off On 1 Ony 0S5
" |DCE Pro&i-
ded ~ l0n  On IA5 Off|1S7/10 off Off On 1 On| 0S5
_Informétion
" Connection {On ,On 1 Off} IS11CR | Off Off On 1 On{ 0S5
in Progress _ ‘
" Reédy for |On On 1 On IS12CR {On On On 1 On OSlZCR2
Daté ' »
: Reédy ~ }Incoming
- Call * Off On BEL Off | IS8 On Off On 1 On| 0S9
" DCE WAiting Off On SYN Off | 1S6B On Off On 1 On{ 0S9
K Connection [0Ff On 1 OFf [IS11IC |On OFf On 1 On| 0S9
in Progress '
" ' Rgédy for . .
Data 0Off On 1 On |IS12IC On Off(4bn 1 Onj 0S12IC

NOTES:

l; The stétés vhich follow are associated with a DYE CALL REQUEST.

2; At this point, the connections from X.21 circuit R to V.24 circuit

RXD and V.24 circuit TXD to X.2l circuit T are established. This
output set refers to fﬁll duplex transmission only.

3. The states vhich follou are associated with the DCE indicating an
INCOMING CALL.

4. Whe RTS goes on, this circuit also signals ON.

TABLE 5.7



This procedure may be outlined using a mixture of Pascal constructs

énd English as follows;

procedure calraq;

const _ - false = 0}
true. = 1;

type booleén = false ... true;
char = IAS}

osvalue, isvalue = as in table 5.7;

xég : direct : boolean}
selbuf: array (0 .. limit) of char;
0S: osQalue}
IS: isvalue}

~ begin 0S: = 052;
' : timestart (T1);

regeat

read ISé
until IS = 1S3,

timestop;
if direct = false then

begin
transmit selbuf to DCE;

end
0s* ¢ = 055
timestart (T2);
reEeat ‘
read 1S5;

until IS <> 1S53;
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ii) The incoming call routine (procedure incal)

Procedure incal waits for the DCE to signal INCOMING CALL (ISB)

énd tHen responds by signéliing CALL ACCEPTED; Simultanequsly,
V;24 circuit ¢p is sét ON, to a&oid the DIE initiating a call
‘request éfter the trénélator hés accepted an incoming call from

the DCE (089) . Exécution is continued when the DCE stops signalling’

INCOMING CALL and takes the intérfacevto a new state.

Using the same constant -and variable declarations as with procedure

célreq, this routine is outlined below.

procedure . incal;
begin :

timestop;
timestart (TSYN);

‘Iepeat
reéd IS}
until IS = 1S8;
_ timestop;
0S :=. 0S9;
timestart  (T4);
repeat
reéd IS;

until IS <3 IS8;

énd.

(iii) The character identification routine (procedure charid).

Procedﬁre chérid may be executéd either after procedure calreq or
éfter procedure incal; On exit from these routines, the X.21
circuit R may be transmitting characters from IA5 (if the interface

is in states 6, 7 or 10 of figure 3: DCE WAITING, CALL PROGRESS
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SIGNALS.or DCE PROVIDED INFORMATION), or it may be held at a
steady binary 1 if the interface is in state 11 (CONNECTION IN

'PROGRESS) or 12 (READY FOR DATA).

While R is‘not at binary 1, procedure Ehérid uses the information

on R to determine whether the interface is in state 6, 7 or

10 énd geherates éppropriate information for displéy on the

conéole; This informétion méy take the form of cali progress

signéls, chérge information or célled/ealling line identification.

Céil progress signéls'ére transmitted by the DCE as a block

of'aneric chéracters, charge information as numeric characters preceded
by a solidus ("/") aﬁd célled/calling 1ine-identification as numeric .
éharacters ﬁreceded by either one 6r two asterisks ("#'")depending on
whether or not the.line identification includes DNIC or BCC (;eé

appendices A and B).

In the case of call progress signéls this pfbcedure determines
vhether ény speciél action (i;e; "clear" or '"clear and retry")
should be taken by the translator and, when required, sets

the éppropriate vériébles (CLEAR? and RETRY) for processing

ét é later stage. The boolean variable RETRY is reset when
procedure chérid is entered, to avoid undesired call attempts
being.méde by programme translétor. - The integer variable

CLEAR? is used by the call clearing procedure (procedure

3

clear) when implementing the X.21 céll clearing process, Call
progress signéls are stored in a buffer in memory called CPBUF

'énd displéyed on the console;
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When charge informétion is supplied by the DCE, it is displayed
on the console. The boolean variable CHARGEINF which was set
during Efocedﬁre selsigs, is reset to false to avoid time-limit

17 (see appendix E) being started vhen the call is cleared.

Céllihg/called line identificétion is displayed on the console after

the heading "REMOTE PARTY™,

In the e&ent of én ﬁnidentifiéble character being received on Ry

it is displayed on the console with an éppropriéte error message.

When DCE circuit R is at binéry l; circuit I is tested to determine
vhether the interféce is in state 11 or 12 (CONNECTION IN PROGRESS
or READY FOR DATA); Unce circuit I goes ON (READY FOR DATA),
data transfer is enabled by connectingrx;Zl circuit R to V.24
circuit RXD and V.24 circuit TXD to X.21 circuit T (0S12).

For full d&plex.dété transfer, the ON condition is applied to

V;24 circuit €D. The ON condition is also applied to CTS if RTS
is ON (0S12CR). If RTS is OFF, CTS is held OFF until RTS

goes ON, és could héppen vhen an incoming call is being serviced

(05121C).

As discﬁssed in section 3.3.4.2(b), the implementation of half
duplex trénsmission'on é X.21 interface is essentially a matter

of nétionél option. For the preliminary model, the X.21 interface
vas treated as full dﬁplex and on the V.24 interféce, circuit CTS
wés switched ON énd OFF in response to the DTE signal RTS. Circuit
€D vas giQen the opposite condition to CTS for the duration of data

trénsfer; Figﬁre 21 shows that this results in the correct con=
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'ditions on V;24 circﬁif RXD for the implementation of half duplex
transmission. It is assumed that the remote DTE. is also operating
in half duplex mode, as the translator requirements do not

specify half duplex to fﬁll duplex conQersion, and this has

not been catered for.

