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1. Introduction

1.1 Background

This report presents the results. of a study performed by
Carleton University under a DOC- Unlver51ty Research Contract
entitled "Open System Architecture" ™

The report is a contribution to the Cahadian Government's
efforts to gain insight into the problems of developing unified

‘"Canadian standards for multipurpose terminals capable of

interworking over a variety of national and international

network services.

It is 1mportant to the ultlmate ‘success Of the Canadian
electronic/communications industry in - the = international
marketplace ‘that intelligent terminals capable of
communicating with_ remote computers .and remote intelligent
terminals do so in accordance with —emerging international
standards for communication protocols. And it is equally
important that Canadian development efforts already completed
or under way in the intelligent = terminals area " have soOme
influence on these emerging standards. - In some cases these
developments . may even serve as models for-the standards..

Of particular concern is the problem of -‘interconnecting

intelligent terminals and computers of different types and with
different, but complementary, functions using public networks

- of various descriptions.  Emerging. ISO and CCITT standards for

open system interconnection are aimed at providing solutions to
this problem by dividing the communication interface into seven
standard levels with standard serv1ces and functions at each
level. . .

‘The levels and a very rough description of their functions
are as follows: :

1. The physical 1level is. concerned' with electrical

connections.

2. The link level is concerned  with control of data
transfer over a physical connection, : o

,3.A The network level is concerned w1th access and use of
the services of a public network.
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4. The Transport level unifies the serv1ces of different
public networks jinto a standard service interface for
all networks (although there is some controversy over
this level).

5. The Session level provides a virtualized transmission
path for application-related messages which have been
formatted for communications by the presentation
level. :

6, The Presentation level ' controls the formatting/-
transformation of application-level data units into
communications~ level data units and vice'versa.

7. The Application level handles strlctly appllcat10n~
' oriented functions not handled by the lower levels.

Each level may have recovery and other control functions
appropriate to that level. Standards conforming to the Open
System models exist for partlcular types of network services
for Levels 1~3. There are no such agreed standards, but only
draft recommendations, at all levels from 4 to 7.

Irtelligent terminal types of concern to this study are as
follows:

1. Word processors.

2. Tradex terminals.

3. Electronic mail stations.
4, Teletex terminals.

5. Videotex terminals.

6., Facsimile terminals.

Of concern is the capability for interworking both among
terminals of a similar type and among terminals of different
types. Also of concern is the possibility of the emergence of
multi-function "~ terminals combining some .0of these types.
Combined Tradex/Word-Processing terminals are in development
now. Combined Word-Processing/Teletex terminals are a
possibility. Other combinations are easily visualized,

The only: two types commercially available to date in
Canada are Word Processors and Facsimile terminals and the
current level of capability for interworking is very limited,
even.among terminals of a similar type. Usually it is
restricted to terminals £from the same manufacturer. " Some
limited intercommunication capability between some word
processors from different manufacturers is possible, but with
very restricted protocols and not without some loss of text
formatting information, These:- terminals were designed - and
developed before Open System Interconnection models began
emerging and could not, therefore, benefit from these models.




The remaining terminal types are currently in various
stages of prototype development and/or test - in Canada. These
activities are taking place concurrently with the.development
of Open System Interconnection standards. It is therefore
inevitable that mismatches occur between the prototype designs

and the emerglng standards.

The flrst Canadian - prototype "Tradex terminal  was
demonstrated in May 78 and a limited production version is
scheduled for release in mid-1980. Neither of these versions
is in. ' detailed conformance with eémerging Open System
Interconnection standards except for the Network Level in the -
X.25 version. Efforts are being made by . COSTPRO, . apparently
with some success, to achieve international standardization on
trade data formats at the Application Level. However, this is
a slow process and the only standard adhered to at the
application level by the soon—-to-be-released Tradex terminal is
that of the Canadian Trade Document Alignment System (CTDAS).

Electronic mail experiments are being conducted in various
places in Canada. TCTS - offers a store-and-forward message
service over Datapac. And experiments are under way using word
processors . as electronic mail terminals. -~ "No 'spec1f1c
international standardization activity for electronic mail is
known to the ' authors. However there has apparently been
discussion of using Videotex as a basis for Electronic Mail. A
Canadian version of the Videotex terminal (called Teélidon) ‘is
presently undergoing demonstration and test. Little specific

- provision has been made in its design for. accommodatlng Open

System Interconnection standards, although some thinking is now
taking place in CCITT on how to do it. There has apparently

"been some thought in the Videotex study group that Videotex
could be used as the basis for a wide variety of services. E

A current effort by CP Telecommunications 1is expected to
result soon in the availability of a version of Teletex (a sort.
of "super-Telex") called Infotext. The Infotext effort
being used as a basis for the drafting of Teletex standards
and, as a result, fairly detailed draft recommendations for
some of the levels of the Teletex service became available
recently. These draft recommendations -are broadly in
conformance with the Open System Interconnection models.




The spe01flc experlence the authors of thlS report brlng

to bear on the issues is their jinvolvement with several
projects of Carleton's Microprocessor Systems Development

Laboratory  which successfully implemented intelligent
terminal sSystems in the TRADEX and Electronic Mail areas. A

significant ‘part of this effort has been involved with the
adaptation of existing Word Processing terminals for these
functions. : ;

In addition to this practical experience, a parallel study

for ~the Department of Communications involving ~one of the.

authors (Buhr) under a Research Contract .entitled "Word
Teleprocessing Interface" investigated problems associated with
communicating  word processors which are of. some relevance . to
thls study.

This report presents the views of a team OF des1gners and
implementors of intelligent terminals and protocols on the main
practical, applications—~oriented issues . in implementing Open
System Interconnection standards and models. The authors sit
on no. standardization committees or bodies and have not been
privy to the discussions of issues which have taken place in
these bodies., And it was outside -the terms of reference of
this project to interview standardization experts in CCITT and
ISO to obtain their views. Views were sought informally in a

number of cases, but this report makes no claim tO'represent‘

these views.. Accordingly the authors claim no ‘status as
standardization experts per se. Their views, rather, are those
of potential users of standards. As such, their views may
assist . those standardization ' experts who do sit on the
standardlzatlon committees in judglng the practlcal importance
of certain issues.
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1.2 Terms of Reference and Scope of the Study

The terms of reference are best stated by quoting Sections

5 and 7 of the project proposal (which 1is part of the
contract): ' ' S v

"5, Purpose of Research

Objectives
The main objectives of this study4are as'foll6ws:

1. To evaluate the practicality of the ISO/CCITT concepts

. and ideas for a layered  model of - open system

- architecture relative ‘to a number of practical
applications. k -

2. To identify any problems which may exist in fitting
the applications within - the ' architecture  without
disturbing the latter's logical structure.

3. To make inferences about the logical soundness of the
architecture concepts and ideas, ‘including criteria
for partitioning the layers, ' the .entities within  a
layer and. the protocols and. interfaces between -and
.among layers. - ‘

Because the application areas. to be studied are themselves
evolving and not yet fully defined, an important
sub-objective is to define as precisely as possible the
relevant requirements of these application areas, based on
available reports and papers and on the particular
experience of Carleton in the Electronic Mail application
area. ' : .

SCoEe

In order to make progress within the . time -and budget
constraints, the study will be restricted in scope as
follows: ' : '

- Only a small number of applications will be studied; the
four mentioned. in the introduction are proposed..
Furthermore the study will not set out to make specific
proposals for changes to the open system architecture
specifications; rather it will aim at providing input to
the process of making such changes (if required). "



Because a major input to the stﬁdy will be the relevant
experience of Carleton in +the Electronic Mail area with

COSTPRO and AES, it is expected that thls_area will be

emphasized in the study of applications.'

"J7. Brief Descrlpt;on of Research Method to be Used

Statement of Work

The project will be conducted in £five phases as
follows: .

Phase 1l: Information gathering‘ '
Phase 2: Preliminary evaluation of open system
' : architecture applied to communicating word
processors in an electronic mail environment.
Phase 3: Development of a consistent description of the
- interworking functions and procedures required
: for the range of applications being studied.
Phase 4: Final evaluation of open system architecture
in terms of the 1nterwork1ng functlons
‘ - described in Phase 3.
Phase 5: Development of 1nferences, conclu31ons and
recommendatlons.

Durlng Phase 1 Carleton will assemble and review all

‘relevant documentation to be used in the study. Sources

will be primarily DOC with some material from AES and

some material from Carleton's own internal notes and

files. A brief report on Phase 1, listing. all source

material, will be provided to DOC by 1 September 1979.

" Due to prev1oﬁs commitments by Carleton, inten51ve work
on Phase 2 and subsequent phases will not start until 1
September 1979, .

Phase 2 will be used to develop a so0lid foundation for
the remainder of the study, based on Carleton's existing
. experience, Work in this phase will concentrate on
making a preliminary identification of any problem areas
with the layered model on developing a methodology for
describing the functions and procedures required for
interworking - and on developing a detailed plan for
-Phases 3 and 4. A report on Phase 2 will be provided to
DOC by 1 December 1979.

Phases 3 and 4 will proceed according to . the plan
developed. during Phase 2. Reports will be submitted on
these phases by 1 January' 1980 and 1} March 1980,
respectively.. C

‘Phase 5 will be completed and the flnal report submitted
"by 1 April 1980.""




A substantial oortlon of the work was to be based on MSDL
experience in designing and. 1mplement1ng intelligent termlnals

_containing a variety of Network Level protocols,: including

X.25, and in studying the requirements of communicating word
processors. While this work has no-- status . as a

standardization activity, it was thought to'.be relevant to the

aims of this study. Accordingly it was proposed to devote part

of the study report to a.description of the work and to the

issues arising from -it, as a means of identifying key open

system 1nterconnect10n issues ‘as seen from the applications

point of view.. : :

~ At the time the contract was negotlated the only report
in the hands of the authors on Open Systems Interconnection was

1S0/TC97/SC16/N227 dated August 79. It was planned at the time

to relate this report to existing CCITT and MSDL work in the .

specific application areas. Information” on CCITT work. in the -
specific ‘application areas was to have been gathered in the
Phase 1 of +the project. . The " original target - date for
completion of Phase 1 was 1 Sept 1979 However, for a variety

of .administrative reasons. within ~ both Carleton and- the
government, the contract was not issued until September. 79 and
the project did not actually start until November. Therefore
the project schedule was compressed and Phase 1. had to proceed
in parallel with. the analysis phases during .a very active
period for the emergence of new draft standards from- CCITT,

-‘both for Open System. Interconnection and for Teletex. As these

standards energed, the scope of the project ' was broadened
1nforma11y to include them. - : g

As well, it became apparent as the work progressed that
the 'possibility of multi-function terminals was ©0f major
interest and, at the request of the Scientific Authorlty, the
scope was 1nforma11y broadened to 1nclude them.,




‘1.3 outline of the Report

- Chapter 2 provides a brief 1ntroductlon to the Open- System
‘Interconnection models., It describes the methodology to be
used throughout the report in describing the services and
functions of the levels in the models for various applications.

And -~ it  comments on some aspects of the clarity and

comprehensibility of the spec1flcatlons for the models,

Chapter 3 is based on MSDL experlence in developlng Tradex
and experimental Electronic Mail Systems and in studying the
requirements of Communicating Word Processors. It describes
the main relevant features of Tradex and Electronic Mail
prototypes 1mplemented by the MSDL. It comments ‘on Open System
Interconnection issues now apparent to the de81gners with the
benefit both of hindsight and of a deeper understanding of the
Open System Interconnection models. - (The only Open System
model documentation available during  the  development -of the
software architecture of the terminals was an early, very brief
and incomplete description of the ISO Model which was used as a
Aguide only). Finally it discusses Open System Interconnectlon
1ssues assoc1ated with Communicating Word Processors.

Chapter 4 ‘comments on the’-d;aft' Teletex. standards
primarily as they relate to the possibility of :including
Teletex in a multi-function terminal, :

Chapter 5 discusses issues for Facsimile terminals in Open
System Interconnection and prov1des a conceptual proposal of
how they can . £it ‘within the open system model provided the
‘model is. interpreted somewhat liberally.

Chapter 6_discusseS‘issues for Videotex terminals in Open
System Interconnection, with some reference to Telidon.

Chapter 7 summarizes the issues by application and level .

and comments on the implications for multipurpose terminals.

Chapter 8 presents conclusions, ‘and recommendations for

further study. As appropriate to the intent and scope of the
study, no specific recommendations with respect to the wordlng
of draft standards are presented.
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" 2. Open System Interconnection Models

2.1 Introduction

- The seven levels of open system interconnection are shown
in Figure 2.1. They have been roughly described in Chapter 1.
They are described in much greater detail in two reports by‘the

ISO [1] and CCITT [2]. These two reports correspond exactly in

the names and numbers of 1levels, but otherwise. differ

~significantly. They use different terminology and different

philosophical approaches, so that it is often difficult to be
sure whether apparent differences are real. The situation is
further compllcated by the fact that each report is. itself -
unclear in many respects (see Section 2.2). o

It is not the purpose of this report to make- a detailed
comparison between the ISO and CCITT models. . The terminology
differences and unclear aspects of both reports would make such
a detailed comparison by the present authors of dubious
validity. ‘ " S :

Instead, this report takes the ISO report as its
philosophical base and concentrates. on the. gquestion of what
should the services and functions . of - the levels. be to
accommodate the multlple applications which the authors have

- investigated.

Rather’ than describing each level in detail ' in this

‘chapter, the report disucsses each level for each application

in Chapters 3-6 and then draws the results togetner for the

. range of appllcatlons in Chapter 7.

2.2 Methodology

In general, the. ISO and CCITT reports “and draft

recommendations. lack clarity with respect to the interfaces
between levels. . It is often not clear whether certain internal
functions and procedures of a level are to be performed
autonomously within that level, based on the state of the level
itself, or are to be performed only as a direct result of a
sexrvice request from a higher level. This is particularly true
of the handling of protocol messages. The protocol messages of
a level are often described in considerable detail but their
relationship to service requests of that level is often 1left
until the internal functions and procedures of higher levels
are described. Since the recommendations are often defined
from the Dbottom up and, in draft form, are often missing
levels, the net effect 1is often ‘unclear. The effect  is
confusing even when all levels are completely defined, because
each level cannot be understood:  in - isolation.




It is also often unclear whether some services and functions of .
a level are to be performed directly by that level or by

service request to a lower level. Examples will be cited in

subsequent chapters. In this chapter we wish only to present

some conventions for describing interfaces which we have found
to be useful in clarifying these issues. These conventions are
used throughout this report. < :

Figures 2.2 and 2.3 show ' graphical conventions to
represent services and functions of a level which aid in
v1sua1121ng the purpose of the level both in lsolatlon from and
in relatidéon to other levels.

Figure 2.2(a) shows how level services are represented in
isolation.  Services are provided by service . primitives
represented by labelled arrows drawn to a box representing the

level, For example, a request to establish a session with a
remote terminal would be a service primitive of the session

level; so would a request to wait or check for a remotely-
requested session. Our view 1is that services of a level are
only accessible from above. NoO service requests are ever made
of- a level from below. Instead, autonomously  arriving remote
requests to a level arrive in messages to that level from
below,. And they are only accepted by that -level 'if the
appropriate service is active. For example, requests from
remote nodes to establish sessions are handled by the "wait-
for-a-session" service of the session level, whlch is actlvated
by service requests from higher levels., . :

Figure 2.2(b) depicts the case where a service of a level
is actually provided by a service of a lower level. . For
example, a "place call” service of the transport level might be
provided directly by the "place call" service of the Network
level for an X.25 network. o

 Figure 2.2(c) shows internal use by a level of a lower
level service. For example, the presentation level might use
a session "level service to send a message to a remote
presentation level to obtaln permlsSLOn to send a document or
file.

- Figure 2.3(a), (b) and (c) show how messages passed on by
other levels may be distinguished from those generated within a
level as a direct result of a service request and from those
generated autonomously within a level as result only of the
state of the level. FPor example, 'presentation level data or
control messages would be simply passed on by the session level
as shown by the downward arrow in Figure 2.3(a).
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' A service request to the session level to establlsh a se551on¢

would result in a session establishment request message being -

- generated by the sessionlevel' and passed -on to the lower

level, with a positive or nedgative response message eventually:
passed ‘back by the lower level to the 1nterface,'as shown in
Figure 2.3(b). And  internally, session: control messages
relatlng -to recovery mlght be generated autonomously as shown
in Figure 2.2(c), with the responses .hidden 1nternally oxr

passed on to the lnterface as shown 1n Flgure 2. 3(c) V

In general, : functlons of a level - are: descrlbed

‘satisfactorily by finite state machlnes (FSMs) whlch govern. the

operation of the protocols of the level ThlS approach w1ll be
used throughout this report..

It is often stated in the. COntext that formal protocol_x
spec1f1catlon techniques are required. While formal techniques

are desirable, the problems with lack. of clarity and ambiguity =

we have observed would be ‘alleviated in large measure if
consistent English-language and pictorial representatlons were
used to define interfaces, functions and message flows. And if
strong attenpts were made. to: dlstlngulsh 1nterfaces, external
services, and internal functlons.' ' ‘ , S
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2.3 References for Chapter 2

1.

2.

ISO/TC97/SCl6/N227, Aug 79, "Reference Model of Open System '

Interconnection (Version 4 as of June 79)",
cCcITT/study Group 8/COM VIII - No. 394E, October 79, "Draft

New Question VII/XX - Structure for and Use of a Reference
Model for Public Data Network Applications".
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3 TRADEX, Electronic Mail and Communicating Word Processor
‘Applications: Layered Model Issues arlslng from MSDL

Exgerlence

3.1 Introduction

This chapter draws on MSDL experience with three network
applications to identify key issues with respect to the services
and functions of the top four levels of the ISO and. CCITT Models
of Open System Interconnectlon. : .

