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t. INTRODUCTION

Over the past 5 years, the availability of cheap, good
quality VDU texminals has meant that cards and remote
inputsoutput stations have been replaced by £ile editing/jokb
submissien systens. During the coming 5 years, it is very
likely +that this trend towards an increasing use of VDU
terminals will continue. Many large scientific and
university c¢entres may have to support hundreds of active
DU terminals over the next few yearxs. This is true, for
example, of the computer centre at the European Organization
for Nuclear Research (CERN), Geneva, which operates several
large CDC and IBM machines. '

In parallel with this development in terminal usage,
there has been a general trend towards computer networking
where mainframes are connected via high speed data links.
Ssuch links operate at effective end-to-end data transmission
rates of at least 20 Kbytes pex second. The CERN networzk,
CERNET (see [21), is an example of this.

In the following feasibility study, we investigate some
possibilities for fulfilling such a demand for terminal
support. In particularzr, we examine the way in which high
speed packet switching netuorkKs could be used to relieve the
I/0 load created by file editing <£rom large mainframe
machines. The advantages and disadvantages of this approach
will be examined.
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2. QUTLINE OF POSSIBLE STRATEGIES

2.1 CONSTRATINTS

In studying future file editing facilities, we chose to
woerk with the following constraints:

1. The system must be capable of handling up to 300
simultaneous terminal users.

2. Any solutien must take acgount of the existing
structure of the computing facilities. In particular,
one must allow for moxe than one large mainframe with
its file base and almost cextainly several smaller
machines and their f£ile bases.

3. One must ensure that there is a certain continuity at
the user interface level. In particularzr, when an
out-dated mainframe machine is t¢ be replaced there
is a need for maintaining some soxt of compatibility
at the editing level. One should not erpec¢t the
users to familiarise themselves with a new editor and
associated wutility processors every time such a
replacement occurs.

by, One must allow for future hardware developments, in
particular in the area of VDU displays and
"intelligent"” terminals. The relatively long life of

a VDU terminal inevitably means that there will he a
variety of terminal types at an installation in spite
of rationalisation attempts. One should therefore
aim to support several types of terminal.

5. The popularity of an editor with the wuser community
is very often zrelated to the ease of use of +the
system. In a scientifi¢ environment, where most

computer users are dealing with program source files,
reliability and ease of use are more important than
extreme sophistication. Often, a line numbexr based
editor is gquite adequate for the application. Note
however, that this deces not imply that this should be
the only mode of editing available. Ideally, one
should aim te¢ provide sevexral interfaces to the
editing system and let the user decide which of these
best suits his experience and application.

2.2 A CENTRALISED SOLUTION

Adopting a centralised solution means expanding the
central computing facilities to handle wup +to 300 active
users. This would probably mean running several mainframes
since 300 terminal users load the Is/0 capacity of a machine
rather than the CPU and even with a very large machine, the
I/0 capacity is limited. Moxreover, increasing the I/0 power



of large machines is often expensive compared to the price

of a modern minic¢omputer. Furthermore, the reliability of
the service depends on the stability of the central
computer's hardware and softuware. Any erxrors or failures

will affect all users, since there is rarely any redundancy.
Software and hardware maintenance can thus become a great
problem, especially when new features are to be implemented.

on the other hand, a centralised solution has the
advantage that the editing sexvice can be closely integrated
with the particular operating system.

