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FOREWORD

More than 500 engineers, scientists and management representatives from
laboratories, industry and the medical area in 24 countries attended the First Inter-
national Symposium on CAMAC in Real-Time Computer Applications in Luxem-
bourg, Dec. 4-6, 1973.

The main intention of the organizers was that the Symposium should contribute
to the initiation of new CAMAC uses in different areas of application. For that reason
introductory presentations were included for those participants who were not familiar
with the CAMAC idea and with the potentialities of CAMAC in general.

Other presentations were devoted to specific areas of activity where automation is
opening up possibilities for rationalization, as in laboratories, in industry and in
medical and health services. Here the primary idea was to demonstrate that CAMAC
is being applied or considered for uses in several areas other than the nuclear field,
in order to encourage people to consider CAMAC for the solution of their problems.
The first CAMAC Symposium was only to some extent comparable with a conference
where experts in a field exchange experiences and are able to consider specific problems
in depth. The next Symposium on CAMAC which could take place in autumn 1975
is expected to provide more opportunities for handling such topics.

These Symposium Proceedings will be distributed widely in order to introduce
CAMAC to other potential users who were not able to attend the meeting.

Let me use this opportunity to thank again the services of the Commission of
the European Communities, all authors of papers, all those who participated in the
discussions, the exhibitors of CAMAC equipment and systems, and the representa-

tives of the ESONE Committee. Their contributions to the preparation, organization
and content of the Symposium provided the preliminary conditions for its obvious
success.

Special acknowledgements are also due to those of my ESONE colleagues and
to the staff of the Directorate General XIII of CEC who participated in the prepara-
tion of these proceedings.

H. Meyer




VORWORT

Mehr als 500 Ingenieure, Wissenschaftler und Vertreter des Managements aus
Laboratorien, der Industrie und dem medizinischen Bereich in 24 Lindern nahmen
teil am ersten Internationalen Symposium iiber CAMAC fiir Echtzeit-Datenver-
arbeitungsanwendungen in Luxemburg vom 4. bis 6. Dezember 1973.

Die Anregung zu neuen CAMAC Anwendungen in verschiedenen Bereichen war
das Hauptanliegen der Organisatoren mit dem Symposium. Deshalb wurden ein-
fiithrende Vortrage fiir solche Teilnehmer vorgesehen, welche CAMAC und die durch
die Verwendung gegebenen Vorteile noch nicht kennen.

Andere Vortrige waren bestimmten Aufgabenbereichen in Laboratorien, der
Industrie sowie in der Medizin und fiir Gesundheitsdienste gewidmet, fiir welche
Automation eine Rationalisierung von Arbeitsmethoden erlaubt. Das Hauptziel dabei
war aufzuzeigen, daB CAMAC in verschiedenen nichtnuklearen Bereichen schon
benutzt wird oder eine Anwendung erwogen wird, um Vertrauen in CAMAC fiir
die Losung von Problemen zu wecken. Das erste CAMAC Symposium war nur
begrenzt vergleichbar mit solchen Konferenzen, auf welchen Fachleute eines Fach-
bereichs Erfahrungen austauschen und spezifische Probleme mehr im einzelnen
erortern. Das nachste Symposium, welches wahrscheinlich im Herbst 1975 stattfinden
wird, sollte mehr Gelegenheit dazu geben.

Diese Symposium-Berichte sollen eine weite Verbreitung finden, um CAMAC
auch solchen potentiellen Anwendern nahezubringen, welche nicht an dem Sym-
posium teilnehmen konnten.

Die Veroffentlichung dieser Berichte erlaubt es mir, noch einmal den Diensten
der Kommission der Europdischen Gemeinschaften, allen Autoren von Beitragen,
allen Diskussionsteilnehmern, den CAMAC Ausstellern sowie den Vertretern des
ESONE Komitees zu danken. Ihre Beitrdge zur Vorbereitung, Organisation und
zum Inhalt des Symposiums waren die Grundvoraussetzung fiir den erzielten Erfolg.

Besonderer Dank gilt auch denjenigen meiner ESONE Kollegen und den Bedien-
steten der Generaldirektion XIII der KEG, welche sich an der Vorbereitung dieser
Berichte beteiligten.

H. Meyer

PREAMBULE

Plus de 500 ingénieurs, scientifiques et représentants des laboratoires, de I'industrie
ainsi que du secteur médical, en provenance de 24 pays, ont participé au premier
Symposium International ,, CAMAC dans les Systemes Informatiques en Temps Réel
de Luxembourg (4 au 6 décembre 1973).

Le but principal des organisateurs était de faire connaitre par ce symposium des
nouvelles utilisations de CAMAC dans différents secteurs d’application. C’est dans:
cette perspective que des exposés introductifs avaient été inclus a l'intention des
participants non familiarisés avec I'idée CAMAC et les possibilités de CAMAC en
général.

D’autres exposés étaient consacrés a des secteurs d’activité spécialisés ou I'automa-
tisation apporte des possibilités de rationalisation tels que les laboratoires, I'industrie,
et les activités médicales. L’idée fondamentale était de démontrer que 1’utilisation de
CAMAC est actuellement effective, ou envisagée dans plusieurs domaines autres que
le secteur nucléaire, et peut étre prise en considération pour la solution des pro-
blémes posés. Le premier Symposium CAMAC fut, dans une certaine mesure, compa-
rable & une conférence ou des experts dans un domaine d’activité, échangent leur
expérience et ont la possibilité d’approfondir des problémes particuliers. Le prochain
Symposium CAMAC, qui pourrait se tenir en automne 1975, devrait procurer une
meilleure occasion de traiter de tels sujets.

Ces annales seront largement diffusées pour permettre I'introduction de CAMAC
aupres d’autres utilisateurs potentiels qui n’ont pas pu assister a ce Symposium.

Permettez-moi de saisir cette occasion pour remercier & nouveau, les Services
de la Commission des Communautés Européennes, tous les auteurs, tous ceux qui
participerent aux tables rondes, les exposants de matériels et systtmes CAMAC
ainsi que les représentants du Comité ESONE. Leur contribution a la préparation,
I’organisation, et aux conférences du Symposium ont procuré les conditions élémen-
taires d’un succes évident.

Une reconnaissance particuliere est due également a ceux de mes collégues du
Comité ESONE et a I’équipe de la Direction Générale XIII de la CCE qui ont
participé a la préparation de ces annales.

H. Meyer




WHAT IS CAMAC?

CAMAC is the designation of rules for the design and use of modular electronic
data-handling equipment. The rules offer a standard scheme for interfacing computers
to data transducers and actuators in on-line systems. The aim is to encourage common
practice and compatibility between products (both hardware and software) from
different sources and for uses in different application areas.

CAMAC was originally defined by the ESONE Committee, a multinational
inter-laboratory organisation of data-processing experts from nuclear institutes.
However, CAMAC is concerned with data-handling problems that are not specific
to nuclear research and is being applied already in many other fields.

Working groups of the ESONE Committee are considering further hardware
and software aspects of systems for measurement and control, and maintain close
liaison with similar working groups of the USAEC NIM Committee and also with
International Electrotechnical Commission.

CAMAC is a non-proprietary specification which can be adopted and used free of
charge by any organisation and without any form of permission, registration or licence
action.

MEASUREMEN

CONTROL COMPUTER—{PROGRAM
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WAS IST CAMAC?

CAMAC ist ein Vorschriftenwerk fiir den Entwurf und den Einsatz modularer
elektronischer Datenverarbeitungsgerdte. Seine Regeln ermoglichen die Anwendung
einer Standardschnittstelle fiir den Anschlu3 von Rechnern an Datenabgabeeinheiten
und Befehlsiibernahmeeinheiten in on-line Anlagen. Die Vorschriften sollen die
einheitliche Handhabung und die Kompatibilitit von Erzeugnissen (Hardware und
Software) verschiedenen Ursprungs und fiir verschiedene Einsatzbereiche fordern.

CAMAC ist ursprunglich vom ESONE Komitee, einem multinationalen Zusam-
menschluBB von E.D.V. Fachleuten aus Kernforschungsinstituten, definiert worden.
Die Anwendbarkeit von CAMAC beschriankt sich aber nicht auf DV-Probleme
welche fiir die Kernforschung spezifisch sind; CAMAC wird bereits in vielen anderen
Bereichen verwendet.

Arbeitsgruppen des ESONE Komitees untersuchen weitere Hardware- und
Software-Aspekte von Systemen mit Mess- und Steuerfunktionen. Sie halten dabei
engen Kontakt mit den zustidndigen Arbeitsgruppen des NIM-Komitees der USAEC
und auch mit der Internationalen Elektrotechnischen Kommission (IEC).

Die Anwendung der CAMAC Spezifikationen ist frei und setzt keine Lizenz oder
eine andersartige Erlaubnis voraus.

QU’EST-CE QUE CAMAC?

CAMAC désigne un ensemble de regles pour la conception et I'utilisation d’un
systéme électronique modulaire de traitement de I'information. 11 définit un modeéle
standard de connexion des calculateurs aux organes d’acquisition de données et aux
organes de commande dans les systémes en ligne. Son objectif est de promouvoir
I’utilisation de techniques communes et d’assurer la compatibilité entre des produits
(tant hardware que software) d’origines différentes et utilisables dans différents secteurs
d’activités.

CAMAC a été élaboré par le Comité ESONE, organisme multinational regroupant
des spécialistes en traitement de I'information appartenant a des instituts de recherche
nucléaire. Toutefois, son utilisation n’est pas limitée au secteur nucléaire, mais est
déja effective dans de nombreux autres domaines.

Des groupes de travail du Comité ESONE étudient des aspects complémentaires,
hardware et software, de systemes de mesure et de contrdle, en liaison étroite avec les
groupes correspondants du Comité NIM de P'USAEC ainsi qu’avec la Commission
Electrotechnique Internationale.

Les spécifications CAMAC ne sont pas brevetées; elles peuvent étre adoptées et
utilisées gratuitement par tout organisme sans aucune permission, enregistrement ou
licence.
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BEGRUSSUNGSANSPRACHE - WELCOME ADDRESS
DISCOURS DE BIENVENUE

J. Lannoy

Director, General Directorate Scientific and Technical Information and Information Management, CEC

Ladies and Gentlemen,

It is a pleasure for me to welcome you here in Luxembourg for the 1st International
Symposium on CAMAC in Real-Time Computer Applications.

The Commission of the European Communities has organized this symposium
in collaboration with the ESONE Committee.

The ESONE Committee is an inter-laboratory organisation of representatives
of European nuclear research centres.