The three appllcatlons are TRADEX, Electronic Mail and

Communicating Word Processors. The ~ MSDL has -designed and
implemented several actual systems for - the first two
applications. The basis for MSDL experience in the third

application is twofold: some of the work performed on the first
two applications has been based on existing word processing
" terminals; and a study has been conducted for DOC in parallel
with this project to 1dent1fy problems and potential solutions
associated w1th communicating word processors.

None of the MSDL work in these three application areas has

any formal status with respect to international standardization

activities. Nor did it explicitly attempt to satisfy emerging .

open system interconnection standards above the network 1level,
except on an informal basis. Nevertheless, the MSDL experience
provides .a relevant ba31s for commenting on issues with respect
to these levels.,

This chapter is orgarized as follows:

Section 3.2 describes the general features of the 'TRADEX,'

Electronic Mail and Communicating Word Processor Applications
from a high level viewpoint. : ‘ :

Sections 3.3, 3.4, 3.5 and 3.6 discuss, from the bottom-up, the
services, functions and issues associated with each of the levels
of the models for each of the applications.

The séquence- is bottom—Up because, - except for the Tfansport'

Level, the open system model levels are progressively less
clearly defined as one moves from the bottom to -the top levels,
Starting at the bottom enables the unclear issues. to be gradually
introduced in a step-by-step fashlon.

Section 3.3 covers the Transport and lower levels,  Section 3.4
covers the Session Level. Section 3.5 covers the Presentatlon

~ level., Section 3.6 covers the Appllcatlon level,

Finally Section 3.7 summarizes the 'issues and Section 3,8 lists

the references.

16

\.A

N 4 e 0y U0 S o m e




3.2 Descrlptlon of the ApQAlcatlons

3.2.1 Introductlon

"In this  chapter, issues.. associated : with “layered
communications in TRADEX, Electronic Mail and Comnmunicating Word
Processor applications. are discussed, based on MSDL experience
with these applicatlons. These appllcatlons are described from a
high level.viewpoint in. Sections 3.2.2, 3.2.3 and 3.2.4. For

cancreteness, subsequent sections of this chapter describe and

discuss specific services, protocols and functions of the various
layers 'of prototype systems designed for the first two
applications. It should be emphasiged that tnese’descriptions
provide a static and incomplete view of an evolv1ng set of system
designs.- No inference should be  drawn .that  they déscribe
correctly the details of any particular final system.

3.2.2° TRADEX (Trade Data Exchange)

Requirements for the TRADEX termlnal have been spec1f1ed by

COSTPRO (Canadian ' Organization for sSimplification -of Trade

Procedures) in Reference- [1].  Several prototype versions of
TRADEX terminals have been designed and implemented by the MSDL.

Many of the issues associated with Open System Interconnection -
‘models have been resolved in practlce in. particular ways in these

projects. An important exception is code and format conversions
to accommodate unlike TRADEX . terminals with unlike data £ile

formats. All MSDL TRADEX projects have assumed :1ike terminals

and like data file formats, for the ssimple reason that during the

‘design stages of these projects,. no compatible standards were

available which would have allowed greater. generality; However:
the issue of wunlike terminals and file formats did arise on' many
occasions and w1ll accordlngly receive comment.

Figure 3.1 depicts a TRADEX enV1ronment as seen by the human

operator. Operators may send messages from the. screen or files
from the disk directly to a remote TRADEX terminal. ' Files may be
sent singly or batched. File names have local s1gn1f1cance only.

 Operators must be directly. involved with file naming, storage,’

retrieval, copying, etc. Files may be trade documents, trade
document formats or ordinary text. -

In a TRADEX-type environment it is necessary to.distinguish
at the human operator level between two different views of
communications. . In- one view, sessions between terminals are
operator-initiated. In the other view they are. system~1n1t1ated

With the flrst v1ew, a session is. stabllshed by the
operators between terminals at different network nodes,. allows

the operators to interchange data using their CRT screens or file

systems.  Operators are aware Of the session concept; indeed,

they must explicitly request that sessions be established. Once‘
a session has been established it may be used by the operator at’
either end to send messages from the screen or files from disk.
Arriving messages are displayed directly to the operator and then’

filed. Arriving files are stored on disk under. an appropriate
local file name. = The session remains established until
spec1f1cally cleared by the operator at either end. Indeed it

may remain establlshed even while nothlng 1s hapoenlng.

17



messages are in quotes):

send

An example of the type

Sending Operator S

Requests session w1th R
Session establlshed

Sends."I have an urgent file
for you"

Receives "Send it" -
Sends file

Sending Operator

Receives "I got it"
Clears session

Sessgion cleared

of operation is as ' follows

Receiving Operatof R

Session established

Receives "I have an urgent
file for you"

Sends "Send it"

Waits

‘Receiving Operator

File stored on disk
Operator picks up file
from incoming queue

‘sends "I got ig"

Proceeds to take action
on urgent file

Session cleared

An operator-initiated session can also be used simply to

a flle, as follows:

Sending Operator

Requests session
Session establlshed
Sends flle

Clears session
Session cleared

18
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“Receiving Operator

Session established

Session cleared

Time passes _

Operator checks receive: log
and picks up file

(short -
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In the second view of communlcatlons, operators are not

- specifically aware of sessions. Instead sessions are established
. automatically . by the application layer software as required for

transmission and reception of messages and files. There is no-
operator-to-operator dlalogue. Instead, files and messages are
sent as follows: ‘ ' :

Sending Operator : " Receiving Operator -
- Requests file or message . .~ Checks receive log

be sent : . periodically and picks up .
-, ' file ox message'

In general both types of operatlons may be -available on the
same TRADEX terminal by arranging that both session establishment
and file transfer commands are available to. the operator. A file
transfer command, without prior session establishment, results
automatically in a session being established and then cleared
when the file is sent. Otherwise the operator dlrectly controls
session establishment and clearing..

3.2.3'.E1ectronic'Mail

A partlcular view of electronic mall is oresented here basedv
on MSDL experience with an electronic mail experiment. - As with
the TRADEX appllcatlon the assumption  is that mail stations are

 implemented using like terminals with .like file formats._.

Figure 3.2 depicts a particular.Electronic:Mail environment
as seen by the human operator. In this environment the operator
deals with mail files as mail rather than files. - The system
handles all details of mail file queueing, naming, storage,
retrieval, copying, etc. This is accomplished by associating
with each item of mail an envelope page which contains much the
same type.of information as the physical envelope in the existing
manual mail system. Details of the envelope page are hot
important here. Suffice it to say that it provides for sender
and receiver identification, privacy and urgency levels, unigque
mail 1tem identification and registered mail.

‘ Users post and receive their mail via private diskettes
which are brought to the mail terminal. They are not aware of
mail sessions or network concepts. All mail is batched by the

‘system and transmitted at periodic intervals automatically. The
'prlvate diskettes contain standard page-oriented word processing

files . for each item of mail. - Registered mail is handled.
automatically by the receiving system, which simply sends back
the envelope page of the registered mail item to the sender under
the cover of a new envelope page. Thus the registered mail
acknowledgement is handled simply as another item of mail.

Privacy and urgency functions afe handled strictly'loeally
at the application level. ‘
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3.2.4 Communicating Word Pfocessors,

Incompatlbllltles between different tjpea of word processors
from different manufacturers make the successful transfer of
editable files either very difficult or impossible. " The raw text
is. not the major problem, though even here problems do -arise
because of = special -  text characters used . by - different
manufacturers for - -different markets. The major problems are
associated with special control and formatting information and
with non-standard or limited communications protocols used by
dlfferent manufacturers.

A companLOn report [2] = describes these problems and
identifies potential solutions. Here we only comment on the
issues with respect to open system interconnection standards.

Obviously, communlcating word processors could use the file-
transfer method of operation or the mail method of operation.
The issues arising for those two methods of operation from MSDL
Tradex. and Electronic Mail projects are also relevant to
communicating word processors. : : '

‘The main separate issue arising specifically for

communicating word. processors is that of unlike terminals and
data file formats. The companion report discusses - these issues
in detail. In this chapter we are mainly concerned with how
solutions can fit . into the -~ open system interconnection
framework. =
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3.3 Transport and Lower Levels

3.3.1 Introduction

The transport level in MSDL . systems prOV1des services: to
perform the follow1ng functions: .

- Place,>receive and clear calls-
- Send and receive'meSsages of variable length .

In MSDL application these services have been provided in a
variety of projects using both Datapac. (an X.25 service) and

" Asynchronous Infocall (an X.21-like service). The  general
framework 1is shown in Figure 3.3. . The message"service is
generally available. The optional direct packet . service is

available only for packet networks and simply provides direct
access to the network‘layer services of the packet network.

The transport layer in the "MSDL -applications is typically
just a procedural interface to the network layer ‘which prov1des a
standard view of different networks, ‘as shown by Figure 3.3. It
generates no  autonomous - message activity of .its own. - For’

-example, for a packet. network the send message service is

typically a simple procedure which breaks up the message into
packets and places successive calls on the send packet service of
the network layer. The only waiting involved is for the packet

level flow control window to open again if it is closed.. :

The functions of the X.25 network level are implemented
using control and information packets and are coordinated through
state variables in the packet monitor.  Details are outside the
scope of this report. Interested readers are referred to [3] and
[4] for further details. - : o

3.3.2 Issues at the Transport and Lower Levels

The only issues at the transport level Wthh have arisen in
MSDL systems have been

~ network independence
- end—toeend_acknowledgement

21




Duplication of function at the session level to achieve
network 1ndependence is a potential problem when two such diverse
services as Datapac and Asynchronous Infocall are both to be
accessed. Establishing a call at the network level in the latter
.service does not -include provision of the caller's identity to
the called terminal. Additional end-to-end information must be
exchanged over the established call to provide the caller's

identity. Should this be done by the network level's place call

service? Should it be done by the correspondlng transport level
service? Or should it be done by the session level "request
start session” serv1ce°

The latter solutlon was adopted for 51mpllclty in one Tradex

prototype system with an X.21-like network service.. The result

is duplication of the functions at the session and network levels
when an ¥%.25 network is used, if the session level is to be the
same for both networks. It might be better to give the Transport
level this respOnsibility, in line with its functlon of providing
a standard view of different networks.

- A second'iséue at the transpcrt-levé1~which arose in MSDL
implementations has been that '0of end-to-end acknowledgements_in

the transport level message service.. In one of the MSDL's first
systems using X.25, transport level messages were.numbered; gaps

or duplications +in the message numbering sequence at the.

receiving end caused the transport level at that end to clear the
call and report. the error to the next higher level. However,
such errors presumably occur very infrequently -in practice and in
subsequent systems this sequence check was judged unnecessary.
We now consider that end-to-end checks and  acknowledgements Of
any kind can be safely left to higher levels.

One might ask the gquestion: If the Transport',levél's
functions are as easily taken over by higher levels, 1is the
Transport Level necessary? This 1is an open question. to the

authors and is also apparently still .an open questlon within the

CCITT.

Issues at the lower 1evels are out51de the scope of thls‘

report.
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3.4 Session Level

3.4.1 Introduction>

Oour view of the session concept is that it is a
generallzatlon of the lower level concept of a "call", as
depicted in Figure 3.6 and described below.

A "call" is established by the network control level's5piace
call service. The result of call establishment is the
availability of a channel between’ network nodes for the transport

of data. Messages from higher levels are blocked as required for

the network control level by the transport level. . The higher
levels see only the concepts of call and message. They view the
transport level as provmdlng a message channel between nodes.

However, the functionality~ associated>.with"the.."call"

‘concept is limited. It is up to levels above the network level

(not necessarily just to the session level) to perform functions
such as : :

— distinguishing messages related to different
applications, :
~ validating passwords and authentlcatlng senders,
- gathering communications statistics associated with
- different applications (perhaps for billing . purposes),
~ recovering from message sequence failures (duplications,
daps, timeouts) for different appllcatlons, separately,
~ performing flow control for- different appllcatlons,
separately, ‘
~ checkpointing different - appllcatlons, separately (checklng
f on status of reception of a sequence of messages), and
~ placing and-clearing calls as appropriate for each
application, separately. . :

Accordingly, it is natural to introduce the concept of a
session which generalizes the concept of a "call" from that of a
message channel between nodes to that of a message channel
between appllcatlons at the nodes. The session layer may include
some or all of the functions enumerated above for each sessionj
at 1ssue is, whlch ones°

A set of general ses31on level serV1ces is shown in Figure.

3.7,

Corresponding to these services are the session level
messages shown -in Figure 3.8. The session level acts as a

conduit for messages to and from higher levels as well as -

generating its own messages.  In the’ basic session level,
outgoing messages originating inside the session level are sent-
only as a direct consequence. of service requests (solld arrows in
Figure 3.8). only - the status request service requires
explanatlon. It could be used to change the mode of operation of
the session, as might be required in the Tradex system to change
from an operator—lnltlated to a system—initiated  session service
in one session. Or it could be used to query the status of an

-1nexpllcably inactive session.
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A more general session level could provide the same service

requests with greater functionality by adding autonomously
generated messages for status confirmation and session reset
control (dotted arrows in Figure 3.8). For example, prolonged
inactivity could trigger the session level to send autonomously a
session status request. And gaps in session message numbers
could trigger the session level to send autonomously a session
reset request, An issue is whether or not the session level
‘should include these functions.

‘Candidate fields for session level'messages are listed in

~ Figure 3.9. . The basic fields are probably required in any -

session level (although not every field 1is required in all

messages). The only fields requiring explanatlon are the "cause" -

and "calling terminal ID" fields. The "cause" field is useful
for inclusion in session reset request, session start deny and
~ session clear request. messages to indicate the reason .for the
message. The "calling terminal  ID" field may be used for the
caller's telephone number when interfacing with an X.21-1like
network service. The optional fields are required in certain
messages for some applications. The status and recovery fields
are required to provide the additional internal functionality
indicated by the dotted arrows in Flgure 3.8,

Issues ar151ng at the se551on layer are related to

- application 1ndependence and
-.level of functionality

These issues are dlscussed in Sectlons 3.4,2 and 3.4.3 based
- on MSDL implementations of Tradex and Electronic Mail systems and

. in Section 3.4.4 based on MSDL studies of Communicating Word

Processors.

' 3.4.2 Sessions in the TRADEX Environment

In- the first TRADEX prototype, sessions are deliberately
quite limited in functionality, for the following reasons:

1. Memory limitations dictated the simplest poésible system
" consistent with the required level of functionality.

2. Open system interconnection specifications were 'not

sufficiently well defined at the time of the Ffirst
'de51gn freeze to make a commitment to a more general
,se551on level.

3. A requirement for open system interconnection was not
specified.

4, Sessions themselves are very simple (only one session

outstanding at a time, only one fixed application, no
session billing).
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Therefore the session- level is used only to. establish thev
modes of operation of the connected terminals and (when an X.21-
like service is used) to provide the identity of the calling
terminal, The session level services required to do this are:

"session start", "session wait", "session:  clear" and "“session'

status request". The session level send and. receive message
services are provided directly by the transport level. The
nmessage fields required are only ‘a small subset of Figure 3.9,
namely only the message type, message data and calllng termlnal'
ID flelds. : :

The resultlng session establlshment FSM is shown ‘in Flgure
3.10 for interfacing to an X.2l1-like service. Clearly there is
redundancy in this protocol 1if the network level is an X.25
service, . : : .

As discussed in Section 3.2. 2,‘Sessions'may be visible to
or hidden from the human operator. This raises the issue of the

~application 1ndependence of the session level with respect to the

placing and clearing of calls, Possibilities are illustrated in
Flgure 3. ll. : - : . e

In Figuré 3.11(a) a single session and a single call both
may span periods of session inactivity. ‘Sessions. and calls are
in one—to—one correspondence. . : e

In Figure 3. 11(b) the sess1on ‘remains estaollshed durlng
perlods of inactivity but calls are cleared during such periods
(either after operator-requested act1v1ty is completed or after a
time-out period with no activity). The sess1on may be said to be :
temporarily suspended durlng this per10d.~ :

in Flgure 3.11(c) both the session ‘and the call are’ cleared

during periods of inactivity. Sessions and calls are in one-to-

one correspondence, but with the difference from Figure 3.l1l(a) -
that a .session 1is never :active -when all . outstanding data
transfers are completed. ' C ‘

Since "call" is a lower level concept than "session" and
since the way in which sessions are related to calls may be

‘application dependent, it appears the session level must be

appllcatlon-dependent in general 1f the lower levels' are to be
hidden by the session level. C

: Figure 3.12 illustrates this point. The session level nay
be = different for ~different  applications. . "And  only
applications which are closely related share the same session
level. Or the session level may be parameterized to provide
different - types .of - 'session levels . for different
applications. Or a standard session level makes the services of
the lower network control level. _expllc1tly visible to the
application level,. In the latter case, ' the purpose of the
session level 1is. unclear, since its functions are effectively
performed by the application layer. T "
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The view that different types of sessions may be conducted
for different applications is consistent Wlth is0, whlch prov1des
for sesslon context negotlatlon. :

Although the session level of the first TRADEX prototype is

too simple for general open system interconnection, not all of -

the functions suggested in Section 3.4.,1 are. necessarily
appropriate, Some functions are better left to higher levels.,
In particular, flow control, checkpointing and recovery of files
and messages originating at the highest application level are
handled more appropriately by levels above the session level.
The session level cannot distinguish messages containing
application level data elements from control messages originating
~in the presentation ‘and lower application levels, whereas this
distinction - is desirable for flow control, checkpointing and
data recovery. '

3,4.3 Sessions in Electronic Mail

'In the MSDL's experimental electronic mail application, few
issues arise at the session level. Only X.25 is used. And
sessions are not visible to the operator. Accordingly, issues
with respect to application and network dependence do not arise,
Separate sessions are established for sending and receiving mail.
The mail sessions are not dialogues at the application level;
mail flows only one way in each session. However, two-way
communications exists during a session for control purposes.

/ In the. experlmental system, séssions are perlodlcally
established for the spe01f1c purpose of sending or receiving
batches of mail; one call is established per session and lasts

for the duration of the session. In the general case send- and-

" recelve sessions may be simultaneously established and (perhaps)
~ may share the same call.

