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SUMMARY

The report covers the work undertaken in establishing and operating for a
period of six months an S.D.I. service in the field of precision engineering.
The performance and costs of the system are given and the problems which would be
involved in a commercial operation are considered. The view is taken that it

would be difficult for a system of this type to be economically viable in the
short term.
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INTRODUCTION

In 1967 a preliminary investigation was made into the possibilit
of establishing a mechanised I.R. service in the field of transport, th
being related to a proposal that transport engineering should be a major
area of study at the College of Aeronautics, Cranfield, An application
was made to the Ministry of Technology for a grant of £130, 000 to set
up the system; of this suin Mr. R. Maxwell of Pergamon Press agreed
to contribute up to £50,000. IHowever, as the expccted develomment of
the subject at Cranfield did not take place, the proposal was withdrawn,

Pergamon Press continued to express interest in supporting work
in the field of mechanised information retrieval systems, and as a resuit
a proposal was prepared for a system in the subject area of Precision
Enginecering,. Crarnfield had received a major grant for the establishment
of a Unit in Precision Enginecring, and it could be assumed that an
information service in this field would be of value to the Unit. Equally
so, the Unit would be able to provide practical support for the project,
and this was offered by Professor J. Loxham, then Director of the Unit,
and Mr. P. McKeown, originally Deputy Director and now Director of the
Unit.

As a result of the proposal, a letter of agreement was recccived
from Pergamon Press (see Appendix A), The financial provision was
for a grant of up to £10,000 to cover a two year period. ubsequently

Su
an arrangemecent was madce whereby Internaticnal Computers Limited (I.C. L.

agreed to share the costs of the project.

PURPOSE OF PROJECT

There is nothing novel in setting up a mechanised I.R. scrvice;
hundreds of such services are now in existence,. S5till not novel, but
certainly more unusual, is that a mechanised service should be shown
to be econcmically viable. In-house services have no need to demonstrate

this; in the public domain, services such as Medlars or NASA tend to be

wholly or mainly subsidised. An exception to this is the ASCA service
offered by the Institute of Scientific Information, but with this organisation
very different considerations apply to those in the project. At Cranfield
the subject coverage was, relatively, very narrow, at the same level as
might be covered by a single technical journal issued by Pergamon Press.
The investigation was intended to show what would be the costs involved
in setting up a mechanised service in a specialised subject field, what
would be the running costs when it was once established and finally o
give some indication whether sufficient support might be obtained for

such a service, To have any chance of meceting the requirement of
being financially self-supporting, it was vital that initizl cosis and
operational costs should be as low as possible, and it was this, raiore
than any other aspect, which could be considered as giving the project

a research content.

As a generalisation it can be said that, within limits, an increase

)



in the costs of the system will result in an improvement in its performance.
Following on from the earlier research work at Cranfield it is now
generally accepted that "serfect'' performance is impossible to obtain in an
I.R. system. Perfect performance is defined as 100% recall and 1009
precision, which means that every relevant document is retrieved without
any non-relevant documents being retrieved. There is, in fact, always

an inverse relationship between recall and precision; as more relevant
there will be an increased proportion of non-

documents are retrieved,
as is illusirated in I'igure 1 which shows

relevant documents reirieved,
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a typical I.R. system performance curve. One must not imply an
ability on the part of the system operators to control performance
exactly, but it is reasonable to say that if there is a requirement that
the recall ratio should be a minimum of 90%, then there will be a
different operational policy than if the requirement is for a recall ratio
of only 50%. t is at this point that cost effectiveness enters the
discussion, for the system managers have a number of options which
can be used to obtain a given performance figure as is illustrated in

the following simplified example, (Figure 2).
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A, represents a system which covers one hundred journals, while B
reépresents a similar system where coverage is extended to two hundred.
In both these systems, no indexing is done and the input consists of the

terms in the titles of the journal articles. A_ and B, are taken to
represent the same two collections of journals, but now the articles have
been exhaustively indexed. The points A, B.,, A_, and B_ represcnt
the basic costs of acquisitions and input for the four S}stems If to

these are added variable search costs, the performance/cost graph is
obtained, from which it can be seen that if performance Pa is required,
then systemn A, should be used; at P _ system B_ is most effective, at
P system A_, and P system B is required. Alternatively one
could say th % if Costs must be restmcted to C then system Al should

be used.