Ten years ago, Dr. GIANNELLI, Head of Electronics at the research establish-
ment at Ispra, encouraged a movement towards compatibility and interchangeability
of electronic equipment in all the nuclear laboratories in the European Community.
The outcome was a definition, by the ESONE Committee of the “ European Standard
of Nuclear Electronics” in a EURATOM report, published in 1964.

Since 1964, other laboratories have joined the ESONE Committee. The enlarged
Committee has initiated the CAMAC specifications as you might know already,
first for applications within their own institutes to have useful methods for an im-
proved handling of measurement and control tasks by the automation of procedures.

Later on the idea was to encourage the spread of the proven methods into areas
other than nuclear research for the promotion of automation in scientific research
in general but also f.i. in industry and in public services.

This idea was well in agreement with the policies of the Community, including

its general policy in favour of dissemination of scientific and technical information
in Europe. The Community decided in 1971 to reinforce this general sector of activity
because of the ever growing dependence on the availability of a broad spectrum of
information well handled and adapted to reach the potential user.

For instance, industry relies on information to rationalize technologies and to
improve products for a better competition.

All public services depend on useful information as one preliminary condition
to improve their operations. Also the growing research activities in many different
areas rely especially on suitable methods of information handling and evaluation to
overcome the problem of rational information selection.

I believe that the availability of efficient documentation systems is of great
importance for the Commission in order to support the existence of a Common
Market for Information, especially by coordinating activities.

But one should not forget that personal contacts and exchange of experiences
as it will be possible during the following meeting can not be replaced completely
by other methods of information exchange.

For this first Symposium on CAMAC I wish you good success and I can assure
you that the Commission will be anxious to support also in future initiatives for
CAMAC promotion.







INTRODUCTORY REMARKS

B. Rispoli
Chairman of the ESONE Committee 1972/73

Ladies and Gentlemen,

As Chairman of the ESONE Committee, I have noted with pleasure the great
interest shown in this Symposium. I would like to thank very much first of all the
C.E.C. for organizing the Symposium in collaboration with our Committee.

Special mention and thanks should also be directed to the services of the Direc-
torate General Scientific and Technical Information and Information Management
for the local organization here in Luxembourg together with the Conference services
and particularly the General Directorate for Industry and Technology for their
generous financial support.

This total C.E.C. support has been an important stimulus for the ESONE Com-
mittee members who have been actively engaged in the preparation of this symposium
and for those who are to present papers.

Historial Review

By 1959 the NUTRA standard for transistorized equipment had been developed
by collaboration between thé Euratom laboratory at Ispra and the French labora-
tories at Saclay and Grenoble.

German standardisation work had proceeded independently, and in spring 1961
the “Deutsche Studiengruppe fiir Nukleare Elektronik” joined in discussions with
the NUTRA people.

In the United Kingdom there had been an independent development of the
Harwell 2000 Series standard, then mainly for electron tube equipment.

However, because electronic systems had been very rapidly developing in the
recent past years, following the tremendous developments of new electronic compo-
nents and materials, the work on standardization in a technological fascinating field
became very difficult and could not achieve any real success without collaboration
between people with similar interests, requiring the specification of a system for their
own work as well as for others.

In July 1961 there was a conference at Ispra, the ESONE Committee was founded,
and the first working text of the ESONE standard was defined. The Committee is an
association of representatives from institutes, mainly nuclear research centres financed
by governments. It was created to define common specifications of electronic equip-
ment needed for applications in these institutes. Common multinational specifications
were desirable because of the collaboration between institutes for performing joint
experiments and in order to stimulate manufacturers to offer equipment well adapted
to their needs and to promote the availability of inexpensive equipment by supporting
mass production of equipment often needed only in small quantities by a single
institute.

The founders of the Committee, i.e. nuclear laboratories from France, Italy,
Germany and the research centres of Euratom in Ispra, Italy and Geel, Belgium,
named these specifications “ESONE” - European Standard on Nuclear Electronics.

Discussions resulted not only in a well defined modular system, but also an
improvement in knowledge and experience for the participants.

In the meantime the USAEC NIM Committee generated the Nuclear Instrument
Module System which followed a similar philosophy to the ESONE and 2000 Series
standards. However the NIM standard received substantial support from industry,
and this adversely affected the growth in production of ESONE equipment.

But already around 1965 the growing needs for measurement and analysis of
data became enormous; also the first small computers for on-line uses were offered
and the institutes could not ignore, any longer, the availability of these computers.

In consequence the definition of CAMAC was started in Europe by the ESONE
Committee. For CAMAC, the modular concept was again applied but really a new
system philosophy had to be followed in order to interface many measurement
sources to a computer and to exert program control on-line.

The name “CAMAC” was originally not an abbreviation like “ESONE”. The
bidirectional readability of the word CAMAC symbolises the bidirectional flow of
data in CAMAC systems. Today the name is often explained by the expression
Computer Aided Measurement And Control. Mainly as a consequence of the close
collaboration with the NIM Committee in the USA, since 1968, CAMAC has
become a world-wide standard during the last few years. This collaboration during




which the NIM Committee largely influenced the.choice of certain key characteristics
of the CAMAC specifications led to the endorsement by the NIM Committee of
CAMAC specifications; EUR 4100 in February 1970 and EUR 4600 in November
1971.

The 1969 version of EUR 4100 was published in four languages, -English, French,
German and Italian. This involved much work, became to a certain extent translation
also means interpretation.

Since then the Committee has continued and increased its activities by extending
and refining specifications on hardware and putting effort into the consideration of
the software aspects of CAMAC, as will be explained during the following sessions.

ESONE Organisation

Intense activity by member organisations of the ESONE Committee had been
essential in the early stages of formulating CAMAC. By 1968 the number of members
had increased and it was essential to have a Committee structure which would ensure
the continuity of CAMAC and at the same time have the minimum amount of rules
and regulations. The resulting structure and activities are shown in Fig. 1. The
primary aims are to formulate, recommend and promulgate practices in areas where

ESONE ORGANIZATION AND CAMAC ACTIVITIES
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international standards do not exist, for application in the design and operation of
electronic equipment with a view to encouraging interchangeability and therefore
common use of equipment and practices. Collaboration with formal International
Standardisation Organisations is a keynote of the Committee’s policy. The work
programme of the Committee is carried out by Working Groups that receive guidance
and report back to the full ESONE Committee. The Executive Group is responsible
to the Committee for the management of ESONE interests.

Extension of CAMAC Application Areas

The Information Working Group, mentioned on the figure, is the most recent
activity of the ESONE Committee.

Gradually over the last few years the ESONE and NIM laboratories have become
aware of the universal applicability of their CAMAC specifications and consider
that a wider application of CAMAC could promote technological progress in many
areas and also utilize the enormous financial investment made during the CAMAC
development by national governments. But the introduction of CAMAC into new
fields was another type of multinational activity far beyond the scope of most labora-
tories and even the ESONE Committee as a free association of laboratory representa-
tives with no official status. Support was therefore sought from CEC as an official
multinational body. First of all it appeared necessary to disseminate as much infor-
mation on CAMAC as possible not only to the growing number of CAMAC users
but also to potential users. The outcome was the publication of the CAMAC Bulletin
in early 1971 by the ESONE Committee in collaboration with, and financially
supported by, the CEC.

5000 copies per issue are distributed at the moment, and copies of Issue No. 8
are available at this Symposium.

One year ago the Commission of the European Communities agreed to support
the promotion of CAMAC in a second way: by organising meetings with potential
users and the first attempt has resulted in this Symposium. The idea is to allow,
after a general consideration of the characteristics of CAMAC, some deeper under-
standing of its potential by a description of applications in fields familiar to the
participants of the Symposium. I sincerely wish you to enjoy this Symposium and
hope that, in consequence, there will be an increase of CAMAC applications and
users.







THE PROMOTION OF AUTOMATION IN INDUSTRY,

RESEARCH AND TECHNOLOGY BY THE COMMISSION OF
THE EUROPEAN COMMUNITIES

C. Layton

Director, General Directorate for Industry and Technology, CEC

My first task is to pass on to you the personal good wishes of Commissioner
Spinelli for the success of this congress. As Commissioner responsible for industrial
and technological affairs and the initiator, last year, of the Community’s first proposals
for a common science and technology policy, now the responsibility of R. Dahren-
dorf, A. Spinelli takes a great interest in the work of your congress, and wishes
it success. R. Dahrendorf the Commissioner responsible for science, education and
research, and also of the Directorate General Scientific and Technical Information
and Information Management, which has organised this congress, also, I know, wishes
you well in the very practical work you have to undertake this week.

The congress takes place in a climate, in European affairs, which has considerably
evolved in the last two years. A year ago, the summit conference spelt out a major
new series of goals for the Community — the development, in particular, of common
policies for industry, science and technology.

During the past year, the Commission has followed up that mandate by making
a series of specific proposals in these fields. In May, we sent to the council an outline
for a programme of action on industrial and technological policy. In August, the
action programme for science and technology policy was put forward, if implemented,
it means the setting up of permanent machinery to coordinate national policies and
develop common actions. Two weeks ago, the Commission put forward first proposals
for a pooling of resources in the field of data-processing. These cover joint work
on applications, coordination of policy in the field of standards, and procurement,
and a real effort to strenghten the European based industry by collaboration between
the major companies.

The work of this congress and the effort made by a small group of people to spread
the CAMAC gospel in recent years fit in closely with our aims in data processing and
wider industrial policy. A central Community objective is to ensure that the full
potential of modern data processing capabilities is applied to users needs in the
Community.

A second objective is to make markets for equipment as open and transparent
as possible through standardisation. A third related aim is to give manufactures the
possibility of achieving higher productivity through economies of scale.

All these general aims will be served indirectly by your congress. The CAMAC
club has been a spontaneous creation by users, arising from the needs of scientific
laboratories for a standard modular system for instrumentation and process control.
In their case, it has already demonstrated that it can bring important operating
economies and enable manufactures to provide economical equipment. The Com-
munity has supported this work in the past through the publication of the CAMAC
Bulletin and the modest but essential support provided by the Joint Research Centre
we have given this support not least because in the development of a standard, or in
international collaboration generally, it makes much more sense to support an
activity for which users have clearly indentified a need and competent and able
people are already at work, than to try to promote blue-prints from outside.

This is valuable too however that—the CAMAC system—now seems to have
reached a critical phase in its development, characteristic of many innovations.
CAMAC systems clearly have relevance to a growing range of applications, as the
papers on medical applications show. Nor should the wider industrial potential of
CAMAC systems be ignored.