The services required for the experimental system are the
basic ones of Figure 3.7. - And the message flows are the

correspondlng basic ones of Figure 3.8, The fields required ‘are

those of Figure 3.9, with billing, password calling terminal ID
and session status flelds omitted.

"FPigure 3.13 shows the FSM which controls the functlons of
the mail session level. '

Note that the session level does not perform flow control,
checkpointing or recovery of —higher level data units but only
clears the session if abnormal operation is detected.

For the experimental mail system, the approaches . towards
handling session failures were analyzed and . it was determined
that the session level would need excessive quantities of storage
if it were to control session reset; . therefore, data recovery
responsibility was left to the. higher 1levels, which have direct
access to the data and have the fac111t1es for determining the
information lost during the failure.
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Thus session failures are handled as follows:

1. Each session message contains twa sequence indicators:
M(S), M(R). The M(S) value received must preserve
sequentiality with the previously received message. -
This check should never fail as sequencing is assured by
the X.25 transfer level used. - Any dlscrepancy would .
likely be due to a critical’ fallure on either the
hardware or software of the mail station itself. If a
sequencing error does occur  then both ends: must attempt -
to adjust and restart at a common point to prevent loss
or duplication of messages. As it 1is ‘impractical for
the session level to keep a window of messages in its
environment, this restart cannot be executed without
presentation level intervention. Therefore the session
level will abort the session, clear the channel and
notify the hlgher level through returning status values
of the session level service requests. :

2.  Timeouts may occur in- communicating with the remote

' presentation level., = . If the. interval is made
sufficiently large then it may be assumed that '~ some
failure has occurred . and timeout  retransmissions need -
not be attempted. A timeout on a command-response pair
such as session request-session confirmation would leave
each end in mutually unknown states from which the least
complex recovery would be . obtained’ by aborting the
session. o o - :

3. Timeouts may occur due to lower level failure. Agaln
the solution adopted is to. abort the sesslon whenever a
session command-response pair times out.  .This approach
eliminates the possibility of recovering a session after
link failure; however, it guarantees the 'state of a
session will never be amblguous on an end—-to-end basis.

3.4.4 Sessions in Communlcatlng Word Processors

The main issues particular to communicating word processors
arise at the higher levels. Accordingly we defer discussion to
Sections 3.5, 3.6 and 3.7. : :
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3.5 Presentation Level

3.5.1 Introduction.

The main purpose of the presentation level is the delivery .

of application level data units in a form understandable by the
application and at a time when they are ‘expected by the
application. How %to decide on allocation of particular data
transfer cohtrol -and data formatting functions between the
application and presentation levels is in many cases unclear.
Particular approaches are presented here and in Section 3.6 and
‘the broader issues are discussed in Section 3.7.

The pfesentation levels in the "TRADEX and Electronic Mail -
Systems are first discussed in Section 3.5.2 and 3.5.3. Then .

Section 3.5.4  Dbriefly discusses some 1issues specific to
communlcatlng Word Prooessors. : :

3. 5 2. Presentation Level in the TRADEX Environment

In the initial TRADEX environment, which involves 1like
terminals talking to each other, the data encoding is the same
for all terminals and is commonly understood by all terminals.
There are no encryption or data translation requirements of any
kind., . And it was decided by the design team that file transfer
control: is an application-level function. Accordingly, in the
initial TRADEX 'system,  the presentation level is entirely
missing. ‘ : .

~ Future TRADEX systems may require data translation between
COSTPRO aligned forms and other trade data formats. However,
this translation would take place most appropriately at the
application ‘level, because it involves semantic interpretation of
application level. data elements. This subject is discussed
further in Section 3.6 and 3.7. :

3.5.3 Presentatlon Level of an Experimental Electronlc Mail

sttem_

A design goal for the experimental system was to separate
very clearly the application and presentation layers as follows:

- The application layer should be concerned with delivery
and reception of pages of mail documents to and from the
"mailbox".  The nature and contents of each padge are
important to this level, but not the transfer control
mechanisns. . o

- The presentation layer should be concerned with all
details of control of transfer of the pages of each piece
of mail and of the end-to-end acknowledgement of the
entire mail document. The nature and contents o©of each
page should not be of concern to this level.
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However a requirement which compromises this goal was to
provide the .capability to  refuse incorrectly addressed mail
before the contents have been transmitted. This requires a
separation of envelope page and content transfer. services and
functions in the presentatlon layer to allow the application.
layer at the reception end to check the envelope page and refuse
the mail. The result is a need for the presentation‘layer to
differentiate between envelope and contents pages. Rather than
requlrlng the presentation layer to examine the pages, separate
services are defined to send and receive envelope and content
pages. The presentatlon layer performs dlfferent functions for
these different services. :

Ex ternal services .0of - the presentétion Ievel .of an
experimental electronic mail . system which satisfies this latter
requirement are illustrated in Figure 3.14 and explained below:

on Transmission

- Request session (and wait for establlshment)
Request credit for a document of n pages (and walt for '

credit)
- Transmit envelope: page of document (and walt for
acceptance)
- Transmit remainder of document (and walt for successful
" checkpointing)

On Reception

- Wait for a session

- Wait for an envelope page

- Send an envelope page acceptance
‘- Wait for remainder of document

Internal functions of this'layér are'aS'follows:'
~ Service application level requests

~ -Checkpoint entire documents by means of checkpoint request
and checkpoint response messages at the end of each
document transmission and reception cycle,
respectively. In the‘eXperlmental system, the check-
~ point request message is used to solicit acknowledgement
from the receiver that the mail document  has been
received and stored on disk. Failures result in re-
transmission of the entire document. - Although not
implemented -in the experimental. system, the message
could also be 'used to recover from low’ level session
‘failures by partlal retransmission. : -

These functions are implemented by messages as shown in

" Figure 3.15. The FSMs controlllng the performance. of these .

functions are shown in Figure 3.16 and 3.17.
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Note the somewhat awkward split between the ‘application and
the presentation level.  Contrary to the goals stated above,
there is a division of the transfer control responsibility
between the application and presentation levels, The application
level must now itself perform the sequencing associated with
envelope pages. In this light, it is questionable whether this
so~called presentation level - is 'not ,actually the lowest
application sub-level. This would be consistent with the
approach described in Section 3.5.2 for the TRADEX termlnal. ‘

This 51mple,'exper1mental electronic mail system does not
embody all features required of the presentation level of a
general system. . Desirable features and components of a general
system are illustrated in Figure 3.18 and discussed below:

1. The>pre5entation level should include transfer cOﬁtrol
of documents on a page—-by-page basis. This 1is
111ustrated by the example system descrlbed above.

2. The transfer control portion of the presentation - level
should include checkpointing. and flow control of

application-level data elements. = Checkpointing (in
simple form) is included in. the experimental system
described above. Explidit presentation-level flow

control is not included in the experimental system,
except for. the credit grant mechanism, which provides
high level flow control on -a per-document - basis.
Reliance could be placed on low-level £low control
mechanisms (in the network and transport levels), but
these only prov1de bulk flow control over all concurrent
sessions using a particular communications channel or
- 1ink; they do not provide the possibility of
flow~controlllng individual concurrent sessions
separately. Such individual flow control could be very
important if facsimile services were combined with
electronic mail in a single terminal. Facsinile
services are capable of delivering very lardge amounts of
data without advance warning as to length. The issues
associated with facsimile transmission and its possible
integration into multipurpose terminals are deferred
until Chapter 5 and Chapter 7. o '

3. 'The transfer control portion of the presentation level

could be shared by different applications. For example,
if they were shared by electronic mail and file transfer
-applications, pages would correspond to" records,
documents to files and envelope pages to file.descriptor
messages. While desirable, this may not be possible if

unforeseen application issues arise in the presentation’

layer, such as the special treatment of envelope pages
in the simple electronic mail system. Careful study is
“required before agreeing or disagreeing with this 'item.
Figure 3.19 illustrates ‘the deneral - nature .of the
alternatives. - '
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Presentation should include encryption control of page'

bodies. Although no- encryption control is present in

any of the MSDL systems, it clearly belongs in this

1evel
Presentation includes translation control. This . is
primarily a detailed encoding/decoding function

associated with the use of different character. sets and
character sequences for communications and applications.
Translation control ' is discussed further in -Section
3.5.4 in the context of Communicating Word 'Processor
Systems and then agaln in Sect10n° 3.6 and 3.7 in "a
broader context, - :
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3.5.4 Communicating Word‘Processor Presentation Level Issues

As discussed in Section 3.5.3, the presentation level is. a
logical place for some translation - control functions,
Communicating woxrd processors are characterized by major code
translation ‘problems in three areas (as discussed in detail in
Ref. 3.2): .

1. Incompatible text control codes and page format -
descriptions between different word processors;

2. Incompatible codes between internal text files and
communications in individual word processors (usually
because internal codes require 8 bits per character);

3. Unsuitable communications protocols which make
assunptions. about text formats (for example about line
lengths)

There are two 1najor issues with respect to solving these
problems within the Open System Interconnection framewotrk:

1. wWhat translation functions are redquired?
2. In which level should these functions reside?

First con51der code set translation problems. Can these
problems be solved by Teletex—like mechanisms (Chapter 4), u31ng
the GO, Gl and G2 code sets?

The proposed GO/G2 set can handle all text requirements
between word processors studied by the MSDL, provided it
augmented by additional information which specifies how prlntable
characters outside G0/G2 set are represented within the set. It
is possible to do this via a Gl set which is agreed upon between
two parties and negotiated at session establishment.

Most text control characters could be handled in the  same
way using extensions to the CO0 control set if a standard set of
control characters could be defined for a set of standard word
processing functions. However, some functions are represented by
a string of control characters or by mixed strings of control and
text characters. These are completely different - between
manufacturers. , ‘

Format information may be included in different ways within
a text page (on individual 1lines or at the head of the page) or
it may be outside the text proper (as a binary file header).
There is at present no unlversally applicable way of representing
format 1nformatlon.
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'What is needed 1is an international 'agreement'.on‘ the
representatlon of  text control characters and formats. Some

progress is being made in this dlrectlon [51.-

One poss1ble way of arr1v1ng at a standard would be to adopt

a standard language for ‘word . processing functlons. Such a

language approach is used in the Unix word processing - system [6]

~in which all text formatting and control commands are expressed.

in language form as part of the text itself. It is also used in

-the TEX word processing package developed by Knuth [7].° While
hardly desirable as the input mechanism for ‘the usual office . -

users of word processors, ‘thls approach holds  promise for

- communications.

The question of which level these translation functions

should reside in is left for further discussion in Sections 3.6

and 3.7. With the introduction of language and semantic issues,

‘the translation functions may: be_ more = appropriate at the

application level.
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3.6 Application Level

3.6.1 Introdnctien‘

The appllcatlon level handles all remaining functions
associated with partlcular applications. As we have seen,

however, it is not always clear where the division should lie .

between presentation and application-level functions. Sections

-~ 3,6.2, 3.6.3 and 3.6.4 describe particular appllcat10n~1eve1
approaches for TRADEX, Mail and Communicating ‘Word ' Processor

applications, respectlvely. - :

3 6. 2 TRADEX Appllcatlon Level

In the TRADEX -application, operators make communication
‘requests directly to the application - level to transfer
file/screen data to remote terminals. Thus the appllcatlon level
may be said ‘to provide services (in +the form of keyboard
commands) to the operator, as illustrated in Figure 3.20.

Application level message flow is shown in Figure 3.21 and
correspondlng FSMs for control of application level functions are
shown in Figure 3.22 and 3,23. Note that the application level
here performs the'equivalent of the envelope page and checkpoint
functions of the presentation level £or the experimental
electronic mail system described in Section 3.5.3. :

Missing from the basic system are format conversion services
and functions between different trade data representations which
may ‘be requlred for international trade, such as CTDAS, EDI and
TDI. CTDAS 1is. the Canadian Trade Document Alignment System
developed by COSTPRO [8]. EDI is a standard for formatting trade
data for Electronic Data Interchange which 1s in limited use in
- the United States [9]. TDI is a Trade Data Interchange standard
which has been adopted as a guldellne for use in Europe. The
main reason for this omission is that conversion requirements
between these and other different representations are not at
present well defined. COSTPRO is working on defining conversion
tables between CTDAS and EDI. It appears that changes to EDI may
be required and it is understood that COSTPRO 1s negotiating such
changes. The effect of these changes will be to bring EDI closer
to TDI. A preliminary Jjoint specification has already been
released ([10]. COSTPRO believes that conversion between CTDAS
and TDI will present few problems. Therefore conversion between
CTDAS, modified~EDI and TDI should ultimately be possible.
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When the conversion: tables are defihed, their use in the -

TRADEX environment will probably be limited to reformatting files
in the application ‘level before transm1551on, leaving all lower
levels in the communication system untouched. This can be
accomplished by including the type of file format in the file
descriptor message and by arranging that a negative response ta

this message includes a field to specify the  type of format

-‘acceptable to the remote terminal.
The issues associated with the allocatlon of functlons to

the application or presentation layer have been discussed in
Section 3.5 and are dlscussed further in a broader context in

Section 3.7.

3.6.3 Electronic Mail Application Level

In electronic Vmail, the application ‘level of the

communications system is enabled periodically by the central.
operating system. NoO other external services are -provided, as

shown by Figure 3.24. Once activated, the SEND and RECEIVE side
of the application level functions w1thout operator intervention.

They use the services of the. presentation level to send and-
receive envelope pages and data pages as shown 'in Flgure 3.25. .
The ' FSMs controlllng the internal functions of. the apollcatlon'»

level are shown 1n Figure 3.26 and 3.27. -

The issues assoc:.ated with the 'allocation of - “functions to

the application or presentation layer have  been -discussed in‘

Section 3.5 and are dlscussed further in a broader context in
Section 3.7. o :

3.6.4. Appl ication Level Is'éues f_or- Communivcating- Word Processors |

The main issue 'is how to allocate translation control
functions . between the application and presentation levels, as
discussed briefly in Section 3.5. This issue 1is discussed

- further in a broader context in Section 3.7.
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3.7 Summary of Issués Arising from MSDL Experience

3.7.1 Introduction

The foregoing sections of this chapter have raised a number
of issues with  respect to the 1levels  of the Open System
Interconnection model, in the context of MSDL experience with
particular applications.

These issues are now summarized and discussed with
particular reference to the implications for multi- purpose
terminals. As before, issues are discussed level-by- level £from
the bottom up, starting with the Transport level in Section 3.7.2
and proceeding through the Session, Presentation and Application
levels in Sections 3.7.3; and 3.7.4.

3.7.2 Transport Level Issues

The main issue. with respect to the Transport level appears
to be: Is it necessary? In MSDL systems it has been used to
provide a uniform procedural interface to a variety of networks,
‘'with no autonomous functions of its own. Deficiencies  at the
network level (as with  X.2l-like networks) which required
autonomous activity to resolve were handled by the Session level.
And end-to-end acknowledgements and timeouts of messages passed
to the Transport level were handled by higher levels. -

The. authors' view is' that such a standard,  procedural
interface is necessary, but that the question of whether it
should reside at the Transport level, or not, is open. It could
be provided as a standard interface to the Network level. ‘

3.7.3 Session.Level Issues

The main issues at 'the Session level arising from MSDL
experience are: ' g : :

~ support of multiple concurrent sessions, possibly"
multiplexed over a single communications channel;

- degree of session recovery required from failure;
- flow control requirements;

- role of the Session level in negotiating capabilities for
use by higher levels;

- necessity for different types of sessions,
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We here comment on each of these issues in turn.

af

b)

Multiple Concurrent Sessions

Support of multiple concurrent sessions appears to be

necessary 1in general if multiple = applications, or
concurrent communication activities within a single
application, are to be supported. A single-session-at-
a time organization does not provide = sufficient
concurrency. A severe restriction;' of - such an
organization is the inability to establish a session for
reception while another communlcatlon session is in
progress. .

Of course, multiple concurrent sessions in. a terminal
can be handled by nmultiple, distinct sets of session-

level services, one. set for each communications channel
(virtual or. physical) supported by the network level,

Then each set of services forms a separate Session level.

which does not by itself support concurrent sesslons.
However, such .an organization presents an awkward
interface to higher levels. . And it is: not suff1c1ent1y

modular; changes at the network level Inay affect the.

organization of the Presentatlon level

The best solution appears . to be the. supoort by a single

Session level interface (i.e., by a single set of
Session level services) of multlple concurrent: sessions,

each with its own separate state lnformatlon maintained
internally by the Session level. Requests for Session
level services must then reference a session identifier
supplied by = the Session level upon segsion
establishment. : _— ' o

Session Recovery

It appears to be both 1nappropr1ate and unnecessarily

complex to prov1de automatic recovery at the Session
level of data belonglng to higher levels when a Session
failure occurs. It 1is inappropriate because in general

only higher levels are gpecifically aware of the state:

of their own data. And it is unnecessarily complex
because Session failures should occur relatively rarely

and sufficient automatic recovery mechanisms 'can be

provided by other levels to handle rare failures.
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c)'

d)

e)

"It should not be necessary to point out to the reader
that unnecessary complexity may make it very expensive-
to implement layered protocols in m10roprocessor~based

intelligent termlnals.__

It appears to the authors. to be probably sufficient to
return the session to a single known state, namely the
aborted state, on- - an end-to-end basis, when session
failure occurs and to 1eave data recovery to higher
levels.

Session failure can be detected by sequence  count
violations and time-outs. : o ‘ -

A user of a service will of course not wish to pay for
data lost in an aborted session. This may be handled by
ensuring that higher levels do not post charges through
the session level billing service (see item (£)) until a
higher level handshake has beep completed.

Flow Control Requirements

Flow control on a bulk basis .is handled by the Network
Level and below. It will also be handled as required on
an application basis at higher  levels. . There is no
reason for including it in the Se551on level, in agree-

ment with OSI philosophy.

