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1.  INTRODUCTHOM: EARLY DEVELOPMENTS

The developments described in this paper were
carried oul by the Computing Centre of the University of
Western Australia and by its successor, the Western Aust-
ralian Regional Computing Centre [WARCC), This latter
body was formed in 1972 1o provide compuling services
to the University, to other educational institutions and to
government departments in WA, This involvement with
off-<campus bodies s partly responsible For the interest
the Ceéntre hat had in data communications, and goes
back to 1964, when it ordered a Digital Equipment Cor-
poration PDP-6 computer. This was the first time-sharing
computer in Australia and the first to be commencially
ordered anywhere in the world,

Apart from conventional time-sharing [radical at the
time, se Moore, Jarvis and Nicholls, 1966), this computer
was used 1o control a number of experiments on-line;
these included a flying-spot scanner in Electrical Engineer-
ing, a “direct retrieval computer” in Physiology, and a rat-
race in Psychology |Nicholls, 1969). These ventures formed
the basis for the implementation of a remole compuler
link, called a remote central processor (RCP). This sofi-
ware and hardware project enabled the connection, via a
seridl link owver daia communications lines, of remote
computers to the PDP6 on its 1/0 bus, It was a fully bi-
directional medium-speed link, and was used to connect
additicnal real-time experiments on campus to the FDP-6G;
thus, the power of the PDP6 could be used to control
expenmental equipment such as a diffractometer and a
mass-spectrometer. In 1969, such a conncction was made
over modem-controlled Telecom limes to a PDP-8 at the
Commonwealth Scientific and Industriad Research Organ-
isation (CSIRO) in Floreat Park (three and a half mies
away). This had a card reader and line printer attached
to it, and became the first remofe batch station to oper-
ate in Australia.

In 1973, the PDP-& was replaced by a PDP-10 [KATOD
processor). The standard data communications front-end
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for DEC-108 was a DCT0, which sttached to the 1/0 bus,
Motivated both by a desire to achieve greater flexibility
in the front-end amd by a shortage of capital funds, the
Centre decided to substitute 2 PRP-11/10 minicompuler
for the DCID. This was interfaced to the DEC-10' 1D
using 2 GPID interface, and communications lines were
attached using a multiplexor designed and built by the
Cenyre.

The software running the DCIO emulator handled
two of the above 16-line multiplexors, as well as several
standard single line interface boards (DL11). Modem
control was provided, which was gradually extended to
provide dial-up support and then auto-answer. Some of
this software was extremely complex, and difficulties were
being expericnced with supply of the locally-designed
multiplexors, so0 il was eveniuvally decided to install a
standard front-end, which by then was the DCT6 (based
on a2 POP-11/40}, in addition to the DC10 emulator,

Earier, however, the decision to use a minicom-
puter as a front-end had proved inwvaluable; in 1974, it
provided the means of connection Lo the DC10 emulalor
of a cluster of terminals situated at the Western Australian
Instituie of Technology [(WAIT) in Bentley (seven miles
away). A 4800 bps synchronous full-duplex link was used
to connect another PDP-11/10 at the WAIT, o which
were attached 16 low speed terminals. A simple-minded
approach was taken based on the principle of a time div-
islon mudtiplexor, There was mo error correction, and
line utilisation was very poor,

As the volume of termmal traffic at the WAIT grew,
a more efficient and more flexible data link protocol was
devised for this link, This resulted, in 1976, in the imple-
mentation of a synchronous link o wpport the 32 term-
inals at WAIT, utilising DEC's DDCMP protocol, with
full end-to-end controd, error recovery, better line utilis
ation, etc, The experience gained in this project also proved
invaluable later (see 4 below].

The Centre's Cyber 72 had been installed in 1972,
originally with the intention of laking over all the work
from the PDP-6, However, il soon became clear that a
better strategy would be to concentrate the baich load
on the Cyber [(with some online file enguiry applic-
ations), amd to retain a specialised interactive facility,
This was whal led 1o the replacement of the POP6 by a
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Figure 1. A network concept

PDP10 in 1973; and our experience has corroborated
the views of many that if there is a need to provide good
interactive and good batch service, then it will be achieved
more effectively (and cheaply] by separate computers
than by a single unit. Howewver, it was recognised that an
important ingredient in this mix could well be some kind
of file link between the two computers, primarily to allow
use of the greater power of the Cyber, in baich mode, by
DEC-10 wsers.

