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MULTI-LEVEL PLANNING

IN FUNDAMENTATL RESEARCH

by Gabriel Minder

Summary

The methods of medium-term planning employed in a large funda-
mental research laboratory are described in this study. They are
based on an information system using functional ways of presenting
various types of activity and providing the individual compenents for
analytical models. The planning methods used by the research centre
are shown to be fully integrated into those of the scientific disci-
pline and make it possible to coordinate research units and their
supporting departments. High-energy physics in Eurcpe and the Geneva-
Meyrin Laboratory of the European Organization for Nuclear Research
(CERN) are used as illustrative examples.
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Introduction and prospects

For some ten years now, an increasingly pressing need has been
felt in the field of fundamental research for planning and organization.
The causes for this need are the rapid increase in the extent of the
equipment and facilities required and the importance of fundamental
research t0 every country's cultural, sccial, economic and pclitical
progress.

The simple, straightforward application of planning methods de-
veloped by industry and large administrative bodies for their projects
or applied research was clearly unsuitable. Such methods are indeed
based on tne concept of an accurate assessment of the value of products,
a concept as foreign to fundamentzl scientific research as it is to
literature and the arts.

Profound analyses of scientific work(1,2) and discussions at high
international level(3,4) have resulted in the formation, within the
philosophy of science generally, of a "science of gclience', by means
of which the scientific phenomenon is gradually becoming understood.
This study is intended as a contribution toward the methods side of
this field by putting forward some bases for planning which the author
has developed while working at a large centre for fundamental research:
CERN, at Meyrin (Geneva).

There are still very few examples of =ffective internationsl col-
laboration in fundamental science. However, particle physics, also
referred to as high-energy physics, and the European Orgenizaticn tfor
Nuclear Research do rank among them. The concerted znd considerable
effort made by Western Europe {thirteen countries and about 800 million
Swiss francs in 1968) makes it possible for three thousand European
research workers to operate at the same scientific lovel as that obe-
tained in the United States and the Soviet Unisn, and also gilves them
some assurance that this level will be maintained over a cocnsiderable
period of time. At world level, this is an essential condition for
both cooperation and competition, both of which provide for scientific
rrogress. Because of 1ts general nature, it is hoped that this study
may help to extend this expsrience to other disciplines and other re-
search centres. The basic concepts put forward are also intended to
help in the construciion of analytical models and the application of
modern management methods. The work is likely to encounter many prob-
leme, since it has proved difficult to integrate mudels even in fields
into which investigations have been wade for a long time, 1like ecc-
nomics or industrial production(s). Nevertheless, it would bz now
only right and proper for mansgement to reander science the services
which 1t has bpeen receiving from science over the first few decades
of this century. The purposes of this study will have larpgely been
Tulfilled if it finds a use as a basis for work in this direction.
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CHAPTER 1

Context and scope of this study

11. Main features of fundamental research

111. Definition

By fundamental, pure or basic research is meant "work undertaken
essentially with the aim of pushing back the ilimits of scientific
knowledge without necessarily having any specific pratical use in
view"(6), uniike the case of applied research and technical develop=-
ment., This definition has deliberately been made slightly vague. It
is, in fact, becoming ever more difficult to draw a borderline between
fundamental and applied research. In physical sciences, for example,
it is usually conly in those disciplines which explore the infinitely
large, like astronomy, or the infinitely small, like elementary par-
ticle physics, that the fundamental laws governing space, time, matter
and energy and their interrelationships(7) are discovered. The other
disciplines apply known fundamental laws to matter and thus come per-
ceptibly closer to the field of practical use. This latter remark
also applies to mclecular biology and psychology, for example. Over
the past few years, something new in science has begun to appear,
particularly in the field of space rescarch, namely "oriented" funda-
mental research aimed at obtaining new busic knowledge required for
practical purposes, which thus falls somewhere between fundamental
and applied researoh(B). No longer, thercforec, is fundamental research
something abstruse and isclated; it 1s now becoming integrated into
modern life.

112. Role of fundamental research

The prime features of fundamental research are recognized as
being threefold(9), vizs

1. increasing the extent of knowledge for its own sake, to
satisfy man's innate curiosity;

2., the influence upon each other ¢f fundamental research and
education;

3, fundamental research as a long-term investment. Tn this
connection, the importance of this development, on the onc
hand to the economics of peace and war, and on the other
to social progress, must be recognized(10).

Finally, the leading part played by international cooperation in
fundamental research must be emphasized., It is, in fact, an absolute
essential in "mega-science"(11) and is, at the same time, a splendid
opportunity(12) for countries to come together in an area beset with
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relatively few pclitical and economic difficulties.

113. Execution and financing

Research work is carried out by two types of institution:

a) the university, which traditionally gives it a stimulating,
inter-disciplinary atmosphere;

b) non-university institutions, set up by the state or by
other organizations, either profit-making or not, to make
use of Tacilities not available to the universities ("mega-
science"). There has been a considerable increase in re-
search 1n institutes since the second world war. The data
collected by the OECD for the International Statistical
Year on Kesearch and Development show that, as early as
1963/64, most of the industrialized countries were devoting
more than half of their fundamental rescarch budgets to
non-university institutions(15), a feature which coincides
with the growth of "mega science" and "oriented" research.
This increase in the growth of such institutions will
probably not, however, continue at the same rate, in order
to preserve the link and balance between rescarch and
higher education.

Since sclence is gencrally recognized as being of national im-
portance, it is mainly the state which supplies the funds for it,
although, especially in the United States, industry and private foun-
dations make a great contribution to its budgets. Here again, as
industry has an increasing tendency to cnter "oriented" fundamental
research and as research workers increasingly call upon industry for
the development of their equipment, the 0ld borderlines become blurred
and the interests of the public authorities, higher education and
private enterprise tend to merge.

114. Scientific policy

In view of the predominance of the state in fundamental research,
it is quite understandable that the public authorities have been led
to formulate a scientific policy, whatcever the ecconomic and political
system 1n force in their country. By this is meant deliberate govern-
ment action in financing, encouraging and developing the scientific re-
sources of the country, including qualificd research workers, labo-
ratories and equipment{(14). The main difficulty in deciding the broad
lines of such a policy is in finding standards by means of which the
total effort can be decided upon and the priorities to be accorded to
rival disciplines fixed. Those uscd, of c¢ourse, vary from government
to government.

The definitions drawn up in 1964 by the OECD in the "Frascati
Manual" (15) have recently enabled a comparison to be made between the
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cxtent of the national effort in different countries. The table below
shows that the United States and the industrialized countries of
Western Europe devote between 12 and 27% of the noney allocated 1o
research and development to fundamental research, a figure eguivalent
to 1 to 5%0 of their gross national product(16).

Table 1

Annual expenditure on fundamental research(16)

In absolute { In relation
Countr terms to total In relaticn Per
¥ expressed expendiiure to the GNP | inhabitant
in 2 US on R and D
% %o & Us
United States
2 610 . . 3.
(1963/64) 5 12.4 4.2 13.7
United Kingdom
270 12. 2. .0
(1964/65) > ? >
France (?963) 225 17.73 2.8 4.
Italy (1963) 55 18.6 1.1 1.1
Belgium (1963%) %0 20.9 2.1 3,1
Norway (1963) 10 22.2 1.6 2.5
Austria (1963} 5 22.6 0.7 0.7
Netherliands ]
0 271 .2 7
(1964) / 5 A

115. The research workers

The human element does, of course, remain the essential factor
in scientific progress. Even in "mega-science", the annual cost of
equipment is usually lower than that of the scientific, technical and
administrative staff responsible for designing and operating it. The
main problem, one which is primarily the responsibility of the uni-
versities, is to identify and encourage first-rate research workers;
as is well known in the field of research, the best work is considerably
more valuable than work which is merely good. Studies of scientific
creativity conducted over the past few years have shown that, apart
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from the essential atmosphere, support and facilities, other factors
governed by planning and organization greatly affect the researcher's
work. A few conclusions found fully valid by the author are given
below:

1. The success achieved by a scientific research worker de-
pends to a considerable degree on his readiness to change
his approach to problems and his methods in relation to
the cumulative results of both his own work and that of
other researchers, often working in places far distant
from him(T?). He must be convinced, on the one hand, that
his programme is as flexible as possible, and on the other,
that he is immune from the effects of random alterations
in scientific policy.

2. The research worker must not feel weighed down by the ad-
ministration, neither by the time he has to devote to it,
nor, indeed, by a complex system of demarcation lines of
administrative channels. He must, however, be prepared to
take part in certain important administrative procedures,
in accordance with his scientific and hierarchical status.

3. The research worker should not be "feather-bedded". Re-
searchers and engineers whose work has been the subject of
a deep investigation in the United States(18) exhibited
their greatest effectiveness in conditions which were "not
completely comfortable but which, on the contrary, involved
creative stresses".

4. PFundamental research should be increasingly looked upon as
teamwork, even for theoreticians.

12. The main features of muliti-level planning

121. Definitions and concepts

Governmental authorities and managers of private firms regularly
announce the targets before them -- growth, stability, achievement,
etc. == and 1t would be as well to make a distinction between different
kinds of targets according to their operational significance(19).

By ends here ils meant the final factors, like a rise in the eco-
nomic, cultural or scientific standard, aimed at by the community as
a whole in an organized fashion.