The system managers have mény alternative options which will
enable a required performance to be obtained, and it is necessary to
select those options which will allow the requirements of the user to
be met at the lowest pnossible cost. In an operational environment
there may be a common pattern of information requirement amongst
the users, but it is certain that there will be some individuals who will
have different requirements from the majority. The system should,
therefore, also have a built-in flexibility which will enable it to
accommodate different needs.

One interesting point that might be mentioned here is that this
project is one of relatively few where the users have been engineers.
Most systems - and certainly most investigations - have been designed
for scientists, such as mmedical researchers, physicists and chemists.

TEST DESIGN

Information systems serve one of two main purposes; either
they meet the requirements of those who have an immeddiate need for
information to assist with a specific problem; the latter are intended
to keep a group of users up-to-date in their general subject interest.
From the viewpoint of establishing a system, retrospective searches
require more initial effort, since a relatively large amount of data
must be input to the system before it can be effectively used. The
minimum requirement is a matter for argument, but it seems that at
least two years input of articles and research papers would be necessary.
On the other hand, a current awareness system can operate as soon as a
couple of weeks input is available.



The original Cranfield proposal in the field of transportation had
been in relation to a retrospective search system and it was a similar
type of system that was originally envisaged in this project. However
in the course of the early discussions it became clear that, for a number
of reasons, it would be better for the investigation to deal with a current
awareness system. This had a number of advantages from the viewpoint
of testing, but more particularly the indications are that a current aware-
ness system is likely to have a better chance of being economically viable,

The test design included an initial period of six months for pre-
liminary investigations, with a further six months for experimental testing,
during which an evaluation of possible alternative systems would be made.
To follow this there would be six months of what might be termed an
experimental operational phase when a group of users would receive out-
put on a regular basis. The remainder of the time would be concerned
with analysis and reporting.

The system became known as C.R.I.S.P.E. (Computerised Retrieval
Information Service in Precision Engineering).

STAFF

The Director of the Project, Mr. Cyril Cleverdon, Librarian of
Cranfield Institute of Technology (formerly the College of Aeronautics) has
been engaged on research projects into information retrieval gystems con-
tinuously since 1957, This series of investigations, reporied in References
1 - 4, was supported in the main by grants from the National Science
Foundation in Washington and latterly by the Office of Scientific and
Technical Information. Two particular matters relevant to this present
project which came from the Cranfield tests were the now generally
accepted techniques for the evaluation of information retrieval systems
and the unexpected finding that a controlled index language appeared to
have little, if any, advantage over the use of natural language, While
the research work at Cranfield was carried out on manual systems,

Mr. Cleverdon has had wide experience of computerised sysliems, in
particular as consultant in an evaluation of the Medlars system at the
National Library of Medicine in Washington and as a consultant to the
INSPEC mechanised system of the Institution of Electrical Engincers,

To work full-time on the project, Mr. Peter Harding was
appointed, A graduate of Newcastle University, Mr. Harding had
worked at the National Lending Library before going to Loughborough
University of Technology where he obtaired an MSc for a thesis in the
field of Precision Engineering. In carrying out the experimental work
involved in his thesis, he had written a number. of computer programs
to be used on a I,C.L. 1905, the same machine as was available at

Cranfield.