Due to manpower constraints, this was mol achieved
{other than via magrape) until 1977, when a 1200 bps
asynchronous link was established over standard data
communications mterfaces. Each computer considered it
had a standard asynchronous termina at the other end
[see Figure 2), The principal components are a program
in the DEC-10 which tranemits spooled requests for Lrans
fers G the Cyber, and a program in the Cyber which
recenves and processes this flow. This system enables a
DEC-10 wser 1o submit a job to any of the Cyber queues
(Input, Output, Punch, elc.), or to catslogue a file on
the Cyber disks. Thus, a form of "edit and batch submit®
wits provided; so was the ability 1o make use of the Cyber
printers (either as back-up for the DEC-10 printer, or to
make wse of the higher speed of the Cyber printers); to
make wse of the Cyber card punch {one B not provided
on the DEC-10): to make use of the Cyber spooler far the
off-line plotter [such a spooler has only recently been
implemented on the DEC-10}; to enable a DEC-10 file 10
be printed at a Cyber remote batch station; or otherwise
o gain access to the wider range of facilitics and pack-
ages availlable on the Cyber at the time. An important
ispect of this project was, of course, maintenance of
account integrity, especially in conmeclion with creating
files on the Cyber disk,

Later the same vear (1977), another link was estab-
lished through the DCI0 emulator on the DEC-10, this
time to an HP2IMX. This was essentiallya revision of the
1974 remote terminal concentrator, and permitted term-
inals connected to the HP2ZTMX 1o connect, through that
mini, 1o the DEC-10 (see Figure 2). The WAIT Links
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were removed n 1977 when WAIT acquired their owmn
DEC-10.

These activities span a considerable period, and
caver a wide variety of functions, They have provided the
experience, and in some cases the basis, for the more
ambitious developmenis described below,

r CYBER EMULATORS

Some of the work described above, and particularly
the experience in programming PDP-11s for data com-
munications Lasks, suggested several uses directly associ-
aled with the Cyber. In particular, given data communic-
ations hine costs tn Australia, and the cost of standard
CDC weemimals (7117, 714}, an obvious application was to
usc a remote PDP-11, connected over synchronous lines to
a standard CDC interface, to emulate multi-dropped 7115
of Ti4 clusters, As 4 bonus, greater Nexibility and adapi-
ability would be provided.

Accordingly, in 1975 the first 714 emulator was
installed. The immediate rationale was to increase the
number of lines on the Cyber, provided by 6671 MUXs,
An additional factor was the need 10 provide support for
remole reading, by the Public Works Department, of non-
standard paper tapes [containing river-gauging data). The
best that can be said for the modifications made (o the
emulator software to support paper tape is that they were
made hastily!

Partly as a consequence of this, it was decided to
rewrite the 714 emulstor software, and this was accom-
plished in 1976, On this occasion, great pains were taken
to write code which would be easy to maintain and which
could be readily modified or adapted. Use was made of

Figure 1. The WARCC network, clrca 1977
7



Netwark Developments of WARCC

the Duke University structered macros for the PDP-1
(Herman-Giddens, er af, 1975).

At the same time, the software was adapted 1o pro-
vide remote batch terminal [200UT, 734) emulation on
the Cyber. The motivation was again to provide a cheaper
alternative to the standard CDC equipment, the emulator
being several thousand dollars cheaper to purchase (includ-
ing software), as well as being nearly half as expensive
to maintaid, Al this time, the 714 emulator was cost-
effective if four or more terminals were requirad (using
asynchronous terminals such as the Teleray 3311). The
use of a pood PDP-11 cross-assembler on the DEC-10 was
an essential component of these developments.