With these ends defined, the next step is to pursue a series of
policies framed for the purpose of reaching more specific objectives.
An objective is & means to an end, intc which research is made not for
i1ts own sake, but for the coantribution it c¢can make towards achieving
a certain end. Objectives tend to be fairly concrete and can often be
better defined by the means used rather than by the final products.
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They then become guantified objectives idenitical to the means used
and represented by the content of the plans,

There is a certaln amcunt of cenfusion as to the use of the terms
"plan", "programme" and "budget". For the purpcses of this study,
they will be defined in the following way:

We shall call a General Financial

suggested course of action:

Tentatively describing the plan financial plan
stages towards a given
objective:

Put forward for approval or programme budzet (proposed
already approved: (proposed or or approved)
approved )

Financial approval is not always granted at the same time or as
readily as general approval, unfortunately. It is sometimes found,
therefore, that long-term programmes are approved, while the budgets
for the same period are not.

In an ideal decision-taking process, objectives, especially
guantified objectives, should be formulated by means of an object-
function. The latter may be defined as the graduated scale by means

of which a compariscn can be made between the various values of the

desired objectives when they vary in gquality or guantity. Thec most
serious practical problem lies in obtaining, formulating and commu-
nicating the object-function and having it accepted. t becomes even
more difficult as the number of people involved in the decision in-
creases. The answer then 1is to resort to the concensus which expressed
the average values accepted by one group of people for thc objJectives

lying within given limits.
The final point to be considered here will be planning in the

widest sense of the word, comprising the whole process of drawing up,
gelecting and revising plans, programmes and budgets.

122. The latest developments in planning procedures

While it is true to say that planning is as old as man himself,
it is no less true also to say that progress and expansion in our
civilization have given it new significance. The complexity and size
of our undertakings and the rate of actual progress have led to three
noteworthy developments:

www fastio.com


http://www.fastio.com/

1. the time scales are being extended at all levels;

2. the planning process is tending to become a continucus
dialogue between the Centre*) and the Periphery;

3. methods of communicaticn have been developed to facilitate
this dialogue and the application of new methods of fore-
casting and management.

The most striking example of this process of development is,
without a doubt, PPB3, a planning-programming-budgeting system adopted
by the American administration, first of all by the Department of
Defense in 1961 and later, since 1965, in many other federal and local
administrations. By the end of 1968, the largest of the roughly 130
departments, agencies and commissions reporting to the Presidency of
the United States had either already adapted their methods to PPBS
or were in the course of doing so(21). The system clearly refiects
the three tendencies listed above:

1. the operational units, constituting the Periphery, are
required to make five-year plans, and it is with reference
to these that the President of the United States presents
his detailed programme to Congress;

2« the programmes put forward and the financial plans (PFP),
together with the memos attached to the preogrammes (PM) are
cssentially aimed at providing the constructive dialogue
between the Periphery and the Centre reprcsented by the
Bureau of the Budget;

3. all documents are drafited in functiocowal terms and are thus
suitable for various kinds of analysis.

12%. Structure and models

The planning process at every level consists basically of three stages:
1. collecting and collating the componcnts (aims, data);
2. determining and assessing the alternatives (plans);

3. selecting and circulating the results (prOgrammes and
budgets).

Iterations are normal at every level and stage, requiring a
suitable feedback. Thus, decision models have to be produced, and
they fall into various classes depending on thelr time scale:

*) N"Centre" is written with a capital letter when it means the opposite
of "Periphery". With a lower-case letter, it refers to a "research

laboratory".

ClibPD www fastio.com


http://www.fastio.com/

ClibPD

- models for day-to-day management;

- models for short-term plans: the short term is a budgetary period,
i.e. one or two years;

- models for medium-term plans: the medium term expresses the period
required for the principal '"conventional" investments to mature,
i.e. between three and seven years;

- models for long-term plans which must cover the longest period for
which those concerned can make valid forecasts. Such periods may
vary widely in length, but usually embrace between ten and twenty
years, although in the case of town and country planning, for in-
stance, they may extend up to thirty years. The fields in which
there are the need and facilities for planning more than a gener-
ation ahead are, however, rare.

One and the same model may, of course, cover different periods
of time, and often does for current management and short-term plans,
for example.

It would be beyond the scope of this study to give a complete
list of all the types of model¥*) known to industry and economics.
At a Tecent colloguium on the subject(22) the point was raised that
so far insufficient work had been done on establishing suitable bases
for the use of such models. It is the purpose of this report to
draft a few such bases.

13. Definition of the subject of this study

This paper is an attempt to answer the question:
"What are the bases t0 be used in planning fundamental research?"
This question may be put at three plamming levels, viz:

- that of national, international or supranational policy;
-~ that of the research centres;

- that of the research and supporting units,

This study deals mainly with the research centre level
(Chapters 3 and 4) and is restricted to giving the ocutline of the
upper and lower levels (Chapters 2 and 4 respectively). It has, in
fact, already been pointed cut that national scientific policy is
affected by a large number of factors, some of them philosophical,
and concerned with culture, social matters, economics and politics.
At the other end of the scale, the work done in research units should
not be too thoroughly planned since its success does depend on con-
tinual and fast changes to problems and methods.

*) random and deterministic, descriptive and analytical.
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In the case of the supporting units, planning involves the age-old
problem of sections faced with a fluctuating load of work placed upon
them, in this case by the research groups. Experience at large centres
has shown the need for an effective planning system at this level, a
need which, at CERN-Meyrin at least, 1t has been found possible to
satisfy. The fact that it has so far been impossible in the United
States to use the PPBS for fundamental research(23) shows that there
are problems, some of which have been sclved at CERN.

It is interesting to note that the functional programme presen-
tations (FPP) described later on, which were composed at CERN quite
independently of PPBS, exhibit a striking similarity to the documents
(PFP) used for PPBS. This fact would indicate that it should be
possible to integrate the planning of large fundamental research
centres not only vertically within the framework of the scientific
discipline but also horizontally in the overall scheme of national
plans,

The structure of the models put forward here is st1ll very rudi-
mentary. The models will, therefore, be described only by reference
to the main variables and parameters used.

To summarize then, this study is intended to show that medium-
term planning for research centres is possible, in order, at one and
the same time, to provide a valid basis for integration at high level,
operation at lower levels, and the development of analytical models
at all levels.
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CHAPTER 2

Planning at the level of the scientific

discipline and on a Continental scale

21. Planning's part in fundamenial research

The theories expressed on the subject of the planning of science
may be divided into four classes(24) according to the emphasis laigd
on one or cther of the aspects mentioned in section 112.

1.

3.

Sclence must be planned as an independent activity. This
theory, upheld particularly by Polanyi and Price(25), con-
slders that science advances inexorably and autonomcusly

on a universal scale. The only possible method of planning,
therefore, consists in directing national efforts towards
the prevailing world patterns.

Science is an indirect technical price which society must
pay to reach its other objectives. Weinberg{26), the
eloguent protagonist of this theory, has in view, not a
universal scientific programme, but a series of scientific
programmes aimed at providing given results.

Science must be planned as a social investment, like edu-
cation. The interaction between research and university

is a telling argument in favour of this theory, which is

supported by Bell(27) and RBen-David(28).

Science is, in effect, a "consumer product", the cost of
which is rapidly putting it into the luxury class. Pi=-
nancing it must thus be viewed in the same light as the
financial support given to the arts and literature. This
viewpoint, expounded by H. Johnson(29), for example, may
seem rather out-of-date in this "“scientific age", but it
is nonetheless shared by many politiclans and by a very
large number of taxpayers!

Must science, then, be planned sgirictly or not, as a specific
or a general investment? Is it a necessity or a luxury? These ques-
tions were recently ralsed during a colloquium attended by socme of
the most brilliant advocates of the various theories{3C). The gen-
eral conclusicn is that science planning is widely accepted as a
national necessity, but there is a long way to go¢ before any model
for scientific work within the economy of society can be worked out.
In the absence of such a model and in view of the restricted per-
spectives available, the course to be followed is to observe and
analyse existing systems to find out the possible effects of changes.
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Thus, depending on the cultural, economic, political and social
context of the time and the country, a scientific policy is arrived
at which fairly explicitly relates resources to research. However,
"the essence is that, within each discipline, the research groups
granted considerable facilities should do work of international sig-
nificance, since it is impossible to accomplish absolutely every-
thing"(31). To this end, each country must make long-term plans
Tegarding the number of scientists available and the facilities which
they are to be given. Such is more important than the knowledge of
what particular research work is tc be done and forms the starting
point for planning designed to produce a maximum amount of work of
extreme scientific importance with the available means. In order
for them tc be effective, such plans must be made on a large geo-
graphical scale for each discipline.

22. The structure of work put into fundamental research

Research work is conducted by:

- centres on the continental or intercontinental scale;
- regional or national ceatres;

- the universities.

In particle physics in Burope, nearly all the centres and uni-
versities are state-supported. The borderlines between the work of
the centres and that of the universities are rather blurred by the
close collaboration between them. It is towards clarifying these
very boundaries that plamning on this level is being directed.
Figure 1 gives a diagram of these structurcs.

The work done in the discipline under investigation is grouped
in one of three classes(32):

A) The international effort proper, which includes the work
done by the centres on the continental scale.