Inevitably, however, users ask many questions before they embark on the applica-
tion of a new modular standard, and though it is possible to demonstrate the potential
economic benefits of applying CAMAC systems, new users often prefer others to do
the demonstrating. The user carries extra costs of adaptation if he is a pioneer.
Or he may simply be unaware of the potentialities of the system.

Meanwhile, the potential manufacturers of CAMAC equipment may be reluctant
to embark on new applications until they see that the standard is likely to be widely
adopted.

The essence of the industrial innovation process is of course that innovators
perceive future markets needs, develop products to meet them and persuade the
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potential users to buy. But when the innovation consists of a standard whose use is
spreading gradually, there is a more complex interaction between the spread of
utilisation and the possibilities for innovating manufacturers to develop the sale and
output of equipment.

In the Commission’s view, the spread of the CAMAC standard to new fields
could, potentially, raise productivity in a number of fields of application, and at the
same time provide a more open and transparent market. The aim of this congress
is to encourage this spread: by acquainting new possible users with the potential
of the CAMAC system, by confirming this from past experience, and by examining
ways in which it can be applied in new fields, by showing manufacturers potential
areas in which they may usefully develop new products, by enabling manufacturers
and users to examine all these possibilities together.

We hope that as a result of this congress it may be possible to see what further
steps need to be taken to bring users of CAMAC systems together and support the
further spread of its applications.

The essential work has to be done by you, but the Commission is a benevolent
friend.
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THE FUNDAMENTAL PRINCIPLES OF CAMAC

H. Bisby
Electronics and Applied Physics Division, Harwell Laboratory,
Harwell, United Kingdom

ABSTRACT

Some aspects are reviewed of the methods of interconnecting a computer with the
physical world of transducers, actuators and other peripherals. The CAMAC inter-
face standard is a solution to the problems that arise and its design principles are
examined.

ZUSAMMENFASSUNG

Es wird eine Ubersicht iber einige der Gesichtspunkte gegeben, die bei der Zusam-
menschaltung eines Computers mit seiner realen Umwelt von Messwerterfassungs-
gerdten, Wirkungsgliedern und anderen Peripherieger&ten zu beachten sind. Die
im CAMAC-System standardisierte Schnittstelle ist eine Ldsung fiir die dabei auf-
tretenden Probleme. Ihre Konstruktionsprinzipien werden aufgezeigt und erldutert.

RESUME

Apres un examen de quelques aspects des méthodes d'interconnexion entre un ordi-
nateur et les éléments tels que organes d'acquisition et de commande et autres pé-
riphériques, on montrera que les normes CAMAC constituent une solution aux pro-
blemes qui se présentent dans ces cas. On en examinera les principes de conception.




1. Introduction

1.1

The use of small dedicated computers in
on-line dats processing systems for auto-
metion of analytical instruments, for the
control of industrial plant, for data
acquisition in the medical context or
elsewhere, encounters problems that are
similar and associgted with interfacing
the physical world outside and computer
to the computer itself such that the
desired interaction between the two is
obtained.

The external worla,‘Fig. 1, comprises a
varied range of 'peripheral devices' that
includes transducers for measurement pur-
poses, actuators for control purposes,
and devices f'or communication between the
humen operator and the system, or between
systems. The internal world of the com-

puter conteins a digital processor, a

store, input/output facilities and a pro-
gram that may be required to react to
stimulii from the external world. The
nature of the interface can exert consid-
erable influence on the extent to which
the potential of both worlds can be real-
ised in an integrated real-iime system.

2. Interfacing Strategies

2.1

In many real-time, on-line applications,
computer interfacing is concerned with
connecting peripheral devices to the
input/output facilities of the computer.

These flacilities may be classified into

the two types of 'programmed I/0' or
'direct store access'.

Whichever type is used, the computer
requires an adaptor to connect it phys-
ically, electrically and operationally to
the peripheral. This adaptor may be a
combination of hardware and software and
the hardware will have an interface to
the computer and an interflace to the

peripheral. One of the following solu-

2.2.1
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tions to this interfacing problem may be
chosen: -

A Standard Option

The computer company may have and offer
with the computer its own proprietary
'standard option' whose external inter-
face will suit the peripheral. For
example, a 'standard option' could pro-
vide a parallel, digital, input or
output transfer facility that employs
standard TTL signal conventions at the
external interface.

A Special Option

The computer supplier, or the user in
some cases, may provide adaptor hard-
ware equipment having one interfece to
the computer's I/0 channel and the
other interface to the appropriate
external peripheral, Fig. 2. The
adaptor has to follow the electrical
and organisational conventions set by
the computer manufacturer and will
often be built from hardware similar to
that of the computer itself. The
adaptor hardware connected to the

programmed I/0 bus typically includes
gates and registers to control the data
transfer and, additionally, means by
which the peripheral recognises when it
is addressed, means for accepting inst-
ructions to enable and disable
interrupts and means to test the
readiness and other status aspects of
the peripheral. As with the manu-
facturer's standard option, the special
option adaptor may be shared between a
nunber of peripherals. For example, a
typical adaptor for a number of
magnetic-tape devices may include
various control and status registers
appropriate to the devices with inst-
ructions to load, read and test them.
In the general case, where 'p'
different peripherals each with dif-
ferent proprietary interface conditions
are to be connected in various systems
to 'c' different computers each again
with their own proprietary interface
conditions, the special option approach
of making an adaptor from each per-
ipheral to each computer requires

(p x ¢) different adaptors. Each new
peripheral requires 'c' new adaptors;
each new computer requires 'p' new
adaptors.

An Independent Standard Interface

An alternative method is to introduce
an intermediate independent interface
standard (Figs. 3, 4 and 5) so that now
only 'p' peripherel-standard adaptors
and 'c' standard-computer adaptors are
needed, i.e. (p + ¢) in all. For each
new computer and each new periphersl
the addition of only one new adaptor is
required. The intermediate independent
standard may be designed for a 'one-to-
one' connection(l , as in PMig. 3. Each
peripheral device is associlated with
two simple adaptors linked through the
independent standard; the adaptors
could be physically part of the per-
iphersl, on the one hand, and part of
the computer on the other, but not
necessarily so. The indepen%e t
standard, CAMAC, is designed 2? as a
multiplexing interface for many-to-one
connections (Fig. 4) so that although
each peripheral has an associlated
adaptor or 'module', the standard also
links these to a common computer/
adaptor or 'controller'.

In broad terms and ignoring other
differences between these two particular
interface standards, the one-to-one
stendard has an advantage wherc only a
few peripherals are involved and each is
connected invidiually to the computer,
while the many-to-one interface is more
attractive for systems having many
peripherals. The two can complement each
other in situations where some of the
peripherals are fitted with one-to-one
adaptors and the rest are interfaced
directly via CAMAC.

The many-to-one type of interface could
employ either a continuous highwey (as
in Fig. &) having tee-connections to the
peripheral adaptors or a chain highway




(Fig. 5) in which the computer adaptor is
linked to the first peripheral adaptor,
and this in turn is linked to the next
adaptor, and so on. The physical arrange
-ment of peripherals may dictate the
nature of either highway. If the per-
ipherals are close to the computer, the
highway could use a multi-wire bus for
parallel-bit transmission. If they are
more scattered, there may be a case for
constructing a number of nodes, each
serving a group of peripherals, with a
common connection back to the computer.
Other important considerations arise if

the peripherals are not with the computer

in the same suite of cabinets (or same
room) but are distributed throughout a
large building, factory or process plant,
or even more remotely. In these situ-
ations line-transmission problems and
cable-cost considerations could dictate
that continuous and chain highways are
different. For example, the continuous
highway could be for bit-parallel, word-
serial transmission on a multi-wire
highway compared with bit-serial byte-
serial on a 2-wire chain highway.
Clearly, such different interface
standards should have data transfer
structures that are compatible in order
to achieve both equipment and program-
ming benefits.

Fundamental Design Principles

3.1 The initial concept of CAMAC was based on

certain design principles and these have
enabled the CAMAC standard to develop
over the years, so that it embraces the
best of the interfacing methods.

3.2 These design principles are:=-

3.2.1 Peripheral and Computer Independence

The structure, organisation and

management of the data transfer methods

had to be computer and device indepen-
dent because of the nature of the
multi-national forum in which the need

for CAMAC arose. A standard biassed to

the proprietary methods of any one
computer would have been totally
unacceptable not only for nationality
reasons but because no one camputer

family could be expected to be adequate

for all the possible applications even
in nuclear laboratories. Although
many specific applications of CAMAC
were clear in the nuclear field, even
here the diversity of transducers/
actuators was sufficient to warrant a
standard that would not be restricted
in its field of application by being
device dependent.

Anticipation of Developing
Technologies

As early as 1964 when the need for
CAMAC was clear and components using
smell-scale integration were just
becoming commercially available, there
was some doubt as to when large-scale
integrated circuit technology would
become available. Nevertheless since
CAMAC was being designed for major

usage in the 1970 decade, it had to
anticipate at least the possibility of
medium-scale integration and computers
having 24-bit word-lengths.

Modular Adaptors for Flexibility

To maximise the user advantages of
flexibility in system design, in system
configuration and size and of the cost
economies arising from commonl{ ?vail—
able data processing functions 3 , the
standard had to employ adaptors that
were modular in physical format.
Thereby a 'library' of modular units,
each having specific data processing
functions or peripheral tasks could be
available with which to build up a
systems interface for application in
many fields. The physical format had
also to take into account the low cost
considerations of integrated circuits
and printed wiring technologies.

Meny=-to-One Multiplexing

It was recognised that by the 1970s the
small dedicated computer would become
predominant in data acquisition and
control situations which employ many
sources/receivers of data. Because
these systems would require many per-
ipheral adaptors in comparison to the
fewer computer adaptors, a basic
principle was to design CAMAC such that
the peripheral adaptors should be
simple and inexpensive so that any
complexity involved in many=-to-one
multiplexing, such as addressing
decoding, transfer-cycle timing,
system—error checking etc., should be
concentrated in the computer adaptors.

Efficient Demand Handling

On-line, real-time systems are such
that the computer program must be
interrupted when a real=-time demand
occurs in that part of the system
external to the computer. This demand
may be for either a service routine or
for the facilities provided for direct
store access. Rapid and efficient
demand handling is therefore a funda-
mental requirement of a system and the
interface arrangements must not impose
serious delays in identifying the
source of a demand.

'Downwards' Compatibility

Over the years it was expected that the
CAMAC Standard would be extended to
cover additional features and
requirements. To safeguard therefore
against rapid obsolescence of equipment,
the principle was established that the
mandatory parts of the CAMAC specific-
ations should apply to only those
features which were essential for
interchangeability and compatibility
and so reduce the risk that, after
publication of the first specification,
(EUR 4100) any additional specific-
ations for more complex requirements
would not render incompatible existing
equipment that complied with EUR 4100.