2.3 AN "INTELLIGENT TERMINAL" SOLUTION

Many powerful terminals are nowu available on the market
whic¢h incorporate their oun microcomputer and editing
softwaze. This type of terminal might in the future form
the basis of editing systems. To provide fast access to
mainframe file bases. houwever, terminals must be connected
by means of high speed networks,  because a simple
transmission line of speeds up to 9.6 Khitsssecond 1is too .
slow to take full advantage of the features offered by the
terminal hardware. At the time being, the development of
"hus” or "ring" networks necessary for a system based on
"intelligent” terminals has not yet reached a stage where
they are reliable and commercially available. Furthermore.,
it is not clear how one would support the "workfile”, also
called active file, of the editor. Since the size of the
workfile can easily be about a Mbyte, it can be assumed that
external storage will be needed. Another zreason for
assuming an external storage medium is the problem of
recovery after system crashes. The available local floppy
discs, houwuever, are very limited in their capacity and in
their speed at random access. Therefore, more sophisticated
mass storage will have to be considered. :

On the othexr hand, this strategy for £file aditing
offers a system with a high level of redundancy in the event
of hardware failuzes. It alse has the advantage that the
softuare development effort is almost certainly less than
for the other options.

2.4 A DISTRIBUTED SOLUTION

The basic approach here is to off-load the work
currently performed by editors running in central machines
inte a separate, dedicated machine. In this note, we shall
refer to such a machine as a File-Edit machine. File-Edit
machines would have only a limited local f£ile base but would
be able to access remote files on the central computexrs by
means of a data communications network. The aim ‘of this
note is to examine this third selution in more detail and to
see if such an approach can satisfy the needs of terminal
users for several years to come.
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3. USER INTERFACE FOR THE FILE-EDIT MACHINE

The File-Edit machine would provide a means of access
to any file base which offers remote file access facilities
using the communications netwozxk. As a by~product, it would
also preovide a simple means for the transfer of text files
between network file bases.

The response time of the system for sheort commands
(e.g. LIST, MODIFY, etc. ) would not exceed 3 seconds.

As regards the human interface for the editor, it is
intended that the File-Edit machine would provide editing at
several user interface levels.

3.1 A LINE NUMBER ORIENTED EDITOR

This would be a line numbex based editor which, at the user
level, would be similar to the WYLBURZ editor. It would
provide the user community with a toel that is easy to learn
and which is adequate for mest f£ile editing work. I+ should
be noted that the =emphasis is +to provide a File-Edits/Job
Submission system and not a text processing system. This is
probably best left to other existing softuare products.

The line Dbased editor would be the first stage %o be
implemented in apy File-Edit machine project. Included in
this first version would be a command file facility uhere
commands are taken from a file rather than the terminal.
Such "EXECUTE" files are used extensively in the WYLBUR
editoxr at CERN.

3.2 FULL SCREFEN EDITING

Full screen editing, which is more convenient for the entry
and treatment of natural languages text, is an essential part
of any File-Edit machine system. It is also preferred by
some people for the treatment of card-image program souzce
since one always has a clear view of the context in which
any changes in the file are made. The approach here would
be to follow what has been done elsewhere (see e.g. [1] and
{5)) and implement the full screen editing as a softuare
layer above the line based editor.

3.3 INTELLTIGENT TERMINALS

Terminals with substantial built-in processing power will
become more commonplace in the next few years. They will
therefore have a bearing on the way in which a File-Edit
system is designed. Although detailed studies have not been

3 Wylburs370 Reference Manual. Stanford University. Nov
1975.



carried ou%t, it is thought that the layered structure of the
editor software will make the addition of such terminals teo
the system relatively easy. One should point out, houever,
that such terminals (sometimes with their own editor built
in) are not intended as the main fype of terminal to be
supported by the File-Edit machine.

4. SPECIFICATIONS FOR A FILE-EDIT MACHINE

Limited network data transifex rates and the intended
modularity of the File-Edit system determine an upper limit
to the size of a single File-Edit machine. Experience at

CERN' with +the WYLBUR editor indicates that a 40 terminal
File-Edit machine would create an average netuorX load of 8
Kbytes per second ( with peak rates of 25 Kbytes per
second). In order to Keep the requirements for the network
transmission rates low, we will therefore assume that each
machine will handle about 40 terminals. It is alsec assumed
in this specification that the editor would be written in a
high level language and that the machine hardware does not
put any restrictions on the structure of the editor program.
Preferably, one would implement the editer as a reentrant
task. The configuration should therefore consist of the
follouwing:

5.1 HARDWARE

1. 40 *terminal interfaces with line speeds up to 9.6
Kbits/second. File-Edit machines could be
distributed geographically according to local
requirements.