B1) The contributions made by national, regional and university
work to the international effort (sections R1 and U, in

"
Fig. 1).
i B2) The national, regional and university efforts proper
{sections R,y U,p and U, in Fig. 1).
v The scientific community expressed its proposals for long-term

programmes (fifteen years) in 1967 in these terms, via ECFA (the
European Committee for Future Accelerators), in the fellowing way(BB):
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TABLE 2

European programme 1966-1981 (ECFA model, 1967)

Number of experimental Annual cost in
physicists*) millions of Swiss
francs {1967 prices)

1966 1974 1981 1965 1974 1981

Total 1436% | 2090 2730 582 1410 1810
(1966 = 1.0) (1.0} | (1.5) | (1.9) ] (1.0Y ] (2.4) | (3.1)
Distribution

(A 1966 = 1.0)

A 108 220 380 177 660 780
(1.0} | (2.1) | (3.5) | (1.0) | (3.8) | (4.4)
B, 685 1120 1500 85 200 380
(6.4) 1 (10.4) (13.8) | (0.5) | (1.1)] (2.2)
B, 643 750 850 390 550 650

{(6.0) (7.0) (7.9) (1.8) (%.1) (3.7)

*) In 1966, the 1436 experimenters represented half the total number
of research workers (including applied physicists and theoreticians).

These proposals are based mainly on plans for new accelerators.
They confirm the scientific community's desire to concentrate its
efforts on the international plane (A and B1) without, however, ne-
glecting development at national level (BZ)' Cn this basis, each
state decides on the extent to which its scientifie policy will per-
mit it to support the proposed work. These decisions may mean that
the proposals are modified and fresh long-term programmes drawn up.
This constitutes the beginning of the planning cycle.
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Figure 1

NN
-~ :\\\ \

Fig. 1 Structure of total effort in the scientific discipline

. A = International effort proper (international centres)
(R1 = Contribution of regional centres to the internationsal effort
B1 - (U1 = Contribution of universities to the international effort
(R2 = Work of regional and national centres
B2 = EU2R= Contribution of universities to work of regional centres
(U2 = Universities' work proper
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23+ The planning cycle

The diagram in Figure 2 shows five factors (boxed in the diagram),
Viz:

- scientific pelicy;

- considerations of efficiency, giving rise tc factors affecting the
contruction and operation of long, medium and short-term models
and day~to-day management:

- long-term plans;
- medium=-term plans;

- the work of the research and supporting units. Such work nay
itself be oricnted towards long- or short-term objectives.

It would be as well, at this juncturc, to give an overall idea
of the methods of clementary particle physics. The activities will
subsequently ve described in Chapter 3. The purpose of elementary
particle physics is to discover the fundamentzl laws of nature by
studying the elements of which matter is composed. To this end, the
energles used are the higher, the smaller the particles and the shorter
their lives. Certalin objectives, thercfore, involve levels of energy
frem which important discoveries are expccted, hence the need to
accelerate particle beams at high intensities and cnergies. Funda-
mental research work cannot, in fact, really begin until such con-
ditions have becn created. It consists in evaluating and explaining
the effects of collisions between accelerated particles themselves
or between accelerated particles and target-particles. With certain
methods (the usec of electronic detectors), the experimenters must be
near the accelerator. Others (cmulsions, bubble chambers) make it
possible for universities to take part in cxperiments without actually
having to bec present when the data are collected.

Programmes are compeosed for a varying time scale, about fifteen
years ahead for long-term and four for medium-term projects. The
fifteen-year period is needed for the full commissioning and operation
of the largest accelerator, while four years is the average time re-
quired for other large invesiments to mature and is alsc the planning
periocd generally accepted by governments. DBecause of the research
equipment needed, planning in high-energy physics has to be over long
periods, which is, in effect, both a drawback and an advantage as
against other scientific disciplines. It is a drawback, because of
the many unknown factors affecting future technoclogy, and an advantage
because of the relative security and continuity conferred by the use
of such programmes.

Long-term plans are drawn up by the members of ECFA, assisted by
national and international study groups. They are submitted to
national governments either directly, if national plans sre involved,
or through the Buropean Organization for Nuclear Research {CERN),
when it is a matter cf international plans. There is thus coordination
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at both levels, but there is also a degree of competition because
avallable resources are limited. The governments make use of CERN
channels, especially its Scientific Policy Committee, for advice on
the priorities to be allocated to different projects. It must be
emphasized that long-term programmes involve solely equipment pro=-
jects and assessments of the appropriate methods and levels of opr
eration. Research proposals are planned only over the short term
and, if absolutely necessary, over medium terms. The opinion of the
scientific community is sought in the matter of projects concerning
large projects. The community itself is guided by the traditional
considerations of effectiveness, involving the scientific importance
of the project, the number of research workers who will probably be
interested in it, the cost, and the time taken to set the project up,
The initial operating costs are normally similar to those of the final
year of construction.

The diagram in Figure 2 puts medium~term plans at the centre of
the planning cycle. Before their composition is described in Chapler 4,
the work done at a large research centre will be described in Chapter 3
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CHAPTER 3

The work of a large fundamental research centre

31. DBrief description of CERN (1969) (cf. Appendix 1)

Whereas most large research centres cover several disciplines,
CERN-Meyrin, near Geneva, is entirely devoted to the purposes of
high-energy physics. In this field, it has a dual aim:

a) the construction and cperation of accelerators and other
large pieces of equipment for the use of European experi-
menters (at present, nearly 60% of them depend on CERN
for their resesarch facilities), and the development, if
necessary, of the required technigues.

b) undertaking an internal programme of very advanced research
linked to an improvement programme for Fellows and Visiting
Scientists.

?

Only 7% of all Buropean experimental and theoretical physicists
are, then, paid directly by CERN, but the Organization welcomes five
to six times as many scientists each year, together with a small num-
ber of non-Eurcopean physicists from all over the world. The periocds
spent by such people at CERN varies between a few weeks and several
years.

CERN operates two accelerators, a 600 MeV (million electron
volts) synchro-cyclotron (SC), which has been working since 1957, and
a 28 GeV (thousand million*) electron volts) proton synchrotron (PS),
which was completed in 1959. The Organization is at present building
two other machines connected with the PS: a 600 MeV injector (booster)
and intersecting storage rings (ISRE). These two installations will be
taken into service in 1971/2, and will, it is hoped, extend the im-
portance of the PS5 on the world scale to cover the next ten years.
Today, the PS5 is one of the best and most powerful proton accelerators
in the world. The 5C 1s alsc scheduled for improvement in 1971.

CERN was set up at Meyrin (Geneva) in 1955 and sim e 1966, has
covered an 80-hectare site astride the Franco-Swiss border. The
present staff numbers emplcyed by CERN total 3200, to which must be
added 1500 people paid by universities or by service and building
firms. The number includes 90C physicists and engineers, half of
whom are actual research workers. Expenditure in 1968 was almost
280 million Swiss francs, contributed by the thirteen Member States
of the Eurcpean Organization for Nuclear Research, the individual
contributions being usually based on the country's GNP. Currently,
half of this budget i1s earmarked for the construction and development
of large pieces of research equipment. The other half is used for
their scientific operation and the services and general work.

* In USA: biillion
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Each Member State is represented by two delegates, all delegates
together forming the Council of the Organization. The Council appoints
a Director-General, whec holds office for five years and sets up the
organizational structure which he considers most suitable. The struc-
ture at present consists of seven Departments, themselves composed of
Divisions (Appendix 2).

The most tangible results of CERN's work, i.e. the results of

and reports on research and technical development, are all published
and made available, free of charge, 10 universities and industry.

32. TFunctional classification of activities

Tc facilitate the description and planning of the centre, it
was considered essential tc draw up a functional classification sys-
tem for its activities, with three aims in view:

t. To present the structure of the work of the Laboratory in
& way corresponding to the scheduled aims, i.e. to ensure
that there is a correlation between the programme and the
avallable resources.

2. To allow planning, independently of the organizational
staff structure or the coding system dictated by budgeting
and accounting requirements.

3. To make those plans in collaboration with a large number
of scientific, technical and administrative officials at
varicus hierarchical levels.

A CERN activity is a significant effort on the part of the centre
of a given type and in a given field. It is the "molecule" of the
overall effort. CERN activities are defined in such a way as to pre-
serve their significance, at least over the medium term, and to group
together those jobs which have to be jointly analysed at central level.

The main feature of the type of activity is the time at which the
projects in view will be completed. The first distinction is made by
the answer to the guestion "Cperation or investment?". In order to
constitute an investment, an activity must be such that, should it
cease, only future research, and not current research, would be
affected. Current research itself does include investments like the
purchase of spare parts and specific equipment, but these "ad hoce"
investments do, in this case, form part of the operating expenses.
Conversely, investment activities may include the operation of proto-
types for future installations. If these prototypes were tc be scrapped,
only future installations and hence the future research programme
would feel the effects. BSuch operaticon is therefore considered as
part of the investment. An investment activity is most often equiva-
lent to a project, especially when its objectives can be clearly de-
fined.
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of activity corresponds to a step towards the essential

product of fundamental research, i.e. towards scientific information.
Here, an initial distinction can be drawn between the scientific and
technical fields, on the one hand, and those constituting general
auxiliaries for research on the other.