As a part-time Consultant, Mrs. Jean Aitchison worked a total
of 70 days. DMrs, Aitchison had previously been closely involved in tho



Indéxing and Index Language

A guiding principle in the project was that the costs should be
kept to the absolute minimum, consistent with obtaining a satisfactory
performance. Conventional indexing 1s necessarily an expensive operation
and it is for this reason that many sysiems (e.g. Chemical Titles or
ASCA) have dispensed with indexers and indexing and use instead the
terms as found in the titles. In thesc cases the motive has been entirely
econormic, but the results of Cranficld II showed that natural index
language terms were just as effective as a set of controlled terms from
a thesaurus or classification. Thercfore, from the beginning there was
no doubt but that the index language would be based on natural languagc
terms.

The second major factor affecting performance is the level of

exhaustivity of indexing. Here again Cranfield II had demonstrated
that there was an optimum in any given situation. More or less terms

than the optimum will result in a loss in performance. However,
economic factors must also be considered in an operational situation;
the more terms used in indexing each document, the greater will be the
input and search costs, and it might be reasonable to accept a drop of
5% in performance 1if it resulted in a saving of 50% in computer costs,

It was a characteristic of the document collection that most of
the journals were issued by commercial publishers rather than learned
societies, and from this it follows that the titles were less descriptive

+han those found in the scientific Jiterature, Some titles, for instance
3 3
consisted of single terms such as IServomotors', 'Fluidics'
3 2
"Electroforming' or 'Lasers'. Other titles were non-sensical, for

example, 'Tooling for a big bird', 'More pinoh to the inch', or 'Even
the elephants look up'. It would therefore have been unwise 1o have
had a system based simply on the use of the terms in the titles.

Cleverdon has hypothesised that index terms to the required level
of exhaustivity can be satisfactorily selected from abstracts by a clerical
operator working to given rules, a view partly confirmed by a recent
test, However, there was no chance of this being done in the present
project since only a small proportion of the articles which were indexed
had abstracts.

The inevitable decision, therefore, was that the selection of index
terms should be done on an intellectual basis, although full use would be
made of ''good' titles and abstracts when these were available., Initially
the indexing was to be done at three levels of exhaustivity with an
average of 5, 10 and 15 terms respectively at each level. An example
of the master indexing sheet for document 210 is shown in Figure 3. '

During this initial phase of the project, Mr. Harding spend much
of his time in indexing pericdicals.
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FIGURE 4.

TERMS

10 Measur*

Metrology
Inspect®

Ang*
Area
Aligns
Axi
Centr*
Curvature
Circular
Dimension*®
Depth
Diametx
Displacement
End
External
Flat
Height
Involute
Internal
Linear
Level
Limit
Length
Misalign*
Position
Profile
Micron*

LOGICAL STATEMENT

11
(cont.)

12

- 11 -

Microinch
Point®
Polygon*
Parallel
Pressure
Radius
Round
Rough=*
Straight
Surface
Square
Texture
Volume*
Size

Autocollim™
Collim
Comparator
Circle
Caliper
Clinometer
Divids*

Dial

Gauge

Gear
Grating
Interferoms
Indicat*
Holograph*

12
(cont., )

13

15

16

Micrometer
Microscop*
Monochromator
Pivot
Project*
Pantograph
Protractor
Rulx*
Spherometer
Stylus
Telescope
Theodolite
Tallyrand
Tallsurf
Vernier

Kinematic
Optic
Laser

Co-ordinate
Coordinate
Confocal
Clearance
Tolerance

Screw
Thread

Calibrat=

10, (11+12+13+14+15+16) + 11, (12+13+14)

+ 12, (13+15+16) + (15.16)

EXAMPLE OF ORIGINAL SEARCH PROFILE
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The output was available in two groups, either according to the
Boolean or logical statement (Figure 5) or according to coordination levels,

(Figure 6). In each of the groups, separate results were available for
the three stages of exhaustivity of indexing and also for titles. This

double facility for presenting the results cither according to a logical
statement or according to coordination levels is unusual, but it had some

important consequences.