Exit from procedure charid takes place after the necessity to
clear the call has been indicated. This may be done by the DTE,
'&ia the consolé, after the expiry of some DTE time-limits, in
response to céll progress signals received from the DCE, or after
translétor hardwére hés detected a DCE CLEAR INDICATION, Thé
integer Qériéble CLEAR?, which is sét'ta false on enteringv
Efocedﬁre charid, will be set to a value indicating wvhether DTE

or DCE initiated clearing. When the value of CLEAR? is changed
from false, Eroced&re charid is terminated. The call clearing
procedure (procedure clear) is then entered and depending on

the value of CLEAR?, either a DTE CLEAR REQUEST or a DCE CLEAR
INDICATION is executed on the X;21 interface. Simultaneously, OFF
conditions are indicated on circuits CD and CTS on the Vv24 inter;
face and the connéctions between R and RXD, and TXD and T are

brdken.

In the following Pascal/English outline of procedure charid, the

'_mnemonics for input and output sets are from table 5.7.
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procedure charid;

const ' false 0;
true 1;
dteflag = arbitrary;

type boolean = false .; true;
isvalue, osvalue = as in table 5.7;

chérA = IAS}

Qgg . retry, chargeinf : boolean;
clear? : integer}
YIS : ‘;sQélQe;
0s :. osvélue}

cpbﬁf : array (Q .. lim) of char;

retfy, cleér? ;= false; ' ' .
vhile R <> 1 and clear? = false do
. Af charécter = SYN then
begin
message . = "DCE WAITING";
end
else
Eégiﬂ timestop;

timestart (T3A);

case character of
0..9 : receive call progress signals
from USRT; reset T3A after each
call progress signal;
store in cpbuf;

send cpbuf to console;

If necessary, set clear? and

retry;



"y, receive charge information;

" display: on console§

"Ry receive called/célling line
identificatidn}
display on console;
unidentified : display character with

error message;

Eﬂg (Cése)

end (else)

reéd next charaéter from USRT;
end (uhile)
if clear? = false then
read 1S;
if 1 = OFF then
| message := "CbNNECTIUN IN PROGRESS";

read IS;
until I = ON;
end
timestop;

message = := "READY FOR DATA";
05 := 0512; |
message :=  "DATA TRANSFER";
Epgeét

implement data transfer;

if console character =# then

begin clear? : = dteflag end

until clear? < false;’

end (if)
end.. (begin)
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iv) The call clearing routines
Call clearing can be initiated either by an external interrupt or by a
software instruction calling for execution of the call clearing routine,

procedure clear.

The external interfupt, which shouldbonly be enabled once the X.21
interface is outside the quiescent phase, indicates that either the DTE

or the DCE has initiated the clearing sequence. An ON té OFF transition
of the V.24 signal DTR (as would occur if the DTE were switched OFF), or a
pefsistent‘DCE signal of R, I = 0,0FF'(indicating_a DCE CLEAR INDICATION)
woula be responsible for this interrupt. . Iﬁ either event, an interrupt
service youtine, procedure clearserve, is executed. This routine stops
the time~limit timer and then reads the inpﬁt-set to determine whether

the DTE or DCE has initiated clearing. The integer variable CLEAR? is
-set to the constant value DTEFLAG if DIR is OFF,aﬁd to DCEFLAG if DTR

is ON.

Procedure clearserve next calls procedure clear to implement the X.21
call clearing procedure as defined in figure 4. Once this has been
completed, procedure clearserve forces execution back to the start of

- programme translator.

The need to initiate call clearing with a software instruction arises
from the X.21 requirement that a X.21 DTE must clear the call in progress
after the DCE has transmitted certain call progress signals (see Appendix
C). Depending on the call progreés signals received, procedure

charid may set CLEAR? to DTEFLAG. Charid is then terminated and
procedure clear is called to implement the X.21 call clearing sequence.
Execution is then returned to the start of programme translatér. The
ffanslator software also allows a call to be cleared from the console

during the data transfer phase. If the IA5 character "#" is typed



from the console during data transfer, CLEAR? ié set to DTEFLAG

and charid is terminated as before.

A Pascal/English description of procedure clearserve is given below.

‘

procedure clearserve;

const :
dteflag, dceflag = arbitrary constants;
OFF ‘= binary 1;
ON = binary O;

type . v
boolean = OFF.. ON;
isvalue = as in tables 5.6, 5.7;
var
clear? : integer;
- DTR : boolean;
IS : isvalue;
label
start;
begin
timestop ‘
tidy up present routine;
read IS;
if DTR = OFF then
begin
clear? = dteflag;
end '
else
begin .
clear? = dceflag;
end )
c1€§?;
goto start;
end

As with procedure clearserve, procedure clear, which is described below,
begins by stopping the timelimit timer: Procedure clear then sets the
output set to 0516/20 of table 5.8. This will be interpreted by the
DCE either as a DTE CLEAR REQUEST or as a DTE CLEAR CQNFIRMATION,

depending on the DCE signal on R, I.

Procedure clear next tests the integer variable CLEAR? and if this

is set to DCEFLAG the message "DCE CLEAR INDICATION" is sent to the
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. - ,
console. Timelimit T6 is started and the translator waits for the DCE

to signal READY (state 21 of figure 4/IS21 of table 5.8), after

which the timer is stopped.
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EQUIPMENT STATE INPUT SET (IS). ' CORRESPONDING OUTPUT SET (0S)

V.24 DTE|X.21 DCE RTS,DTR, R, I JMNEM | D, CTS, DSR, T, C | MNEMONIC

X X - - - - - OFF, OFF, ON O, OFF | 0S16/20

X |DCE CLEAR X X 0,OFF [IS17 | OFF, OFF, ON, O, OFF| 0S16/20
CONFIR- | | |
- [MATION

‘X |pcE X X 1,0FF|1S21 |N.A. o -
1 READY

TABLE 5.8

If CLEAR? is not set to DCEFLAG the message lv'DTE CLEAR REQUEST" is
sent to the console and tiﬁelimit T5 is started. The translatcr wailts
for the DCE to respénd with IS17 of table 5.8 and then signals "DCE
CLEAR CONFIRMATION” to the console. When the DCE signals READY (1821

of table 5.8/state 21 of figure 4) the timer is stopped.

Having received the DCE READY signal, procedure clear checks the boolean

variable CHARGEINF (see sectiqn 5.3.4.2 (a)). 1If it 1is set to true,
timelimit T7 is started and CHARGEINF is reset to false. Before
procedure clear is terminated and execution is returned to the calling
routine, the integer variable CLEAR? is set to false. The calling

routine returns execution to quiescent phase translation, which will

result in the X.21 interface returning to state 1 if the DTE condition

permits it.