The very roughest functional classification, then, looks like

this:
By field Sclientific and General support
nical
By type technica
Exploitation activities R activities o
Investment activities E,I1,X,72 activities B

Activities R:

Activities E:

Activities T
and X:

Activities Z:

Activities S:

Activities B:

ClibPD www fastio.com

Research and cperations: operation, maintenance and
minor modification commected with research programmes.
Single-purpose equipment.

Short-term equipment and development (one to two years).
Design, construction and major modifications to equip=-
ment for research programmes., Development of new tech-
nigues.

Medium-term projects (three to six years).

Long-term projects.

Administrative and technical services. Power and water
supplies.

Construction of buildings, installations and general
works. Service equipment.
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.sides of fundamental research work:

General side of CERN field of CERN

fundamental research activity code

Creation and maintenance Accelerators, injectors ACCEL
of typical conditions; and collision rings;

Adjustment of obser~ Particle beams and BEAMS
vation conditicons to experimental halls;

phenomena studied;

Acquisition of scien- Detectors; DETEC
tifiec data;

Selection and evalu- Data handling (analysis DATAH
ation .of data; and calculation);

Theory of the discipline; Theoretical studies; THEOR

Circulation of scientific
information.

At CERN, this side is
included in the field of

general support.

%%.. Activity measurement

The activities are evaluated under three types of measurement,
viz:

- the parameters (cf. section 432);
- staff (cf. section 433);

- costs (cf. section 434).

By and large, the parameters dictate the production of the ac-
tivity. They are almost obvious in certain cases, e.g. annual hours
of operation, photographs taken, surfaces to be cleaned, value or
number of instruments in stock, etc. In other cases, however, the
inherent difficulties connected with evaluating scientific product-
ivity are ericountered. It is recognized, for example, that the num-
ber or weight of publications is seidom a valid parameter in the field
of theory!

The staff numbers (CERN symbol N) may be related to the type of
contract, the function, or the source from which the personnel are
paid. The last-mentioned factor is of great importance at a Labora-
tory which actually pays only a minority of the researchers working
at it. The units used may be the people at the research centre,
usually at the end of the year, or man-years.
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The costs are related either to the personnel (CERN symbol P)
or to equipment and services (CERN symbol M). Annual costs are
usually corrected by adjusting price variations according to eco-
nomic indices.

Objectives may be expressed and the state of progress of the

actlivity measured in relation to the objectives by means of the para-
. meters. Syntheses and analyses of the corresponding effort can be
made by means of the staff and costs. The simultaneous use of the
various types of measurement gives most of the ratics normally used
as indicators. Finally, the time is also used as a factor, firstly
for defining the type of activity and secondly in chronological tables
using the above measurements.

34, Constitution of the activities

341. CERN activities consist of CERN sub-activities or divisional
activities. The latter are themselves made up of divisional sub-
activities which represent the "atoms" of the overall effort in
functional terms.

CERN activities

N

CERN sub=~activities divisicnal activities

\\\\divisional////

sub-activities

This breakdown may be necessary for one or more of the following
reasons:

a) identifying the effort more accurately;
b) finding valid parameters;
c) turning accounting data into functional data.
- From top to bottom, the hierarchical structure is:
Department
Division
Group {(or Service)

Section (or Office)
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and thus the divisiocnal sub-activity represents the work of one or
more groups. The group (or service{ is the smallest autonomous re-
search {or auxiliary) unit capable of having its own independent pro-
gramme and its own budget provisions.

342. Accounting data are converted from section level upwards
in consultation with the group leader. He gives the correlation be-
tween accounting codes and functional sub-activity codes. The cor-
relation is direct in about 80% of all cases, but, in the remaining
20% or so, the group leader states the equivalences, since one ac-
counting code may cover more than one functional code. The conver-
sion keys are revised once or iwice a year within each Division.

The distribution of personnel numbers may also be given as a general
tetal for the whole of the group or section, or as a ratio to the
work done. In such a case, not all the staff are required to fill in
a weekly Jjob sheet; this avecids an excessive amount of administrative
work. All that need be done is to revise the distribution keys pe-
riodically in consultation with the group leader. The 20% mentioned
earlier consists mainly of groups responsible at the same time for
both the operation and development of large pieces of equipment, and
applies particularly to groups dealing with accelerators and large
detectors. We shall be returning to this matter in section 363.

35. Synthesis tables

351.  Activities or projects with the same aim in view may con-
stitute an activity programme. If only projects are involved, i.e.
"investment™ type activities, the programme produced may 1tself be
referred to as a "Large Project". Figure 3 shows the way in which
programmes are represented according to iype and field of activity.
Activity measurements may be applied to all these composites in the

same way a&s to the activities themselves.

352. The synthesis tables of the activities provide the bases
for planning and the construction of mocdels. An aggregate total
should therefore be cast at each planning stage according to the
most urgent matters on the time scale in question. The guestions
"Why?", "By whom?", "Where?" and "When?" relate to the completion of
the activities or composites involved and are expressed in the types
of measurement given. Their order of importance is:
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Measurement of activities and programmes, with the aid of parameters,
personnel numbers (N) and costs (P, M, T).

ACCEL BEAMS DETEC DAH&{THEORYSUPPORT

R é/{/{/{?////{/////J////// ;A

///////
AR A .
J /S S S

Types of
activity

Fields

Fig. % DProgramme presentation

Examples: 1. Operation and development programme
2. Construction programme
3. Large project
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Questions*) Order of importance
abou? th? Answers¥*) Long and Short term and
work in view .
medium term day-to-day
management
For what? the programme 18t 4th
By when? the type of 2nd 3rd
activity
Where? the field 2rd 2nd
By whom? the organiza- 4th 1st
tional unit

*) expressed in the same {ype of measurement.

The essential factors in long-term plans, l.e. the programmes
and types, are thus less important in the short term and vice-versa.
It is found in practice, therefore, that three activiiy syntheses
are required. They overlap slightly to facilitate conversions from
one toc another.

4A) Lomg and medium-term tables: Presentation by programmes
with activities according to type, the field and finally
the organizational unit.

B) Medium and short-term tables: Presentation by organiza-
tional units with activities according to field, type and
programme concerned.

Figure 4 gives diagrams of these two presentations.

C) Short-term and day-to-day management tables: Normal bud-
getary and accounting presentation per organizational unit
(table %).

The next section will deal with the relationships between these
three presentations.

%6, Functional and accounting plans

361, It has been said in section 342 that the costs of activities
for past years are made up of accounting items listed together with
the aid of conversion keys which are periodically revised. It would
still be as well to demonstrate the relationship between the functional
plan of representations A and B and the budget and accounting plan.
The latter looks like this:
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A) Long and medium-term representation (by programmes )

Activity measurements
o

Organizational units

/ 5 Activity fields

/. //

y '
s
4 7 ’ e

Activity tyves

B) Medium and short-term activities (per organizational units)

Measurements

A
For each

Organizational unit:

Frogrammes and projects

—» Activity fields

]
Wi

Types of activity

Figure 4 Functional representations of activities
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TABLE 3

Accounting representation of expenditure

(representation C)

Organiza-
ticnal units

Divisicon Division Division
Budget

Headings (by groups and sections)

1. Personnel
fby type of contract)

2. Operation
(by fields)

%. Capital outlays
{by fields)

The sub-headings under headings 2 and 3 are selected sc as to
give information on corresponding fields, e.g.:

il

22
%52

Accelerator operating costs

Capital outlays per accelerator.

This method of classificaticn by fields makes it easy to convert
from the accounting plan to the functional plan. The system of co-
ordinates provided by combining these twc plans may, in fTact, take
the form below: (The third plan forms the cost analyses area, generally
by fields)
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Figure 5
Budget headings
(francs)
Accounting plan
. (= representation C)
Cost analyses plan
Organiza-
tional units
(persons)

Funetional plan
(= representations A and B)

Functional activities
(parameters, personnel, costs)

Fig. 5 Functional and accounting plan

362, TLet us now try to illustrate this structure by explaining
the various meanings of the term "data handling" according to the
axis on which it is met.

"data handling" refers:

" - on the organizational unit axis:
to a specialized Division (pp) (Figure )3

to various groups in other Divisions;

- on the functional activities axis: (Figure 6)
to a field containing the operational (R4), (R13b) and
(R14b) and investment (E16), (I3b) activities;

- on the budget headings axis: (Figure 7)
to an operations sub-heading; (25);

to a capital outlays sub-heading; (35).
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In other words, the accounting plan will show the units and fi-
nancial means involved specifically in data handling work, while the
functional plan willi give the cumulative total of all work in this
field, both direct and indirect.

363%3. One of the essentials for the proper management of the re-
search centre is flexibility, which is also provided by this systenm
of differentiation between the accounting and functional sides. The
purchase of a large computer, for example, is clearly a capital out-
lay (budget heading 3), but it may be considered as an exploitation
cost (R4) in the functional plan, if it is paid in installments which
are similar to an annual rent. Flexibility is even more important
in the use of the perscmnel's time. The work of the groups is charged
up, with the aid of coefficients provided by the group leaders them-
selves (cf. section 342), to M"effective™ activities and not to the
"nominal" activity of the group. This 1s very important when a
"eurrent research" group (type R), is spending a great deal of its
time on developing its research tools, and when there is a change in
the organizational structure. These changes occur very frequently as
a result of the turnover in research workers and the growth of the
Laboratory.