This principle also allowed the
specifications to leave plenty of
opportunity for many imaginative
implementations to make the impact
which they deserve, not only on the
facilities available in CAMAC, but also
on their commerciel prospects.

General Comment

The design principles of CAMAC have made
possible a unique and non-proprietary
method of interfacing the computer with
the physical world external to the com=-
puter in such a way that flexible .and
econonical systems for date transfer can
be achieved in measurement and control.

The presentations which follow in this
Symposium will expand on why and how by
describing CAMAC, its implementations and
a selection of the many and varied
existing applications.

A stendard that has interchangeability
compatibility as its primary aims must
rigidly implemented in all its applic-
ations if' the full benefits of use are

INTERFACE

MEASUREMENT
TRANSDUCERS

CONTROL INPUT CENTRAL
ACTIVATORS| OUTPUT PROCESSOR

PROGRAM
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Figure 1. Generalised System Schematic.

be realised. This can impose restrictions
on the methods of implementation that may
render it unsuiteble for certain areas of
application or, at most, of no outstending
technical or economic merit over other
methods available. In what follows there-
fore I am confident that my colleagues
will be clear to point out not only those
areas where CAMAC can be used to advantage
but also where its very nature may impose
restrictions.
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DISCUSSION
Q - R. L'Archeveque

It would appear that a combination of figs.
2 and 4 in your paper would give a more
realistic representation of a practical sysem
since generally, a number of peripheral
units are available already interfaced to
the computer bus by the manufacturer. This
is particularly true when a number of DMA
channels are needed. In such cases, the
use of CAMAC or any intermediate stand-
ard leads to a dual bus system.

Would you care to comment on the desira-
bility (advantages/disadvantages) of the
single bus system illustrated in your fig.4
as opposed to the dual bus situation from
an overall system concept point of view.

A - H. Bisby

Yes, I would agree with your first comment.
It is very simple when one is starting to
build up a new system to decide on
accepting either the solution of Figure 2
or that of Figure 4. If you already have
employed the solution of Figure 2 and
wish to expand its capability using CAMAC,
one nevertheless has a dual-bus situation.
On your second comment, the solution of
Figure 4 is the CAMAC solution and one
of its major advantages is, that the system
user is isolated from or made independent
of the computer manufacturer or supplier
in many ways. Also attendent with this
solution is the whole range of predomi-
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Figure 5. Interfacing through
an Intermediate Meny=-to-One Standard
having Chain Corriections.

nantly CAMAC advantages, e.g. multi-
sources of supply, wide choice of products,
system open-endedness etc. etc.

Q - G. Weijers

Can the panel give an indication of the
problems associated with the use of
standard CAMAC equipment in an avionics
environment (low power available 500 W,
low cooling capacity)?

Is it feasible to modify the actual design
to make CAMAC modules applicable in
future spaceprograms.

A - H. Bisby

There already exists an airborne single-
crate CAMAC system that was described
in CAMAC Bulletin No. 6 ("An Airborne
Y-scintillometer', E.M. Christiansen and
P. Skaarup) which demonstrates that
CAMAC equipment can be installed in
aircraft provided the crate is suitably
mounted against vibration etc. Furthermore,
a single CAMAC crate can contain modues/
controllers dissipating up to 200 watts and
this allows a very large system to be used.
If you are suggesting that the CAMAC
standard should be changed to satisfy the
avionics environment, I do not think this
would be useful but I see no reason why

a series of CAMAC, low-powered, COSMOS
modules should not be developed for
avionics and for installation in space
vehicles.







CAMAC HARDWARE

F. Iselin
CERN, Geneve, Switzerland

ABSTRACT

The basic elements and features of CAMAC are described: modules, dataway,
erale, etecl

ZUSAMMENFASSUNG

Der grundsitzliche Aufbau und die Eigenschaften von CAMAC Ger&4ten werden
beschrieben (Module, Datenweg, Uberrahmen, usw.).

RESUME

Description des éléments de base et des principales caractéristiques de CAMAC:
modules, interconnexion, chédssis, etc.




ABSTRACT :

This paper will describe CAMAC in a
very simple and introductory way to help
newcomers to get a first idea of the sys-
tem. The basic reference is EUR 4100e
reviged 1972 "CAMAC a modular data handl-
ing system"l).

The first major advantage of CAMAC is
to provide users with standard instru-
ments (or modules) which may be inserted
into a Crate and interconnected in this
crate via a so=-called Dataway. Many
further advantages come out of this stan-
dardization such as commercial availabi-
lity, easy communication between labora-
tories through their designers of hard-
ware and software.

1. Standard CAMAC instruments (or modules)

Fig. 1 shows a '"one unit width"

module without side cover. All dimensions
for compatibility are mandatory. The
main feature is the fact that all signals
entering or leaving the module (at the
rear connector) are precisely defined in
4100e, making the module compatible with
other modules also inserted in the crate.

The module (= instrument!) compatibi-
lity - mechanically and logically - is
the basic feature of CAMAC. It is realiz-
ed by the Dataway which links the modules
together in the crate in a standard way.
The Dataway consists of standard inter-
connections, mainly bus lines for Address,
Data, various controls and two individual
lines per plug-in station (Module Address
+ Call Facility L). The most important
signals used in the Dataway are indicated
in Fig. 1 which otherwise is self=-expla-
natory. Note the extreme compactness of
the module (width 17.2 mm) and the good
fit to integrated circuits. Wider modules
are simply multiples of the single width
module shown.

The front panel makes the required
connection to the external equipment:
motors, counters, display, etc. (In the
module of Fige. 1, counts may be received
into 4 parallel scalers of 16 bits at
rates above 30 MHz/sec.). Users - or
their computer! must generate the necessa-
ry commands in view of producing the
required action. A Command defines where
to execute and what: "Where" is the
address C (crate) N (module) A (subaddress)
"What" is the Function F to be executed.
The data (if any) related to the command
is transferred on the - separate - Read/
Write lines from or to the computer.

The very important and individual L
signal (one per basic module width) allows
a module to call the computer for atten-
tion, for ex. in case of overflow, alarm
synchronigation etc. A proper 'conversa-
tion" may therefore exist between the com=-
puter and the modules, using the L signals
in conjunction with the interrupt system
of the computer.

2. Standard CAMAC crate (chassis)

Fig. 2 shows modules from various manu-
facturers, inserted into the CAMAC crate.
The crate has 25 slots or stations of which
the 2 rightmost stations (at least) are
reserved for a '"crate controller" (CC).
This CC may be type CC-Al as defined in
document (EUR 4600 CAMAC Organisation of
Multicrate Systems) in view of providing
higher compatibility level (in the control)
or it can be a "dedicated CC". The dedicat-
ed CC is so designed as to best fit the
characterigtics of a given computer. It
finds increasing applications.

In Fig. 2 only a few modules are ingert-
ed to allow a view on the internal Dataway
(standard connectors + standard wiring).

As an example a Crate Controller A (with no
cover) is inserted (Stations 24 and 25).

The Crate Controller has access to the
Dataway and to the external world (other
crates, computer).

The preceding and following paper treat
the various possibilities of connecting
crates to the computer (Branch highway with
CCA, dedicated CC, serial highway, radial
highway). Note the great efficiency and
compactness of electronics in one crate (up
to 23 users' modules). The power supply is
mounted - in this example = on the rear of
the CAMAC crate itself.

3. Typical features of CAMAC

Data, or various control information,
may flow from or to the central con-
troller (generally a computer, or any
other controller).

Commands may initiate all sorts of

actions required by the installation.
(Read, Write, enable, start, measure,
move, print, display, record, etc..).

The speed is up to one million "words'"/
sec. of up to 24 bits/word.

The flexibility of CAMAC allows the
construction of complex systems, imme-
diately or progressively. Operations
may be very fast, interlaced, some-
times autonomous, and may control
concurrently a very large number of
receivers/transmitters of data and
execute multiple control operations.

The total cost of a typical opera-
tional system with one crate and one
minicomputer, including some 20
"medium cost" modules and the crate
controller, is of the order of magni-
tude of a designer's salary for one
year.

These few parameters - or features -
should help in defining the field in which
CAMAC can be applied such as typically
where computers are organizing complex data
transfers and multiple control, often




simultaneously with calculations, data Obtainable from "Office for official
filtering and recording. Fig. 3 gives a publications of the European Communi-
partial view of the CAMAC equipment in a ties", case postale 1003, Luxembourg 1
large experiment at CERNZ), or as TID 25876 report in USA from
Louis Cogtrell, National Bureau of
Standards, Washington, D.C. 20234.

See Laboratory Automation Session IIT,
paper "A gelf checking system...".
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DISCUSSION

Q - R. L'Archeveque

1) Is the back-mounted crate power supply
a necessary standard of CAMAC as opposed
to a large remote power supply distributing
power to regulators in many crates?

2) Does the back-mounted approach lead to
efficient use of the power supply in practice,
considering that often the loading on each
crate is dictated by the front panel space
needed more than the logic capacity of

the dataway?

A - F. Iselin

1) Common block power supplies at the
bottom of crates are no doubt a good
solution and the preference - by users -
is probably due to a certain need for
independence.

The aim to have NIM and CAMAC systems
(or others) powered by identical power
supplies may again raise interest in a
common power supply at the bottom of

the rack.

2) The front panel space situation is not
really in coptradiction with the indiwidual
rear power supply of corresponding size.
In fact it seems that the 300 W power
supply now to be used for example in
CERN (for example with + 6 V at 30A
max.) will represent quite an efficient use
of the volume available. I guess this is
approximately true for other power supples
too.

Q - N. Des Ordons

Pouvez-vous justifier le choix du format
des données (mot de 24 bits) du "Data-
way'" CAMAC?

A - F. Iselin

The choice of 24 bits was mainly due to
an influence from our US colleagues in
the very early stage of CAMAC design.
ESONE had planned 16 bits but asked for
comments - in a very informal way -
from our various NIM colleagues. Since
the subject was not particularly hot at
that moment there was no real discussion
about going over to 24 bits since this
would anyway cover the 16 bit solution.

Q - J. Waidelich

My question concerns fault recognition
within a CAMAC module or a crate. Are
there any options in CAMAC modules so
that a hardware failure within the module
can be recognized, for example by some
additional redundant hardware?

What possibilities exist, so that a CAMAC
system can be checked on line (that means
with the process running)?