Also in 1976, a 714 emulator was implemented on
an Interdata 6/16 minicomputer. The avallability of soft-
ware maodules on the' &/16 1o handle many of the data
communications functions (e.g, terminal and line inter-
face support) promised significantly to simplify this exer-
cise, Such, however, did not prove to be the case, with
many bugs and deficiencies being revealed in those modules
before the emulator was finally installed at Murdoch
Liniversity.

Some 20 or 30 installations of the various versions
of the T14 and 734 emulators have now been made in
Western Australia, on all five Cybers in Perth, The decision
o fodlow this approach has been well-justified, as the 734
emulator has been adapled to provide a multi-drop cap-
ability. This has allowed installation at the one site, on
the one line, of mixes of muliple card readers, line
printers and VDUs, It has also proved invaluable 1o Health
Computing Services, with their diverse needs in providing
compuling services (o Perth teaching hospitals. One of
the adapiations pioneered by HC5 has been the support
of “site poll™, which has dramatically improved response
times on emulator VDU,

3. CONVERSATIONAL REMOTE JOB ENTRY

Experience with the DEC-10 1o Cyber link, des
cribed in 1, above, led the Centre to believe that the in-
cfeasing pressure to provide improved interactive acoess
o the Cyber could be largely satisfied by providing an
adequate "‘edit and batch submit" Ffacility. This belief
was bolstered by similar developments being undertaken
overseas and at Melbourne University. Accordingly, it
was decided in 1978 to acquire a PDP-11/60 which would
provide a good, cheap editing capability, and to link it
to the Cyber using our 734 emulator software,

This was implemented in 1979, with the emulator
running in a PDP-11/03, back-ending the 1160, The
batch-submit functions are implemented by jobs which
run under the RSTS/E operating system. This makes them
much easier 1o implement [they are written in BASIC),
and wuse can be made of a suitable existing editor, such as
505, A spooler program emplies the queve of jobs being
submitied to the Cyber, sending them as files 1o an asyn-
chronous "terminal™ which is the 11/03, Output being
returned from the Cyber is held on disk by the CRJE
pending action by the wser. The user can attach to such
files, examine them with the editor, save them on his
own disk, purge them or have them printed at a nomin-
ated or default printer attached to the CRJE, Alternat-
iwvely, he can have his job automatically printed at the
central site (or on some RJE printer) using the Cyber
ROUTE command, or have it automatically printed on a
specific printer on the CRJE.

4

A bonus s the access so provided (for authorised
users) to the other facilities of the RSTS/E operating
system emwironment, such as the WORD-11 word process
ing software now installed on the 11/60. Many of the
facilities for suspoft of interactive terminals are much
better under RSTS/E on the 11/60 than under NOS/BE
[or ewen NOS!) on the Cyber, The CRJE i an important
step in the direction of elimination of cards and card
punches, particularly for students, while preserving many
of the advantages of a rapid batch service, Instead of
acquiring and maintaining card punches o support the
increasing mumber of studenis making use of the Cyber,
we can now substifule an equivalent number of VDUs, o
many times smaller cost per unit, and with considerably
greater flexibility.

4.  PACKET SWITCHED NETWORK
As garly as 1974, the Centre began investigating the

applicability of packet-switched networks to handle the
dala communications needs of Centre users, and indeed,
of most computer users in the public sector in Western
Australia, There had, of course, been some spectacular
disappointments in this area, which prompted us to tread
very caubiousdy. Furthermore, there were significant pol-
itical implications in any such "global" approach, with
some quarters openly concerned lest a bady 1o contral all
public sector computing ride in on the back of a general
network.

Mevertheless, aspects of this approach are sufficiently
attractive to warrant carcful analysis, For example, it
would only be by collaborating that most of the various
public seclor organisations could afford data communic-
ations o country towns in Western Australia. Accord-
ingly, a report was prepared in 1977 calling for an in-depth
study of the needs for swich a network in Western Aust-
ralia (Reid, 1977). In response to this call, a Western
Ausiralian governmenl (ask force has collecied data on
traffic volumes, growih patterns, etc., in all public sector
organisations in Western Australia, Discussions are con-
tinuing with Telecom to determine how soon a suitable
service might be offered publicly: at present, it still looks
as though 1982-83 will be the earliest that this might
happen in Western Australia, Five years is nol a very long
time when developing facilities sich a this, so a high
degree of corsultation |5 required.