364. The conversion keys may, then, affect
- the persomnel (budget heading 1, functional measurement P);

- the equipment (nheadings 2 and 3, functional measurement M).
Examples of such keys are given in Appendix 3.

In addition, breakdown keys are used in the functional plan and
within each Division to distribute "general activities" such as:

No. 9: Direction of the Division,
No. 11: Laboratory supernumeraries,

No. 12: Fellows and visitors,

over the "productive activities", Nos. 1 to 8, for the Division.
These breakdowns must be made every time a presentation B is con-
verted into a presentation A (Appendix 4).

365. The centre's administrative computer has been programmed
to handle the large number of data included in each presentation A,
B and ¢ with the conversion and breakdown keys mentioned above.
What has to be done, in fact, is to reduce some 2000 expenditure
accounts (presentation ) to about 150 Divisional activities (pre-
sentation B) and finally to the 30 CERN activities (presentation A).
The aggregaticn ratio ¢/B is lower for the personnel (200 organiza-
tional sections in presentation c).

Examples of aggregate presentations A, detailed presentations A
and presentations B are given in Appendices 5, 6 and 7 respectively.
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CHAPTER 4

The planning process for a large fundamental research centre

By planning process 1s meant the development of a system with a
logical side, i.e. the planning structure, and a formal one, i.e. the
organization of planning. These two sides may be represented roughly

by a diagram (Figure 8) and an annual cycle (Figure 9) respectively.
These figures will be described in Sections 41 and 42, whereafter a
few examples drawn from CERN will be given to supplement the descrip-
tion, and those developments which appear the most promising will be
put forward.

41. The planning diagram

411. Figure 8 shows the logical functions, interccnnected by
the flow of data. The diagram is "jointed" at three levels, viz:
- the upper one, where scientific policy is decided;

~ the central one, dealing with the total activities of the
Laboratory; and

- the peripheral one, comprising the activities of the organizational
units.

The functions may be classed as:

- models and judgments; {(cf. Section 413%)

- forecasts and checking (cf. Section 414).

412. The main model of the research centre is the linchpin of
the plarnning system.

The input factors are:

- the exogenous variables originating from scientific policy:
limitations and requirements like the availability of research
workers, sclentific progress, the overall financial situation;

- long-term programmes drawn up within the scientific discipline.
These are reflected in "mega-science" mainly by requests for large
pieces of equipment and by quantified objectives as defined in
section 121;

- the parameters and internal requirements based on standards and
statistical series;
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~ the planning instruments used by preferential judgment; they may be
direct if they refer explicitly to an activity, or indirect insofar
as they affect all the activities with certain features.

The output factors are:

- propcsals and Justificatory evidence forming long-term plans for
the research centre;

~ the endogenous variables or indicators submitted preferential judg-
ment for iteration:

- the medium-term programmes and guidelines forming the input for the
operational sub-models of the organizational units and those of the
planning and cocrdinating committees.

The statisitics provided by these units are used to formulate
medium-term forecasts for the research Laboratory and long-term fore-
casts within the framework of scientific policy. Otherwise, the sub-
models work in a similar way to the main model as well as providing
a basis for judgment. All data are expressed in activity and sub-
activity measurements.

413, The "preferential judgment" models and functions are
closely related. In fact, the system is designed to provide the
information required by those making decisions. Primarily, it is a
matter, in many situationsg where a function-cbjective cannot be de-
fined, of filling the gaps with a personal judgment and of integrating
these judgments at each level in the planning system. Such & procedure
is particularly applicable to fundamental research, where important
decisions are largely governed by the bent of scientific thought at
the time and the personality of the scientists. The model must,
therefore, provide indicators to which the concensus of scientific
opinion allocates values, Via the judgments mentioned above, these
indicators actuate "planning tools"™ which can be used immediately on
the model and allow standards for forecasts and internal requirements
to be laid down.

414. The forecasts and requirements made by the Laboratory units
are based on the direction their activities are taking, on specific
projects, on the standards and factors originating from the Cenire
and on the external demands made directiy on each unit. The "checking"
operation, assoclated with these forecasts, includes a check on the
application of the standards and factors drawn up for the whole Lab-
oratory and, if necessary, the review of the way in which the proposed
projects are assessed.

Ideally, there should be correcting coefficients for every person
originating a project. These coefficients would be applied to the
project estimates. It is well known that, in every laboratory, there
are some research workers who, invariably, over-estimate the work in
view, and others who always under-estimate it. In actual practice,
there are such coefficients at various levels, in the minds of the
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Directors and Division Leaders, but it would, of course, be a very
delicate matter, if not totally useless, 10 incorporate them into a
planning system as they stand.

415, It must be pointed out that this planning check is super-
imposed upon the management check which is undertaken at both central
(ef. Appendix 2) and peripheral level. The units use the single-
estimate critical path method (CPM) to check the state of progress
and the cost of projects. CPM/PERT is also employed to level out
the use of technical labour. The costs are tracked by extracting the
data relating to CPM network sub-systems from accounting reports.

Cost forecasts are also made by sub-systems. The sub-systems of large
projects are dealt with as divisional sub-activities.

42, The annual planning process

421. Medium-term programmes relate to the coming four years.
If A is the current year, the annual process is aimed at:
- extending the existing medium-term programme by one year (4 + 4);
- reviewing the programme for 4 + 3 and A + 2;
-~ drawing up the short-term programme to which the budget for
A + 1 relates.

The following will thus be obtained:

a) A set of plans with financial plans constituting the "esti-
mates" for A + 3 and A + 4;

b) An authorized programme with a "firm" budget (subject,
however, to confirmation) for A + 2;

¢} An authorized programme with a budget allocation for A + 1.

422, These aims are taken into consideration when the annual
planning calendar is drawn up by the central Programme Office. Three
phases are usually scheduled (Figure 9);

- the first examines and gives the research centre's plans for
A+ 1 to A + 4;

- the second sets or confirms the scope of the various programmes
for A + 1 toc A + 43

- the third details A + 1. This general case will be described in
sections 424 toc 426 and Appendix 8 gives an example of it at CERN
for 19&8.

Where there is a transition from a predominantly capital outlay
period to an operating period:
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- the first phase will preferably be limited to the investment
years, e.g. A + 1 and A + 2;

- the second will provide the schedules for A + 3 and A + 4, after
the first has been confirmed;

- the third will detail A + 1, as before. This particular case is
illustrated by Appendix 9 for CERN in 1969.

42%. It should be possible with these phases to coordinate
planning between:
For CERN

The higher authority Council, Finance Committee,
Scientific Poliicy Committee

Senlor management Board of Directors

The coordinating body Programme Office

The administration Personnel and Finance Divisions
The executives Departments, Divisions and Groups,

standing or ad hoc Committees.

Here, it should not simply be a matter of the higher authorities
consulting the lower ones, but rather of a proper conversation, di-
rected initially by the coordinating body for phases I and II, and
then by the administration for phase III, This calendar should be
drawn up in such a way that everycne knows the contacts to be made,
the information to be provided, and the date on which it is required.

424, PFirst phase

The Programme Office asks the Divisions to submit their plans
for A + 1 to A + 4. In order to do this, they are given the following
information:

- the figures for A - % and A - 2; here, the principle of time
symmetry (34) is applied, according %o which the planner must
have at hand back data for the same length of time as that of
the period to be planned;

- the provisional results for A - 1t in their functional presenta-
tion;

- the authorized figures for the budget for A;

- the figures drawn up in A - 1 for A + 1, A + 2 and A + 3%, but
corrected by the application of the cost variation indices.
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These indices are applied overall to the following four cost
areas:

~ salaries and allowancoes;
- buildings and the appropriate installations;
- scientific and technical equipment;

- items unaffected by cost variations, such as certain clectricity
supply contracts, orders for equipmens at fixed prices, lump-
sum payments, etc.

Without going into the details of the various indexing methods
here, the importance of this price updating, in order tc express real
prices in the chronological series, must be stressed.

The most important document of the sct is formed by the Direc~
torate's general account of the achievements of the past year compared
to the programme, the cverall cbjectives and the identifiable problems
arising in the years in view, especially those for year A + 4, which
is being looked at for the first time. This document must recall the
aims already established during the previous financial year and the
foreseeable cost factors, e.g. the average salary in each Division.

In additicn, the problems must be described, while solutions should
be merely suggested in order to preserve the scope for initiative and
the freedom of action of all those responsible. In fact, the total
of the annual amounts suggested should exceed the available totals
given by the medium-term schedule by a few percent so as to leave it
to the final planning stage to adjust internal requirements to the
budget presented for A + 1.

The information is drawn up on the lines of presentation A in
Figure 4, i.e. primarily by type and field of activity, and second-
arily by Division. Where necessary, therefore, the Divisions them-
selves have tc set up ad hoc working groups to define their respec-—
tive responsibilities. This is one of the essential features of
collaboration, consisting in reducing t¢ a minimum the number of cases
where the Directorate has to arbitrate between Divisions, either to
btridge gaps, or to avoid duplication. It must nevertheless be empha-
sized that, unlike the case of industry, it is often permissible in
sclentific research for groups interested in the same type of work
to operate in parallel. The limit to this type of duplicaticn is set
by the overall effort allocated to the activity concerned.