A - F, Iselin

Troubleshooting is not specific to CAMAC
but applies to all large and complex systems,
This problem is not yet entirely solved
but is under study and is being improved.
One critical point seems to be at the
"junction'" hardware - software, where

it is not always clear in which group the
error is. The software should as much

as possible have provision for checking
the overall system or any other checking
facility. Because it is often not the case
hardware/software people must be on the
spot to provide some support.

It may consist of giving special commands
via special subroutines. Often the computer
is disconnected and replaced by a special
hardware driver to simulate programs
that are otherwise too bulky - by a simple
group of instructions produced by an
easily loaded memory (for example by a
card written with pencil).

Other hardware feature are used such as
a special '"block transfer module'" to
simulate responses to software, also
Branch test boxes have been produced.

A difficulty is the individual N address

to modules and here maybe a special
CAMACGC function ("Test N'') could help
testing the various N's,

A standard feature of all CAMAC modules,
specified in EUR 4100 (1972), is that they
generate a Dataway signal, X = 1, to
indicate that they are able to carry out
each command. Some hardware and soft-
ware failures are thus indicated by X = 0,




CAMAC SYSTEM CONFIGURATIONS
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ABSTRACT

The CAMAC instrumentation system is defined by a precise set of rules in order to
facilitate modularity and compatibility. Much freedom is left to allow system design-
ers to arrange CAMAC systems in many configurations in order to accommodate a
wide range of different applications and complexity. Typical examples of basic
configurations are reviewed.

ZUSAMMENFASSUNG

Das CAMAC-Instrumentierungssystem ist durch genaue Regeln spezifiziert, die einen
modularen Aufbau und die Kompatibilitit von Ger&ten ermd&glichen. Ftr den System-
entwickler besteht dennoch weitgehend Bewegungsfreiheit, die unterschiedlichsten
Systemkonfigurationen mit der CAMAC-Instrumentierung zu verwirklichen, um die
Anforderungen bei den verschiedensten Anwendungen mit unterschiedlicher System-
komplexitdt zu erfiillen. Typische Beispiele von grundlegenden Konfigurationen wer-
den beschrieben.

RESUME

Le systeme d'instrumentation CAMAC est déterminé par un ensemble de regles pré-
cises, en vue de faciliter la modularité et la compatibilité. Ce systéme CAMAC lais-
se une grande liberté d'utilisation aux concepteurs de systéme pour l'adapter 2 une
large gamme d'applications de compléxités différentes. Des exemples caractéristi-
ques des configurations fondamentales sont passés en revue.




1. INTRODUCTION
Basically, the CAMAC instrumentation
system is specified in terms of three
different ports. These are (Tab. 1):

(1) The Dataway port, specified in
EUR 4100e (1972) [1], which provides
data communication between CAMAC mo-
dules and a crate controller, within
each CAMAC crate.

(2) The Branch Highway port, specified
in EUR 4600e (1972) [2], which may be
used for standard interconnection of
several CAMAC crates to a computer,
with bit-parallel transfer of data

via a limited distance.

(3) The Serial Highway port, defined
in a preliminary ESONE/NIM Descrip-
tion EDWG 25/73/NDWG 73-10 [3], which
complements the parallel Branch in
applications where simple interconnec-
tions of many crates to a computer
with bit- or byte-serial transfer of
data are particular important, or whe-
re long distance is involved [4].

All these ports are defined by a pre-
cise set of rules in order to facili-
tate modularity and compatibility of
CAMAC instrumentation. However, a
high degree of freedom is left to the
system designer so that CAMAC systems
can be arranged in many configurations
to accommodate a wide range of diffe-
rent applications and complexity.

As shown in Tab. 2, there are at least
three very general areas of applica-
tions where CAMAC instrumentation is
used:

(1) Data acquisition and process con-
trol in on-line instrumentation where
CAMAC provides the means for communi-
cation between transducers or actua-
tors and a computer. Originally, the
CAMAC system was intended primarily
for this application area to provide
a standard method for interfacing all
the exotic process devices which may
be required.

(2) If CAMAC is used for process in-
strumentation, it is an attractive
consequence to interface also stan-
dard computer peripherals to the com-
puter via CAMAC modules, as an alter-
native to the traditional approach of
dedicated interfaces linked directly
to the I/0 channel with special-pur-
pose software for support of each de-
vice. This allows to select peripherals
like alphanumeric and graphic displays,
keyboards, paper-tape and magnetic-
tape units etc. from a wide market,
considering performance and cost. In
addition, these developments may easi-
ly be transferred to or duplicated at
another computer [5].

(3) Finally, it is obvious to extend
the power of a small computer by coup-
ling it to a larger processor. This
concept of linking satellite compu-
ters to central computing facilities
becomes more and more attractive, as
the transfer of data by means of a
data link can be handled much more
effectively in terms of time and cost

than by means of magnetic tapes or
other data carriers. Again, CAMAC in-
strumentation is used for module-to-
module data transfers via private li-
nes

- in high speed data links if real
time feedback of experimental or
instrumental parameters is required,

or in low speed data links, if only
the facilities of a remote large
central computing system is needed.

Besides application, system configura-
tions are determined also by many other
factors like the required performance
or task, the size of the system, the
distance and noise of the transmission
lines involved and the rate of data
transfers. The CAMAC specifications

are written deliberately that almost
any of these requirements or conditions
can be accommodated. To illustrate this
some typical examples will be given of
how CAMAC systems can be arranged.

2. DATAWAY-PROGRAMMED CONTROLLER
SYSTEMS

A very simple single crate system with
no computer involved is shown in fig.
1. Its major task is to transfer the
data of a set of user modules to a per-
manent record. Data-logging systems
are a typical example. The controller
generates pairs of commands - one com-
mand to read data from a module to a
register in the controller and another
to send this datum to a peripheral in-
terface module driving a teletype-
writer, a paper tape punch or a magne-
tic tape recorder.

Sucha simple controller can automati-
cally scan and transfer data to or
from an array of modules by using a
special feature of CAMAC called "Add-
ress Scan Mode". In this mode each
module generates a QO = 1 response
signal during a read or write opera-
tion at all sub-addresses at which da-
ta registers are present, out genera-
tes a Q = O response at the first un-
occupied sub-address. The controller
then acts accordingly to access the
next data register: When Q = 1, the
sub-address is incremented and again

a read or write operation is perfor-
med. When Q = O, the sub-address is
set to A(O) and the station number

is incremented. This allows to detect
unoccupied stations within an array or
that the scan has passed the last data
register in a module, at the expense
of just an unsuccessful transfer ope-

ration. And the block transfer is ter=::-

minated by the controller when a spe-
cified word count has been reached.

A system as shown in fig. 1 may employ
a controller which has the capability
to read all commands to be performed

in sequence which can be a fixed or a
programmable read only memory. Al-
though the program is of rather limi-
ted size (e.g. 256 or up to 1 K words),
it may contain statements to perform
CAMAC operations in any sequence and to
any module, including branching on Q-




response or jump to a subroutine.
The start of the programmed sequence
may be initiated by an external trig-
ger event to the controller or by a
Look-at-Me-signal from a user module.
The program may stop in a wait-condi-
tion and continue upon another trigger
signal. In order to operate character-
oriented peripheral devices Binary-
to-BDC conversion is performed either
by means of the controller hardware
or by an optional plug-in module.

Such a small stored-program system can
be considered and is used as a low-
cost remote terminal: Data can easily
be transferred to or from a computer
instead of to a peripheral device

(see fig. 2). For this purpose a simp-
le, serial, asynchronous data link via
a Teletype I/O-module may be suffi-
cient. Then, the computer can trigger
the program sequence in the remote
autonomous subsystem which runs at
full CAMAC cycle time of about lus/
transfer, allows independent front

end recording or monitoring of data
and causes only few program inter-
rupts to the computer [7, 8, 9].

3. DATAWAY-COMPUTER SYSTEMS

A standard method of connecting a
CAMAC crate to a computer is by means
of a special "computer-dedicated"
crate controller linked directly to
the I/0 bus as shown in fig. 3. The
crate controller serves as a CAMAC-
computer interface and appears as one
or more standard peripheral devices
to the computer. The most common re-
gquirement is to have programmed I/O
data transfer in which each CAMAC
operation is under control of the com-
puter program, that specifies the
CAMAC address, the direction of data
flow and the operation to take place.
In 8 write operation, for example,
write data are transferred to the
data register of the controller, then
the CAMAC command is loaded into the
command register and the Dataway ope-
ration executed. In order to use only
single word instructions for data
transfers (as well as for dataless
functions like Test, Enable or Execute
some designs are based on the princip-
le of transparent operation whereby
each module address and sub-address
in a CAMAC Crate corresponds to a
peripheral address of the computer.
With 5 bit for the station number and
4 bit for the sub-address, in this
case each crate requires 512 periphe-
ral addresses.

This configuration of direct inter-
facing a CAMAC crate to the Input/Out-
put channel of the computer is most
economic for small and simple instru-
mentation systems, with preferably a
simple crate only, and if future ex-
pansion of the system is not encoun-
tered. If several crates are required,
it is possible to have a radial con-
figuration with a dedicated crate con-
troller for each crate adapted to the
channel structure of the specific com-
puter used. This may turn out to be

less economical

- if another type of computer is used
for the same system,
or if more complex system require-
ments, for example, direct memory
access or address scan facility,
necessitates other, more powerful
types of dedicated controllers for
the same computer.

In addition, there are often limita-
tions due to the number of peripheral
addresses available and due to the
physical length of the computer I/O
bus [6]. '

4. BRANCH HIGHWAY - COMPUTER SYSTEMS
Another, more powerful and well-known
basic configuration, shown in fig. 4,
makes use of the CAMAC Branch Highway,
a bidirectional data bus for informa-
tion transfer of up to 24 bit in para-
llel. Up to 7 CAMAC crates may be lin-
ked to the Branch Highway which is de-
fined - like the Dataway-independent
of the type of computer used. Thus,

in each crate a standard crate con-
troller designated Type A-1 (CCA-1) is
used, which is available from many
manufacturers. Thereby, this approach
has often proved to be an economic so-
lution even for small systems, espe-
cially if the inherent capability for
easy expansion to larger and/or more
complex systems is taken into account.
The Branch Highway, being an intercon-
nection for multicrate systems, is de-
fined as a port for cable link with

66 twisted pairs of wires and may be
used directly if the physical length
does not exceed about 50 m.