A Pascal/English description of procedure clear follows.
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procedure clear;

const

dgeflag = arbitrary constant;
true = 1; :
false = 03
type
. boolean = false.. true;
isvalue, osvalue = as in table 5.8;
var :
0S: osvalue;
"IS: isvalue;
clear?: integer;
chargeinf: boolean;
begin
timestop;
0S : = 0516/20;
if clear? = dceflag then
begin -
message : = "DCE CLEAR INDICATION";
timestart (T6);
end
else
begin -
message : = "DTE CLEAR REQUEST";
timestart (T5);
repeat
read IS;
until IS = IS17;
message : = "DCE CLEAR CONFIRMATION";
end |
repeat
read IS;
until IS: = IS21;
timestop;
if chargeinf = true then
begin
timestart (T 7);
chargeinf : = false;
end
clear? : = false;

end.
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(v) Implementation of time-limits.

All the tiwme-limits of appendix E are implementea using the two

procedures timestart and timestop.

-'Procédﬁre timestéft loéas timer TB (See Section 5.3.4.1) 3
vith a Qalﬁe corresponding to the time-limit being started

énd starts the timer counting down. It also sets the integer
Qériéble TIME LIMIT to a Qalﬁe corresponding to the abpropriate
time-limit, for processing at a later stége; Procedure time-

stop stops timer TB counting down.

If timer TB reaches its terminal count, it generates an interrupt
vhich forces execution to a service routine. This routine
examines TIME LIMIT to determine which time-limit has expired.

It then takes action as specified in téblevE.l of éppendix E
before retﬁpning execution to programme translator. Such action
coﬁld, for example, consist of setting the integer vériable CLEAR?

to the value appropriate for a DTE CLEAR INDICATION and then calling

procedure clear.

Procedure timestart is célled wheneQer a DTE time-limit is
specified in table E;l.. Procedure timestop is called whenever
the ébpropriate terminating stéte is entered; For instance,
véfter Erocedﬁre célreq signéls a call request, it calls procedure
timestart to load timer TB with a 3 second count value. When the
DCE signals PROCEED TO SELECT, calreq calls Qrocedﬁre,timestob

to stop the douncount .



procedure

d)

A new tihe-limit, TSYN, has been introduced in addition to those

~of table E;l;‘ It caters for the possibility of the DCE trénse

mitting a continuous string of “SYN" characters in state 8 (INCOMING

CALL), as mentioned at the end of section 5.3.2.3.

The interrupt service routine, procedure timeserve, is described

below. Note that actions in tableE.l such as "DTE signals

DTE READY (state 1)" are fulfilled by returning execution

to programme translator.

integer;

appropriate message to console,

e;g., " ;.. expired";

clear? :=  dte flag;

clear; (call procedure clear);
message := 'no charge information
received";

return execution to programme translator;

timeserve}
const dteflag = arbitrary;
vér time limit, clear? :
begin . :
case time limit of
T1, 175, T6, TSYN:
T2, 13, T4 :
7 :
end
_ ggg;

Software Summary

To sﬁmmérise section 5.3;4;2, the version of programme translator

developed in the section on physical layer software may be extended



to include the link and network layer procedures described above.
This sﬁmméry, in the Pascal/English notation previously Qsed,
wés refined to a pQrely Péscél Qersion and then trénslated into

éssembly léngﬁage for the preliminéry model of the trénslator;

programme translator;

const félse = d;

trQe = 13
type boolean = false .. true;

isvélue, osvalue =  as in tables 5.6 and 5.7;
Qér incom, retry, abort: boolean;

1S isvélue}

_ 0S5: osvalue;
label start;

Begin
initialise USRT;

start: repeat

incom = félse;

interrogate USRT;

‘if SYN characters received then
Qggig incom ;; true gggr

reéd IS} '

cése IS_gfl.
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IS1:

0S5 .= 0S1

hessage

Af retry =
retry
célrqu
chéridé

clear;

begin
if RTS

begin

.
’

"DTE READY, DCE READY";

trde then

1= félse;

= ON then

selsigs;

if

abort = false then

begin

calrqu
charid;

clear;

end

begin

if

incom = true then

begin

end

end

incal;
charid;

clear;

end

L]
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1518:

1524

1522:
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05 := 0518;

message := "DTE READY, DCE NOT READY";

05 := 05245

message: = “DTE NOT READY, DCE READY";

0S := 0522;

message := "DTE NOT READY, DCE NOT READY";

undefined:

0S := 0527;

meséége 1= "Qndefined quiescént state";

repeat read IS until IS = ISt or = IS24;

end (cése)
until forever;

end.



6. CONCLUSION
6.1 PRESENT STATUS OF DEVELOPMENT
The current status of work done on protocol conversion between the

X.21 and V.24 interfaces is as follows:

i) For conversion between a X.21 DTE and a V.24 DCE-a simple interface
"adabtor has been designed. Use of this adaptbr assumes the presence

of either dedicated circuits or dial-up facilities with the V.24
interface to cater for the network layer function of call establishment.
The adaptor performs X.21 to V.24 translation on the physical level

only.

ii) For conversion between a 9.24 DTE and a k.21 DCE, two cases

“have been tregted separatte. The first is that of dedicated circuits,
for which an interface adaptor has been designed. This adaptor, similar
to that mentioned above, performs translation on tﬁe physicai level
énly as the implementation of X.21 dedicated circuits involves no

link or network layer features.

The second case concer;s,tran51ation between a V.24 DTE and X.21 DCE
on the circuit switched service, covering the three lower layers

of thé 0SI model. A microprocessor-based device has been designed

on a development system as a preliminary version of this translator.
The DTE operator is presented Vith a console allowing interaction

with the DCE to realise network layer features (such as call
establishment) associated with the X.21 interface. This unit fequires
the DTE‘operator to generate selection signals from the console to
establish outéoing calls and allows automatic answering of incoming

calls.



6.2 FURTHER DEVELOPMENT

The major portion of any further development would be directed at the
microprocessor-based device performing translation between the V.ZA
DTE and X.21 DCE. This work w0uld be directed at building a stand-
alone version 6f the transiafor based on the preliminary model,.which
présently exists oﬁ a deveiqpment system only. A significant part of
this work would consist of designing a suitaEle bperator console,
which could consist of a 16-way keypad and 7-segment displays. Apart

from this, other areas for further development are listed below.

i) bThe software developed for the V.24 DTE/X.Zj DCE translator_couid
easily be extended to covér dedicated circuit working. This has
notvbeen done for the preliminéry model as a éimple hardware solution
has been developed. However, the micfoproceséor—based version could
be made more universal with minimal effort, to cover the case of a

DTE réquiring access to both dedicated and circuit switched circuits.

ii) A limited degree of automatic calling could Be realised by
extending procedure selsigs, which receives selection éignals from
.the console for use during call establishment. Preéently, procedure
selsigs is entered when the DTE signals ON on RTS. The operator.
then types in his selectioﬁ signal sequence from the console and on
terminétion of the sequence, ﬁrocedure selsigs is ende& and a call
fequest generated by the transiator.