Al the same time as the above discussions were
taking place at the political level, the Centre had been
investigating the technology of packet-switched networks,
Some less ambitious profjects with limited objectives had
been very successful, eg, Merit in USA [Scott, 1978) —
but even here it had taken a long time for use of the net-
work to take off, OF those projects with broader object-
ives, only ARPANET had much written about it, and the
magnitude of that exercise was well beyond the reach of
OUT FEsOUrces,

We were casting about for a strategy to provide the
following functions:
= rationalise the diversity of communications links

existing or envisaged among the equipment in the

Centre or clsewhere;

—  provide a degree of insdation for termimals from
changes in hosts (Le, limited “virwa terminal'
capability);

= provide access by as large a population as possible
o a wide range of facilities;
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Figure ¥, Metwark of DEC System-10s

—  provide access to off-campus [and interstate and
overseas) facilities;

enable terminals on 2 State-wide basis Lo gain access

to the Centre's and other facilities;

- provide a high degres of flexibility and adaptability
in any communications offering;

and not least, we wanted something that would

wiork!

Owverall, we needed a "transport mechanism™ which
would provide For terminal and file traffic between an
array of suppliers [hosts, other networks, 2.} and con-
sumers (terminals, other hosts, minis, etc.]; and which
would do this in a rational, consistent fashion [(see Fig-
wre 1).

The offerings of the computer suppliers were can-
vassed, but litthe was avallable here, Control Data offered
nothing; most other suppliers offered nothing; 1BM had
announced SMA but that seemed to be ruled out on the
grounds of extreme expense and dearth of document-
ation, so the conpection of non-lBM hosts looked im-
possible, Only DECs offering, DECMET, semed prom-
ising.,

Obtaining  information  about DECNET  proved
difficult. Mobody in Awustralia krew anything aboul it
Eventually, it proved possible to obtain a copy of the
saftware, with very limited documentation, thanks to the
cfforts of the staff of the local DEC office, Indications
were that this product would satisfy most of the above
nesds. Furthermore, it seemed possible to implement this
software between the two DEC-10s ar WAIT and at
WARCC with almost no effort.

Surprisingly, this indeed proved true, and by spring
1977 a packet-switched, multi-host network was instal-
led between WARCC and WAIT, using DMNET front-ends
(upgrading the DCT6s with the DECNET software), and a
synchronous 4800 bps line [see Figure 3). More surpris-
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ingly, almost no bugs were found in this code! This s
believed to have been the first multi-host packet-switched
network to be operational in Australia,

The nexi stage was 1o adapt this software to inter-
face 1o the Centre's Cyber as well, The approach taken was
to make the Cyber look like a DEC-10 to the network,
and the network like a 714 cluster to the Cyber. The first
part of this was achieved by taking the software which ran
on the DECT0 to service network traffic, and to rewrite
it W runm on a PDP-11, calling it “"NET11". Sofiware 1o
emulate 714 clusters on a PDP-11 already existed, but this
was rewritten to achieve greater efficiency in PDP-11
CPU and memory, and was reduced in size to a few pages
af code.

The three elements of this software were then inter-
faced and installed on a PDP-11 (designated a "CN8T7") in
front of the Cyber's 2550 (see Figure 4). A full discussion
of the development of this software (including how it
was tested) can be found in Fernandez (1978).

This expanded network went into operation at the
beginning of 1978. An important aspect of the develop-
ment had been the principle that no changes should be
made 1o the host operating system (in this case NOS/BE).
DECMNET employed a threelayer approach, and these
layers and their interfaces were strictly defined and pol-
iced (DEC, 1976).