The Branch Highway conveys in princip-
le the same signals as the Dataway.
However, the time sequence of a Branch
operation is controlled by a handshake
mechanism similar to a dialogue. That
is, a data transfer between the Branch
Controller (at the computer end) and
the crate controller involves several
phases, and each controller starts the
next phase of the transfer only, after
having received an acknowledge from
its partner that the preceeding phase
has been terminated. This handshake
mechanism accommodates automatically
any signal delays and therefore any
length of the Branch Highway. There-
fore, CAMAC Branch driver/receiver mo-
dules for balanced signal transmission
are commercially available, thus allo-
wing the Branch Highway concept for
high rates of data transfer (bitpara-
lel, wordserial) to be used up to
about 1.000 m. Both the Branch High-
way for CAMAC multicrate systems and
the standard Crate Controller Type A
are defined in the CAMAC specifica-
tions [2], adopted in Europe and in
the USA.

The Branch Highway provides a computer-
independent port which allows any com-
puter to communicate with the CAMAC
multi-crate instrumentation system via
a single interface only, which is cal-
led the Branch Controller. These may
have very different capability - for




example program controlled transfer
only or, in addition, block transfer
of data, or add-to-memory mode, or
automatic incrementing the external
address and so on. For most of the
small process computers in use today,
CAMAC Branch Controllers are commer-
cially available with a wide spectrum
of functional performance.

5. MULTIBRANCH/MULTISOURCE SYSTEMS
Although seven crates full of CAMAC
units amounts to about 160 user modu-
les and represents a very large sys-
tem there are applications which re-
quire an even greater number of cra-
tes. Thus, for large instrumentation
problems multibranch-systems have been
considered. There are no CAMAC speci-
fications or even recommendations for
multibranch-systems, although the
problem and many different solution
have been discussed in great detail.

Obviously, part of all Branch Control-
lers is a simple unit with very simi-
lar characteristics, called a Branch
Driver, which serves the Branch High-
way port and is independent from a
particular computer. Thus, a conven-
tional approach is to provide a se-
parate, simple Branch Driver for each
Branch and multiplex these via a com-
mon interface to the computer (see
fig. 5). Such a system may be employed
not necessarily to permit a large num-
per of crates but possibly also to
allow a star configuration of Branches
starting from the computer in diffe-
rent directions.

There are alsc applications where more
than one command source share the same
instrumentation system. These can be
two minicomputers with a different
task for each, like data acquisition
and process control. Or simply an addi-
tional fixed program hardware control-
ler, a manual controller or separate
controllers for the I/0 bus and the
Direct Memory Access Channel of a com-
puter. Each command source is linked
to the system by separate interfaces,
called System Controllers or Couplers.
The common problem in both multibran-
ching and multisourcing is to coordi-
nate the communication between a Sys-
tem Controller and a Branch Driver.
This multiplexing is effectively done
on the basis of a master-slave rela-
tionship: Any System Controller may
request to become master of the sys-
tem. In a master-select operation a
specific system controller is selected
by means of a priority network. The
master obtains control of the system
and then selects one of the Branch
Drivers as a slave by a slave-select
operation. Normal Branch operations,
conforming fully to the CAMAC speci-
fications, can then take place between
the master System Controller and the
seven crates associated with a selec-
ted Branch Driver.

An attractive implementation is the
concentrated multibranch/multisource
solution as shown in fig. 6. It uses

a standard CAMAC crate as a system cra-
te, with CAMAC modules as Branch Dri-
vers and Computer Couplers. An Execu-
tive Controller at the two right-most
stations of the crate controls the
multiplexing scheme by responding to

a master-request and selecting which
system controller shall have exclusive
control of the system at a time. Al-
though the System Crate approach allows
large and very powerful systems, it is
a rather economic solution: Due to the
modular structure a system is only
equipped with Branch Drivers and Com-
puter Couplers actually required.
Furthermore, the Dataway is used, on

a time-sharing basis, for intercommu-
nication of system crate components

as well as in the very conventional
manner according to the CAMAC specifi-
cations. Therefore, standard CAMAC mo-
dules can be employed in the System
Crate which allows application even
for single crate instrumentaticn [1O].

6. SERIAL HIGHWAY-COMPUTER SYSTEMS

The parallel Branch Highway has proved
to be a powerful means for high data
rate transmission in compact multicra-
te systems. Its application in simple
or geographically distributed systems
is however limited due to the comple-
xity of the Branch Controller required
and the cost and installation of a
multiwire cable. The CAMAC Serial Sys-
tem provides another means for inter-
connections in multicrate instrumen-
tation, with serial data transmission.
The Serial Highway is intended to com-
plement the Branch Highway in applica-
tions

- where long distance links between
crates are necessary,
where considerable noise on the
transmission line has to be encoun-
tered and protection against trans-
mission errors is required,
or where simplicity of interconnec-
tions between crates and to a com-
puter is particular important.

These features of the Serial System
are most attractive for industrial
applications and will serve to intro-
duce CAMAC instrumentation more rapid-
ly into other non-nuclear areas. A de-
tailed Description of the Serial Sys-
tem [3] has been completed, just in
time for this Symposium, as a result
of a joint effort of both the NIM and
ESONE organisation and will be used as
the basis for a final specification.

This Serial Highway is configured as

a closed loop between the output port
and input port of a Serial Driver (SD)
at the computer, as shown in fig. 7.
This provides an unidirectional path
for all messages. Each Serial Crate
Controller (SCC) therefore need only
have two ports, and all messages are
retransmitted at the output port ex-
cept those addressed to the crate con-
troller itself. There are three types
of messages: a Command message, trans-
mitted from the Serial Driver to the
addressed crate controlled; a Reply




message generated by the crate con-
troller as a response to a Command;
and a Demand message generated by the
crate controller as a response to a
LAM signal in its crate. All messages
are organized as sequences of bytes,
and may be transmitted either in bit-
serial or in byte-serial mode, on
choice of the system designer. The
logic of the system is defined to be
virtually independent of the speed of
transmission, ranging from 110 Bit/s
(Teletype speed) to about 5 MByte/s.
The Serial System Description defines
the format of all messages, the messa-
ge procedure and the signal standards
at the input-output ports of Serial
Crate Controllers, just to name the
most important items. The defined
(balanced curtent-mode) signal stan-
dards may be utilized directly for
intercrate transmission via private
lines over distances up to about
1000 m. Other, specific types of com-
munication channels and modulation
may be used in any section of the high-
way, for example employing modems for
operation over longer distances or via
the public telephone network. The com-
munication channel actually used will
be determined by factors such as dis-
tance, speed, noise environment and
cost. however, the port of the Serial
Highway and the message format are
defined such, that it can be connected
very simple through a low-cost adaptor
to standard communication interfaces
(with internationally accepted stan-
dard ports like TTY, CCITT/V24 or
EIA/RS 232) which are available for
all modern computers. Thus, the Serial
Highway can be applied equally well
in very simple systems, with one or a
few crates next to the computer only,
without the need for a special CAMAC
System Controller designed for a par-
ticular computer.
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CAMAC System Port

Communication

DATAWAY EUR 4100 e

BRANCH HIGHWAY EUR 4600 e

SERIAL HIGHWAY EDWG 25/73

Module / Crate Controller
Crate Controller / Branch Controller

Crate Controller / Serial Driver

CAMAC System Ports

Application Area

Communication

Measurement and Process Control

Standard Peripheral Interfacing

Data Links

Transducer, Actuators / Computer
Man / Computer

Satellite / Central Computer

TAB. 2:

General Application Areas

System Configuration

System Size

Dataway-Programmed Controller

Dataway = Computer

Single Crate Systems

Branch Highway - Computer
Serial Highway - Computer

Multicrate Systems

System Crate - Computer

Multibranch/Multisource Systems

TAB. 3:
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DISCUSSION

Q - R. Patzelt

How do typical applications fit into the
different CAMAC system configurations?
Typical applications are:

1) Program controlled data collection
2) The same, initiated by interrupts

3) Program controlled process control
(experiment, etc.)

4) The same, influenced by interrupts
5) Any combination of 1...4

Relevant parameters are:

1) Data-flow-rate (bits/sec)

2) Number of interrupt sources and
handling routines

3) Permissible reaction-time on interrupts

A - H. Klessmann

There are many more factors involved
than those given in your question.

This makes a short, but valid answer
difficult.

In principle CAMAC is an instrumentation
system, which covers both data acquisition

and process control. Branch Highway
configurations are best suited for data
acquisition with high data rates and many
interrupt sources. It allows also fast
feedback for parameter control of instru-
mentation and process devices. Interrupt
handling is fast and flexible, due to the
facilities of LAM-grading and GL-operation,
which provides priority sorting and a

24 -bit Graded L-pattern from a multi-
crate-system in a single operation. The
overall performance of the configuration
is very much dependent on the capability
of the Branch Driver, which may allow
program controlled transfer only, or in
addition block transfer of data, address
scan operation, or may perform CAMAC
operations automatically. The limitations
of the Branch Highway configuration are
primarily given by the distance, noise
environment (no error protection) and

the cost of the computer-specific Branch
Driver as well as of the multiwire cable
link.

Configurations using autonomous sub-
systems, and the serial Highway are best
suited for process control systems which,
in general, tend to be distributed systems
and to be remote from the computer.
Means are provided for protection against
transmission errors in noisy environments,
the data rates required are much lower,
so that long distance transmission channels
with low rate can be used. The Command-
Reply response in a small system,
operated in bit-serial mode via a 9.600
baud channel takes about 13 ms. The
Demand response is much slower as
compared to the Branch Highway, however
is still powerful, as the source crate
Address and the GL-field in a Demand
Message may be used as a direct-vector
to the LAM-source and the corresponding
interrupt routine. The major advantages
are due to simple interconnections between
crates and to standard ports of computers
by means of a low-cost TTY -port adaptor.

Q - J. Laver

With regard to the serial branch. When
this is to be used over practical long
distance transmission links subject to
errors and breaks,

1) What is the hardware recovery system
proposed to enable the serial branch system
to recover quickly from errors and breaks?
2) Why make it a prerequisite of operation
that commands must pass right round the
system before execution? This would mean
no part of the system can be used if any
one link is disturbed.

3) What facilities and system is proposed
for local autonomous crate controllers?

A - H. Klessmann

1) The Serial System provides the means
- for bypassing a crate ("suicide'') in case
of failure of an SCC, or if withdrawn
from service

- or for loop-collapsing ("murder'") if a
section of the loop is circumvented, which




allows testing of the loop and continued
operation of the rest of the system,

If an SCC has detected a transmission
error in a command message it returns
an Error Reply message to the Serial
Driver.