It would be a fairly simple matter to extend procedure selsigs

to allow one or more buffers of selection signals to be entered into
the translator before the DTE éignals a call request. When thé DTE
‘then signals ON on RTS, the translator could generate a call request

without operator intervention. When the translator is holding more



than one buffer of selection signals, successive OFF to ON transitions

on RIS could be used to generate a number of call requests in

succession without operator intervention. This extension to procedure

‘selsigs would give the V.24 DTE the ability to perform a limited
amount of automatic calling when connected to a X.21 network, which
is a significant advantage over operation.with a V.24 DCE, with which

automatic calling cannot be realised in this country.
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6.3 SUMMARY

In fhis thesis, soﬁe basic trends in data communications have been
outli;éd. The tendency to move away from data transmission over the
. PTN to public data networks has been identified, and the importance
:of-zhe DTE/DCE - interface and related commuhicatioﬁs protocolém

stressed. The V.24 interface has been described as the traditional
DTE/DCE interface, having evolvéd with data communications over the

public telephone netwbrk. The CCITT X.21 recommendation has been
associated with the emergeﬁce of PDNs and identified as a populér

néw DTE/DCE interface allowing such featureé as aﬁfomatié call "
establishment, which are not available wifh V.24 equipment in this
country. Thé need for a device to perfgrm translation be;weén X.21

and V.24 interfaces has been described, and requirements for such

a translator identified. fhe I50's model for open systems interéonnection
has been described where it is relevant to PDNs ;nd the»DTE/DCE
“interface. ;

‘The»X.21 interface as defined by the CCITT has been described in.some-
"detail, using the 1éye§ed concept suggested by the OSI model;

Advantages and shortcomings.associated with the use of X.21 have been

identified. The traditional V.24 interface has also been described,

in terms of the physical layer of the 0SI model. .

| Interface adaptors using combinational logic have been developed for
translation from a X.21 to DTE to V.24 DCE interface, and a V.24

| DTE fo X.21 DCE with a dedicated circuit interface. A microprocessor-
based translator has beeh developed along the lines of a finite
state machine to perform translation between a V.24 DTE and X.21 DCE
oﬁ the switched circuit service. Design method, hardware and sbftware

for this device have been outlined, and areas for further work identified.
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ﬁegend

t,c,r,1
(t ,C)
(r,1)

%

K

)”ﬂ%“\“ - . .
\\ a STATE WITH ONE SET
STATE NAME % OF DTE/DCE SIGNALS

t, ¢
vk

%

STATE WITH FARILY OF

ATE NAME ,
STATE NAME DTE JOCE SIGMALS.

t, ¢
rl

!

DEFINITION oF STATE/DIAGRAMS

FIGURE 2/{a)

State number

signals on circuits T,C,R, and I respactively

DTE output set/DCE input set

DCE output set/DTE input set

Inter—state transition with JndJLatloﬁ showing whethex
DTE or DCE initiates transition.

Signal Befinitions

0 and 1
01

ON and OFF

X
IAS

+,BEL, SY&

Steady binary conditions

Alternate transmission of binary O and binary 1
continuous ON and OFF conditions:

steady binary O and 1 respectively.

Any value (not necessarily steady)

Character strings from International Alphabet No. 5, as
defined in CCITT recommendation V.3.

Continuous transmissions of these IAS characters, two
characters being the mlnlmum duration permitted for such
transmissions.

DTE or DCE data signals
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1, OFF
I, OFF
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DTE. CONTROLLED DTE UN.CONTRGLL%
#OT READY, DCE READ‘:\ DYE NOT READY, DCE READY
Ol, OFF 0, OFF
I, OFF l, OFF \
)
DCE DCE - ‘ DCE
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23 22 TS
DTE CONTROLLED DTE UNCOMTROLLE
NOT READY, DTE - NOT READY,
DCE NOT READY  } =e=>{  DCE NOT READY
\\oa, OFF / o, OFF/
0, OFF 0, OFF
» — Ml
\
18

DTE READY,
DCE NOT READY

I, OFF
0,0FF

QUIEECENT STATES
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READY \\ o
|, OFF | /,Ai%
i, OFF
mcomme CALL
0, ON I OFF
| CALL COLLISION -
» DTL
0,0N QL_
BEL ,OFF /pﬂ"'; ~—
i (‘ALL ACCLPTE;\
i,ON
BEL ,OFF
DCE
v DCE
. ) i'y~
4 " em . .
] SELECTION SIGNALSY / DCE WAITING -
' IAS ,ON |,ON
- +,0FF SYN,CFF
mmm&gms e & DCE
. IObis }
5 ' BB " '
JAITING - DCE PROVIDED
| bTE "'A”h [ FORMATION
1,00 / DCE 1, 0N
HOFF s - A5, OF F
com\mcnu:\\
- DCE | iN PROG&ESS
DCE S : ) .
| 1,0N gg&g_i:'As indicated in
) l OFr ) '
6A Figure 4 , the DCE may
HAITY :
DCE WAITING %DCE enter state 19 from any
!, 0N state, and the DTE may enter

SYM,OFF

READY FOR DATA

12

~T/C ( NOTE 2)
‘DCE PROVIDED
INFORMATION

[,0K

IAS,OFF -,

CALL’ COMTROL PHASE

1,0H /

i

13
DATA TRANSFER

D,ON
D,ON’ ’

FOR ClRCU(T»—SWiTuﬁED SERVICE
FIGURE 3

-Note 2:

state 16 from any state except
READY .