At this stage the main concern was in estimating the performance
of the system rather than simulating an S.D.I. operation. For this reason,
before any output was sent to the users, Mr. Harding personally checked
every document which had been retrieved and indicated all those which in
his view had any possibility of being relevant. With some profiles this
came to more than 20 documents, in which case 20 papers were selected
at random and full conies of the papers were sent to the user. In those
cases where less than 20 documents appeared to be relevant, the sub-set
sent to the user was bhrought up to this number by adding documents
listed in the print-out. To each document a slip was attached, which
the user was asked to complete by indicating whether the document was

of major interest, minor interest, or of no intercst. When these slips
were returned, it was possible to determine the recall and precision
ratios for the system in relation to that profile. As the method of

doing this is somewhat involved, a simplified example is considered.

Assume the cutput for a given question is as follows:

Logical statement Documentz 1, 16, 30, 50, 7G, 100, 150, 200
Coordination level of 6 " 16, 100
5 " 10, 75, 85, 150, 175, 210
4 " 1, 35, 50, 77, 97, 117, 137, 200, 207
3 " 9, 19, 30, 39, 49, 79, 99, 139, 160
179, 199, 208.
2 " 6, 16, 26, 46, 70, 96, 116, 136, 146,
148, 156, 168, 176, 188, 196, 206, 208
1 " 3, 13, 23, 32, 33, 42, 43, 53, 63, 83,

93, 103, 113, 123, 133, 143, 153, 163,
173, 183, 193, 202, 203, 212, 213,

Further, assume that in the assessment of each document, Mr, Harding had
decided that the following 31 documents, as shown in the first column were
possibly relevant.
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Considered Sent to User's reclevance
relevant _users decisions
Document No, 1 - -
LR it 9 9 2
" " 15 15 1
1t 1 16 - -
" " 23 23 1
" i 30 30 1
" " 35 35 1
" " 46 46 2
1 1" 49 _ -
1 " 63 -
" " 70 70 2
" 11 75 _ -
" " 77 77 2
it 1" 79 _ -
" " 85 85 2
" " 93 93 X
1 " ag - _
" a 100 100 1
1 1A 117 - -
" " 123 123 2
" " 136 136 1
" " 148 148 X
1t 1 159) - -
" " 175 175 2
1" " 176 - .
" " 199 199 X
" " 200 200 X
it 11 ) 206 - -
" H 207 207 2
" " 210 210 1
" " 213 213 X

From these 31 documents, 20 are selected at random, and the user
would therefore receive copies of the 20 documents shown in the second

column. We now assume that the user determines the relevance of each
document he receives as shown in the third column, (1 = major interest,
2 = minor interest, X = no interest). From these results the following

performance figures can be calculated.

. Documents Documents Documents' Rel, Rel. Non

Retrieved Selected Sent 1 2 Rel.
Logical Statements 8 5 4 2 1 1
Coordination level € 2 2 2 2 0 0
5 6 4 3 1 2 0
4 9 6 4 1 2 1
3 12 6 3 1 1 1
2 17 7 4 1 2 1
1 25 6 4 0 2 2



In calculating the recall and precision figures, two assumptions are
made:

(a) The sclected documents not sent would have the same pattern of
performance as the documcnts that were sent.

(b) That all non-seclectied documents are non-relevant.

The first assumption is purcly statistical and is clearly unlikely
when applied to a single profile, but becomes more reliable when results
are accumulated for a set of profiles. The second assumotion is
depcndent on the ability of Mr. Harding to recognise possibly relevant
documents. It is unlikely to be absolutely irue, but is reasonable for
the approximation which was required for this test,

The method of determining recall was as follows: Of the 20
documents sent to the users, 6 were judged to be of major interest, 9
of minor interest and 5 of no intercst. To simplify the argument, all
the relevant documents will be grouped, so it can be said that 15
documents out of 20 were relevant, Since these 20 documents were
randomly taken from 31 seclected documents, the total number of relevant

15 x 31 .
96-5’—— = 23, 3. To consider the
result with the logical statement, 3 ol the 4 documents sent were judged
relevant, As five documents were selected, the total calculated relevant
3 x5

documents for this search was

documents retrieved would be = 3.7, Using these twe calculated

figures, it can be said that the recall ratio with the logical statement

was L’%éi%@ = 16%. By a similar process, the recall ratio for

the various coordination levels can also be calculated.