2. 1 high speed network interface.

3. 1 Mbyte of main memory excluding operating system and
network interface xreguirements. This figure is

estimated on the following assumptions:

a) In the interests of rapid access to file records,
larzrge pieces of the active file should be able to
reside in memory. Allowing 4 KBytes per user,
implies about 160 KBytes of memory.

b) Each connection to a data base host machine should
consist - of at least two 1links to provide high
transfer speed and a louw wait time for user files.
The buffer size should be 8KByte, and each link
should have 2 buffers available for double

“ .. M. Robertson : Some Statistics on Disk Usage and Joh
Submission ~+ Retrieval by WYLBUR Users. CERM Internal
Document. SW-IBM Work Note 102. 1979.
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huffering. Allcwing foxr 4 remote data base
machines, the memory regquired <£or links is 128
Kbhytes. )

c¢) The EDITOR program is believed to take about 512
KByte.

d) Terminal buffers (1.5 KByte per terminal) and
terminal handler take about 168 KByte.

e) Pueues, internal management ete. take another 12
KBy te.
4, 60 MByte disk space accessible via at least tuwo

different access paths.
The amount of diskK space is estimated as follous:

a) Allowing an average active file per user of 500
KBytes, (i.e. 6000 records of 80 characters) 49
users requirxe about 20 Mbytes.

b} In order to provide fail safe recovery from system
. crashes, a LOG fi1ile will be kept to allow the
active file to be reconstructed after a crash. For
this feature, and other information necessary to
ensure that, on system crashes, no user loses more
than his last command, we allow 20 MBytes.

¢) The <remaining 20 MBytes are used for program
development, operating system, storage of task
modules, gathering of statistical data etc.

5. The time to read one block of 1 KByte from disk

should not exceed 50 msec. This figure is calculated
as follows:
If 40 wusers request one line of their active file
which is c¢urrently not in core, 40 buffers have to bhe
read. If the processing time for getting the display
ready is in the oxrder of 25 msec, then a READ time of
50 msec per block is necessary to give a response
time ¢f at most 3 seconds.

6. The most complicated EDIT command working on one
hlock of data must net +take longer +han 25 msec.
This implies that substring searching in 1 KB does
not exceed this figure.

4.2 SOFTWARE

The operating system of the File-Edit machine should Provide
the following services:

1. An interface to a high speed computer network
allowing remote file access, job submission, cutput
file retrieval and some job status requests.
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The

Interleaving I/0 operations on disks.

Interleaving READ/WRITE operations for network data
links.

An inter-task <c¢ommunication mechanism operating via
shared memory (i.e. no copying of buffersl.

Possibility to synchronime tasks via a "wait forx
event” mechanism.

High level language suppozl for terminal I-O0. This
includes full duplex support of terminals and special
key support.

After system crashes it must he possihle to recover
partially written files which were being used at the
time of the ¢rash.

support of reentrant routines would be extremely
advantagecus. Tf this feature were available., there
would be an editor task per terminal implying about
50 active tasks to be handled by the scheduler.
Thus., task switeching should net cause an axcessive
overhead. To suitch from one task to another should
not take more than about 0.1 msec.

A high level language which produces efficient
machine code ( e.g. PASCAL) should be available.

5. ADVANTAGES

following are some advantages which emerge from a

File=-Edit machine system:

L

File editing hecomes decoupled from ctherx
developments at the comptex centre. changes in the
mainframe machines oxr the additicn of neuw f(or
specialised) machines do not imply a change for #£ile
editing or the appearance of yet another editor. In
this way, one is able to maintain a ‘standard user
interface for editing ixrespective of uhere the files
are actually stored.