If an SCC has lost message synchronisation
it retransmits at its output port all
information received at its input port. It
acquires byte synchronisation by means
of the byte clock in conjunction with the
framed END- and WAIT -bytes (in bit-
serial mode)., An SCC asserts message
synchronisation after receiving two or
more consecutive DELIMITER -Bytes (END-,
ENDSUM - or WAIT-). The next non-
Delimiter Byte will be interpreted as

the first byte of a message.

2) The Serial Highway is a unidirectional
loop in order to cope with the problem
of asynchronous demands and propagation
delays. A Command is executed in an
SCC after the error check at the end of
the Command Message indicates that the
message has been received without trans-
mission error. The Command therefore
does not pass around the whole system
before execution. The loop concept of the
Serial Highway requires however an intact
loop for proper operation (see 1).

3) The Description of the Serial System
does not describe an autonomous Serial
Crate Controller at this time. Various
features, however, allow such an imple-
mentation, e.g. for block transfer opera-
tions data fields of other length than 4
bytes, etc.

C - K. Muller

At the KFA Julich an autonomous controler
for a serial loop is at the present time
under development which follows the
Description of the Serial System with
respect to the input and output ports of
the Serial Highway and conforms to the
Specification EUR 4100e for its connection
to the Dataway.

The main elements of the unit are how-
ever a CPU chip (Intel 8008, which will
be replaced by the Intel 8080 in April 1974)
and 4K bytes of RAM and 4K bytes of
PROM memory. A further expansion of
the memory capacity can be accomplished
by the use of additional CAMAC memory
modules.







THE NEED FOR CAMAC SOFTWARE

I. N. Hooton
A.E. R. E,, Harwell, England

ABSTRACT

CAMAC Software consists of statements which enable a user to call for CAMAC
activities directly without reference to the mechanism of the controller. Different
implementations of CAMAC Software can be expected to have different syntactic
forms but to have similar semantic features.

ZUSAMMENFASSUNG

CAMAC-Programme haben Angaben zum Inhalt fiir deren Form der Anwender nicht
auf den Aufbau der von ihm verwendeten Steuereinheiten Riicksicht nehmen muss.
Beim Einsatz von CAMAC -Programmen in unterschiedlichen Datenverarbeitungs-
systemen kann damit gerechnet werden, dass wohl Unterschiede in der Syntax vor-
kommen kdnnen, dass aber in bezug auf die Semantik die Programme &hnlich sind.

RESUME

Le software CAMAC est constitué d'instructions permettant a2 1'usager d'appeler
directement des activités CAMAC sans étre tenu de se référer au mécanisme du
dispositif de contréle. On prévoit que les diverses applications du software CAMAC
auront des syntaxes différentes mais que les caractéristiques de la sémantique se-
ront similaires.




1o Introduction

The Camac specifications define the opera-
tions performed within the Camac hardware,
They also standardise the hardware '"Camac
commands" which control these operations., How-
ever they do not define the detailed sequence
of computer instructions required to set up and
execute Camac commands. This is because the
instructions are implementation dependent,
being a function of the computer programming
system and of the controller (Camac—computer
interface).

With the expansion in the use of Camac an
increasing number of users do not have expert
knowledge of the internal working of their
controllers and hence cannot be expected to
generate the required sequence of instructions.
Camac programming statements are therefore
provided which enable the user to specify Camac
activities directly without reference to the
mechanism of the controller. These statements
constitute 'Camac software'.

It is the job of a system programmer who
understands CAMAC, the controller and the
computer to provide the sequence of instructions
that corresponds to the Camac statement in the
users program. The sequence is implementation
dependent; the Camac statement can be imple-
mentation independent.

There are many ways of providing the user
with CAMAC software, One method is for the
system programmer to generate a set of macro-
expansion or sub-routine calls, The user is
told the facilities provided by each call and
the arguments that he must supply. These will
include information relating to the Camac hard-
ware; for example, which register is to be
addressed and the function to be performed.
For data transfers between Camac and the
computer a computer memory reference must also
be supplied.

An example of a user statement (in the IML
macro-expansion syntax) is

SA READ,TIMER,TIME

The macro-name SA defines that this is a
single-action statement. The action required
is for the content of the hardware register
TIMER to be transferred to the computer memory
reference TIME. At program assembly time the
corresponding sequence of instructions required
for the particular installation is generated.

2. Semantics

When defining any form of Camac software

the system programmer must decide what facilities

will be provided, that is, the semantics of the
software. His selection will be largely in-
fluenced by the applications he has in mind.

A possible attitude is that, since Camac
hardware is essentially general purpose, it is
sufficient if each individual Camac operation
is available to the user, However both execu-
tion time and program space are reduced by
combining operations and some additional
features may be required. The current interest
in 'block transfers' is an example.

3e S !!gtax

Camac software acts as a bridge between
Camac operations and computer processing. The
computer system and the programing language
used set constraints on the syntax of Camac
statements, For example, the Camac statement
previously written in macro-expansion syntax as

SA READ,TIMER, TIME
might be written as
CALL SA(READ,TIMER, TIME)

for use in a Fortran sub-routine call environ-
ment.

Both these examples are Camac statements
that can be added-on to existing languages.
There are processing languages in which Camac
facilities are or can be incorporated. Here
the syntax is even more closely controlled.

Another aspect of the syntax is the
attitude of mind it assumes in the user.
Consider

SA CLEAR,TIMER

SA 9,1,2,3,0

These two Camac single-action statements
both clear (F9) the contents of the register
TIMER (located at Branch 1, Crate 2, Station 3
and Sub address 0). The first form concentrates
attention on the software, the second on the
hardware.

4. Discussion

Camac software existses Some of the methods

of making it available tousers will be presented
in the software session of this conference.
The syntactic forms of the software will show
considerable variation., As long as there are
many different processing languages in common
use we must expect to see many different forms
of Camac syntax.

However each approach is aimed at giving
the user the facilities he needs to incorporate
Camac in his computer systeme We may therefore
hope to see some similarity in the semanticse
An agreed semantic definition of Camac software
would be of great importance. It would
establish guide lines for those implementing
new forms and give a reference for describing
existing forms, It would also help the user
to specify his requirements to the system and
controller designers,




THE COMMERCIAL CASE FOR CAMAC - A MANUFACTURERS VIEW

D. M. Drury
GEC-Elliott Process Automation Ltd, Leicester, England

ABSTRACT

A study is made of the structure and practises of both customers and suppliers of
the market "for interfacing computers to data transducers and actuators in on-line
systems'', and the effects of the adoption of an international standard on those prac-
tises is discussed. The arguments are used as the basis for a commercial justifi-
cation of manufacturing support for the CAMAC standard.

ZUSAMMENFASSUNG

Fur einen Markt '"von Systemen zur Zusammenschaltung von Messwert-Erfassungs-
gerdten und Wirkungsgliedern mit Digitalrechnern fir Echtzeit-Datenverarbeitungs-
anwendungen'' werden die Art und die Verhaltensweisen von Verbrauchern wie Lie-
feranten untersucht; wie sich die Ubernahme von internationalen Regeln fir solche
Systeme auf die Verhaltensweisen auswirkt, wird erértert. An Hand der gegebenen
Argumente wird die Herstellung von Geré&dten nach den CAMAC-Regeln kommerziell
begriindet.

RESUME

Etude de la structure et de la pratique du marché des utilisateurs et des fournisseurs
dans le domaine de la '"connexion des ordinateurs a des transducteurs de données

et a des dispositifs de commande a distance dans les systémes on-line' et discussion
des répercussions exercées sur cette pratique par l'adoption d'une norme interna-
tionale. Les arguments mis en cause sont utilisés pour justifier la promotion de la
fabrication du standard CAMAC.




1. Introduction

1.1 To date CAMAC equipments have found
wide application in solving interfacing
problems for which by and large no other
solutions exist. Though this is a consider-—
able market in its own right, it is a small
fraction of the market "for interfacing
computers to data transducers and actuators
in on-line systems" in which CAMAC could have
application. To analyse whether there is any
commercial case to be made for the use of
CAMAC in application areas that do have
existing solutions, it is necessary to study
the structure of that market and the current

practises, of the customers and the suppliers,

24 Structures of the existing market

2,1 The customer

The most obvious place to start in looking
at the structure of a market is with the
customer, Who is the customer for inter-
face products? A simple answer would be

the end-user of the computer system, in what-—
ever application the system is being used.

But the end-user will probably not be aware

of the interfacing details, however they are
implemented. He is concerned only in
obtaining the desired overall system
performance. It is the function of the system
engineer, via the applications programs,
device control programs and the interface
structure he employs, to make the system
appear transparent so that the end-user is
unaware of the details of the system
construction., It is therefore the systems
engineering organisation that is the customer
for interface products, whether this
organisation is a department of the end-users
organisation, or an independent systems
company. In both cases the function they

serve is identical.

2.2 The Systems company

22 5l It is an organisation whose

business is in providing a complete computer
system, including all the interfacing hardware,
and all the operating software, The respons-—
ibility for the correct functioning of the
system rests normally with this organisation,
and this is a major undertaking for it

commits the systems organisation to finding

the cause of any system malfunction, whatever

and wherever it is.
25262 Each system is by its very nature
unique, and will require expertise in the
application area for which the system is
intended. This then is the service provided
by a systems company, but because work unique
to a project is expensive in both time and
money, a major part of the design function of
the systems company is to construct the
system from catalogue items wherever possible,
and hence reduce to a minimum those functions
that are necessarily unique to each project.
(1)
2.2.3 Fig.I illustrates all the
principal functional and physical blocks
involved in constructing an on-line system.
All the functions must be performed before
the system can operate, and so the diagram
represents on the one hand, the total commit-
ment of the systems engineer, and on the other
shows the various catalogue items that can be
employed.
2:244 At this point it is necessary to
distinguish between systems companies that are
departments of the end-users organisation,
independent commercial systems-only companies,
and systems companies of a manufacturing
group, as their methods of operation is based
on different premises. In particular the
systems company of a manufacturing group is
(normally) constrained for obvious commercial
reasons, to use in its systems the products
of the rest of the group, wherever possible,
The independent or end-user systems company
can (in theory) select the "best buy" for each
type of catalogue unit that makes up his
system., In both cases however the selection
of the particular units requires a system

knowledge to select the best buy such that

the units are compatible with the require-

ment and also with each other.

2+245 This latter point represents a
major difficulty in the absence of any inter-
national standardisation, especially as far as
process peripheral interfaces are concerned,
to the extent that with existing commercial
practises the systems company is forced

(or obliged) to go to one supplier in order
to guarantee compatibility between interface
products. In this area he (currently) loses

any freedom of choice, and his ability to




reduce the unique content of a system is
determined to a considerable extent by the
range of process peripheral interface
products from which he must do his selection.
2,3 It should perhaps be noted that
this method of organising system design has
only developed over the last few years, and
has resulted from the rise of minicomputer
suppliers providing hardware at very low
costs. Prior to that the computer and its
associated hardware were the major part of
the system cost. The system design and
interfacing were often tackled in a unique
manner since the cost was small in comparison
with that of the computer hardware.