To estimate the precision ratio, one takes the calculated figure for
relevant documents retrieved (i.e. 3.75 for the logical statement) and the
known total of documents retrieved (i.e. 8), thus giving a precision ratio

of M = 46, 9%, The complete set of performance figures for
8
the example shown would therefore be as follows:
Recall Precision
Logical Statement 15.5% 46. 9%
Coordination 6 9% ' 100%
‘ 5 26% 75%
4 486% 62%
3 63% 50%
2 86% 43%
1 100% 32%

This method of calculating performance figures cannot be considered
as exact as, for instance, the technique involved for the evaluation of
Medlars. It is, however, relatively simple and gives a reasonable



approximation for the purpose of the test, permitting comparison to be
made beitween different methods.

The second computer run was based on the same collection of
documents, but was rclated to a new group of users. In essence the two
runs could be considered as two parts of the same run, so the results
are combined in a single set of performance figures and nresented in
Figure 9. As far as performance in relation o user satisfaction was
concerned, these results could not be considered representative because
of the screening method of selecting the documents which were sent to
the users. However, as stated earlier, we were more concerned at
this stage in determining the general level of the system performance,
and this appearcd reasonably satisfactory, with the analysis showing
one particularly intercsting point. The decision to send each user
some 20 documents was based on two points. Previous  experience
had shown that this represented a»proximately the maximum number of
documents for which it was reasoconable to expect valid relevance
judgements from a user who was collaborating in the experiment,
ldeally, of course, one would have wished to send them the whole
collection, but this would be quite unrealistic. Secondly, it was
assumed that something around the figure of 20 would be a reasonable
number of documents to send a user in an operational situation.

Rightly or wrongly it was felt that the users of such a system would
prefer to have a fairly regular level of output rather than one which
fluctuated wildly, The level might vary for different pcople, but there
appeared to be an advantage in keeping it rcasonably consisteni. IHowever,
there is considerable diffienlty, in normal search siraiegies, of achieving
this consistency.

The conventional method of carrying out searches is by a Boolean
or logical statement. This was done in the test, but the programs also
gave the facility for matching on coordination levels, The unexpected
finding of the preliminary analysis was that it appeared that the logical
statements were not as effective as the coordination levels, This is to
say that if ten documents were retrieved by the logical statement, it was
unlikely that there would be as many relevant documents in this set as in
the ten documents retrieved at the highest coordination levels, This
could be explained by arguing that the logical statements were inefficient,
which was probably true in some cases. Another possibility was that it
was the use of natural language which had inhibited the performance with
logical statements. Both these assumptions were investigated in a further
test, for which Mrs., Aitchison translated the natural language of the
indexing of the 214 documents used in Run 1 into a controlled language
based on the English Electric Company 'Thesaurofacet' which she had
recently prepared (Ref. 6). 28 profiles were similarily translated, the
whole input to the computer and a new set of output obtained, Relevance
judgements, as originally given by the users, were available and by
analysis of the new output it was possible to obtain a direct comparison
between natural and controlled language.

The complete results have been written up in a detailed report by
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Total documents selected 739
Total documents sent to users 307
Documents judged relevant 230
Calculated number of relevant documents 551
Non-relevant documents selected 188

Uger Performance

Calculated Recall Ratio Precision Ratio

100% 74

FIGURE 9a. USER PERFORMANCE FIGURLES FOR RUN 1.