For simplificati

~)

the state ‘diagram, <cstate

(CATL PROGRESS SIGNALS) is

merged with state 10 (DCE

PROVIDED INFORMATION) .
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OPER ATO“ SEQUENRCE

' ON {)K
CALLING /\
o i Sy
~ oo (}
LE x HOC’K"/'
DL » ‘
PHASE % '

;
N M/’

Dial
TONE
™

e

Dial.
NUMBER

sz

TONES

CONNECT <
OCE TO

A
LiRE /’

RANDSHARING

DATA

o LINE
TRANSFER SEE NOTE

TURN— ARGURD

. _ /\
LT -

NOYE := ONLY FOR HALF DUPLEX TRANSMISSION

ViTi A V.24 INTERFACE ON A SWITCHED SERVICE
e FIGURE 10



ARY STATE
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DTE
CLEAR

REQUEST
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DCE N
CLEAR
CONFIRMATION

CALL CLEARING WITH A V.24 INTERFACE ON THE
' SWITCHED SERVICE.

o FIGURE 1i
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CX.21

STATE MUMBERS AND NAMES

'STATE

18

DERIVED STATE DIAGRAM FOR X.21 DCE
(SEE FIGURE 2)

FIGURE 16

1: DTE READY, DCE KEADY
STATE 14: DTE CONTROLLED NGCT READY, DCE READY
STATE 18: DTE READY, DCE NOT READY :
STATE 22: DTE UNCONTROLLED HOT READY, DCE NOT READY
STATE 23: DTE CCNTROLLED NOT READY, DCE NOT READY
STATE 24+ DTE UNCONTROLLED NOT READY, DCE READY
LEGEND ¢
Sz SEND, Rz RECEIVE
{ DTE: Slt,c); R{r,i)
DCE:S(ri); R(t,c)
S(01,0FF) s(1,0FF}
S(1,0FF) S(0,0FF)
: 'S{0,0FF
(0,0FF} 24
. )
R(0,0FF)|. R(0,0FF) R(1,0FF) R{O,0FF)} R (1,0FF}
| ' ¥
s{0, OFF ) 92
S{1,0FF)
S(1,0FF) -~ _~5(0,0FF)
e,
T 18
~ DERIVED STATE DIAGRAK FCR X2! DTE IN QUIESCENT PHASE
(SEE FIGURE 2)
i |
;
R(01,0FF) R{1,0FF)
. R{1,0FF) R(0,0FF)
\
14 R(0,0FF) - 24
s{0,0FF)] |S(1,0FF) S(,0FF) {5 (1,0FF) S(0,0FF) s(l,orﬂ
v : ' ) ¢
23 R(0,0FF) =/22
i R(!,GFF)
R{1,0FF) < R (0,0FF)

IN QUIESCENT PHASE
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FEUPR

B T s e

LEGEND

.
S & SEND, R » RECEIVE
DTE ' 8(1,¢); R(r.1)

s(),0FF)

R{1,0FF) | R{1,0FF)

S(O0FF)

!

R
4 TAsoFF) |

R(SYRLFF) {SEE FIGURES 2 AND 3)

70

DERIVED STATE DIAGRAM GCHOWING OPERATIONAL SEQUENCE FOR
X.21 OTE

FIGURE 7

X. 21 STATE NUMBERS AND NAMES

STATE 1: DTE READY, DCE READY
‘STATE 2: . CALL REQUEST’

STATE 3: PROCEED TO SELECT
STATE 4: SELECTION SIGNALS
STATE 5: . DTE WAITING

STATE  6A: DCE WAITING

STATE . 6B: DCE wAIExNG

STATE 7:  CALL PROGRESS SIGNALS
STATE 8i INCOMING CALL

STATE 9: CALL ACCEPTED

STATE 10: DCE PROVIDED INFORMATION

STATE 10 bis: DCE PROVIDED INFORMATION

STATE 11: C?NNECTION IN PROGRESS

STATE 12: READY FOR DATA

STATE 13; DATA TPANSFER

STAIE 14: DTE CONTROLLED ﬁOT READY, DCE RZALY

STATE 15: CALL COLLISION ‘

STATE 18: DTE.READY, DCE ROT READY

STATE 223 DTE UNCONTROLLED NOT READY, DCZ HOT READY
STATE 23: DTE CONTROLLED NOT READY, DCE NOT READY
STATE 24: DTE UNCONTROLLED NOT READY, DCE RZADY



X.21 ‘STATE NUMBERS AND NAMES

STATE 1: DTE RFEADY, DCE READY

STATE 14: DTE CONTROLLED NOT READY, DCE READY

STATE 18: DTE READY, DCE NOT READY

STATE 22: DTE UNCONTROLLED NOT READY, DCE NOT READY
STATE 24: DTE UNCONTROLLED NOT READY, DCE READY

LEGEND
S = SEND , Rz RECEIVE v
TRANSLATOR : S{RXD,CD, C7S,DSR,T,C) ; R{TXD,RTS, DTR,R,I)

NOTE : THE TRANSITIONARY EVENTS MUST OCCUR IR THE SEQUENCE
INDICATED BY THE ARROWS.

TRANSITION TO THIS
14 STATE IS INITIATED BY
AN OPERATOR ACTION

. S (1,0FF ,OFF ,ON, | ,OFF])

s{1,0FF, OFF, ON, Ol, OFF)

R(1,OFF, OFF, 1, OFF) ' T S {1, OFF, OFF,ON, i, OFF)
S(1, OFF, OFF,0N,0,0FF) A R (1, OFF, ON,i, OFF)

S(1,0FF, OFF,0N, 1,07F) N .
R(1, OFF, ON, 1, OFF) R(,07F,0N,0,07F) -
: s{1 ,OFF, OFF,0FF, {, OFF) ™%

24 ‘
/R S.(I,0FF, OFF, ON, 0, OFF) X
R{1,OFF, OFF, |,OFF ) ‘ v
: R(,OF F,GFF,0,0FF)

s(1,0FF,OFF,0F F,0 ,0FF)

S{1,0FF,CFF, OFF, 1, OFF)

R(1,0FF, OFF, 0, OFF) R(1, OFF, ON,0, OFF)

S {1, 0FF, OFF, OFF, 0, OFF )

STATE DIAGRAMS REPRESENTING THE TRANSLATOR AS A FINITE STATE
MACHINE DURING THE QUIESCENT PHASE .

FIGURE 8
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e smsemr,

(&

TSET (114)

TXD(103)

RSCT(1S)

RXC (104)

3

- L,

THE SAKE SEQUENCE CF ALTDRNATE hs AND C's IS BEING TRANSMITTED
OGN CIRTUITS R,T, 103 AND 104 : .