It had also been intended 1o connect a few PDP-11
hosts located in other educational institutions, but this
proved maore difficult than at First hoped. A discovery was
made that DECNET came in two incompatible Mavours —
a version for DEC-10s (using ANF-10 sofiware), and a
version for minis which was DECMNET proper. The latter
did not have a DEC-10 interface (nor does it have yet],
bist was to become the main offering of DEC for data
communications networks. The former, the version we
had employved, was not going to be developed Further
by DEC.

Accordingly, In order to incorporate a PDP-11 into
the network, we had to adopt the same approach as for
the Cwber: ie., we had to make a PDP-11 look like a
DEC-10. This did not prove too troublesome, as we already

may
crmtr 73 L7580 T _—
! : W.ALT,
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Figure 4, Instailing a Cyber in the network
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Figure 5. The WA RCC network, 1980

had NET11, though the RSTS/E operating system did
not have a remote terminal concentrator capability.
Instead, use was made of its “pseudo-terminal™ facility,
and a program writien to run under RSTS/E to handle
network braffic. This facility was installed, also at the
start of 1978, on the PDP-11/34 system at the Medlands
College of Advanced Education, less than a mile from
WARCC, over 2 2400 bps synchronous line.

In other developments, the CRJE was also com
nected (o the network in the same way as the NCAE
PDP-11/34; The Cyber 172 at Main Roads Department
has also been connected to the network via a node located
at the Metropolitan Water Board, and a further node to
permit access to the network by terminals at the Uni
versity's Medical School located at the Queen Elizabeth 11
Medical Centre, about one mile from WARCC, is on order.
Finally, 2 PDP-11/40 has been wsed o provide a two-way
galeway between this network and CSIROMET, which
became operational towards the ond of 1980 (see Fig-
ure 3.

It has not proved possible yet to connect the Inter-
data Bf32 at Murdoch University, because its operating
syslem supports neither lerminal concentralors nar pseudo-
terminals. Discussions are continuing, 1o discover some
other way to conmect this facility in a simple way. Dis
cusstons are also being carried out with a few other organ-
isations, which might further extend the network. In
particular, ways of incorporating an |BM host into the net-
work have been explored, and this no longer seems as
formidable a task as thought at first,

5. FUTURE NETWORE DIRECTIOMNS
The above development of a packel-switched net-
work has been carried out om a shoe-string budget, and

k10

has been experimental in nature. The resulls achieved
have been wery encouraging, though many loose cnds
meed to be tidied up. This approach has proved o be a
viable framework within which 10 provide for an ever-
increasing diversity of neads. At present, terminal switch-
ing is essentially the ondy facility provided (and a device
such 35 3 private automatic computer exchange |PACX]|
would be both more efficient and more economical for
that function alonc), but the following developments will
fit well in the framework adopted,

(a) Fibe Transfer

File iransfer between hosts will be an important
requirement, for many reasons but primarily 1o allow
use of different packages on different computers. Although
magnetic tapes still represent the fastest data communic-
ations medium, the trend is decidedly away from them:
for all but very large files they are much slower than use
of a network; considerable incompatibilities still exist
between tape files on different computers {even from the
same wpplier); it is an operator-intensive activity; it relies
on wse of mechanical devices; and in general is a labour-
intensive activity (add wp how much time | spent un-
tangling tape transfer problems between computers!),

File transfer from minis to large computers will be
{and already is) important to enable analysis by the main-
frame, perhaps using specialised sofiware packages, of
data collected by the mini; to allow access to the number-
crunching or data processing capability of the mainframe;
Lo enable incorporation into a central data base of data
collected at diverse local facHities or just 1o process reg
ional dala against a central data base; to make local resulis
available 1o a wider population; 1o enable batch sub-
mission o lake place from decentralised cquipment; or
otherwise 1© make acessible the specialised Facilities
provided on the larger computers,

File transfer from the mainframe to mini Is needed
to support cross-assembling and downeline-loading funct-
ions, to return results of mainframe processing to the
originating mini, to support remote printing, to provide
for rationalized support for graphics, with some process-
ing being done on the mainframe, but high-speed inter-
aclive support provided at the mini, ete.