Number of sub-searches 37
Calculated number of relevant documents 551
Total Tolil Non-  Recall Precision
Retrieved Relevant Relevant Ratio Ratio
Boolean Statement 344 175 169 30% 51%
Coordination Level 9+ ) 6 0 1% 100%
3+ T8 12 0 2% 100%
T+ 26 26 0 5% 100%
6+ 59 57 2 10% 97%
5+ 143 116 27 21% 81%
4+ 314 1214 100 39% 68%
3+ 606 409 197 74% 67%
2+ 1588 546 10447 99% 34%

FIGURE 9b. SYSTEM PERFORMANCE FIGURES FOR RUN 1

/ 2 Ophomign )
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Ars. Aitchison, but summarised (Figure 10), they show that although
there is an improvement in the logical statement in regard to recall,
this, as would be expected, results in a drop in precision. For the
coordination level rcsults, the natural language shows a definite
suveriority over the whole performance curve.

Controlled Language Natural Language
Recall Precision Recall Precision
User performance 82% 61% 100% 4%
Boolean Statement 52% 27% 30% 51%
Coordination levels
9 1% 100% 1% 100%
8 2% 1009, 2% 100%
7 3% 99% 5% 100%
8 7% 97% 10% Q7%
5 12% 80% 0 21% 31%
4 25% 69% 29% 68%
3 65% 61% 74% 87%
2 90% 30% 99% 34%
FIGURE 10 COMPARATIVE RuSULTS USING NATURAL AND

CONTROLLED LANGUAGES FOR RUN 1.

In the analysis of the 'failures' by either of the two methods, the
usual pattern of behaviour was found. In some cases the controlled
language retrieved relevant documents because the indexer was forced to
use a broader term; in other cases the precocordination of the conirolled
language made the term so specific that there was no match with the
profile terms,

The position ‘at this stage of the project was that there was
reliable evidence to show that the use of nautral language was a correct
decision. There was insufficient evidence to decide for certain on
the level of indexing exhaustivity, although it appeared that the highest
level would be required. The document collection was producing a
reasonable number of relevant documents for the majority of the users,
and there was the surprising indication that coordination levels might
provide a more satisfactory basis for determining retrieval than logical



statements, The search profiles were satisfactory in the main although
in some cases the relevance judgements had indicated the need for changes.

The second experimental run was completed on August 20th 1969.
It was based on 151 documents and on this occasion the users were sent
the documents retrieved at the highest coordination levels. No inteliectual
editing was done in regard to this output and it was therefore satis{actory
to find that 40% of the documents were judged to he of major interest,
with a further 329% of minor intercst, There was no accurate way for
determining the recall ratio, although an approximation could be made by
reference to the assumed total of relevance documents in the first run.
In that run there had bheen 214 documents in the fest set,and for the 28 different
profiles used in the second run, this original set of decuments had a total

of 480 relevant documents, Assuming that the 151 documents in the
second run were, in general, similar in content to those in the first run,
. . : 48 151
then it might be expected that there would be a total of —39-5%—* = 340
relevant documents. Since it was known that 234 documents in the second
run were judged relevent by the users, on this basis the recall ratio could
. 234 % 1
be estimated as 232 x 100 69 %.

340

For the third run, further changes were made to some of the
search profiles and in particular the logical statements were carefully
checked, since it was intended that this run should be used to meake a
further check on their comparative efficiency. The output sent to the
user included all the documents retrieved by the logical statement, but
when the number available fell seriously below the desired level, further
documents werc taken from the coordination level output, The particular
purpose of this run was to find whether our earlier view of the superiority
of coordination levels was correct, and the results certainly confirmed
this, The logical statement output gave a precision ratio of only 54%
as against 72% achieved in the second run, and the estimated recall
also dropped from 69% to 45%.