The File-Edit machine can support many different

terminal c¢lasses since its editor will provide
several different interface levels. In this way., it
is possible to support "intelligent" tezminals as
well as the many different types of ordinary displays
that will inevitably he present at most
installations.

The distribution of woxrk between the File-Edit
machine and the host file base machine ¢ould be



changed by implementing a more_ sophisticated host

intexface. This could go some way to reducing the
data link traffic by allowing file fragments +to bhe
transferred in the case of very long files. This

development would depend upon the result of studies
of usexr behaviour from the statistical data gathered
in the File-Edit machine.

Bacause the File-Edit machine will be programmed
using a high level language, its maintenance becomes
easier. Since modularity and layer structure are
design objectives, adapting to new features in
terminal haxrdware should not present major problems.

As a single File-Edit machine will only suppert up to
40 terminals multiple File-Edit machines should bhe
envisaged. This provides for expansion of the system
to accommodate more terminals in a modular mannexr. By
oenly purchasing extra hardware as it is requized, one
can benefit from the rapidly falling cost of computer
hardware.

Assuming the data bases are at least partially
distributed, the breaKdoun of one machine, either a
main computer or a File-Edit machine, would not cause
a complete breakdown in tha user service. Since the
File~Edit machine will be <reasonably c¢heap (e.g.
about 350K sFz2), a stand-by machine c¢could be
purchased which will be used for development work if
not needed for oxdinary service,.

6. DISADVANTAGES

The following gives a list of possible disadvantages of a
File-Edit machine:

1.

The networKk 1load ¢reated by the File-Edit machines

‘'may become unacceptably high since each machine will

add an average traffic of ahout 8 KBytes per second
with peak rates of 25 KBytes per second. This
rroblem of netuwork traffic is especially important in
the c¢ase where most file editing commands are
directed to one particular £file base. Houever,
future network developments or the addition of a high
speed channel connection may provide a way round this
limitation.

The remote file acc¢ess software in +the file base
machines might become overloaded in the <c¢ase where
the file base is not distributed. For 7 File~-Edit
machines representing 280 active terminals, the file
base machine has, in the worst case, to deal with

a) 56 KByte per second average data transfer rate



h) 2 file open operations per second
c)} 2 job status eanguiries per second

3. Remote file access software must be available on all
machines with data bases.

4. The performance of a fully loaded File-Edit machine,
in terms of response times, would not be as good as
the centralised solution for commands inveolving the
transfer of a file from a file base to the File-Edit
machine.

7. IMPLEMENTATION ESTIMATES

Tf 3 File-Edit machine solution uere to be implemented,
then a small implementation team of about 4 ©people should
produce a first versicn of the system after about 18 months.
The initial design and definition of the software components
and their interfaces would occupy the team for the first 6

months of this period. Following the implementation pexried,
the first File-Edit machine would be available to userxrs.
After a suggested 6 month running-in pezried, a second

File-Edit machine could be introduced and, in the long term,
editors on the host machines would only be used Z£or
specialised applications.

8. CONCLUSIONS

A File-Edit machine <can be <considered as a viable
alternative Zfox supporting 1large numbers of editing
terminals. It offers a simple, modular structure which
provides great flexibility in adapting to changes in the
central computer system. This is important when there are
likely to be significant hardwazre developments in the next
few years. Furthermore,. there is a dgeneral trend for
mainframes to become specialised to certain applications
(e.g. high speed arithmetic processors) whilst ganeral
purpose machines remain about their current size and one
increases capacity by acgquiring more machines and c¢oupling
them wvia a network. This is all compatible with the
File-Edit machine solution since it is a natural
superstructure to build above a data communication netuczk.

It is therefore believed that File~Edit machines can
meet the editing needs of large computer centres for several
yvears into the future by offering a technically advanced,
modular, and cost effective solution.
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