The Departments and Divisions utilize a similar procedure with
the research groups to define their plans. The plans thus drafted
are sent to the Programme Office in the functicnal form B. They
should contain the parameters, personnel and costs per divisional
sub-activity, with full and suitable comments.

Before synthesizing them, the Programme Office analyses these
plans and checks that the accepted standards have been applied:
Fr./man-year, mz/person, personnel expenditure/expenditure on
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equipment, etc. It also revises the conversion and breakdown keys
in consultation with the Divisions.

The synthesis is discussed in form A with senior management,
which then itself submits it to the Council bedies for comment.

425. Second phase

Provided that, in the new plans, the totals for the programmes
previously approved for the first three years under consideration are
adhered to, the only year which might encounter some opposition at the
higher level is A + 4. If such opposition is encountered, however,
the whole of the period A + 1 to A + 4 will be discussed and senior
management will assemble information to be used in forming its own
instructions, which will be distributed after discussion in forms
A and B, l.e. in a much more specific form than the initial statements.
They will, in fact, contain the framework for all the programmes for
A+ 1 to 4 + 4.

After the Divisions have revised the plans, the second phase
continues, like the first, with synthesis A. It should, however, be
neted that, at this stage, the specific plans B are sent back together
with presentation A to zllow the Directorate to mzke a double analysis,
from the viewpoints of both the programmes and the organizational units,
Thne financial plans thus submitted to the higher authorities, give
amounts which they can accept with a good degree of assurance that they
are accurate. The main aim of this procedure is to convince Council
that a programme is being drawn up for A + 4 within the framework of
the first phase.

426. Third phase

The third phase may begin with Council issuing new guidelines or
confirming previous cnes. This basis, with the personnel and financial
positions for the current year, enables Senior management to make a
firm proposal for A + 1. The Administration now uses the information
supplied by the Programme Office to solve all detail problems for A + 1
and to draw up the corresponding budgets in consultation with the
Divisions. Since these budgets will be presented in forms B and ¢,
the keys must be revised at the very beginning of this phase. At the
same time, the Administration will draw up the probable situations
for A.

The Research Centre will, then, send the following documents to
Council for approval at the same time:
- The probable situation at the end of A (in form C);
- The budget for A + 1 (in forms B and C);

- The medium-term programme giving A - % to A + 4 and asking for
a "definite" confirmation of A + 2, confirmation of the "estimate"
for A + 3 and the recording of A + 4 as a new "estimate".
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4%, Data flow

The data used in planning are described in the next few sections
by reference to CERN examples.

4%1. The exogenous variables consist mainly of data on higher
- education and the related population, e.g.:

- the number of physics students or, if this figure is not available,
- the number of nstural sciences students;

~ the rumber of gualified particle physicists;

- the number of universities with a physics faculty and the number
of regional high-energy physics centres.

Furthermore, the cost of research per man-year is also given.
This ratio may be onsidered as a valid unit of measurement for sci-
entific activity in Zurope (35) (36).

These data are forecast at scientific discipline level. In the
case of CERN, the work is done by ECFA and CERN itself, which uses
the work of OECD, UNESCO and their national correspondentis.

4%2. The physical parameters directly describe the objectives
and the results of work. The table below gives the main parameters
considered at CERN per field of activity, for types R and 35, by way
of example (the field and activity codes are given in brackets).

Accelerators hours of operation per year;
number c¢f targets operating;
number of beam ejections;
average intensity and energy;
repebition rate.

(ACCEL: R11, R21)

Beams number of beams installed;
. number of beams operating simultanesously;
(BEAMS° R12) number of magnets available;
installed electric power;
weight of shielding available.

Detectors number of groups at CERN (intexnal,
external and mixed);

number of groups on detectors;

number of detectors installed;

annual number of hours of operation;
triggering, photographs, events per year;
average duration of an experiment.

(DETEC: R13a, R1sa,
R22)
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Data handling number of film measuring machines
(DATAE: R13b, R14b, (manual and automatic);

R4S number of photographs measured;

number of events measured;

number of peripheral computers used;
capacity of central computers;
quantity of work per week;
number of users per week;
nunber of cards read;
number of pages printed.

Services number of persons employed;
(SUPPORT: S1, 52, §3, number of visiting sci§ntist;
54, S5) number of reports published;
number of orders placed;
gquantity of work done in the workshopsj
number of withdrawals from stores;
areas t0o be maintained;
power consumed, etc.

The divisional activities and sub-activities involve these para-
meters and give more details about them. The parameters in the case
of E and B investment-type activities are usually formed by the annual
increases in these values. For projects (I, X, Z), the calandars
themselves are generally treated as parameters.

In addition, the value of the available equipment represents an
essential parameter. Either the measurements of one single activity,
or the activities in a single field, can thereby be interlinked. The
value used is the purchase price rather than the market value, so0
that short-term investments may be expressed in relation to a known
original value. Section 445 deals with this matter. There is one
difficulty in this connection, that of assessing the cost price of
instruments made at the centre itself without having to use indust-
rial accounting methods, which are considered too laborious for the
few occasions cn which they are used in fundamental research. Never-
theless, electronic data handling will make it possible 1o obtain such
information accurately and in the time required.

43%, The staff numbers (N) are viewed in the light of four cri-
teria:

- the type of contract: Staff Members with medium and long-term
contracts;
Supernumeraries with short-term contracts;
Fellows and Visitors with short-term
contracts;

~ salaries: higher grades;
medium grades;
lower grades;
visitors nct paid by the centre;
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- position: scientists;
engineers;
technicians and specialists;
administrative personnel;
unspecialized and general-service
personnel.

The unit generally used in the models is the man-year. However,
requests and directives are alsc expressed in total personnel employed
at the end of the year.

4%4. A1l costs (T) are given per budget year. At CERN, this
is the same as the calendar year. Persommel costs (P) are given on
the basis of man-years and those for equipment (M) are spread cut in
time according tc dug payment dates. The cost variation indices are
applied according to the classes given in section 424. The staff
numbers and costs together determine the activity levels.

4%5. The endogenougs variables or indicators are of prime im-
portance in describing the conduct of the centre. Planning depends
toc a great degree on how they are selected. According to Stokes (37),
the indicators must satisfy the following conditions. They must:

a) be significant over a period of time equal to at least

twice the medium term, i.e. over four years past and four
t0 come;

b} be easily derived from the model of the undertaking;
¢) be comparable to standards or objectives. There must also
bhe as few of them as possible (this remark is of obvicus

practical use) .

Depending on the way in which they are made up, the indicators
may be homogeneous or heterogeneous.

Homogeneous indicators involve a single class of measurement,
i.e. the physical parameters, the staff numbers, or the costs.

Heterogenecous indicators use more than one class of measurement.

Examgles:

laboratory area
total area ?

- homogenecous:

staff numbers in scientific fields |
supporting personnel !

personnel costs
total costs

*
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areas

total expenditure |

- heterogeneous: H

personnel

cost of analysis

event recorded

personnel ’

The indicators may also express either performance, when the

product of activities can be measured, or degrees of satisfaction

where they are essentially governed by the appreciation of the sci-

entific community.

Finally, the indicators refer either to a single full activity
{type, field or programme), or to several activities, either as an

accumulation or compared one t0 another.

The indicators must be sought among the following alternatives:

Homogeneous Heterogenecus
) . indicators indicators
Object of comparison

param, | N T il L z
param. | param. { N
Activities within one field X X | x X b4 X
Activities of the same type X x | x X
Activities within one programme X X X
Fields among themselves X x x
Types among themselves p pd X
Programmes among themselves X X X X b4 X

*) The activities compared may be inside or outside the Centre.

The following list is representative of the indicators used at

centre level:

Objectives of the Laboratory: Indicators showing: (p = actual

performance)

{ds = only some
"degree of
satisfaction")

a) To provide a service for Number of European physicists de-

European physicists.

pending on CERN (ds) in particular

for doctorate theses.
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b) To guarantee a high level of |CERN's participation in large inter-
research work within the national conferences, as a fraction
centre. of the number o¢f communications ac-

cepted (sub-divided into theoretical

and experimental) (p);

Number of important experiments made

at CERN in relation tc those made at

American laboratories (p).

¢) To proportion out the efforts| Number of research workers at CERN
- made in the directions of paid by the Organizaticn (ds);
objectives a) and b) Ratios between internal, external
and mixed groups (ds);
Number of CERN photographs sent out-
side CERN for evaluation (p);

T
d} To ensure the centre's future| Short-term: “X%Li—ﬁl (ds)

TOT
TI
Medium-term: & (ds)
TOT
T
7z
Long-term: —i%—i——l {as)
TOT
e) To operate the installaticns Central computer hours (p)

efficiently (trends and com- [Millions of photos or events handled
parisons with a large Ameri-
can centre)

Hours down-time ( )
Hours of operation

for accelerators, detectors and
central computers.

f) To provide proper support and N techniciansg (as)
adequate facilities for re- N research workers
search workers (trends and
comparisons with a large
American centre) Qffice + laboratory area (ds)

Research group

=

(ds)

o

(ds)

Sa
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g) In addition, the main activity measurements in each field may be
considered as indicators of production or the level of activity
in the field concerned. The cost ratios between one field and
ancther thus form important indicators.