This third run which was completed on October 10, 1969 was
intended to be the final run in the experimental phase of the project.
However, there was now sufficient data concerning relevance judgements
to enable an investigation to be made into a method of optimising the
cost-effectiveness of search profiles. The analysis so that this could
be done was performed clerically, but confined to tasks which could,
with suitable programs, be carried out on the computer. As stated

earlier, the use of natural language meant that it was necessary fo
include a large number of alternative terms in the search profile, this
being as high as 97, with an average of 60. This in turn meant that

the search costs were proportionately that much higher than if fewer
terms had been used, and for economic reasons it was desirable to
reduce the number of terms if this couwld be done without seriously
affecting performance. In carrying out such an exercise one must
start from the realistic viewpoint that performance will not be perfecct,
i, e. one will not obtain either 100% recall or 100% "’:})recision, The
reaction of the users to the experimental output showed that they did
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not expect or require this, so the basic concern was how to obtain the
existing level of performance at the lowest cost.

The feedback of relcvance judgements made by the users provided
a simple statistical method for optimising performance. It was a straight-
forward task to check the indexing of each relevant document and ascertain
which term in the indexing had matched the term in the profile. When
this had been done for the relevant documents in the three runs, one
found the following pattern, as in Profile S, 1.

Number of terms in profile 60

Number of different terms retrieving relevant
documents in Run 1 22

Additional different ferms retrieving rclevant
documents in Run 2 13

Additional different terms retrieving relevant
documents in Run 3 4

From this it was recasonable to argue that there were 23 terms in
the profile whose prescnce resulted in no improvement in the recall
performance, bul whose absence would have saved some 40% of the com-
puter search time. Admittedly their removal would mean that in [future
runs the recall performance might be adversely affecied, since there was
always a possibility that a term might be used in future indexing, but it
was unlikely that the effect would be serious. Conversely, the analysis
showed that ceriain terms were recurring frequently in the relevant
documents and it was hypothesised that performance could be improved
if these terms were weighted. The simplest method of achieving this
with the computer programs available was to repeat such terms in the
profile and this was done two, three or four times. Such a weighted
profile is shown in Figure 12, The curves shown in Figures 13 and
14 are based on the analysis that was made for a number of profiles,
and in both cases there is an indication that very few new terms might
be expected to match after six runs,

The clerical work involved in the requisite analysis was very
time-consuming and could not be contemplated in a real-life situation.
However, the work was of a nature that could be simply and rapidly
carried out on a computer, The automatic optimisation of search
profiles in a mechanised S.D.I. system is a task which could not only
be done at a relatively low cost, but also with a greater degree of
sophistication than was used in the clerical experiment. For example,
one could ascertain the terms which were responsible for the non-
relevant documents being retrieved, and could arrange for such terms
which had a predominantly baneful influence to be removed or to count
in a negative sense,

In order to check whether the weighting of terms gave an
improvement in performance, an experimental run was made on the
documents used in Run 2 for all thosc profiles where relevance judge-
ments had been reccived. The oufput was then analysed and, in
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comparison with Run 2, there was an improvement in the precision
ratio from 349% to 61% with major relevance documnents and 66% to 80% for
all relevant documents,

There was another useful by-product of this weighting of terms.
In effect tine coordination level output is a rough form of ranking, far less
sophisticated than that used in the SMART system, but working in much
the same way. A major practical difference was that the SMART system
normally provided a positive rank order for each individual document,
~hercas we were ranking in Dlocke of documents, with the blocks
increasing in size as the coordination level dropped. lowcever, the
inclusion of the additional weighted terms resulted in a stretching of
the coordination levels; for a search, say, where the maximum
coordination level had been nine, for the new search the maximum
coordination level could be sixteen. This had the eilect of decrcasing
the number of documents in each of the blocks, thereby simuloting move
closely a positive ranking, and malking it simpler to obtain a satisfaciory
cut-off around the desired level of twenty documenis,

From the technical viewpoint, the superiority of coordination levels
over logical statements in a mechanised system was certainly the most
interesting result in the project. There had been previous suggestions
that such might be the case, but experimental evidence had been lacking.
We would not wish to give the impression that the results oblained in
this test can be considercd as conclusive; all that can be said is that
they arc sufficiently interesting to merit further controlled investigation.