FLPLELPLS

.f/v'

FICURE - I9
RELATIONSHIP BETWEEN X.2) AND V.24 TIMING INFORMATICN
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V.28
CTS «———
DSR | % . x.27
RXD = €——— : < R
S CD | —— ' ' <3
TSET <— : : : : —t <s
RSET €———

INTERFACE ADAPTOR FOR USE WITH A V.24 DTE CORNNECTED
TO A X.21 DCE USING A DEDICATED LINE INTERFACE.

FIGURE 20.
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RECEVE L . "\
~ | DATA /T 6 s RIN
i . T AN .
SELECT_{ & TransmIT B
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CONTROL +2
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cLOCK = !
' . [ T E 2 |
| 6 e 15y
| 5 =
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I 3 cconTRoL [0 x
o JOUTPUT -
NGO 2 !
% I ' RXD
- 0 —_—
[T CO Y w —
-4 crs {2
- skt B DSR > 7
g | -3 TSET | 8 Z —
SELECT ‘ D STE(:%%VEBR%ARRY e 7
o JINPUT | I | COMVERTOR
i ! <2 R 1 I
l 1
] ‘ o | ’ S iy 2
v N I
. R = S M
- - [ N§ Y
| TA ¥ & ¥
N 2 DCE CLEAR
-1 = F-—- DETECTOR : : . -
seteeT! F o1 opg b— TxD { ¥ 2]
I‘ RIS | a>1 B
DTR DTR 8§ -
i , > &
+ ‘
ADDRESS _
DECODING ' . . ”%7 . .
_ . : Y AR { r.': |
< | , SEPSLhELBg
J y S Nt ° rer © * /
bt - - . N _V
DATA RD WR A%%RSESS INTERRUPTS BLOCK CIAGRAM OF TRANSLATOR HARDWARE V.24 DTE INTERFACE

. [~3
8Us”

/ - FIGURE 21
SABUS INTERFACE
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N N /

DNIC NTN )
DNIC = DATA NETWORK IDENTIFICATION CODE
NTN = NETWORK TERMINAL NUMBER

D,N = BCD digits

Figure A-1:International Data Number

X
W
DCC N

DATA COUNTRY CODE

NETWORK IDENTIFIER

Any BCD digit from 2077~

0,1 are reserved

8 .is used for interworking with the telex network

9 is used for interworking wiih the telephone network
ny BCD digit from O 109 '

DCC
N

Hwonou

X
]

D
J

Figure A-2: Data Netwerk ldenfitication Code

O INNMNNNNNNNN

ViKY
L L4 X
\~V_/\ v/ /
DCC : NN
DCC = DATA COUNTRY CODE
NN = NATIONAL NUMBER
D.N = BCD digiis :

Figure A-3: International Data Numbers for
integrated Numbering Schemes
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APPENDIX A : FORMAT OF ADDRESS SIGNALS

The selection signals used to address endusers in a circuit-
switched PDN using X.21, must conform to the international nﬁmbering
séheme described by CCITT recommendation X.121. This récommeﬁdation
describes the format of an international data number which may be

up to 14 BCD digits long.

The first 4 digits of the international data number are known as the
"Data Network Identification Code (DNIC) and serve té uniquely |
identify a data network. The rest of the number, which may be up
to 10 digits lomg, is known as the Network Termiﬁal Number-(NTN)!

(Seé figure A-1).

The first 3’DNIC digits serve to identify the country or geographical'
.region in which a PDN is located. These digits aré known as the

Data Country Code (DCC). Each éountry is allocated 10 possible

PDNs, which'are identified by the fourth DNIC digit. (See figure
A-2). Countries or regions wigh more thaﬁ 10 PDNs qualify for a

second DCC. , R

In countries where an integrated numbering scheme is used, the fourth
DNIC digit is prefixed to the NIN, giving a National Number (NN)

of up to 11 digits. (See figure A-3).

Inside a PDN or country, only the NTN or NN will be used to identify
enausers. The numbering scheme used is a national matter, of which
the CCITT should be kept informed. Outgoing calls from a PDN are
indicated to the network by an international prefix or access code.
Again,‘this prefixing is decided on a national basis énd has no

significance outside the PDN in question.




a2

3 Each PDN must be able to 1nterpret the DCC on an- outg01ng call
:"for routlng purposes. Rece1v1ng countrles or geograph1ca1 reglons
Q.must ‘receive the com:plete 1nternat10na1 data number, suppre551ng

the-* DeC wh‘en_ necessary‘-, B
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APPENDIX B:  FORMATS OF SELECTION AND DCE PROVIDED INFORMATION
SIGNALS

The following description uses Backus-Naur Form as the formalism for
syntactic description. A vertical line "|" separates alternatives.

<ty

:: = IA 5 character 2/10
<+> :: = IA 5 character 2/11.
<> it = IA5 character 2/12
- ¢-7 1t = IA 5 character 2/13
<.» :: = IA 5 character 2/14
</> i3 o= iA 5 character 2/15
" &nY» :: = IA 5 characters 3/1, 3/2, or 3/3

The abo{/e signals are combined as f‘ollows:

1]

< Full address signal> [<-7 <Abbreviated address

< Address signal> :
| signal>

< Address 31gnal>|<Address block>< ><Address

‘ 81gnal> .

< Address block> ::
: |

<Facility registration/ _
cancellation signaly :: < Facility request code»</> <Indicator> </>

< Registration parameter» </> <Address signals

< Facility registration/ :
cancellation block» .:: < Facility registration/cancellation signal>{
< facility registration/cancellation block> <,
£ Facility registration/cancellation

signal» _ .

< Facility request signaly :: = <Facility request code)l(Fécility request signal
</> <Facilily parameter »

©

<Facility request block)» :: = <Facility request signal>{<Facility requést
block »<,?<Facility request signaly-

{Selection sequence)> :: = ‘4 Facility request block»<-7<Address block»
' : <t7> | <Facility request block} «—~7 <+7> l
< Address block><éy|<Facility reglstratlon/cance-
llation blocky <-7 <+ 7

< Call progress blocky :: = < Call progress signal» <+> [€all progress signal
<> < Call progress block >

' <Calling line identification®
it o= <*><Calling line identification signal> <+7

< Calling line identification
(vith DNIC or DCC)> :: =  <*®<Calling line identification signal > <+i>

< Called line identification . <Called line 1dent1flcat10n 31gnal>]<Called
blocky» :: = line identification block></ZCalled lire
identification signal)» :

< Called line identificationy <*?Called line identification block> <+

<Called iine identification <«<**><Called line identification block> <+7
(vith DNIC or DCC)» :: = :
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<¥-‘7 . <+7