436. There are two kinds of planning tools viz:
certain endogenous variables to which values have been allocated by
the centre's management bodies, and the planning coefficients for the
rain model., This phase will be mentioned in secticon 447. These tools
are generally the same at peripheral level as those used for day-to-
day managment.

437. The standards at central level are presently restricted to
the following ratios:

P . s

ik Average progress in grade per Division;

M : . . . .

T ¢ Expenditure on equipment and services in relation to the
personnel costs, per type of activity. These ratios may
be applied:

Types X and Z % to the "study" and "construction" stages,
)

depending on the projects

Type 1

Type E: 1 to 2 per field

Type R: 0.1 to 1 depending on whether theoretical studies
or theoretical work

to 1 depending on number and size of ex-

Type S: 0.1
s5) ternal contracts

(except
Param : Area of laboratories and offices, per cccupant. At present,
N these standards are:
- 9 m2 net per occupant of an office only;
- 12 m2 net per occupant of a laboratory only;
- 17 m2 ret per occupant of an office and a laboratory.
These standards are supplemented at peripheral level by similar
ones by means of which the parameters may be forecast.
438, The requirements drawn up by the Divisions, the plans

stemming from the model and the programmes fixed by the Directorate
are represented at various aggregate levels by the measurements:

N, P, M, T (where T, = B+ Mi).
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Appendices 5, & and 7 give a few examples of internal documents
obtained from the administrative computer, as described in Chapter 3.
The documents submitted to Council ususally use cnly N and T, and, of
course, take the most aggregated form.

44. Constructing and using the models

441. The purpose of the main model is to ensure the coherence
of plans and programmes with the aid of causal and logical relation-
ships between the exogenous variables, the parameters and instruments,
on the one hand, and the activity levels on the other. The model will,
thus, use the input data mentioned earlier to dictate these activity
levels, as regards both personnel and costs, for every plan drawn up.
It has so far been impossible to construct a complete medel for the
work done at CERN. However, sub-models have been made up. It is still
not known for certain, whether the main model will eventually be the
equivalent of an aggregation of sub-models or whether it will be pos-
sible to draw it up more simply, without recourse to such sub-models.
Certainly, the most effective method will be to adopt both, the global
and the sub-assembly aggregation approaches at the same time. In
addition, the appearance of the model of the Laboratory will be governed
by its integration into the overall model of the scientific discipline,
sketched out in Figure 1.

442. A general idea of these twe versions is given by Figure 10.
If the centre is looked at from the pcint of view of demand, originating
from European physicists, the overall version of the model could be
arranged to consider the following variables:

N1 = Number of physicists working at the centre (man—years);

N2 = Number of physicists drawing their material from the centre
(man-years), but actually working in their own universities
or institutes;

TEXP = Annual operating expenditure (Types R + 8);

Tryy = Annual investment expenditure (Types E+ B+ I + X + 2).

The model could, first of all, be used to find

= i N
Powp = T GN1,BN2,t,TINV(T)J with (TEXP + TINV) and ( . N2)
given, while a(t) and B(t) represent accepted specific costs. The
ranges of TEXP and TINV for any possible N1,N2 policy could be obtained.
443, The aggregate version of the model would start from the
relationships between parameters, perscnnel and costs for each activity
to define T and N by field and by type. These relationships themselves

appear very different, depending on whether they relate to TEXP or
T .

INv
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Figure 10
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Fig. 10 Model of CERK from the demand viewpoint
T{for the meaning of the symbols, cf. Fig. 6, P. 28)

The arrows give the direction in which the demand Is made.
The broken lines relate to investment activities.

* The timings referred to are the periods between the presenting of the
demands and the completion of the prcjects.
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The relationships between operation activities may, in fact, be
expressed by fairly simple approximations in the conventional form:

n
Ry = Fy 4 Z Pij Pij

J=1
where:
Di.(t) = the linear or differential relationship hetween para-
J meters and/or costs;
P = the demand to be satisfied, generally in the form of
J parameters j (n = number of such demands);
F.l = fixed part of activity Ri;
Ri = measurement of type R activity.
Examples

- Operation of a track chamber (DETEC, R14a):

) = fixed charges + (cost per hour x the necessary
hour operation)

Annual cost (R14a

+ (cost per photograph x photo-
graphs wanted).

- Operation of an accelerator (ACCEL, R11) (man-years):

Annual persomnel numbers (R11) = minimum persomnel + (personnel in each
team for x teams) + (additional per-
sonnel per pericdic shut-down x number
of periodic shut-downs) + (personnel
per beam extraction x number of ex-
tractions).

These relationships are affected in time by factors like the level
of radioactivity, technical complexitiy and the ease or difficulty of
obtaining spare parts on the industrial market. The latter factor is
important when original prototypes can be replaced by standard in-
dustrial components.

444, The medium and long-term investment activities (I, X, 2)
may also be easily expressed because they are largely unaffected by
day-to-day operation and short-term investments. They usually involve
large projects which must be physically described and assessed in de-
tail, not by general rclationships between parameters, personnel anad
costs. These projects are planned and followed up with the aid of
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graphic networks (CPM) and affect future levels of operation and the
services required during their execution. It should also be noted
that these activities include a preliminary design study phase, rather
like an operational activity, followed by a construction phase proper.

445. There are two main reasons why short-term investment ac-
tivities are the most difficult to integrate into the model, viz:

1.. the fact that it is impossible to predict, three or four
years beforehand, what short-term investments will be needed
at the time;

2. these investments vary widely depending on their purpose.

The first reason has led to planning by costs rather than by
objects. Even in the case of c¢ivil engineering work, where it is
nevertheless possible to calculate the areas required in four years'
time, it can often not be forecast precisely what they will be used
for. Therefore, buildings sometimes constitute well-defined "projects",
often just "short-term investments". Appendix 10 shows the appropriate
sub~model for planning building areas. Concerning the scientific
fields, it is usual that nothing more can be done than tc request or
schedule the availability of equipment tc a certain value at a certain
date. OSince the eguipment concerned is unknown, an attempt is made to
express its c¢osis in relation to the value of the existing equipment in
the field. If the present value V is known according to what is said
in section 432, attempts will be made to find the rates corresponding
to each class of these investments by a method based on assumptions
which can very roughly be the following:

There are four reasons for short-term investments and hence for
such classes of investment:

a) Expansion: What is concerned here is the equipment re-
quired in each field as the centre expands, e.g. magnets,
pumps, power supplies, computers and electronic assemblies.
Although the general nature of such eguipment is known, it
would be useless to attempt to draw up a specification for
them a few years in advance, since improved prototypes and
models will invariably be used. If the annual rate of ex-
pansion is a, then

n av, .

By = Z 81 Tdt

1 .
=1

where:
Ea is the cost of expansion in fileld i;
i

a, 1is an accepted annual expansion factor for field i
i
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Vij is the value of equipment used in stock for class de

b} Development proper: Most of the equipment used in sci-
entific research must be continually improved and developed
in order to remain in the van in the field of instrumentation.
It must, for instance, be adapted to the users' needs, new
functions must be added to it, etc. These remarks apply
particularly to large pieces of equipment 2ike accelerators
and detectors, for which the overall development cost dis-

- tributed over their useful lives, can be assumed to be of

the same order of magnitude as their original construction
costs.

Thus:

where:

bi(t) is the annual rate of development of equipment 1.

This rate, then, may amount to 10% for certain large detectors.
Smaller components, like electronic assemblies, are not usually
"developed" in this way, but simply replaced by new designs.

¢) Replacement: The renewal of components, which is either

part of normal maintenance, a day-to-day activity, or part
of development as discussed above, if an important im-
provement is made, 1s not meant here. What 1s actually
meant is the replacement of an entire assembly or, to cite
the above examples, the scrapping of an acceleratcr after
some fifteen years' use, beam componenis (ten years), com-
puters (five years) or electironic assemblies (three years).
All these instruments are replaced primarily as a result of
the march of scientific progress, while wear and lower profits
are the usual reascons for replacing conventional equipment
like machine-tools, wvehicles, etc. If the replacement of

- large equipment is considered as specific medium or long-
ternm projects, and the linear obsolescence of scientific
instruments and conventional machinery is accepted, the

. same formula as for b) can be applied to them:

where:

¢. = annual rate of replacement of equipment 1i.
i

This rate cannot be applied to large procjects.
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Coefficients b) and c¢) are the prime components of the
overall factor known as the "sophistication" of research.
This factor measures the increase in the cost of equipment
per research worker. It came, for example, to 2.5%, at
updated prices, in the large British centres in the
"sixties(38).

d) Diversification: The fourth reason for short-term invest-
ment is Justified by the need to make provisions for efforts
and means allocated to the development of new instruments
and techniques in addition to the existing ones. Here,
fundamental research has t¢ invent its own tools; it may,
in fact, be said that work on diversifying equipment is
10 fundamental research what research is to industrial pro-
duction. It is as hard to work out how much should be put
into this aspect as it is to decide, in industry, whether
a research programme should be undertaken within the firm
or whether patents should be acquired or reséarch contracts
awarded to outside bodies.

Diversification may be expressed either as a special
activity, i.e. as a project, or as a coefficient (d) af-
fecting all other short—-term investments:

E, -a) (B, +EB, +E_ ).
1 1 1

The total of the short-term invesiment activities (E) would thus
take the form:

(Za —i+ va +§:cﬂﬁ (1 + a)

for constant expansion rates ai over the period under consideration.