Role of the Session Level in Negotiating ngher Level
' Capabllltles

The Session level may have a role in negotiating
translation and encryption control services for the
Presentation level, However its role is unclear,
because the nature of these services is still unclear.

The Session level may also have a role in negotiating
the type of transfer control protocol to be used by
higher levels. For example, a one-way mail session
might provide different services to send higher level
commands- and responses so that it can identify session
failure when a command is sent in the wrong direction.
A two-way, free-running dialogue session, on the other
hand, would not need to distinguish commands . from

'responses and so would only provide a single service to

send data.

Necessity for Different Types of Sessions

Mentioned above was the possibility of negotiating

different types of session. services for use by higher
levels, for example to handle one-way or £ree~running
dialogue sessions. :
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- It may be necessary also to negotiate different types of

internal session functions for ‘the same service. .This
requirement was 1identified for the TRADEX example; but .

is more generally applicable. For example,‘in_one‘type
- of session, establishing a session would result . in:

placing a call at the network level which would not be
cleared until the end of the session. . In another type,
a session. could - be automatically suspended
(temporarily) by the Session level. by clearing the call .
during perlods of session’ 1nact1v1ty.

Other Issues

Billing for higher level service (in .cases where this,is.
required) should probably be accumulated on a session
basis by the Session level through a set of separate
billing serv1ces prOV1ded to hlgher levels.‘

The same ' approach probably applles to the gatherlng of
session statistics. :

~ Pasgsword validation and sender authentlcatlons are

loglcal services of the se531on 1evel
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3.7.4 Presentatioﬁ and. Application Level Issues

Presentation and Appllcatlon level issues relate to at least

two areas:

- Transfer Control:
- Translation Control'

Translation control is flrst discussed below, followed by '

Transfer Control.

3,7.4.1 Translation Control Two Approaches to Presentatlon/
Appllcatlon Level Separation

How to separate the Presentation and Application levels with

respect to translation control

is in many cases unclear. Two
approaches are possible:

The first may be termed "functional
separation”; the second may. be termed the "virtual application

approach”. The two approaches .and the issues associated w1th
them are described below.

(a)'Functlonal Separation

In this approach, the Presentation level is restricted to
communlcatlons—related translation and formatting

. Three pr1n01oles may be proposed to guide this: separation.
‘ Pr1n01ple 1

Any formattlng or translation <function
formats and codes which may be used as the primary
application level data storage formats and codes  in

other nodes of %the network should be performed w1th1n
the appllcatlon level.

between data

For example, in a TRADEX network, either or both CTDAS and
EDI -formats and codes could be used for primary data storage at
the application level in various nodes of the network. Therefore
conversion from CTDAS to EDI formats and vice versa resides most
appropriately within the application level, And plans at present
are that it will reside there when it is implemented
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To give another example, in a network of communicating word
processors, -text files could be stored using special format
information ~ and control codes - peculiar to individual
manufacturers. Or they could be stored using standard ASCII with
all formatting and control information embedded in the text as.
language statements. Some systems may even require use of the

‘language statements for text input at the operator level.

Therefore  conversion between = special = formats/codes ~ and
language-oriented descriptions - should = occur. within = the
Application level, : - - o S

A companion principle states that::

Principle 2
Any formatting or translation: functlon Whlch may requlre
understanding of Application-level data semantics should_
be performed at the Agpllcatlon level.

For example, translations between EDI, CTDAS and TDI formats _
could involve application data semantics, due to differences in-
the freedom of formatting certain flelds. So could translation’
between special word processing ' codes/formats and language
descriptions. B . o ' L - o

Another principle states that:

Principle 3
- Any formattlng or translatlon functions performed solely’
- for communication purposes should be performed within
the Presentation level.

Examples,of such functions are data compression and data
encryption, if they are performed solely for efficiency and
security of communications. S : .

These principles provide for relatlvely clean separation of .
the Presentation and Application levels, leading to modular
systems. in which changes to one level do not affect another.

They also provide for the early definition of a small number
of widely useable, relatively simple Presentation levels for
ranges of applications instead of a large number of different,
relatively complex Presentatlon levels.

This approach may be contrary to the IS0 and CCITT Open
System Interconnection proposals for the presentation layer,
although this is not absolutely clear. However it appears to be
implicit in the CCITT Teletex proposals. seen by the authors to
date, judging by the absence of any translate/format functlons in
the proposed Presentation level (see Chapter 4). S

This approach could‘ lead . to more rapid- international
agreement being reached on Open System Interconnection standards
than the second approach described below. :
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(b)vThe Virtual Application Approach

"An entirely different approach, the bare outlines of which
are suggested in the ISO Open System Interconnection Report, may
'be termed the "virtual application approach". 1In -this approach,
"a virtualized standard version of a single application is agreed
upon, This application may be implemented in detail at the
Application level quite differently in different terminals. A
function of the Presentation level 1is, then, to provide
translation and formatting services which convert local
. representations - into the appropriate representations for the
virtual application, and vice versa. Communications is in terms
of the virtual application only, as arranged by the Presentation
level.

For example, in a TRADEX network, the EDI standards could be
used to define a virtual trade data service. The Presentation
level would then translate CTDAS codes and formats into EDI codes
and formats and vice versa. Terminals using EDI codes and
formats at the Application level would not redquire the
translation, ‘

To glve another example, a virtual word processor could be
defined in terms of a standard text description language, if one
can ‘be agreed upon. - Then the Presentation level in any
particular terminal would be required to translate local codes
and formats into the- language statements of the virtwal word

processor and vice versa. Word processors ‘using these language -
statements at the Application 1level would not require this

translation.

‘This  approach  requires that the Presentation level be
customized for particular terminals. Because of the possible
wide variation in  particular data codes and formats at the

"Application level, this <customization could require not just
. installation of appropriate code translation tables but also of
algorithms and data files to perform major reformatting
- functions based not only on data syntax but also on data
" semantics,

Both the TRADEX and Communicating Word  Processor

applications would 1likely require -such algorithms and data

filea.

dependent, it may be more logiealfto perform them within the
Application level using the functional separation approach.
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3.7.4.2 Transfer Control

The issues associated with transfer control relate to:
~. checkpointing and error recovery;
- = credit management and flow control ‘
~ separation of services for sending Application level data
-descriptors and data. ‘
We treat each of these issues in turn, below.

Checkpointing and error recovery are clearly suitable

‘functlons of the Presentation level,

Credit management here 1mp11es obtalnlng perm1881on from a

.remote node before sending it data. The basis for granting

permission may be varied: room in the Mail file, lack of TRADEX

file name collision, etc. Thus credit management can provide a

form of hlgh level flow control on a. per—appllcatlon basis. The
question is whether lower level flow control is required as well
in the Presentation level. For example, in a document—based
system credit management would be relative to documents whereas
flow control might be desirable on a per-application basis in a
nultipurpose Terminal relative to parts of a document. This

" might partlcularly be the case for facsimile. Further discussion

of this issue is left until Chapters 5 and 7.

Separatlon of services in the Presentatlon level for sending
data descriptors and data may be required if the descriptors are
to be passed on for verification by the remote Application level

.  before data is transmitted. In the TRADEX application this issue
was resolved by doing it all at the Application level. In . the

experimental Electronic-mail System it was resolved somewhat
awkwardly by providing . separate presentation services and
associating a different protocol with each service. ’
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Chapter 4
Teletex.

4.1 Introduction

The main purpose of this chapter is to examine, from the
viewpoint of application-dependence, the proposed Teletex
services and functions at the various levels of the open system
model. The reader should note that the Teletex proposals have
been evolving throughout the course of this study and that the

comments on Telétex herein may therefore be outdated: by the'

time thlS report appears.

;-

Teletex is essentially a more intelligent version of
Telex. For our purposes, Teletex is described in three draft
CCITT recommendations. - S.c [1], S.x [2] and S.d [3] which
describe respectively the features of a Teletex terminal, the

Ne twork Independent Transport service for a Teletex terminal

and the -Session and Presentation services @ for a Teletex
terminal. o ' :

Of particular interest is the situation where multipurpose
terminals may connect to the Teletex service as both senders
and receivers of Teletex messages. Because of the ubiquity of
word processing terminals in business offices it seems logical
to suppose that word processing terminals would be the first
ones to offer +this multipurpose capability. Figure 4.1
. illustrates the desired capability. :

The problems associated with Teletex, from this point of
view, are related to its dedicated nature. A purpose of this
chapter is to determine if generalizations are required to
enable it to accommodate other applications such as
interworking between generalized word processing terminals.
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4.2 Teletex Levels

4.2, Introduction

The Teletex service provides for fixed format pages to be
delivered to dedicated Teletex receivers., There is a limited
range of document representation and a limited capability for
negotiation on alternate character sets; embedded control.
characters are required for this purpose. However, in spite of
the restricted aims of Teletex, the levels in ' the Teletex
service correspond to those in the Open System Model and could
easily be used for. multiple purposes with .proper definition.

This sectlon discusses the main issues associated with each

level. . Because the Teletex. draft recommendation S.d suffers
from the lack of clear definition of the interfaces described
in Chapter 2, it is difficult to derive a definitive
description of these interfaces using the notation presented in

Section 2,2; accordingly, no such description is presented.

4.2,2 1Issues at the Transport Laver and_Below,

Draft Recommendation S.% treats only the network, link and
physical levels and leaves the transport level for further
study. Accordingly, there 1is nothing to say here about this

4.2.3 Teletex Session Layer Issues

Teletex sessions .may be ' conducted - in various -modes
(one-way, . two-way alternating, - two-way: . simultaneous).
Therefore, it is necessary to distinguish presentation commands
from responses to allow responses to be sent by a terminal
which is not enabled to send commands. Therefore presentation
information commands and responses must be. sent under cover of
separate - types  of 'session control headers (CSI and RSI).

- However, the session level does not examine or act on any

presentation 1nformatlon.

There is a presentatlon control parameter field spe01E1ed
in the session start command (CSS). However, ‘its content and -
use are not specified. Possibly it could be used to negotiate
character sets or - translation tables to be used by the
presentation level during the requested session. - :

The session start command (CSS) also provides a field for
calling terminal ID. This field could presumably.be~used to
provide the calling terminal's telephone number in. the . case
where the lower levels do not provide it (con51stent with this
use in Chapter 3 for- connecting to an X.21l-like service).
However it seems more appropriate to assume that the Transport
level will provide the telephone number if the network level
does not. :
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The session start command (CSS) has a mandatory "Service
Identifier" Field which .could possibly be used in a multi-
purpose environment. to request either a non-Teletex or a
Teletex session. The specific use of this field is not
described in the S.d document. However, its_intent{is probably
to identify services within Teletex. If it is to be restricted
in this way, then there is no provision for serial or parallel
" sesslons for different applications. The 'session identifier

field in the positive- response message (RSSP) certainly does

not help; it is. used only  to provide unique numbering of
" sessions., ’ : ‘ L

' If theére can be no serial or parallel sessions for
different applications, then a . Teletex .receiver must be

dedicated solely to Teletex at the session level, because it

must be continuously. available for reception. A Teletex sender

could conceivably switch betweén different session 1level

modules for different applications (ready in memory or loaded
on demand), using the special Teletex session level only when
sending to a Teletex receiver. The consequences are a need for
more than one session level package in any multipurpose
terminal  which includes Teletex transmission in its
repertoire. Otherwise a multlpurpose terminal cannot be used
as a Teletex receilver.

A capability list command (CXCL),. and ah optional terminal

capabilities field in the session start command (CSS) and in

_the session start positive response (RSSP) prov1de for hand-
shaking on compatible capabilities Eor carrying on a session
between two Teletex terminals. .

. The capablllty list command may be wused for various
purposes which are for further study'according to s.4d:

- spec1fy receiver Capabllltles requ1red=

- storage negotiation;

- use only at document boundaries or within document°
- flow control is an associated issue.

it has been proposed elsewhere that Teletex flow control
be accomplished by: .

-~ page-by-page acknowledgement ("sendwand—walt") above the
Transport Layer, or : «

= explicit use‘of Transport Layer services to disable and

enable reception and transmission over a transport
connection. ‘
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As indicated. by S d, this issue 1is apparently still not
resolved. ‘ ‘ S

The method of flow control by credit grant request and.
checkpoint status request used in Chapter 3 at the Presentation
level in an electronic mail application appears to be sultable.
here also, '

The 1nbedd1ng of storage negotiation and. flow  control
functlons in the session layer, as suggested for the capability
list command, appears to be an unnecessary complication. - As
described in Chapter' 3, these functions 'were appropriately’
performed in the Presentation level or the lowest appllcatlon
sub—layer in MSDL 1molementat10ns. N .

Checkpointing is, appropriately, left to the presentation
layer, as it was in the MSDL applications described in Chapter
3. ' ' '

4,2.4 Teletex Presentation Level IssueS'>

The presentatlon functhns deflned in 8.4 are primarily .
concerned with delimiting documents. and pages ° and with’
recovering documents and pages when errors occur. There is a
flow control mechanism, complete. with acknowledgement window,

: tentatively suggested, with the reservation stated that unless

it is required for fecovery, flow control "is perhaps best left’
to lower levels. . o T ' e ' __—

There are, surprlslngly, no translation or formatting
services or functions specified at the Teletex Presentat10n~
level., And there is no encryptlon capability.

4.2.5 Teletex Application Level Issues

The Teletex Appllcatlon level is not deflned in S.d and  is
not ex011c1tly deflned in S.c.

We note in passing that there is apparently nb provision
for delivery confirmation of Teletex Application'level messages
to the intended rec1p1ent (as there 1s ‘in- the Electronlc Mail

system described in Chapter 3).
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4.2.6 Text. Translatlon/Formattlng Serv1ces and Functlons in
Teletex |

, Text translation/formatting services and functions remain
unspecified with respect to levels of the Open System Model.

However the .terminal functional specification S.c does prov1de'

a partlal statement of the basic requirements.

There - is only a limited capability in Teletex for
negotiation on text translation. Draft recommendation 'S.c
specifies use of escape sequences to move between the (default)
GO0 code set and the alternate G2 code set, There is also

similar provision for escaping to a Gl set of which there may
be many versions. Possibly the Gl version intended would have.
to be passed to the session . establishment service of the

Session level for inclusion in the presentation parameters
field of the session start request message. However this 1is
unclear.” It may be intended that the Application level
negotiate directly on code sets. ' o -

There is no mechanism defined for negotiating page
formats. - : : ' ‘ ‘ : ‘
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4.3 Summary of Teletex Issues

The main problems and issues identified in this chapter
for Teletex have all been identified and discussed in Chapter 3
in relation to other applications. ~ There is little.new here
for general discussion in this specific concext. . Accordingly,
further general discussion is postponed until Chapter 7.

4,4 References for Chapter 4

1. "Draft Recommendation S.c (TELETEX Terminal)," COM VIII
- No, 81-E, November 1978, CCITT. o :

2. "pProposed Text for Proposed Draft Recommendation S.X,"
January 1980.

3. "Proposed Text for Draft Recommendationis.d," January
1980. ' ‘ : -
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5.1 Introduction to Facsimile

5.1.1 Existing and Future Facsimile Machines

Growth 0f installed facsimile systems has mushroomed in
the past ten years and it is estimated that more than 200,000 :
facsimile units atre in use at the present time. The widespread
acceptance of facsimile services.has been held back by the lack
of compatibility between machines from. different manufacturers,
high cost, low speed, and mediocre. copy quality. However,
these drawbacks are slowly being overcome. The advances made
in the microprocessor £field and in communications' technology
promise economically feasible solutions to the incompatibility
problems among dissimilar facsimile  machines, In addition,
equipment rental costs are dropping “and several machines now
provide for automatic operation to conserve personnel costs and.
to permit transm1551on during off-peak hours when line charges,
are low. :

Several fa051m11e machlnes ‘have been recently introduced |
with 30 seconds, one or two minutes transmission speeds. . Such-
machines .are bound to reduce further. transmlsSLQn costs. - In
addition, copy quality is being improved by the development of

" better printing devices, improved modulatlon technlques andf
S upgrading of telephone ‘line qualities. - : .

Facsimile .mach;nes are divided  into . two - broad

‘classifications -~ convenience and operational.  Convenience

machines are generally low in cost and slow. Typically, these
machines are used for sending between 25 to 50 copies per
month. - Because of this light use, buyers of  convenience
machines are sensitive to monthly leasing costs, but not overly
concerned with additional. costs per copy (paper- plus

transmission charges.) : : ‘ '

Operational machines are = used for high volume

transmission and individual copy cost are of prime 1mportdnce.
Most of these machines-. provide high speed ‘transmissions in

addition to other advanced features such as automatic
document-loading, automatic dialing and answerlng,. interrupt
capability and multlple-document handling. ‘ BRI

Table 5,1 provides a.summary of the major characteristics:
of - a sample of Facsimile machines marketed by ‘different
manufacturers. The table indicates the variations in . the
speed, resolution, price and other features of different
facsimile machines. '
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PANAFAX

GRAPHIC

QWIP OWIP XEROX XEROX PANAFAX SCIENCES 3IM RAPICOM
A E ' o ‘ Express L
MODEL NUMBER 1200 2000 X410 TC-200 __ MV-1200  UF-20 DEX-700 9600 100
RESOLUTION - 96x%96. 100x100 95X96 96x96 200X20d QQOXZOO 176x176 200x200 - 200x2600
SPEED (MIN) 6.0 2.3 6.0 3 3.6 0.4-0.8 2-3 1.7 1.5
MULTIPLE - ~ ,
DOCUMENT . . L | : .
FEATURES NO NO NO YES = OPTION OPTION NO YES OPTION
' AUTO-DIALING  NO NO ' NO YES NO NO NO NO NO
AUTOMATIC - - , '
ANSWER " NO NO NO YES. NO NO. NO 'NO NO
INTERRUPT NO NGO NO YES YES YES YES YES YES
PRICE ($) 1200 1900 1200 8900 4500 12500 4750 14500
(00}
O
"Table 5.1: Comparisoh of‘Facsimile Machines |




5.1.2

fall

Standard and Compatibility Issues

The areas of incompatibility among . Ea051m11e machlnes
into the following functions: S

i) Document sCanning Techniques‘

Several scanning technlques are currently employed
Rotating Cylinder, Rotating Helical Aperture, Rotary Scan
Head, Multiple Photo Dlode Array, CRT .Flying Spot Scanner,
and Laser. e C -

The result of the scanning step can be either an
analog signal or a digital signal. Thus, scanning methods
are generally classified as analog or digital. - Analog
scanning techniques cover several points in the colour
spectrum between black and white. Thus, they are capable

- of preserving dlfferent gray shades that may exist. in the,

document.