( Dummy line 1dent1flcat10n> "::

e <Charglng 1nf'ormat10n block> 11z &> <Y </7<Charglng 1nf‘ormat10n

S signal> <+ >
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__
o APPENDIX C: CODING OF CALL PROGRESS SIGNALS
gggENgiguf CODE v SIGNIFICANCE CATEGORY
f 0 00 Note 2 ' - | Without clearing
' 01 Terminal called
02 Redirected call
03 Connect when free
¢
- 2 : 20 No connection With clearing due
N ' R 21 Number busy ' 'to short-term
‘" ' oo 22 Selection signals conditions
' ' procedure error
23 ~ Selection signals
transmission error
4 and 5 41 Accessed barred - With clearing due
42 Changed number ' | to long-term
43 Not obtainable- : . conditions
44 Out of°Order
45 Controlled not ready
46 Uncontrolled not ready
47 DCE power off
48 Invalid facility request
49 Network fault in local loop
51 Call information service
52 Incompatible user class of
service :
6 ' - 61 Network congestion v With clearing due
: : ' to network short-
term conditions
7 71 Long~term network conges-— With clearing due
' tion to network long-
1 term conditions
72 RPOA (Recognised Private
Operating Agency) out of
order :
8 81 ) Registration/cancellation With clearing due
confirmed v to DTE-network
82 Redirection activated procedure
83 Redirection deactivated :
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NOTE 1 - From the DIE point of view group O means "wait", groups
-2 and 6 mean "try again, nexttry may result in a call

set-up", groups 4 and 5, and 7 mean 'there is no reason

for the DTE to try again because the answer will be the
.same for a longer period of time". Since group 8 .

results froma procedure between the DTE and the network,

no special action is expected to be taken by the DTE.

NOTE 2 - Reserved for future use.



APPENDIX D : X.21 BIS AND V.24; PIN ASSIGNMENTS AND INTERCHANGE CIRCUITS

D.1 iX.21 PIN ASSIGNMENTS ACCORDING TO IS0 4903

.

D/1

PIN ! INTERCHANGE CIRCUIT ASSIGNMENT
NUMBER !
SEE NOTE 2 ! X.21
J X26 X27
1 } See note 1 See note 1
2 T ' T(A)
3 C . C(A)
4 R(A) | ~ R(A)
5 I(A) B I(A)
6 S(A) : S(A)
7 ; B(A) ' . B((A)
8 ; G ' ' c -
9 Ga T(B)
10 , Ga Co . . c(B)
11 R(B) , R(B)
12 1(B) _ 4 1(B)
13 S(B) S(B)
14 B(B) : B(B)
15 Reserved for future international use

TABLE D.1 : PIN ASSIGNMENTS FOR CCITT RECOMMENDATION X.21

Ve

« CIRCUIT DESIGNATIGN

DESCRIPTION

m

DVHODDAHOD

Signal ground or common return
DTE common return

Transmit

Receive

Control ,

Indication

Signal element timing

Byte timing

‘ TABLE D.2

LIST OF

INTERCHANGE CIRCUITS
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NOTES

1.

regulations.

high currents.

Piri 1 is assigned for connecting the shields between tandem

~ sections of shielded interface cable. The shield may be

connected either to protective ground or to signal ground at

either the DIE or DCE or both in accordance with national

\

Signal ground may be further connected to proteétive ground

in accordance with national safety regulations. Caution should

be exercised to prevent establishment of ground loops carrying

The pin assigments haVve. been aligned to specify pairing and

connection to multipaired interconnecting cable. Respective

paired pins are 2 and 9, 3 and 10,...., 8 and 15.

Where balanced circuits are concerned, the associated

.pairs are designated A" and "B" in X.27.

<



D.2 V.24 INTERCHANGE CIRCUITS AND RECOMMENDED PIN ASSIGNMENTS ACCORDING

~ 70 150 2110

D/3

Circuit Number

Description

102
103
104
105
106
107
108/1
108/2
109
110
111
113
114
115
116
118
119
120
121
122
124
125
126
129
130
131
132
140
141
"142
191
192
201
202
203
204
205
206
207
208
209
210
211
213

Signal ground or common return
Transmitted data

Received data

Request to send

Ready for sending

Data set ready

Connect data set to line

Data terminal ready

Data channel received line signal detector
Data signal quality detector »

Data signalling rate selector (DTE source)
Transmitter signal element timing (DTE source)
Transmitter signal element timing (DCE source)
Receiver signal element timing (DCE source)
Select standby : :
Transmitted backward channel data

Received backward channel data

Transmit backward channel line signal

Backward channel ready

Backward channel received line signal detector
Select frequency groups : )
Calling indicator

Select transmit frequency:

Request to receive

Transmit backward tone

Received character timing

Return to non-data mode

Remote loopback for point to point circuits
Local loopback :

o

-Test indicator

Transmitted voice answver
Received voice answer
Signal ground or common return
Call request

Data line occupied
Distant station connected
Abandon call

Digit signal (29)
Digit' signal (21)

Digit signal (2%)

Digit signal (2?)
Present next digit

Digit present

Pover indication

TABLE D.3 : V.24 INTERCHANGEL CIRCUITS
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PIN NUMBER INTERCHANGE CIRCUIT NUMBER
1 ‘ See note 1
2 103
3 104
4 ! 105
5 106
6 107
7 102
8 109
9 N
10 . N
11 N
12 | 122
13 121
14 | 118
15 : 114 .
16 . 119 -
17 115
18 141
19 - 120
20 108  (see note 2)
21 140 ~
22 125
23 111
24 : 113 (see note 3)
25 142 : :

TABLE D.4 : PIN ASSIGNMENTS FOR CCITT RECOMMENDATION V.24

LEGEND : N - Pin number permanently reserved for national use.

NOTES

1.

Pin 1 is assigned for connecting the sﬁields’bétween tandem
sections of shielded interfacercable. The shield may be connected
either to protective ground or to signal ground at either the

DTE or DCE or both in accordance with national regulations.

Signal ground may be further connected to protective ground in
accordance with national safety regulations. Caution should Be
exercised to prevent establishment of ground loops carrying

high currents.

Either circuit 108/1 or 108/2.

In some countries pin 24 is allocated to another interchange circuit

gnch ae cirenit 114 (colect atandhv)



D.3 INTERCHANGE CIRCUITS FOR USE WITH X.21 BIS INTERFACES

D/5

V.24
INTERCHANGE CIRCUIT NO.