This idea is reasonable in practice. Since the medium and long-
term projects have been set apart from the beginning, the rate of ex-
pansion of short-term activities may be different from the overall
growth of the centre. At CERN, the raiec is at present lower than the
annual growth rate of the centre, the difference being due to the
large projects.

Finally, in attempting to integrate the activities E in the model,
one can use V, the value of the equipment, as a starting pcint, and
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express E as a function of day-to-day activities R with the aid of a
coefficient of use u of the equipment; for each field i,

o}

wn =

= —  will be obtainea.
i Vi

1 this case Ei becomes:

1+a, aR,
By = u a; 7o+ (eyvey) Ry,

The total effort in each technical-scientific field could thus be
tpressed in annual cost figures via the plamnning coefficients a, b,
d and u, that of the effort R, itself a function of the essential

rameters for the field, and of efforts I, X and % orn large projects.

446. The field of support in a research cenire does not differ
widely from that in an industrial firm as to justify special at-
ntion in a report like this one. Primarily, support activities
e governed by the effort scheduled to be made in the technical-
ientific fields and by the policy adopted in respect of them. It
made up of the following functional activities:

Administrative support Technical support
S1 = Administration S3 = Technical services
peration 5. = Administrative S4 = 5lte services
services
S5 = Power supplies
B1 = Constructicn
wvestment (1ncluded above) B2 - Equipment for the

technical services
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In its simplest approximation, demand for these services is
distributed in the following way:

Technical -
scientific fields

S1 82 B1 83 85
b4
S4 B2

Appendix 10, which has already been mentioned earlier, shows a sub-

model B1 - 84.

A few of the relationships between the technical-scientific
fields and the auxiliary activities contain standards of the "mz/per-
son" type. The levels of these activities are, however, usually still
based on the overall indicators discussed in section 437 f).

447. The aggregate model would be finally expressed in the form:

£, (Vi, large projects) + £, (f1)

where:

H
1]

; Eﬁi (uiVi),Ei(ai,bi,ci,di,vi), large progects]

and:

(B, 5).

H
I

It is, then, the purpose of preferential Jjudgment to allocate
values, for each field, to the planning coefficients a, b, ¢, d, u
described in Section 445 and to the standards, in such a way that the
indicators obtained meet with the approval of the centre's management
and consultative bodies.

These coefficients thus constitute some of the best planning tools.
The ratios of certain indicators may, morecver, integrate themselves
into the model, e.g. the ratios between the proportion of the available
resources allocated to neighbouring fields and those relating to ex-
ternal demand. It will therefore be possible for preferential judgment,
so far applied empirically, on the one hand to the indicators and on
the other to the planning tools and standards, to contribute towards
the development of the model by making these values consistent among
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themselves. The evolutionary mechanism of the system must be seen in
these judgment functions at each level. A pragmatic search must be
made for new indicators which can be used as planning tools or even
standards. This task is the more difficult, the nearer it is to the
acquisition of data (DETEC). This kind of work is an integral part

of the amnual planning process and will probably never be fully com-
pleted since new kinds of input data will always appear, in accordance,
indeed, with the very spirit of research. This is why the mathematical
side of the model will have toc be kept as simple as possible to allow
for continual adaptation.

448, As has been seen, the two versions ¢f the main model of the
Meyrin-Geneva centre are still in the embryonic stage. It is fully
recognized that a great deal of planning will be necessary even before
the variables and essential relationships can be given a sufficiently
strict definition for them to be usable on a model programmed and
simulated on a computer. Nevertheless, the planning process already
drafted continues to provide pointers in this direction and the vast
majority of research and administraticn workers are making a more or
less deliberate contribution to the development of models and sub-
models., Regression analysis and attempts to predict costs by type and
field of activity within a given total envelope of expenditure have
not so far been a great deal of help, either because all they have done
has been to confirm obvious relationships, oOr because the data available
as a basis (those for the period 1965 to 1968) were too scarce from the
start. On the other hand, the functional classification of activities
and their practical use has been found extremely effective 1n extending
and supplementing this basis in a continuous and reliable manner.

449, It has already been said thait widespread pariicipation in
the planning process, pariticularly for the development of models, was
highly desirable. Such participation requires an organization to
supplement the hierarchical structure, consisting in a number of co-
ordinating and selection Committees. Those represented on them are:

- those in charge of an activity and taking the decisions concerning
its

- those benefiting from such activity, particularly if they are out-
side CERN;

- the central management and the Programme Office, as the case may
be.

Thege committees come into being primarily in conmection with R
and S-type activities. They exercise thelr judgment with respect to
the plans and indicators drawn up by the appropriate section. Table 4
gives a few ilmportant examples.

There are also two committees bringing together all those people
concerned with the formal side of planning, viz:
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- the Working Group on Programme Data, which mainly helps in de-
veloping the functional programme presentations (FPFP) (about
fifteen persons):

= the CPM-PERT committee, which develops critical path methods and
their application, mainly to investment activities (about twelve
persons) .
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CONCLUSIONS

Since there are no quantitative units for measuring the "sci-
entific product", fundamental science planning at all levels must be
undertaken with two prime factors in mind.

te Most decisions contain a considerable proportion of sub-
jective judgment.

2. It is difficult to bring together the components constituting
the quantifiable portion of the decision bases.

This is why the author tried to develop a planning system at CERN
such that:

1. the judgment function is specifically included at all levels;

2. there is, at all levels, considerable participation in
identifying, obtaining, transmitting and assembling signi-
ficant data.

An attempt has been made in this study to describe this system
at the levels of the scientific discipline and of the research centre.
The system makes use of a functional language mainly employed between
the central bodies and the periphery in order to express, if not sci-
entific productivity, then at least scientific activity.

The construction of models and sub-mcdels is still only in its
infancy. DNevertheless, initial work shows that the functional language
ig useful in formulating significant relationships and that those in
charge of research and administration are prepared %o use it. Thus,
it will be fairly simple to mobiiize the outstanding analytical and
mathematical potential of a research centre to help in building these
models. The probtlem will mainly be to continue to improve the re-
liability and coherence of the information.

It has already been possible, through the use of a computer at
central level, to reduce considerably the time consumed and errors
in transformation beitween different plan and programme representations.
Models should also be designed so as 10 be able to make use of the same
functional data bases, The plamning parameters and tools would be
introduced at every level to obtain the ratios t¢ be assessed. Such
a procedure is by no means a pipe dream, in view of the large number
of computers available in a centre like CERN and iheir continual use
by hundreds of research workers. In addition, the absence of any method
of measuring scientific productivity means that certain parts of the
work can be simplified, while the idea of efficiency consists mainly
in distributing the available facilities in the best possible way.
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The research centres and, hence, by extensicn, the scientific
disciplines, are thus in a position to learn quickly, on these bases,

how to obtain a better knowledge of their own capabilities and to

suit modern management and forecasting methods to their needs.
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Appendix 1

Appendix 1

CERN, Meyrin (1969)

This Appendix consists of a sixteen-page brochure of general
interest, describing CERN. It is not shown in CERN Report 70-2, but
is obtainable from the Public Information Office, CERN, 1211 Geneva 23,
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Appendix 10

Sub-model in the supporting field

1. Activities concerned:

Construction

(Investments)
CERN level: B1
Division level: SB1

2. Activities measurement:

Parameters: CERN population
Areas (12 types)
Electric powers

Personnel: 0f design bureaux and
workshop supervision
staff

Costs: By type of construction:

A) Buildings in general

B) Service buildings

C)} S5ite work

D) Accelerators and
tunnels

3. Standards:

Occupation density of
offices and labora-
toriess;

Specific costs by types
of area (building stan-
dards);

Power installed/ power
required ratio.

4. Planning tools:

Site development;
Rate of bullding.

ClibPD www fastio.com

Cperation
Maintenance

Cleaning

54
S5B2

Areas and age of buildings
Age and vajue of
instaliations

Operating and maintenance staff

Maintenance of buildings and
appropriate installations;
Cleaning;

Technical modifications;
Maintenance workshops

Hours/year maintenance by type
of installation and age, and by
age of buildings;

Alterations toc buildings in
relation te increases in area.

CEEN maintenance teams or
outside contracts.
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5. Indicators:

Appendix 10
Page 2

Construction Operation
SB1 ) Maintenance costs
——— l
Eep (total expenditure) Capital value
SB1 o . . 2
ey {specific expenditure) cleaning costs/m

6. Diagram used for "area" parameter

{see next page)

7. A few actual values for the standards and relationships used:

Standard T:

Standard U:

Factors K and L:

Building costs (1967):

Maintenance hours/year:

www fastio.com

19 m2 gross per occupant of offices or laboratories.
70% of CERN staff occupy an office and/or a lab-
oratory.

2 .
20 m” per parking space.
There are at present 75 parking spaces for every
100 persons at CERN, and this ratio tends towards
1:10

Every square metre actually used for experiments
requires almost 3 mZ of "industrial” areas, divided
into 0.7 m? workshop space + 0.6 m? for storage

+ 0.8 m? for assembly work + 1 m2 for technical
installations and power supplies.

600 to 1,000 fr/m2 depending on the type of building.

20 to 50 hours/year depending on the type of in-
stallation and the average age weighted by an
empirical factor (¥5).
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