"PDigital techniques represent all shades. in the
document as black or white. The  information on the
document is represented in ‘these teqhniques as a
continuous stream of blnary digits. = - = ' C o

The quallty of the copy being produced and transmlttd
depends on the resolution used as well as the. scanning
method. High quality machines .tend. to' generate more
(analog or digital) transmitted . traffic. per .document

‘compared to lower quality machines. .

ii) Modulatibn Techﬁiques

The signals resulting from . the scanning process are

‘modulated before transmission over the communications

channel (telephone lines, satellite channels, micro-wave
circuits, etc.). Several modulation techniques are. .
currently employed (AM,FM,PM, etc.). For two facsimile-

machines to communicate directly over a channel, the
modulation technlque used in each has to be matched to the

"~ other.

iii) Compression Schemes

Both analog and digital types.. of scanning and
transmission techniques are amendable to data compression
whose aim 1is to  reduce the large volume of traffic
generated by scanning a document. . Generally, digital -

‘machines can provide greater compression than analog ones.

In addition, the recovery of a modulated digital signal is
less sensitive to noise and 'signal fades (and thus is less

' prone to error conditions) than a modulated analog.signal.
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iv) Handshaking Routines

- These include the method of synchronization between
two machines, the codes (or SLgnals) used for formatting,
error. detection procedures, start and termination of
document transmission.

v) Scanning and Transmission Time

The total time required for the trahsmission of a
document . is - a function of the scanning speed, the
resolution used, the modulation technlque, the compression
ratio and the speed of the communications channel. The

first four factors vary in different facsimile machines.

and as a result, different transmission times “exist.
Machines with different speeds cannot, however,
communicate to reproduce a document without substantial
buffer storage. :

The above incompaﬁibility factors have until reéently

mitigated against network-wide communications among users-

of different facsimile machines.. However, as it has been
with the computer industry, smaller. manufacturers are now
building their machines to be compatible with those belng
produced by the industry leaders. While this trend is
expected to alleviate the incompatibility problems to some
extent, a complete solution can be arrived at only through
the development of widely acceptable standards and the
utilization of recent advances in the technology of
computer—communication networks.

As ‘a step towards developing standards in the
facsimile industry, the facsimile committee in CCITT has
classified four groups of facsimile machines:

. Group 1 -~ This is similar to the Xerox Telecopier II and
' the Magnavox-850 machines. It transmits 4 and 6
minute facsimile data using a well defined
protocol and FSK (FM) low-speed transmission
over telephone lines. ' ' : ‘

Grougiz "This standard is mostly with European PTT and

“adds a 3-minute Capablllty. Transmission 1is
AM.
" Group 3 - The first modern standard. These machlnes
" would use some run-length encoding scheme for
data compress10n. High-speed transmission of

data is expected to reduce substantlally total
document reproduction tlme.

Group 4 - Super—hlgh—speed equ1pment. Standards are to be
defined. ' : :
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As stated earlier, ‘while such standardization efforts
represent useful steps towards interfacing -machines
produced by different manufacturers, they are not,
however, sufficient "to allow for general networking
capability 1nvolv1ng varlous facsimile systems. The main
reasons are: . : '

~1) Only machines w1th1n a group can communicate directly.
A machine must be equipped with all groups in order to
be totally. compatible. The price of such a ™"super".
machlne would be prohibitive. :

ii) The compatibility:defined~for all groups 1is lost on
- machines which wuse. . a more efficient proprietary
communications technique such as Graphic Sciences'
"DEXNET", Panafax's FAST SPEED,: Xerox's TC200 and the
entire RapiCom network. Such systems are widely used

at the present time and a general networking service
cannot afford to exclude their users since they form
the bulk of the network's potential customers.

The preceeding discussion illustrates, the need for
developlng networking approaches to augment the standardlzatlon
efforts towards finding a complete and economically fea51ble
solutlon to general facsimile intercommurniications.

5.2 Existing ‘and Future Communication.Systems er‘Facsimile

In order to utilize facsimile to its. full potential, a
concept of networking must be developed. A number of: attempts
at networklng have been made with various- degrees of sucess and
limitations. These attempts have resulted in services. being
offered at the present time. In the following, we discuss the
nature of these services, their advantages and limitations.
The discussion will serve .as a preamble to the application of
the Open System Interconnectlon Concept to - future facs1mlle
networks.- :

5.2.1 Existing Facs1m11e Networks

Existing fa051m11e communlcatlon systems can be classlfled
accordlng to the compatibilities of the machlnes interconnected
in the networx. : -

i) Communications Among Compatible Machines:

Communications among machines from the same manufacturer
is usually carried out over public telephone (voice grade)
networks. The same is expected to apply to different machines
within the same group as class1f1ed by the CCITT facslmlle
commlttee. . .
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The main advantages to this. approach are that the network can

 be developed in a piecemeal manner without very much plannlng'
and can be expanded as the traffic builds. The major

disadvantage is that the user is. limited to the created network
and . cannot communicateé with - other .machines outside ‘its

standardized group. Also, as pointed out earlier, this

approach excludes machines which —use a more efficient
proprietary communications techniques. :

ii) -Common Carrier Service Networks

Common carriers. began to offer facs1m11e sercices to data

communications users in 1975, The = first .comprehensive

facsimile service was offered by Graphnet Systems Inc.
Information from facsimile machines can be transmittd to other
compatible or incompatible machines. Messages sent on Graphnet
are digitized, compressed and converted to ‘the appropriate
output format and speed by special purpose processors. The
service uses the sw1tched telephone network and thus reaches
almost all locatlons on the continent.: :

Recently, a new facsimile service named Faxpac has  been
announced by ITT. - Faxpac 1s a store-and-forward network
c¢ustomized 'to handle . facsimile message communications., "The
hetwork provides single, terminal-to-terminal delivery as well
as message . broadcasting to multiple terminals. The network

also provides for fax—-to-fax communications among incompatible -

machines through dlgltal conversions of facsimile 51gnals and
data at the network's main switching nodes. .

.Similar'Services'are expected to be provided soon by other -

catriers‘ such as Satellite Business Systems, Western Union,
American Satellite, Data Transm1551on Corp. and AT&T's Advanced
Communications Service.

The  proliferation "of such "standard" facsimile service
networks will help in resolving the incompatibility problem to
a large extent. However, two serious problems persist:.

1) Subscribers/of a given network cannot communicate with

those - of other networks. To solve this problem, an
approach for internetworking must be developed. Past
difficulties - that - have been . encountered in
interconnecting computer—communications networks are

bound to hamper a 51m11ar attempt in the fa051m11e world

2) The 1nternatlonal tarlff structure presents substantial

" cost problems .when using any of the facsimile service
networks. In addition, users with a particular facsimile
processing needs will . find it difficult to configure
their system in a way that minimizes their service cost.
For example, a user with a cluster of several slow speed
facsimile terminals may be at a disadvantage when using a
network with a tariff structure based solely on machlne
line connect time.
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The Open ‘System Interconhection Concept presents an
alternative approach which promises 'to overcome the above .
explained: difficulties, This concept is explored in the
follow1ng. ‘ : . - : :

'5.2.2' Fea81ble Facsimile Conflguratlons in the Open System

Interconnectlon

It can be concluded based on the ‘previous discussion that
the "ideal" facsimile network should be able to. select and
optimize the following parameters:: . : o

~ Variations in Facsimile Traffic Volumes: The traffic
generated from user centres range from infrequent and low
volumes to continous and high volume. The user should
have the flexibility of configuring his service centre to
match his loading conditions and service speed
requirements. . . : - : -

- Support of Incompatlble Machlne Types: .  This. means removal
of all the constraints that limit the interface' between‘
1ncompat1ble facsimile machlnes.;A

= Variations in Tarlffs:” Tarlff strictures dlffer at the
international level and according . to the specific
communications. service provided. . It should be possible to
take these variations into. con51deratlon and . give = the
users the required flex1b111ty , attaln_'toptlonal
transmission routing. S Lo ' - '

-~ Multi-Copy Capability: In many applidations there is a

need for a broadcasting capability to multi-receiver -

- terminals. The network should be able to prov1de this
service without image degradation. '

"~ Modularity: It_should be possible to expand the network .

- both at the 'user's node level and at the network support

level without major equlpment replacement or intensive
labor 1nv01vement : : '

- Flexibility: It should be possible for the network to
accommodate several data . compression schemes and
communication codes. This will help in optimizing the -
performance of the network for a mix of facsimile,

.-application. ‘It is also desirable to have a built-in
.flex1b111ty to accommodate future technological - advances
such as optical-character recognition facsimile  systems
that. can transmit information to terminals for print-out
or video reproduction, :
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The Open System Interconnection aporoach can be considered
superior to other approaches 1if it provides the fac111ty to

select and optimize the above parameters. To examine this.

possibility, we proceed in two steps. Flrst, we define three
general configurations that can be combined in a global network
to interconnect facsimile machines of all possible types and
CCITT groups. Second, we examine in some detail the structure
and functions of the  Open System Interconnection: Protocol
levels as applied to facsimile. The first step is presented in
this section while the second step is covered in the remalnlng
sections of this chapter.

We,define three configurations for interfacing facsimile
machines to ‘a network with an Open Interconnection Protocol.
The three configurations can co-exist in any comblnatlon in the
network.

Configuration $#1: - Facsimile Service Node: ~In this
configuration, a relatively 1large - processor is wused to

interface a number of different facsimile machines to the.

network (see Figure 5.1).  The Open System Interconnection
Protocol is executed by the processor. Each facsimile machine
communicates with the processor using dial-up telephone service
or any  alternative local service. The main features of this
configuration are: : ' ' o

- Facsimile-_madhines ‘expected to be connected in this
configuration. are Group I machines, low volume Group II

machines and isolated (non-clustered) Group III machines..

The Configuration can also support machines out51de CCITT
group classifications.

- The processor has a mass (disk) storage to pool all
facsimile data converted into digital = format 'during

. transmission.

~ The maximum number of facsimile machines served by a node
of this configuration is determined as a function of the

capacity of the port connected to the processor: and the -

desired blocked call probability.

-The machines can functlon in the attended or unattended
mode.

Conflquratlon #2: Local Concentrator Configuration: In this
configuration, a cluster of facsimile machines is grouped and
served by one processor (mini-computer size), as shown in Fig.
. 5.2, ' The processor executes the Open System. Interconnection
protocol and thus acts as a concentrator to convert the cluster
of machines into the network. The machines are wired directly
to the processor's interface. The communications between the
‘machine and the processor may be based on a polling protocol in
which the processor acts as the - polling controller.
‘Al ternative local communication protocols can be employed if
deemed suitable to match the traffic pattern.
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The main characteristics of this configuration are:

- Facsimile machines expected to ‘be connected ' in this
configuration are high volume Group II machlnes and group
IIT machines. . s :

- The processor has a mass (disk)' storage to pool all
facsimile: data converted into digital format . during.
transmission. . : ' ' : ‘

- The machines function in the unattended mode.A

~ The power and storage capacity of the processor are
selected to handle the traffic generated from the local
cluster of machines as well as the traffic recelved from
remote machlnes.

Configuration. #3: Facsimile Front-End Configuration: A
front-end processor - is used to connect a: - single facsimile
machine into the network. The facsimile machine is. of the
digital type with high speed and high volume activity. This
type of machine represents Group IV machines that are currently
being examined by CCITT for standardization. The processor has
a limited disk storage (500 K bytes~ 1M bytes) .which buffers
the outgoing data before transmitting. _ "The. storage 1is
needed to allow the ' machine t0'communioate;with_other'sIOWer'
speed machlnes. a ' ' - : -

This conflguratlon can also be  used .to hpgrade -the
capability of a Group I machine or a Grouo II machine to -a

- modern standard. The front—end-processor w1ll perform all the

necessary hand-shaking with the host “machine, convert its
facsimile signals to a  digital format, execute efficient-
compression procedure and then transmit the ‘information over
the network. As ‘well, the front-end-processor .receives

.facsimile data destined for its host machine, performs the

necessary conversions and deliver the signals ‘to the machine
Eor reproductlon of the printed- document.‘

AUpgradlng slow - speed analog machlne to a modern standard
has been demonstrated recently to be commercially feasible.
Compression  ‘Labs Incorporated (CLI) . introduced a product,
Fax-Comp, which can work with the low speed analog facsimile
machines and provide data compression that is up to 5 times
more effective on alpha/numeric +text than the conventional
run-length-coding scheme of the digital facsimile machines,
The total cost of a typical low cost analog machine and a
Fax-Comp remain competitive with the cost of -a high speed
machine with a comparable effective transmission speed

Detallsv for Interconnectlng the above described
conflguratlons ‘in an Open Sjstem Interconnection Protocol are

,presented in the following sectlons.
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5.3 Transport and 'Lower Levels

5.3.1 Transport Layer in Facsimile

The. transport ' layer 'main function is . to T’provide

. transparent transfer of data between session entities.'

ln facslmlle,,the transport layer is expected to provide ’

the follow1ng two types of services to the next higher layer:

'(i) A connectlon orlented ‘service: - Thls ‘will. allow the_
: transfer of one or more facsimile documents. between a‘

'sender and a received faCSlmlle machine,

'(ii) ’A broadcast orlented service: Thls w1ll allow the

transfer of facsimile data from one sender machlne to

j'several re01p1ent ‘machines.,

“ The general form of the flrst type of serv1ce has ‘been
analyzed by IS0 (see reference [11). .The second type of
- 'service has not been deflned yet by ISO and is- currently under

.study. ' ) c .

CAn: 1mportant ’functlon . of the transport ‘layer _1s, to,

" optimize the use of the available communications resources to
provide the  performance - required. by ‘each transport. —user
‘(session level process) at  minimum cost. This optimization

‘capablllty is particularly. vital to the facsimile anpllcatlon;
'i‘fwhere 1t 1s necessary to have two nodes of operation: '

(1) Dlrect Fax—to—Fax

. For low cost, low speed, 1dent1cal facsimile machines

with low utilization, the minimum cost communlcatlons

configuration may be attained by allow1ng the two
machines to communicate directly over (dial-up) voxce:,

grade telephone networks.’ In this case, the open
system interconnection role will " be confined to

.perform the initial session set-up between the sender .

and ‘recipient sites and then allow the two machines

"to = communicate - directly " with each other
: (communlcatlons here is based completely on analog
“As1gnals) ‘At the end of transm1s51on, the Open .

System Protocol will close the sess1on.x

- (2) 'Common Format Communlcatlons

. For the general case of 1ncompat1ble machlnes w1th
- moderate. or . heavy  ‘utilization, the most: .cost—
. effective communications may be attained by using
public data networks (packet or circuit 'switching
networks). - Here it "is " assumed that the facsimile
signals are digitized and thus subject: to compression

-and formatting under the control of  the -digital-

Processors hOsting the facsimile machines.
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The transoort layer in fa031m11e should thus be capable of
handling each of the above two modes of operation. The second
mode, however, may require more than one class of service as
deplcted by Figure.5.4. : » : :

The phases of operation‘within the.transpoftflayer are:
- establishment phase

-~ data transfer phase .

- termination phase

We examine now the execution of these phases for the two
nodes of operatlon. o \

- (1) D1rect Fax—to—Fax Communlcatlons

The decision to ‘use this mode of communications is
done at a higher protocol level (presumably at the
application level or at the presentation level). The
transport level gets the request from the session
level to establish a . transport-connection with
another transport—address. associated  with a
correspondent session-entity. o S

The transport layer needs to determine thé network-address
identifying - the transport—-entity. which  serves that
correspondent transport . address. ' Because: ‘transport-entities
support services on an end-to-end basis by means. of end-to-end
functions, the network—addresses on which ‘the Transport Layer
maps transport-addresses . are - those identifying the end
transport-entities. 1In 'a dial-up service, the network address
translates into a telephone number. The protocol layers below

the transport level can be based on an HDLC type of protocol.

Following the establlshment of the . transport connectlon,
the high level protocols communicate to identify the sender and
recipient facsimile machines. Each end will perform initial
handshaking - between the facsimile -machines ‘and . the . host
processor, the transport layer is then 1nstructed to turn over
the connection to the facsimile machines so that they can
communicate dlrectly. Switching. the connection to. the machines
takes place at the physical link level. Facsimile data will be
transmitted as analog signals directly from the sender machines
to the recipient machine.

When document(s) transmission between the two facsimile
machines is completed, the fax machine's tones signalling the
end are picked by the physical link ends and the higher level
protocols are notified to take steps to close the session.
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Figufé 5.5 illustrates the role played by the phyéical
link protocol. Initially the physical link is used by higher

level protocols to set up the channel between the two facsimile

machines, ‘The physical link protocol .is invoked once again
when the transmission 1is completed or in the event of a
facsimile machine malfunctioning. '

(2) Common Format Communications

In this mode of operation, facsimile data is converted

‘into digital formats which are stored and manipulated by

the host processor. Pages of a document are thus
transmitted from sender to recipient as described in the
Electronic Mail Application; The transport and lower

level layers are thus "similar to those. used in the
Electronlc Mail Application, described in Section 3.3 of
this report. ~ . .

5.3.2 'Summary of Issues at TranSport and Lower Lévelsv

Several issues remain to be addressed with respect to the

Transport and Lower Level Protocols in Facsimile:

- Broadcast~oriented services at the Transport Level have
not yet been defined by ISO. Yet this service is vital
'in Facsimile to allow a single sender to broadcast the
same document to multiple sites.