Bs The Catalogue item suppliers

3.1 Computers

The dramatic change in the use of on-line
computer systems also stems directly from the
availability of computer hardware from

"mini computer'" suppliers at low costs. The
low costs were in turn achieved by the
computer manufacturer producing large
quantities of a standard range of equipments,
and by eliminating virtually all of the
systems support normally associated with the
larger machines, The development-of
component technology (I.C's) and printed
circuit wiring techniques all contributed to
reducing replication costs at the expense of
increasing the initial production design
costs.,

Bullal Most of the applications at which
the machines were aimed could be resolved
with a small range of the so called
"business" peripherals, i.e. paper tape,
card, magnetic tape, disc, drum, line printers
etc. (the character orientated devices).
3.1.2 Because each mini computer is a
standard product of a particular company,
there is obvious commercial pressure, indeed
necessity, to avoid international standardi-
sation, as the differences 1in architecture
in the I/O Bus, the C.P.U. and the instruction
set are the only selling features available
other than price. The inevitable corollary
is that even though most mini computers employ
16 bit data words, and I/0 structures, they
are all totally incompatible. If this were
not so, the problem of interfacing would be

by now trivial.

32 The business peripherals

The central processing unit represents a small
and reducing cost for any given system. The
next area of costs are the business perip-
herals, and the trends 1in the development of
these devices has gone further than that of
process peripheral interfaces. Most computer
manufacturers support a range of 'business'
peripheral devices, each with its necessary
interfaces and operating software (sometimes)
to make them compatible with the computers own
software. Here the pressure is to provide as
few items as necessary, for each new peripheral
requires developing, with its interface etc.
3.2.2 In practise the last few years
have seen the emergence of the specialised
unit suppliers, for such business peripherals,
and the- adoption of an International non-
proprietary standard (CCITT V24) as the
"one-to-one" interfacing standard to remove
the interfacing constraint. (2)
Again the commercial logic is
identical to that for mini computers. The
development cost of say a tape transport, or a
line printer is very great, and the product cost
can only be minimised by sales in as many appl-
ication areas as possible, i.e., maximising the
selling base. This cannot be done by restri-
cting the sales to one particular mini computer,
and hence the inevitable separation of the
computer supplier and the peripheral -supplier.
This in turn inevitably leads to the adoption
of a standard, as has already been explained.

33 Process peripheral interfaces

3.3.1 The situation in this field up

to recently was totally different. In order
to cope, even moderately well, with the vast
range of process peripheral devices available
to the system designer, at least 50 device
interfaces must be developed and possibly many
more. Now because the requirements are so
different from business peripherals in terms
of the ability to assemble an infinite variety
of configurations of device interfaces, and to
connect these to plant, a complete scheme of
peripheral highway structures, mechanical
packaging, cubicling and powering philosophies
have to be developed. This represents an

enormous investment, and two clear approaches




to it can be determined, dependent on wherg

the interface company sees its main customers.
3.342 Where mini computer manufacturers
are principally hardware specialists, and are
production, not systems orientated they
normally side step the issue by not inter-—
facing all the way up to the process peri-
pheral device. Typically one will find
"general purpose" digital inputs and outputs
coupled with "general purpose' analogue
inputs and outputs. The systems engineer is
then left with the problem of interfacing
these interfaces to his real world, very
often an extremely difficult task, and
certainly very costly and time consuming.
3+3.3 Where the customer is a systems
company, and this applies particularly to
companies where systems groups are responsible
for a significant percentage of the companies
business, the market for dedicated process
peripherals can be sufficiently large to
warrant the development expenditure, on such
a peripheral system and hence reduce the
front end systems engineering to a major
degree. Even here though, because systems
tend to require low quantities of a wide
variety of device interfaces, and because

the development costs of each are very

high in comparison with the replication costs,
some general purpose interface units have to
be used to limit the scale of the development,
3.3.4 In both cases the design of the
process peripheral interface structure is
usually based on the computer with which it
is intended to be sold. It follows that all
the current process peripheral device inter-—
faces from different companies are, like the
I1/0 Buses of the computers totally incompat-
ible, and it is again obvious that the market
for the specific device interfaces is limited
to selling with the chosen computer.

3.3.5 There is a third category of
supplier, the manufacturer of specialised

I/0 equipment. Companies specialising in
analog equipment, both ADC's, DAC's and
multiplexers are most common in this field,
since the technology is a complex one and

the design problems are far less predictable

than on pure logic systems. The products

tend to be self-contained systems, and cope
with specialised and yet common problems such
as data logging and pulse height analysis.
3.3.6 In this manner the products are
offered as special peripherals often with
stand-alone capability, falling somewhere
between the full process I/0 system and the
"general purpose" interfaces of the computer
hardware supplier. It is normal for such
companies to offer 'interfaces to several
popular machines for product sales on the one
hand, and to offer a systems capability on
the other. Whilst the special product is a
high cost device, and the construction
techniques are specialised due to the techno-
logy used, the burden of interfacing to
several computers is small. However should
any of their expertise be more widely avail-
able, say through monolithic analog circuit
developments, the product of their business
could appear threatened,

3.4 Software products

3.4.1 So far we have referred only to
items of hardware as the products (or cata-
logue items) of a particular range of process
peripheral interfaces. However when such
interface assemblies are designed to function
with just one specific computer, (as is
normally the case) and when the systems
customer is another member of the same group
of companies, then additional product soft-
ware support can also be provided on a
catalogue item basis.

3.4.2 The chosen computers real time
operating system will access all peripheral
devices through a standard I/0 routine, using
a specific Device Control Program (DCP) for
each peripheral. The DCP is peripheral
dependent, however as the system is intended
for real-time use both the DCP and parts of
the operating system have to be written in
assembly level language, and are therefore
also machine dependent.

3.4.4 The other area in which program
segments specific to a peripheral can be
provided is system test, in this case designed
to run with a system test operating system.
Both DCP and STP (system test programs) can

therefore be provided as product software with




each device interface, when a specific
machine is chosen,

3.5 Configurations

Be5el Configurations represent the
highest level of product based support that it
is possible to offer a systems company, and
consist at the hardware level of an assembly
of peripheral interfaces, mounted in their
housing, in cubicles, complete with all wiring
up to the terminations for plant cables, the
necessary power supplies, mains distribution,
and cooling, that is required for a specific
project. In other words all the functions
from (1) to (7) on Fig. I plus the undertaking
that any configuration rules of the scheme
have been obeyed. To the hardware configu-

ration can then be added the specific computer

configuration, [(8) and (9) on Fig. I]

and the two together can be checked in a
configuration test using the STP's

[Fig. I (10)] . The systems company is then
left with the very minimum of unique project
work, in adding the application programs and

the site cables to complete the system.

302 It is important to remember that
these functions must be performed however the
system is assembled, and with particular
reference to purely catalogue items of hard-
ware from hardware oriented manufacturers,
all the configuration work, normally falls
to the customer. It is common for this to
be considerably underestimated as a problem
- and easy to make errors if the configu-
ration rules are not well defined. Both of
which can seriously affect the time scale
and hence the cost of a project.

4. The function of standards in process

peripheral interfaces.

4.1 The ability to configure a
virtually infinite variety of unique assemb—
lies, with the very minimum of effort
particular to any specific arrangement, is
one of the fundamental design objectives of
any process peripheral interface structure,
since not only are there a vast array of
process peripherals to interface to - but in
all probability no two systems will use the
same combination of quantities and types of

peripheral interfaces. The ease which any

glven system can be configured will have a
major bearing on the total cost of each
configuration, which is borne by the supplier
if he supplies configurations, or the customer
if he purchases a set of catalogue items only.
Each supplier does this by conforming to his
own in-house mechanical and signal standards
to achieve compatibility throughout his range.
What then are the benefits of his using a
non—-proprietary international set of stan-
dards, on which to base his range of process
peripheral interfaces?

4.2 The products will now be compat-—
ible, within the limits of the international
standard, with all the other peripheral device
interfaces made for that standard. This has
two direct effects, both of which can offer
significant commercial advantages.

4:.2,1 All his hardware products at the
unit level, now have available a purely
product hardware market,to all assemblers of
configurations of standard equipments.

Product sales can be supported very, very much
more simply in overseas territories than can
system sales as one is marketing a well
defined item of hardware only. Further if the
standard truly is international, and inter-
nationally employed, he will get his product
sales over a vastly greater market area than
for a proprietary product as he can leave to
the local configuration supplier the task of
selling the total package. Indeed an inter-
national standard would probably encourage
specialist unit suppliers supplying only
catalogue items of hardware to emerge, as a
parallel to the business peripheral market
mentioned earlier,

44242 Secondly if the manufacturers
principal function is to provide configur-—
ations, he has then available for his use in
his configurations all the units available
from all the other sources of supply. Even

if the degree of compatibility of the inter-
national standard does not entirely solve the
total configuration problem, such problems
are much cheaper and much faster to resolve:
than to design a new unit as would be the

case with a proprietary standard. It must

inevitably be true that, if the standard




becomes established, far more distinct
interface units will be available than any
one manufacturer could support. In addition,
even configuration sales need not necess—
arily be tied to the sales of one computer,
since the existence of the standard would
bring into existence a range of I/O Bus to
process I/0 highway interfaces for many
different computers. Mainly for software
reasons, the computer already has influence
over systems grossly out of balance with its
costs.

4.3 The existence of the standard will
in all probability also change the customer
situation. If the task of configuration
reduces, then the predominant task falls on
the system software. For software - only
systems houses the attraction of in effect
having the biggest catalogue of peripheral
interface items in the world available to
them with easy well defined configuration
rules means that they can now undertake
hardware supply as well as software, The
ultimate benefit will come when applications
software is also transferable, so that once
a new application has been solved somewhere
with the standard interface, that solution is
available to all users or suppliers.

4.4 The disadvantages of a standards
solution are:-

4.4,1 The economic penalty on hardware
cost for following a standard rather than
"minimum cost" solution.

4,442 The dependence on a standards
authority to maintain, evolve, promulgate,
and (particularly to) interpret the standards
so as to maintain the standards discipline.
This task of international communication is
an enormous and vastly expensive one that must
be satisfactorily resolved if the standard is
to get conformity over a significant area in

which it has potential.
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