(b) Comnections to a wider variety of Equipment

The wariety of eguipment and services is continually
increasing, and access by workers in educational  and
research institutions (in particular) s vital, In this cate-
gory would be access to the wide variety of packages
available on IBM equipment (there are currently almost
no IBM computers in educational amd research institut
ions throughout Australia]. There is going to be a need
io gain access to other specialised facilities, such as array
processors, dala base processors, mformation retrieval
systems, efc, Australia as a nation cannot afford, for
example, much moreé than one Computer in the class of
the Cyber 203, and if its researchers are not to be at a
disadvantage compared with colleagues in the UK or
USA, then they must be given access to such facilities via
networks,

(¢} Comnection to other Networks

Part of the abowe variety of services will be pro-
vided if rationalised links can be provided 1o existing
national and overscas such as CSIRONET, Tymnet, Tele-
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net, ARPAMNMET, etc, This is best provided by means of
gateways, which ultimately will be facilitated by wide-
spread use of standards in the data communications area
sach as X735,

Furthermore, such links can foster a high degree of
communication between rescarchers, nationally and inter-
pationally, and between researchers and government and
industry ; this is particularly refevant for Australia, with its
small, widespread and isolated population, Much research
thrives on consultation, collaboration and co-operation;
the fuel crisis is making it too expensive to have much
face-to-face contact, and Australia will be at a particular
disadvantage. Dala communications may provide a way of
compensating for this, and ensuring that we do not fall
behind or fail to attract and relain competent researchers,

{d) Electronic Mail

Already, experience overseas (c.g, in ARPANET]
suggested that electronic mail is going to be one of the
maost important functions provided by retworks (see, for
example, Uhlig, Farber and Bair, 1979). Researchers,
particularly, feel very kolated in Australia, and electronic
mail holds out the following advantages over conventional
communications media —
—  easy, rapid transmission of hard copy;
Ls broadcasting of messages to groups of colleagues,
—  avoids the frustration of the elephone; and
= awoids the dedays and uncartainty of the mail systems.

6.  CONCLUSION

Consderable difficaliies have wel to be overcome
before we reap all the benefits of 5 above. It is clear that
the present atiempts at a metwork at WARCC will prob-
ably never provide all these benefits, and incur several
frustrations for users. There are substantial overheads in
the use of packet-switching, especially when dealing with
a DEC-10 in full-duplex mode over the network. Further-
more, it is by no means clear that the costs of a network
are justified for the present volume and siyle of traffic,
compared with olher mechanisms such as a PACX for
focal traffic, or the switched telephone network for off-site
traffic,

On the other hand, the cost of data communic-
ations is dropping dramatically — perhaps not as fast as
the cost of computer hardware, and perhaps not so fast in
Australia as elsewhere because of the high degree of regul-
ation, But the use of general purpose networks such as
that pioneered at WARCC is here o stay. To oppose this
trend would be like trying to save the Pony Express, which
went bankrupt two years after Western Union introduced
the tefegraph to the West.

Only such a general-purpose network can hope o
provide the full range of facilities needed, or provide the
flexibility to adapt to changing demands and changing
services, The launching of a nation-wide packet-switched
service in December 1982 will be an important step for
Australia. However, one can be forgiven for fearing that
the cost may deter much ad foc use, at least in the first
instance, unless a clear vision of the benefits is retained.
This is nowhere more true than among the varous rescanch
institutions in Australia, which have 10 date beon very
slow to realise the importance of access o a national
network, This s not so in USA where Peter Denning,
ACM President, ®n reporting on 3 meeting beiween the
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Council of Scientific Society Presidents and the office of
the President of the LSA, notes: A step of high potential
impact is swpport of national computer networks, which
would permit exchanging documents, programs, and daia
among scientists; networks would also permit remote use
of specialised equipment™ [Denning, 1980).

Providing the raw communications channels, albeit
packet-switched is, however, only part of the answer.
Access to the range of Facilities and services available
on any national network needs to be “facilitaled”, especi-
ally if they are to be used by non-compuier professionals,
In the USA a body has been set up specifically to accom-
plish this {Heller, 1978). This may not be the pattern for
Australia, but a real need will exist and will have to be
addresed.
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