- In ‘the "direct Fax-to-Fax communications mode, the
transport- level is expected to set up connections with

three phases: Establishment Phase, Data Transfer Phase.

and Termination Phase. The first is' initiated based on
-a- request from the session level. The second phase
involves switching the communications channel (at the
.physical link level) to allow the two Facsimile machines
to communicate directly. The practical feasibility of
this phase is still open to gquestion. Finally the
‘execution of the termination phase requires 31gna111ng
from the phy31cal link level; an aspect which requires
further scrutiny. Failure to detect the termination

tones may leave the connectlon open for an indefinite

- period of tlme.

- The choice of which service mode  to use (common format
" or direct Fax-to-Fax communications) has to be decided
. at higher levels since it is dependent on the types of
‘Fax machines used at each end. Thus the higher level
protocols. are not network independent in the fullest
. sense. The alternative would be to leave this decision
within the - Transport Level, which would - tend to
complicate -its structure.- o S
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- Error discoVery‘ depends - to a . large extent on the.

adequacy of the interface to the facsimile machines and

~.the completeness  of the status signal set of these
machines. In the direct fac-to-fax mode, the Transport

Level does. not control data transmission .and 'will thus.
be unable to check service quality and possible errors.
It is essential to examine the set of status signals of
each facsimile machine to ensure that  the Transport
Level is constantly aware of the status of transmission
and can . inform the higher level protocols of any

‘disorder.

- 90




5.4 Session Level

5.4.1 Sessions in Facsimile

Two types o0f sessions are needed' for the facsimile
application:
(1) Sess1on in direct Fax~to-Fax Machine Communicatlons.

In thls mode of operatlon, the request to establish a
session will be received from the presentation level protocol.
The session establishment protocol will be identical to the
protocol discussed in Section 3.4. : ‘

The following actions  will follow  the session
establishment: A _ .

- the presentation level is informed of session establish-
ment

- the presentation level requests ‘the session level to
start transmitting facsimile data..

- the session level requests the transport level to
connect the sending and receiving machines directly.

Once the two machines are connected at each end of the

line, facs1mile ‘data in  the form of analog signals will be

transmitted ' directly between the two machines. All the

protocol levels above the physical 1link level, including the

session level protocol, will play the role of "observers" until
transmission is completed or a channel failure is detected.

The session 'is closed once the transmission is completed.
The protocol described in Section 3.4 can also be wused for
terminating a session. Figure 5.6 illustrates the functions of
’the session level protocol in this mode of ooeration.

The followxng remarks apply to this mode of transm1ss1on-

- In the open system 1nterconnect10n, a presentation level
entity is capable of aborting a session (a facility
provided . for flow control and to cope with serious
failure conditions). In this mode of operation, the
presentation level protocol can request the session
level to abort a. current session if it receives a
message indicating failure of the facsimile machine it
is hosting. '
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- Units of data here (in the form of analog signals) do
not actually pass through any of ‘the protocol levels
.above the physical link level. Thus the session. level
protocol —acts only as. an . observer .while data
transmission is taking place.-' ;

- No roll back and recovery is p0331ble in this - type of .
session. since. no 'signal storage is taking place. ~ An
interrupted session will have to "be. reset and all
prev1ously transmitted data w1ll be dlscarded at the.
rece1v1ng end. ~ '

(2) sSessions in;the Common Format mode of Communications:

This mode of transmission resembles to a large extent the
transmission - in electronic mail systems. " Thus session

- establishment, data exchange and session terminator's protocols
" can be identical to those protocols descrlbed in Section 3.4 of

this report.

' 5.4.2 Summary of Issues at Session Level

Several issues -require further investigation in the
session level protocol of facsimile: T

—- It appears that two different  types of  sessions ‘are
- required for the facsimile application: (1) ©Sessions
involving direct facsimile machines . communications, -and
(2) Sessions in which facsimile data is transmitted in
the form of data messages . between higher 1level
protocols. The decision regarding which session type to
select depends on the type and compatibility of the
communicating = machines. Since this information 1is
available at the application level, it seems  that the
"decision will have to be made at this higher level.
This naturally violates the concept of 1ndependence of
the session level from the levels above it.

- In the dlrect fax-to-fax mode of operation, several
functions executed at the session level, such as session
reset and session close, are triggered by signals
received from the facsimile machines.- Then signals are
received at the physical 1link level and must be .
propagated to the layer above until they reach the
session level. This means that certain mechanisms must
be provided to ensure that the status of the channel is
monitored continuously. The absence of such mechanisms
can lead to some sessions being opened indefinitely’
while no data is being -transmitted between the end
nodes. ' ' o ' ‘
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- Sessions for the_broadcasting mode need to be ‘defined.

It is anticipted that a number of problems will arise

when attempting to establish and maintain  concurrent
sessions with several recipient stations. Examples of

such problems include the handling of one or  more
sessions being interrupted due to failure, roll back and
recovery for such sessions and the role played by the
session level in managing gquarantine units of data.
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5.5 Presentétion Level

5.5.1 Presentatlon Level FunCthnS and Messages-

In the open system interconnection, the presentatlon level

protocol is concerned with the management of formats and the

management and performance of transformations for the users of

the architecture.

In fac31m11e, the presentatlon level protocol performs the

follow1ng functions: :

~ initiate and terminate sessions -

- negotiate facsimile compression and formattlng
procedures

-~ transfer of data and flow control

We have. already idenified two modes of communication in

the Open System Interconnection in the fac31m11e appllcatlon-

(1)

L

D1rect Fax—to—Fax Communlcatlons

In this mode, the fax machine will communicate first with
the 1local processor (the service node processor:  as in
Figure 5.1, the local concentrator as in Flgure 5.2, or
the front-end processor as in. Figure. 5.3).. - Theé local
processor will communicate with: the corresponding remote
processor by establishing a session, presumably over a

slow speed (dial-up) 1line. - Since  the 'two.ﬂfacsimile-
machines are compatible, there 'will be 'no  need for .

document formatting or compression. Each processor will
perform the necessary hand-shaking procedure with its
local fax machine. The sending processor will then send a

" "ready to transmit" signal to ‘the recipient once it

completes the~hand—shaking procedure. The recipient will

respond by sending a "ready to receive" signal to the

sender, which indicates that it has also completed the
hand-shaking procedure. Following the exchange o0f these
messages, the two fax machines will then be connected at
each end of the line and can communicate directly until

the transmission is completed. When .the two machines
signal end of transmission, the signal is picked up by the
local processor at each end.. ~The session will be

terminated at this point.

-~ The hand—shaklng procedures between fa051m11e machines can

either be

a) accordlng to CCITT specxflcatlons T-30
: or
b) machine specific’ hand—shaklng procedures; the
machines are identical in- tnls case

Figure 5.7 illustrates the basxc role of the presentatlon

level. orotocol in this mode of transm1531on.
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(2)  Common Format Communications

This mode of communications iS‘employed-for the general
. case when one or more»of'the following conditions exist:
- (+1) Vthe two facsimile machines are ‘not compat1ble

(ii) transm1ss1on takes place over public. data networks
o with multlple recipient sites requ1rement

(iii) . there is a mneed for data compression to mlnlmlze

and/or to speed up data transm1ss1on

Each fac51mlle machine w1ll transmlt its fax data to the
host processor which  connects it to the network.  If the
machine is sending. analog signals, the. host processor will
transform it into digital formats. The fax data.will then be

compressed and converted to the common network format to be -

transmitted  over the networkes The fax data in the ~common

network. format will be received at the - remote end and converted. '
- ko a’ format compatlble with the local recipient machine. '

’Each host processor is equ1pped with  a secondary storage
device whose capacity depends on the volume of data handled by
the processor. Transmitted and received fax data are stored on

the device for various durations of time for the followmgj

reasons.“

7(iy to cope w1th the speed difference whlch may ex1st,

tbetween the sender and the rec1p1ent machlnes

(ii{f to prov1de partlal back~up in case of channel fallure‘

-which can be restored without the need to retransmit
“the entire document, i.e., in cases where the roll-
ﬂback involves~few lost pages S

_(iiif to. allow reformattlng and comoresszon/expan81on of
ST ’-facs1mlle data

s The presentatlon level protocol can be v1ewed to con81st-

‘of four phases.

‘(1) ,sess1on establishment phase
(ii) . format negotiation phase
(iii) fax data transfer phase-
(1v) ses51on termlnatlon phase

The sequence of executlon of these phases is deplcted ln‘p

the following dlagram-

_ Next
Document S~




(1)

(ii)

Session Establishment Phase -

The presentation level receives a message from the

delivery level to start a session. The presentation

level requests session establishment from the session
level protocol by passing to it. the address of the
recipient station.. The session level responds either
by confirming "a message has been established" or a
"session denial”. If the former is received, the
presentation level  proceeds . to = the negotiation
phase. : : -

Format Negotiation Phase‘

The - sender processor transmits a . credit. request
message to "the recipient host. The message
contains: Lo ' A

- the sending machineityoe

.~ — the recipient machine I.D.

- the expected number of pages in the’ document (1f
known) .

The’ rec1p1ent processor decides whether to grant the
credit or not based on: two Lactors-~ :

1)~ avallablllty of storage.fspace llooally.. \ The
- required space . ls calculated as a function of the
difference of: speed between the two machines

2) the local (re01p1ent) fax machlne is readj' to
receive, i.e., it is responding to a polling or
dial-up 31gnal from 1ts host processor

Following the receipt of a credit grant message, the
sender processor sends Format proposal message. This
messagdge contains:

" - the compression procedure

- the format and control sequence to be applled

The re01plent host responds by_a Format~acceptance
message. The sender host executes hand-shaking
procedures with the sender:-machine .and sends a ready
to transmit message 'to the recipient processor,
which responds by performing hand-shaking procedure .
with the recipient machine .and sénds a ready ' to
receive nessage to the sender host.

Following the ready to transmlt and ready to receive
mesqages, document transmission begins., :
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(iii)

(iv)

Data Transfer Phase

The basic data unit  transmitted under the

presentation level protocol is document page. Pages
are numbered and transmitted sequentially in the
negotiated £format. At end. of page and end of
document control- bit sequences are used. and ' are
implied in the format definition. :

Transm1551on of document pages may be interrupted as
a result of any one of the following two events:

- line failure: tempofary dlsruotion of -

communications may result in loss of ‘some facsimile
data, If communication resumes before the session
is terminated, the sender host transmits a check
point message to the recipient to get the number of
the 1last page . received. The sender then
retransmits the missing pages and continues until
the entire document is transmitted.

- Recipient in trouble: If the recipient host
~detects fast accunulation of data and is running
out of space, or that its recipient.fax machine 1is
mal functioning, it requests the sender host to halt
transmission by sending a “"stop transmission®
message. - In case oOf a total breakdown of the

recipient fax machine, ' the recipient host will

transmit a ‘terminate ‘transmission message to the
sender host which promptly terminates the session.

Session Termination Phase

The presentation leVel instructs the session level to
terminate an active session if ~any of the following

-events occur:

- last document in session has been transmitted. The
presentation ‘level receives a signal from the
sender machine to indicate that no more documents
are ready for transmLSSLOn.

~ a major failure in the communications . channel as

1ndicated by a mismatch in check pOLnt messages.

- credit denial message is recelved in response to
credit request.

- no response is received for a "ready to transmit
message" '

—~ failure (breakdown) of local or remote facsimile

machines (if the remote fax machine breaks down, a
terminate transmission message will be sent from
the recipient to the sender).
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The Presentation Level Protocol meSsages are summarized in
Table 5.2. - The last three messages in the. table for the
rcipient side are introduced for the following reasons: '

 Stop Transmission: is sent from the recipient to .the
o ' sender to halt transm1551on -
temporarily

Resume Transmission: 1is sent follow1ng a Stop Trans—
mission Message :

Terminate Transmission: is sent from the recipient to the: -
sender to request session abortion
(the document whose transmimssion was
aborted must be transmltted in full at
‘some later time

Figure 5.8 summarizes the basic functions and interfaces
of the presentation level protocol. = Figure 5 9 illustratées the
execution sequence of these functlons. ‘
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Table 5.2: Summary of Presentation Level Messages

Sender

credit request

format prdpbsal

check point

ready to transmitv
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. Recipient .

credit grant

format acceptance

ready to receive

credit denial

format rejection

check point'response

stop transmission
resume transmissian
terminate transmissi




5.5.2 TIssues at Presentation Level

Three important issues remain to be addressed in the

Presentation Level for facsimile:

ll

The ‘large volume of data generated in facsimile requires
vast secondary storage, especially in situations involving
a large speed difference between sender and recipient fax.
machines. In this case, it is essential for the host
processor to be able to interrupt the sending machine for
any duration of time, followed by resumption of operations.
The interrupt capability may be also needed in case of
temporary failure of the communications-  1link. ~ The
interrupt capability, however, is not a feature available
on every fax machine (see Table 5 1).

‘The broadcasting of fax data to multlple r‘=01p1ent sites

can be accomplished by setting up  concurrent  sessions

between the sender and the recipient ‘'sites. The
presentation level protocol . can  then be = executed
simul taneously with each site.: . However, if - any of the

recipient machines is. much slower than . the sender, it will
be the responsibility of the  recipient machine to provide
enough space to buffer the data which is arriving at high

~ speed. but being delivered to.the recipient at slower speed.

The recipient host takes. this dlfferenc,e into "account at
the time of. exchanglng the "credit request" and "credit
grant" messages. , _

One issue that must be resolved in the br’oadc':astin\g to
multiple sites is the action that must be taken by the
sender host after it receives a "stop transmission" message

from ‘a recipient  site which is facing a storage overflow
problem. ' : -
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5.6 Application Level

5.6.1 Description of the Application Level

The. Application Level in facsimile will perform the
following - functiOns- ' :

- Interface the sending user with the fac51m11e system to
enter  the data  necessary - for addressing and
‘authorization. Also.the interface. between the facsimile
machine and the host processor. is managed . by the
delivery level. s '

é'Readlng and delivery of the facclmlle document to the
recipient(s). .

‘Interface between the Sending User and the Facsimile System

To -send a fac51m11e document, the user must enter three
data values: ' ‘

1. - Recipient Station Number- This number identifies the

network node which serves the recipient machine. The

node can have any of .the three. configurations
explained earlier. ' 1

2., Reclplent sub—statlon NMumber: This number identifies
the rec101ent's machine number in case more than one
‘machine is being served by the node, as in
configurations I and 1X. : e ‘

3. Sender Authorlzatlon Number- - This number 1is used for
accounting and bookkeeping purposes.

It is possible that the first two numbers be lumped
together to form one number which identifies the station number
(as the significant digits) . and the substatlon number {as the
least significant digits). :

These data values are entered using the telephone dial (as
in Configquration I) or using a special touch-tone pad (as in

Configuration Iz and I1I). For multiple recipient

tranomlss1on, several recipient station numbers have to be
entered in a sequence. ,

Before entering these data values, the user must ensure

that his facsimile machine is on and the document is ready for
scanning. The sending user role ends at this point.
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Routing and Dellvery of the Facsimile Document to the

Rec191ent

sorting and dellvery of facs1mlle documents to the users:
at the recipient end are for the most part manual processes.
This is because the scanned data in documents '‘are not machine
analyzable and the technology to do S0  is not belng con51dered‘
for the foreseeable future.

. The CCITT: Facsimile Rapporteur“s Group . defines the
camposition of a facsimile document . as follows— ‘ .

"Every facsimile document shall comprlse a preamble, and
address a message" .

- The preamble consists of:

- name Of accepting office

- identifying information (acceptance and/or sendlng
number)

~ indication of the number of messages to be transmltted

- date and time handed in. for transm1ss1on '

- name of sending office

- service indications of any

The address consists .of:

- the designation of the addresses

- the detailed address-

- other information needed- for. dellvery of documents to
users who are not co-located with the facsimile
machine centre. : :

The message is the body of the document 1tself i.e., all
printed matter, drawings, etc., which form. the subject of the
facs1m11e document. .

For sorting and dellvery purposes, the preamble and
address information will be 1ncluded in the flrst page of each
transmltted document. .
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5.6.2 Issues at Application Level .

The follow1ng Application Level issues remain to be h

1nvest1gated in facsimile:

1.

The addressing 1nformatlon in fa051m11e whlch is used to
identify the recipient to the Open Interconnection Protocol

' has to be submitted separately, i.e., not through the fax
. machine, to the system. This limitation is due to the fact

that facsimile data is not analysable by the digital

. processor, However, it gives the user interface a special
_significance in the sense that two separate actions have to

be performed: getting the fax machine ready to start
document . transmission, and . entering' the . addressing
information through a different interface to the digital
pProcessor. Special attention must be given to the
requirement of document broadcasting to multiple locations,
particularly in Configurations I and II, to define how
multiple recipient addresses can be entered.

Addressing data values (station. and substation numbers)
must be standardized to a universally acceptable format.

As well, there is'a need for defining the format of the

first page. of the document which contains the information
required for sorting and delivery of facsimile documents.

Several delivery aspects remain to be defined: procedureS'l

for handling rejected documents, handling requests for
retransmission of documents received with . unacceptably low

‘quality, and handling registered documents, i.e., documents -

for whlch acknowledgement of receipt’ 1s expected.
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Chapter 6
6. VIDEOTEX

6.1 Introduction to Videotex

" The generic term VIDEOTEX has been adopted 1nternat10nally
as a facility which provides to the general public interactive

"retrieval of information. The Videotex  systems. currently in

use or development typically enhance the characteristics of the
home TV set such that the home user ‘may connect to the Videotex
service and search for relevant -public, commercial or
(possibly) private information. Some progress has been made in
developing a standard description for Videotex Systems in the'
form of a CCITT draft recommendatlon [1,271.