DESIGNATION

102
103
104
105
106
107
108/1
109
114,
115
140
141
142

Signal ground or common return
Transmitted data

Received data

Request to send

' Ready for sending

Data set ready

Connect data set to line

Data channel received line signal detector
Transmitter signal element timing (DCE)
Receiver signal element timing (DCE)

Remote loopback for peint to point circuits

Local loopback
Test indicator (DCE)

o

TABLE D.5 : X.21 BIS INTERFACE FOR DEDICATED CIRCUIT USE

NOTE: CIRCUIT 108/1 SHOULD BE USED AS AN INDICATION THAT
THE DTE IS OPERATIONAL '

V.24
INTERCHANGE CIRCUIT NO.

DESIGHNATION

102
103
104
105
106
107
" 108/1 or
108/2
109
114
115
125
141
142

Signal ground or common return
Transmitted data

Received data

Request to send

Ready for sending

" Data set ready

Connect data set to line

Data terminal ready

Data channel received line signal detector
Transmitter signal element timing (DCE)
Receiver signal element timing (DCE)
Calling indicator

Local loopback

Test indicator

TABLE D.6 : X.21 BIS INTERFACE FOR SWITCHED CIRCUIT USE



APPENDIX E :

E.1

DTE time-limits

DTE time-limits andvDCE time-outs

E/1

Under certain circumstances this Recommendation requires the DCE to respondito

a signal from the DTE within a stated maximum time.

If

any of these maximum

times is exceeded, the DTE should initiate the action indicated in Table E.1l.
To maximize efficiency, the DTE should incorporate time-limits to send the
appropriate signal under the defined circumstances summarized in Table E.l.
The time-limits given in the first column are the maximum times allowed for
the DCE to respond and are consequently the lower limits of the times a DTE
A time~limit longer than the time

must allow for jproper network operation.

shown may be optionally used in the DTE;
could have 0ne131ngle value equal to or greater than the longest time-limit

shown in this table.
reduced efficiency of network utilization.

for example, all DTE time-limits

However, the use of a longer time-limit will result in
The actual DCE response time should

be as short as;is consistent with the implementing technology and in normal

operation should be well within the specified time-limit.

The rare situation

vhere a time-limit is exceeded should only occur when there is a fallure in

DCE operatlon.

TABLE E.1 DTE time-limits

Preferred action to be

Time=- Time-limit : 3 Normally
limit number Started by terminated by |taken when time-limit
' exceeded
3s Tl " Signalling of call re- |Reception of - |DTE signals DTE ready
‘ quest (state 2) proceed~to- (state 1)
select (state
3)

20 s T2 Signalling end-of Reception of |DTE signals DTE clear
selection or DTE call progress |request (state 16)
vaiting (direct call) signals, DCE

. (state 5) provided in-
formation,
ready for
data or DCE
clear indica-
tion (states
7,10,12 or 19)

2 s T3A Reception of call Reception of
progress signals, or ready for data
DCE provided infor- or DCE clear
mation (states 7 or | indication
10) (state 12 or

19)
60 s T3B Reception of applica- Reset by addi-

(see note)

ble call progress
signals (state 7)

tional call
progress
signals, or
DCE provided
information °
(states 7 or
10)

(CONTINUED OVERLEAF)




(TABLE E.1 CONTINUED)

E/2

Note - 60 s (T3B) applies for manual answering DTEs.

E.2 DCE Time-outs

Time~ Time-limit Started by Normally Preferred action to be
limit “number terminated by {taken when time-limit
exceeded
2 s T4 Change of state | Reception of DTE signals DTE clear
to call accepted | ready for data |request (state 16)
(state 9) or DCE clear
: indication ‘
(state 12 or 19)
Reset by DCE
provided infor-
mation (state 10
bis) '
2 s T5 Change of state | Change of state DTE regards the DCE
: to DTE clear to DCE ready as DCE not ready
request (state 21) - and signals DTE
(state 16) : _ ready (state 18)
2 s Té Change of state | Reception of DC&
to DTE clear ready (state 21)
confirmation i :
(state 20)
200 ms 17 Change of state | Reception of in4 DTE returns to normal
to ready coming call operation and may note
(state 1) when (state 8) absence of Charge
the charge in- information (state
formation 10 bis)
(state 10 bis)
has been reques-
ted 1

Under certain circumstances this Recommendation requires the DTE to respond to a

signal from the DCE within a stated maximum time.

If any of

these maximum times

is exceeded, a time-out in the DCE will initiate the actions summarized in

Table E.2.

These constraints must be taken into account in the DTE design.

The

time-outs given in the first column of the table are the minimum time-out

. values used in the DCE for the appropriate DTE response and are consequently
the maximum times available to the DTE for response to the indicated DCE action.
The "actual DTE response time should be as short as is consistent with the
implementing technology and in normal operation should be within the specified

time~out.

vhen there is a failure in the DTE operation.

The rare situation where a time-out is exceeded should only occur
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TABLE E,2 DCE time-outs

-

E/3

. Time-out . 1 Normally Action to be taken when
.Tlme—out Number Started.by terminated by time-out expires
o
36 s T11 DCE signal- | DCE reception DCE will signal DCE clear
(sse note 1) | ling of pro- | of end-of-se-  |indication (state 19)
ceed-to- se~ | lection signal Jor transmit appropriate
lect (state call progress signal
3) followed by DCE clear
indication (state.19)
"6 s T12 DCE signal- |[DCE reception )
: ling of pro- | of first selec~
ceed-to- tion character
select. or in the case
. (state 3) of direct call,
OTE waiting
(state 5)
6 s T13 DCE recep-~ DCE reception
' (see note 1) § tion of nth [of (n + 1)th
selection selection
character character or
(state 4) end-of-selec~
' tion signal
500 ms T14A DCE signal- | Change of state | .The DTE is noted as not
ling of in~ § to call accepted answerina. The DCL will
coming call | (state §) or signal ready (state 1),
60 s . T14B (state 8) call collisian '
(see note- 2) e - (state 15)
100 ms T15 - Change of .| Change of state]  DCE will signal DCE ready
N state to DCE| to DTE clear and mark DTE uncentrolled
clear indi~ | confirmation not ready (state 24).
cation (state 20) : ‘
i (state 19)
100 ms ‘116 Change of Change of state| DCE will mark DTE uncon-
- state to DCE| to ready trolled not ready
ready (state 1) (state 24)
{state 21)

Note 1 - T11 and T13 do not apply in the case of a direct call,
Note 2 -~ 714B will ‘be provided when manual answering DIEs are alloved.
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