In this chapter our 1ntent is to examine whether and  how

- Videotex systems may be described within the framework of the
- Open Systems Interconnection. Any issues which wake such a

description dlfflcult, poorly deflned or 1mposs1ole to achleve,
are discussed. :

To accomplish these aims the.  chapter ' is organized as

"follows: Section,G.znbriefly describes some o0f the current

Videotex systems in development  and operation in Britain,
France ahd Canada and outlinés the potential uses :of" Videotex.
Section 6.3 contains an overview of the elements of a Videotex
system including the phys1cal components and general operation.
Following the CCITT recommendatlon [1,2]}, Section 6.4 outlines
the functions and services provided by the  Videotex
architecture. Section 6.5 then presents a description of the
Videotex system in terms of the layers in the OSI. Three
alternative system configurations within the 0SI framework are
discussed in Section 6.6, Finally, a summary of the issues

~uncovered by the: above exeércise is presented in Section 6.7..
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6.2 CURRENT VIDEOTEX SYSTEMS

The first systems which may be classified as Videotex were
the British Cee-Fax, Oracle and Viewdata Systems. The Cee~Fax

and Oracle systems, often referred to as Teletext systems, are-

one-way information transmission and retrieval systems which
broadcast over existing television networks using spare lines
in the video frame. - These systems are not purely Videotex as
they are not interactive systems. .The British Viewdata system
(now Prestel) is true Videotex in that it permits public users
to interactively select from many pages of information stored
in central data banks using the telephone network. These
systems, and in fact all. Videotex systems, . use specially
adapted television recelvers to display requested pages of
information.’ The Brltlsh " broadcast system = transmits
information by a so-called synChronous" method in which each
character position on the screen is tied to a specific position
in the television llne used to broadcast the 1nformat10n from
the database.

The French systems. currently under development use a non-
synchronous protocol which is suited to a wider range of
television formats than the British scheme. Their broadcast
version 'is called Didon and their interactive (telephone)
system is called Titan.

Both the British and French~systemé use a mosaic approach

for displaying textual and non-textual (picture)  information.
Graphic images are constructed from specially identified coded

graphlc characters fitted together as individual pieces of a

mosaic pattern.

The Canadian Department of Communications meanwhile is
developing a Videotex system called Telidon [6,7,8,9] which
intends to integrate both broadcast - and interactive
capabilities and which provides. improved graph images
independent of terminal design and communications media.
Coding elements known as PDIs (Picture Description
Instructions) are used to drive a micro-processor based
terminal which interprets these codes as geometric structures
and photographic streams. Free text is also supported..

Vldeotex services may also be extended into the following
areas

- -~ terminal to terminal (subscriber to subscriber)
communications and electronic mail

-~ transactional services (electronic funds transfer,
booking systemS'and calculation facilities)

- direct access to large blocks of 1nformat10n for off-
line perusal (catalogues, newspapers)

»4 downllne loaded computer programs (computer games,
special purpose packages)
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6.3 THE ELEMENTS OF VIDEOTEX -

Follow1ng the CCITT draft recommendation, ihe major
features of Videotex systems can be descrlbed as follows:

6.3.1 Physical Components

Terminal -~ The terminal permits @ the user to interact

with the Videotex service via a data entry device and  a
visual display (TV monltor) ‘Three types of terminals are
generally considered: : o ' '

1. Numeric keypad: for public user access in the home
environment where an inexpensive terminal is desired.

2. Alphanumeric keyboard: for commercial apollcatlons
where cost is not a major Lactor.

3. Graphical input devices: for facilitating~the entry-
of graphical information -into the databases by the
information prov1ders. : '

We will restrict our attention to the keypad type as the
others have not been considered' in detail in the
literature, L ' : ’ ‘

‘The terminal = is typlcally 1ntelllgent C(i.e., a
microprocessor) so that it may buffer -data, encode/decode
transmitted and received - information;  perform ' terminal
identification and handle the‘commUnicatlons .protocols.

Database - The database is a set of information which
can be accessed by or forwarded to users of the Videotex
sexrvice. A host computer stores one or more databaseq.
Two types of host computers are defined:

1. An internal host computer operated by the provider of
the Videotex service which provides mainly public
information, and o .

2. An external host computer operated by commercial or
-government organizations which typically provide
specialized 1nformat10n sexrvices.

The database is usually stored in a tree structure
with various levels of index. The upper levels of the
tree form a database directory or access structure. ..
The smallest unit of information is a frame and a Qage

is a set of one or more £rames. :
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Communications - Videotex services can be prOV1ded
using both broadcast systems (cable, TV) and telephone
networks. Because interactive systems may be possible
over two-way cable systens, Videotex systems are
classified by communications media as follows:

1. Broadcast Videotex - one-way cable or through the air
2. Interactive Videotex - Telephone network '
3. Broadcast Interactlve Vldeotex - two-way cable

6. 3 2 General Operatlon

Dlsplay Modes - A frame of information for dlsplay may be
composed of graphic elements which are interpreted by the
terminal as text, symbols or pictures. Graphic elements may
belong to one of the following categories: . o C

1. Alphanumeric - various sets of alphanumeric graphic
elements (text) may be selected.

2.. Mosaic - blocks of various patterns which may be used
~ to compose draw1ngs.

3. Dynamically Redefinable Character  Sets - specific

elements defined by down-line loading . the terminal

with character defining 1nformatlon.

4,  Geometric -. draw1ngS' of points, lines curves

' generated by terminal glven cnaracterlstlc parameter
values. _ .

- 5. Photographic - point plotting (facsimile~like).

Other features like cursor control, motion, scrolling,
colour, background/foreground highlighting and audio
capability are either 1ncluded or planned as part of
the display features of the termlnal.

6.3.3 Types of Connection

Terminal to Videotex Service - To retrieve information
from host computers; retrieve billing and other management
information; enter information into a database.

- Videotex Service to Terminal - May initiate a call to a
" suitably- equipped terminal in =~ electronic ‘mail
applications.

"Host to Videotex Service - Main functions would be for
transfer billing and other management functlons.
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6.4 FUNCTIONS AND SERVICES IN VIDEOTEX'

Following the CCITT recommendation, the = following
summarizes the proposed levels for Videotex (note that these do
not correspond to. the Open System levels))

The Application Level - Thls is the hlghest level in Wthh

the user (via the  terminal) .= interacts with .other .

applications;provided‘by,the Videotex service.

"The Service Level - At this level the user . 'interacts with
- the Videotex service - mainly to - select the desired
applications via the index: (tree) structure. Terminal
identification and usage logging . is also performed at thls
level.

" The transport Level - Prov1des the connectlon which llnks
the termlnal to the Videotex service. .

The fac111t1es and functions prov1ded and performed by
the Videotex service are listed below: Identification codes
are introduced for each item to facilitate reference in the.
next section. Observe that a single code (R) has been used for
the retrieval functions to save space. -These are itemized in

.the CCITT draft recommendation [1]:

A: Access to Videotex and Host Services: -
Al: data connection to the services:
A2: connection to the Vldeotex serv1ce and host
applications : :

"D: Disconnection from Videotex: :
.D1l:  leaving the Videotex (or- Host) service
D2: <clearing the telephone or data connectlon

.o

Terminal identification

Usage logging (for billing).

0 < A

Control functions:

Cl: <clear an unwanted entry

C2: interrupt action in progress
C3: terminate an entry as valid

..

&2}

" Service functions :

Sl: select an application prov1ded by Videotex

S2: return to p01nt where first effective choice in
: Videotex service offered - : _ ‘
"S3: leave Videotex service

S4: leave Videotex service with bllllng information
' 85: prov1de billing 1nformatlon without leav1ng ‘

service
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Retrieval funhctions: various fuhctions which allow
the usetr to search through the database.

Presentatlon services:

Pl.
P2:
P3:

P4:

terminal capability determlnatlon (for further
study)

character set selection (i.e., French, English,
Latin, etc.)

display mode selection (alphanumeric, mosalc,
geometric, photographic, etc.)

translation control (performance of the code set

translations, picutre generations, etc.)
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6.5 VIDEOTEX IN TERMS OF THE OPEN SYSTEM

In this section  we consider the = Videotex system as-
outlined in Section 6.4 within the framework of the Opeéen
Systems Architecture. We consider . the = Application,
Presentation, Session and Transport (and below) layers in
turn:

6.5.1 Application Layer

Our approach is to define. three appllcatlons Wthh will
contain the application level - facilities - and functions
described in Section 6.5:

1. Terminal Application
2. Videotex Service Application
3. Host Service Application(s)

We will now define these applications and identify the
functions and fac111t1es in each: o :

1. Terminal Application — The Terminal ApplieatiOn may'be
con51dered to con51st of three parts:

a) Keyboard Drlvers.' These- .routines buffer—up data
from the keyboard;. recognize local . activation
characters for clearing unwanted -entries (Cl);
terminate a termlnal entry and pass the buffered

- message - to the  Presentation Layer -~ (C3);

. recognize an interrupt or attention sequence (C2)
‘and pass - it to the Presentation Layer (which in
~turn formats- a session—lnteractlon—unlt for the
session level). \ :

b) Display Drivers: The display drivers are .
- application programs . which accept display data.
from the Presentation . Layer- and perform the
appropriate actions for outputting video to the
display interface unlt. .

c) Access and Control- of the Videotex Service and
Host - Service Applications: The - Terminal
Application through local interaction with the
user controls access to '~ these applications,
Control is . initially passed to the Videotex
Service Application . (Fl) .and then to the
appropriate Host Application (Sl). Control is
eventually returned to the Terminal - Application
using function S3.
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2. Videotex Service Application - The Videotex Service

Application provideSuthe'follOWing functions:

a) Service Assistance (F2). o

b) Application Selection (S1 and S2)

c) Database retrieval (public information) (R).

d) Usage logging, billing ‘transfer, billing storage

and display

e) Billing transfer, storage and display (84, S5)

f) Leaving Videotex service (i.e., returning to
Terminal Application)

3."Host'Service Application - The Host Service

Application provides the following functions:;,/

a) Host application a531stance (F3)

b) Database retrieval (R)

¢) Usage logging, billing transfer, bllllng storage
and dlsplay

We can describe phases of application layer interaction
using Open System Interconnectlon methods as follows:

InoSection 6.6 it will be shown that the Open System may be.
3 different ways to achieve this
application level_phasing. :

utilized in at least

Start Terminal Appllcatlon::
User turns on terminal, buffers
initialized, application started

Videotex Service Phase: User ‘
interacts with Videotex Service for
assistance and application selection,

Retrieval Phase: User interacts with

Videotex Service for application
assistance and information retrieval.

End Terminal Application: Terminal

‘shut-down in orderly fashion
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6.5.2 Presentation Layer

The presentation functiohs performed within Videotex can
be assoc1ated w1th the PresentatJon Lajer functlons of OSI as
follows:

1. _Connection - The Terminal Applicatlon requests for
connection to  a Videotex ' Service or Host Service
" Application are passed through to the Se581on Layer

(A2)
2. Presentation-Image COntrol - Negotiation of terminal
options (Pl), character sets (P2) and display modes
(P3). o R - :

3. Data Transfer — Application level messages (i,e., user
request messages Or dlsplaj frames) rare. translated
according to the optlons selected in 2 above (P4).

4, Termination Phase =~ Dlsconnectlon u51ng the-se551on
layer facilities (D2). »

6.5.3 Session Layer

Certain Videotex functlons can be .associated ‘with  the
Ses51on Layer as follows. : :

l. Connection and dlsconnectlon of appllcatlons (which
are tied one-to-one to ‘corresponding presentation
entities) - A2; D2. o o - : '

2.  Terminal identification - The connection. request
formulated by the Terminal Application (and forwarded
by the Presentation Layer) = contains the terminal

-identification since there is a. one-to-one.
- correspondence between the terminal user = and- the’
" terminal application (T). o :

3. Data Exchange - Information frames would be carried by
session-service~data-units. An interrupt detected by
the Terminal application is forwarded (via the
Presentation Layer) as an expedited = session-
lnteractlon-unlt. : : ~ ' . o

6. 5 4 Transoort Layer and Below

Although the CCITT spe01flcatlon for Videotex implies
simple telephone connections, it is possible to visualize the
binding as a Transport Layer connection which ‘interfaces the
higher levels to a set of possible network services including
connection-oriented, transaction-oriented  and broadcast-
oriented services. Therefore there is a direct mapping between
the Transport Level in Videotex and the Transpore Layer in OSI.
Hence Al and D1 functlons are performed in thls lavyer. ’
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6.6 POSSIBLE ALTERNATE OSI CONFIGURATIONS FOR VIDEOTEX

The mapping of Videotex functions and services into the
08I framework suggest three possible configurations, each with
their advantages and disadvantages., These configurations are
depicted in Figure 6.6.1 and described below.

The three cbnfigurations consider a ‘Terminal Application -
at one site, the Videotex Service Application at an internal-

host and a Host Service Application at some external host. In
all cases it 1is assumed that a Virtual File Service 1is

available to both thHe internal and external hosts which provide.

their database services. The Videotex Service and Host Service
Applications contain the retrieval functions as we have already
specified.  We now consider the three configurations in turn.

6.6.1 Manual Directory

In this case the Videotex Service does not provide a first
level directory as part of the interactive service. The user
must use a form of "yellow pages" to determine the global title
(i.e., address) of the internal or external host services that
he desires to access.. This approach simplifies the terminal
application but places more responsibility for access in the

hands of the user. Figure 6.6.1(a) illustrates a terminal .
session with the Host Service Application and another session,

with the Videotex Service applcation. .

646.2 Local Directory'

This second case implies that the terminal épplication can

access a -local directory which provides the terminal

application with the desired application addresses (see. Figure
6.6.1(b). Hence the user may select services from an on-line
directory and does not have to consider details of addressing.
In this instance, however, an updating problem " must be
resolved: such a local directory must be updated as new and

modified services are provided. Also, local directory storage

may increase terminal costs.
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6.6.3 Remote Directory

The third case associates a directory with the Videotex
Service Application (see Figure 6.6.1(c). In this case the
Terminal Application is required to establish a session with
the Videotex Service Application first to perform a user
controlled directory search. This search returns the address
to the terminal application which automatically establishes a -
session with the appropriate application - the internal or an
external host. Figure 6.6(c) illustrates this configuration,
The Terminal Application first establishes a session with the
Videotex Service Application where the directory search is
performed and the selected application address is returned to
the Terminal Application. The Terminal ‘Application in this
example connects to an external host and establishes a session
with the Host Service Application there. Alternately, if the
desired application 1is already at the Internal Host, a new
session 1is not needed and the -Terminal Application allows
immediate access to the retrieval functions in the Videotex
Service Application.. This approach implies. greater utilization
of communications and remote processing’ but avoids the update
problems of the second case and the lack of on-line directory
search of the first case. .This case may provide other benefits
associated with controlling. - user . access - to - restricted
applications. : 5 o s

The cases presented in this section are not. intended to be
exhaustive. Their purpose is only to demonstrate that the
Videotex system can be modelled within the OSI architecture
successfully. : _ . ‘ -
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6.7 ISSUES RELATED TO VIDEOTEX *

In examining the issues concetnlng the appllcatlon of the
0SI to Videotex, we must first recognize that O0SI is not.

completely defined in many areas and that the CCITT draft . -

recommendation for Videotex 1s in its early stages of
development. " Therefore all ' issues  raised may be quite
constructive in the refinement of standards work in both
arenas. ~ ' »

The primary benefit of the modelling exercise in Section
6.6 is that it demonstrates that the OSI can accommodate some
of the candidate ways of conceptualizing Videotex systems.
some of the advantages and disadvantages of each approach were
pointed out.. All Vvideotex : functions could be accommodated
within the 0SI, ' ‘ - '

6.7.1 Missing Functions

Several functions provided for in the 0SI ‘are not
currently found in  the Videotex recommendation. We now-

.consider these in turn:

Presentatlon Layer-.

- encryptlon - for. publlc 1nformat10n encryptlon may not

be needed; however, if Videotex is .to be: extended to
commercial - applications . like“'electronic funds

transfer, electronic.mail, etc., this feature will be
required, . ' ‘

- compression - although data cbmpressioﬁ‘iS‘inhefent'in .
the geometric display mode it has not been specified

for the text mode.  Electronic mail " and word.

processing. applications of Videotex . demand this
capability. ' : '

Session Layer:

- blocking - because all retrieval is on a-frame.by frame.
basis, blocking is probably not needed.  Extensions to.
other services may change this however.. .

- recovery - all recovery is currently the responsibility
of the user. Session level recovery may be important
however, since the user may not be happy to pay for
retrieval services that are lost. o
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Transport Layer and Below:

- end to end sequencing and blocking - It is anticipated
that these facilities are not needed - for simple
Videotex. More sophisticated ektensions of Videotex,
however, would require these facilities for recovery
and efficiency reasons.

- flow control — All flow control is done by the user in a
simple Videotex system. For the reaons outlined above
flow control mechanisms may eventually be needed.

- optimization and class of requested service - Not really'
needed for the home user (see - comments above),

6.7.2 General Issues

Transfer Billing: Transfer billing "between various
services has not been considered in any detail in . the
0SI or CCITT Videotex documents. The mechanisms for
transferring billing  between the communications
provxders, the host service providers and the Videotex
service provider will be a complex area to address.
The OSI suggests that should be incorporated on an
appllcatlon—nanagement process in the application

- layer. = This 1mpllps the appropriate billing "hooks"
would be imbedded in the host service and videotex
service applications to record the usage and special
applications would support aggregation, transfer and
reporting of customer usage for .billing purposes.

Application Definition: - In the 0OSI it is suggested that
the virtual filestore is closely associated with the
presentation layer. For the purposes of Videotex
systems specification, it is imperative that this area
be studied in further detail. We have suggested that
database applications be specified at the application

level in each host. Terminal applications would
invoke connections to these database applications via
the lower layers for information retrieval. - The

presentation layers at both ends would invoke the
‘appropriate virtual file protocol which would
standardize access  to database appllcatlons with
different access languages and formats,
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Interactive-Broadcast Services: How broadcast services

such as (one-way and two-way) and over-the—air TV fit
into the 08I layers has yet to- be considered in,
detall. L : '

To illustrate the issues here that require careful
examination we consider . the - typical Interactive
Videotex service shown in Figure 7.2(a). The diagram
illustrates the connection ¢0f a terminal application
Ay to a host -service (database) -application Ap via
the ‘telephone network and presentation and session
entities in the terminal and the host. In the case of
the telephone network, transport connections are
manually invoked by the user and the transport and
below layers are not used. The presentation entities
perform the 'virtual terminal protocols required to -
manage the PDI codes. The terminal application drives
the TV display electronics which produce the user
images. ‘ L '

In Figure 7.2(b) we present a natural Interactive-

Broadcast Videotex  configuration. In ' this instance
the terminal application establishes a.connection with
two presentation entities Py and P'y. ‘As in the

case above, Pp invokes a two-way .alternate session

. with the host application. on .behalf of A; via 8¢

and Sp. Meanwhile, a permanent one-way ~connection

- exists between Py and P'y via. a. one-way cable TV

network. In this case the telephone ‘system supports
keyboard commands issued by the user and any return
control messages (i.e., . turn—around and acknowledge—f
ment messages); the cable network supports the PDI:
display traffic in the return direction only.  The
S'+ to S'yp connection is permanent because all
v1deotex terminals and hosts are physically connected
to the cable network at all times. Hence the session
level functions of session establishment and
termination are not used for S'y and 8'y and these

 functions need only carry out session-level addressing

duties (1 e., 8'y selects session-data-units from

'Sy and ignores all others. A desirable fac1llty

would be to allow group addreSSLng at the session
level as this would permit sending the. same PDI frame
to several users 81multaneously) »

v

128




Another configuration that can be considered supports
the two-way keyboard  traffic via a packet-switched
network and the one-way display "traffic . through a
cable~TV network. Figures 7.2(c) and (d) illustrate
two approaches for describing such 'a configuration
under 0SI. The first approach switches the two data
streams at the application 1level while the second
approach performs this switching at the transport
level. Although the second approach fits into 0SI
more naturally, the first appears to lend itself to
simpler implementation (note: Nt s Ng't, Np »
Ny' are network layer entities and  T¢, TIg,
Ty, T'p are transport layer entities).

These configurations illustrate that more than one
approach may be possible and that therefore many
advantages and disadvantages for each alternative will
arise. Purther, as 0SI has not yet formally defined
broadcast systems within its architecture, many issues
regarding addressing, multi-plexing, £low-control and
recovery  are yet to be considered in detail. We may
therefore expect that the solutions to problems

encountered in broadcast Videotex systems will be of

immediate importance to the development of the 0SI
standard. :
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Chapter 7

7. Summary. of Issues

7.1 'Introductioh

Chapters 3 through 6 have discussed Open System issues
frelatlng to particular application areas. In this chapter the
key issues are summarized and discussed in the broader context
of the range of application areas studied in this report.

Section 7 2 summarlzes general issues.

Section 7.3 summarizes issues particular to two
appllcatlon areas with spec1al characterlstlcs and problems:
Fac51m11e and Videotex.

: _Flnally, section 7.4 summarizes issues associated with
multi-function terminals.

‘7{2 General Issues

7:2.1 Introduction

General 1ssues, Wthh are dlscussed in more detail below,
are as follows:

- application-dependence of levels;

.-~ network-dependence of levels;

~ inter-dependence of levels; A

-~ duplication of functions in various levels;

- lack of clear definition of the purpose of certain
levels.

7.2.2 Application-Dependence of Levels

A desirable goal in the opinion’of the authors is to
confine application-dependent functions to the application
level to the maximum extent possible. Experience has shown,
however, that the application areas tend to have an influence
on the structure of all levels, from the top down. Specific
issues are discussed below. '

a) The "Virtual Application" approach to the application
and Presentation levels may generate undesirable
application-dependence on the presentation level, as
discussed in Chapter 3, Section 3.7.4."
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b) Different appllcatlons ﬁay generate a need for difﬁerent‘

types of level services and functlons, as discussed for
the Se331on Level in Chapter 3. :

c) Certain appllcatlons may have ‘restricted needs for

functionality of a level, which may make it impossible to

share the level in:. a multi-function terminal. © An
example is the support of concurrent sessions which is

- proposed in Chapter 3 but which is apparently not
-supported by the Teletex session level ‘as discussed in
Chapter 4. S :

d) Other appllcations may require'the»ph&sicalAallocatiOn at

-a network node of the different functions to separate
pieces of equipment in a manner which blurs the

distinction between open system levels. An example is

facsimile, as discussed in Chapter 5.

~e) Certain appliéations may not easily prévide- for the

‘presence of all levels in all network nodes, thus making
it difficult to fit these applicatiOns into the Open

‘System . Framework. ~An example. i ‘the Videotex user.

~ terminal as discussed in’ Chapter 6.

7.2.3: Network—Dependence of Levels

‘Just as the appllcatlon area tends to have an 1nfluence on
thée structure of all ‘levels from .the top-down, 'so - the network
service (or services) ~planned for use 'with a particular
application tends to have an influence on all levels from the
bottom—-up. Specific issues are  discussed in more detail
below, ’ '

a) Caller Identification: Lack of eallerhidentification in
certain network services may  require higher  levels +to

perform this service, as dlscussed for X.21l-like services
in Chapter 3. : .

b) Broadcasting in the Open System Framework: .

: Broadcasting is not defined at any level, but its effect
could be felt through all levels. - Broadcasting can be
handled by separate sessions or by special broadcast
sessions. Separate sessions are very inefficient

particularly if handled sequentially, but  £fit ea31ly"

within the existing Open System structure. . The session
level may have to control broadcasting by setting up many
sessions as requested by higher levels, - Special
broadcast. sessions are -attractive when the network
provides broadcast services. - Then the transport level
could select the network service for broadcastlng at the
request of the segssion level,



c)

d)

7.2.4

There is an obvious possibility of multiple transport

connections for one session. How would these be handled?

What about reverse traffic acknowledgements for a

" broadcast service? For example, as discussed in Chapter
6, Videotex cannot have such acknowledgements because the

networks are one way.

ACcess versus Routing Functions in the Network Layer
o The concept of the network layer performing routing
" functions to select appropriate routes between network
addresses appears inconsistent with existing public
network services such as X.25. What appears to be more
appropriate for such networks is for the network layer to
select the type of service which may affect routlng (e.g.
a priority service). However, participation in routing
is explicit for networks like  ARPANET. THe role of the
network layer in routing is- thus. quite unclear.
Spec1flcally, the allocation of access and routing.
functions between different levels 1s unclear.
-Use of Multiple Networks in One Session :
The possibility of using multiple networks for one
. session 1s a distinct possibility which may produce
difficulties, As discussed in Chapter 6 and in item (b)
above, the Videotex service may wuse two networks,
including a one-way - broadcast ~network. =~ A single
user—-session . involves the use of both networks. The

implication for the session level are unclear.

Inter—dependence of Levels

It is a desirable goal~to make each level as independent

as possible of all the others. Internal changes in one level
should not  affect other levels. The following issues may have
an effect on this goal. :

a)

.by

‘C)

The "virtual appllcatlon concept implicit in the ISO
Model requlres that functions fundamental to the nature
of various application areas must be distributed through
several levels;

The selection of network services required because of the
application and network—dependence of levels may require
that network level sercice parameters. be passed from all
higher levels, including the application level.

The issues raised in 7.2.2 and 7.2.3 affect

inter-dependence.
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7.2.5 Duplication of Functions in Various Levels

There is a tendency to define certain: levels such that
functions performed in other levels are duplicated. ‘This
covenent particularly applies to the following functions:

a) Flow control at the presentation level may duplicate the
function of . flow control in the lower levels as discussed
in Chapter 4 for Teletex. Flow control -at the session
level .may duplicate transfer control functions better
performed at higher levels and flow control functions .
better performed at- lower levels . as dlscussed in Chaoter
3, Section 3.7.3. ‘ : o

b) Recovery of data failures at the session level duplicates
functions better performed at higher levels, as discussed
in Chapter 3, Section 3.7.3. - :

c) 1Identification of calling terminal ID at the session or
transport level duplicates functions provided at the
network level by some network serV1ces.._

7.2.6 Lack of Clear . Deflnltlon of Purpose of Certaln Levels

The ‘lack of clear definition of the transport level is a
particular problem. It is clear. that. its - functlons could be
allocated to other levels.

7.3 Particular Issues Assoc1ated Wltn Fa031mlle and Videotex
Apollcatlon .

7.3.1 Facsimile

In addition to the general issues .discussed in Section
7.2, several particuldr issues assoc1ated with the facsimile
application have been identified. . In -this section, we.
summarize these particular issues for each level of the Open
System Interconnection protocols in the facsimile application.

7.3.1.1 1Issues at Trénsport and Lower Levels

(a) In the direct Fax-to~Fax communications mode, the
transport level is expected to set up connections
with three phases: "RBstablishment Phase, Data
Transfer Phase and Termination Phase. The first is
initiated based on a request from the session level.
The second phase involves - switching -~ the
communications channel (at the physical link level)
‘to allow the two Facsimile machines to communicate
directly. The practical feasibility of this phase is
still open to question. - Also the execution of the
termination phase requires signalling = from the. .
physical link level; an aspect which requires further
scrutiny. Failure to detect the termination tones
may leave the connection open. for an indefinite
period of time. '
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(b)

703.1.2

(a)

(b)

The choice of which service mode to use (common
format or direct Fax-to-Fax communications) has to be
decided at higher levels since it ‘is dependent on the
types. of Fax machines used at each end. - Thus the
‘higher level protocols are not network independent in
.the fullest sense. The alternative would be to leave
this decision within the Transport Level, which would
.tend to complicate its structure and requlre passing
‘several parameter values from the session level to
" the transport level. :

Error discovery depends to a large extent on the
‘adequacy of the interface to the facsimile machines
and the completeness o0f the status signal set of
‘these machines. . In the direct Fax-to-Fax mode, the
Transport Level does not control data transmission
-and will thus be unable to check service quality:and
possible errors. It is essential to examine the set
of status signals of each facsimile machine to ensure
that the Transport Level is constantly aware of the
status- of transmission and can inform the higher
level protocols of any disorder. S

Issues at Session Level

Two different types of sessions are required for the
facsimile application: . (1) Sessions involving
direct facsimile machines communications, and (2)
Sessions in which facsimile data is transmitted 'in
the form 'of data messages between higher level
protocols. The decision regarding which session type
to select depends on the type and compatibility of
the communicating machines.  Since this information

is available at the application level, it seems that

the decision will have to be made at. this higher
level. This naturally violates the concept of
independence of the session level from the levels
above it,

In the direct Fax-to-Fax mode of operation, several
functions executed at the session level, such as
session reset and session close, are triggered by

signals received from the facsimile machines. These

signals are received at the physical link level and
must be propagated to the layer above until they
reach the session level. This means that certain
mechanisms must be provided to ensure that the status
~of the channel 1is monitored continuously. The
absence of such mechanisms can lead to some sessions
being opened indefinitely while no data is being
transmitted between the end nodes. :
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7.3.1.3

(a)

(Db)

: (c;).

7.3.1.4
(a)

Issues at Presentation Level

The large volume of —data dgenerated in  facsimile
'requires vast secondary storage, especially in
situations involving a large speed difference between
sender and recipient fax machines..  In this case, it
is essential for the host processor to be able to
interrupt the sending machine for any duration of

time, followed by resumption of operations. . The

interrupt capability may be also needed . in case of
temporary failure of the communications 1link. The
interrupt. capability, howevér, is not .a feature
‘avallable on every fax machlne (see Table 5.1).

The broadcastlng of fax data to multiple re01pient‘

sites can be accomplished by setting up concurrent
sessions between the sender and -the recipient sites.
The presentation level protocol can then be executed
simultaneously with each site. However, if any of
the recipient machines 1s much slower than the
sender, it will be the respon51b111ty° of the
recipient machine to prov1de enough space to buffer
the data which is arriving at high speed but being
delivered to the recipient at slower speed. The
recipient host takes this ‘difference into account at
the time o0f exchanging . the. "credit ' request” - and
"credit grant" messages. . ' .

One issue that must be resolved -in the broadcasting
to multiple sites is the action that must be taken by
the sender host "after .~ it -receives .a. stop
transmission" message from a recipient 51te which is
facing a storage overflow problem,

. Issues at Apg;ication Level

The addressing information in facsimile which is used

-to identify the recipient to the Open Interconnection

Protocol has to be submitted separately, i.e., not

through the fax machine, to the system. This
limitation. is due to the fact that facsimile data is

not analysable by the digital processor. However, it

gives the user interface a special significance in
the sense that two separate actions have. to .be
performed: . getting the fax machine ready to start
document transmission, and . entering the addressing
information through a -different interface to the
digital processor, - Special attention must be given
to the requirement of document broadcasting to
multiple locations, particularly. in Configurations I
and II, to define how multlple recipient addresses
can be entered. .. :
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(b)

(c)

Addressing data values (station and substation
numbers) must be standardized to a ‘universally
acceptable format. As well, there is a need for
defining the format of the first page of the document
which contains the information required for sorting
and delivery of facsimile documents.

Several delivery aspects remain to be defined:

procedures for handling rejected documents, handling
requests for retransmission of documents received
with  unacceptably low: quality, and - handling
registered documents, 1i.e,, documents £for which
acknowledgement of receipt is expected.
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7.3.2 Videotex

7.3.2.1 0SI Functions Not Defined For Videotex

Several functions provided in  OSI .are not currently

defined for Videotex:

a)'

b)

.bc)

d)

e)

£)

Encryption: Encryption may be required if Videotex
services are provided for commercial applications like
electronic funds transfer, electronic mail etc,

Compression:. -Data compression 'would - be. required Aif
Videotex is used for electronic mail and wordprocessing.

Blocking: Blocking information streams is not generally.
needed for current Videotex but other file and document
oriented systems will require blocklng as well as flow
control. :

Recovery: . Error checklng and recovery at the session
layer may be required. \

End-to-end sequencing and blocking: . Although not needed
at. the transport level for ordinary Videotex Flow-control
end-to-end sequencing and blocking -will be needed for
document based exten51ons of Vldeotex. o :

Optlmlzatlon and class of regpested service: These
services are not needed for. home user applications;
however, commercial users may benefit from such -
capabilities. ~ h C

7.3.2.2 General Issues

The following 1mportant issues require exten51ve study.

(a) Transfer Bllllng: The mechanlsms for transfer bllllng

(b)

(c)

of customer usage ‘between the communications providers,

~the host service providers and the Videotex .service

provider will be a complex technical ‘as well. as
admlnlstratlve area to address.

Appllcatlon Deflnltlon- It is proposed that dataoase (or
Filestore) applications be carefully defined within the

application layer of 0SI with corresponding presentation

layer services specified. - Specifying database
applications along these lines will greatly simplify the
modelling of Videotex within the Open System.'

Interactive~Broadcast. Serv1ces: . The detailed .
implications of broadcast services within both 0SI and
the Videatex standard have not been considered as of yet.
Many . issues .related to addressing, multi-plexing,
flow-control, recovery will have to be studied in depth.
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»,7.4' Multifunction Terminals

The foregomng issues affect the vmablllty of multlfunctlon
termlnals.

"If the levels . are apgllcatlen—dependent then ’'many

versions oOf. each level will be necessary in a multifunction
terminal, . one for each  application.. Or complex

parameterizations of each level will be required.

‘The same holds true if the levels are network~depehdentf

: The combination of application-dependence and network-
dependence will greatly complicate the problem of choosing
‘suitable combinations of special types of levels for particular
multi-function terminals. In general, the problem is one of
inter—-dependence of levels.

To minimize proliferation of special versions of levels,
there will probably need to be some dupllcatlon of function
between levels, _ ,

" Finally, there are special 7problems ‘with including -

Facsimile and Videotex services in a multi-function terminal
because of the difficulty in some cases of flttlng them . 1nto
_the Open—sjstems framework. :
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ChaEtérVS"

8. Conclusions and.ReCommendatidns‘

8. l Conclu51ons

This report contributes to the Canadian government's
efforts to gain insight into the problem of -developing unified
multipurpose terminals capable 0f‘interworking over a variety
of national and international network services. It contributes
by ‘identifying issues and problems associated with a number of
practical applications. In terms of the specific objectives of
the study, summarized in Section 1.2, the following progress
has been made: ' "

1. The practicability of the ISO/CCITT concepts and ideas for

- a. layvered model of open system interconnection relative to

a number of practical applications has been examined in

‘some detail, - And a number of issues affecting
'practicality-have been raised. :

2. . Problems with fitting . the . applications ' within - the’
- architecture without = disturbing the latter's 1logical
structure have been found and documented. = In -sOme cases
these problems. result simply from lack of . clarity of
interpretation of the avrchitecture. ' But in.a few cases
there appear to be problems with the architecture itself.
These have been documented. :

3. Inferences have been drawn about the logical soundness of
- the architecture.concepts and ideas. Particular attention
has been paid to criteria for partitioning functions
between layers. Some new criteria have been proposed and

some problems have been identified.

With respect to the 1mportant sub—objectlve of deflnlng as

‘pre01sely' as possible the requirements of the applications,’

this report provides - diagrams following a consistent
methodology which show services, message flows and,  in  some
cases, basic protocols for the levels of the different
applications.
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8.2 Recommendations

It seems clear that considerable further work will  be
required before Open System standards emerge suitable for the
range of applications discussed in this report. Some

particular areas requiring further investigation are summarized

below:

1, Transport level services and functions should be examined
in more detail.

2. Criteria . for partitioning of functions between the

application and presentation levels should be established.

3. The requirements of emerging new application areas such as
TRADEX, Electronic Mail and Communicating Word Processors
should be~formalized in the Open System context.

4. The many unanswered questions raised with respect to
Teletex, Videotex and Facsimile services ‘should ' be
investigated further. ‘

5. A specific study of multifunction terminal requirements

should be performed, with a view to defining associated
requirements for shareable levels of the Open Systen
Interconnection model.
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