It is not toc difficult to find a logical explanation of why
coordination levels should be superior in performance or why the logical
statement has been the normal method of operation in mechanised systems.
Post-coordinate indexing systems, before they graduaied to computer
operation, depended on some form of clerical searching, either of edge-
punched cards or Peek-a-boo (Batten) cards. To obtain a coordination
level output by the hand searching of such cards would be a very long
and tedious process and could hardly be contemplated in normal
circumstances. A search based on a logical statement reduces the
searching to managable proportions, and therefore this became the
common practice in clerical systems. The habit was carried over to
computerised systems withcout it being realised that the necessity for
it no longer existed. t is however only fair to add that the logical
statement had the outward appearance of being thz better methed.

The reason for the superiority of coordination levels is not
difficult to argue. Although logical statements often appear complex,
in practice in most operational systems there is normally only a
requirement for A AND. B, or in a small percentage of searches,

a requirement for A AND B AND C, where A, B and C will consist
of a number of alternative termns. In total there may often be some
fifty terms, but all will be alternatives under either A or B. The
requirement of the logical staiement can therefore be met if a

document has term A10 _A_E_D_ B6 or A15 _f_\_I}T_I_) Bg‘
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The argument against coordination levels has been that, although

four terms are present, these might be AB’ AG’ Al() and A15’ and

ihorefore would fail to meet the requirements of the logical statement,
since no I3 term was present, However it appears that while this is
sossible, in practice it does not happen very often. In this test the
coordination levels have peen relatively high and the output at these
high coordination levels has a better chance of being relevant than many
documents which meet the requirements of the logical statement.

An attempt was made to find how the users were reacting, in

as regards the size and quality of the output they were
The perlormance fiqures already quoted were averages

se individual

particular
receiving.
hased on a number of profiles, and there were of cour
To each user a letler was sent, explaining what had

variations.
heen the purpose of the project and summarising the performance which
had been obtained for each user. From the analysis of the general

zvstem performance it was possibie to offer alternative options to the

user as in the following quoted example:
of which 5 have been

"You have been receiving an average of 20 items
¥ and 6 have been of no

¢f major interest, 9 have been of minor interest,
interest. On the other hand, we believe that there are probably a
ot been sent to you that would

further G or SO references which have n
atputs are there-

ne of at least minor interest. Possible alternative o
sore as follows:
A o~ P

nasS Al

present with 20 documents being sent of which 14 ave of
interest.

pt
~—

Reducing the output to, say, 10 documents of which 8 or 9 would

be of interest.

[\
e

3) Increasing the output so that you receive all the references of
interest but which would mean that you would receive some 65

or more papers of which 45 would be of no interest'’

Of the users who replied to this enquiry, all preferred their
present level of operation in comparison with the alternatives offered.

OPERATIONAL PHASE - January to June 1970

Although this is described as an operational phase, there was &
continuing influx of new users who had to be assimilated into the system.
FTach of these new users received complete copies of the articles to
enable them to make valid relevance judgements, and continued to do
this until a satisfactory level of performance had been attained. From
the operational aspect it was planned to make regular runs at intervals
of three weeks, the input consisting of papers which had been published
during the preceeding three week period. In the experimental phase
the users had received full copies of the documents so as to be able



to make valid relevance judgements, In this phase the user would only
receive cards giving bibliographical details.

The summary of runs done during this period is as follows:

Date No. of Profiles No. of Users No. of Documents

Run 4 14, 1.70 34 22 112
5 10, 2.70 50 33 1990

6 3, 3.70 52 37 245

7 24, 3.70 44 40 155

8 22, 4.70 47 42 232

9 12, 5.70 43 40 226

10 10, 6.70 43 44 247

11 1. 7.70 51 44 238

It wiil be seen that the objective of regular output was maintained
reasonably well.

There is little commeant necessary concerning these runs; for
Run 11 all the users were sent complete copies of the articles and asked
to send their relevance judgements, so that it might be possible fo make
a check on the level of performance and find whether the inicrestis of the
users had changed gignificantly over the operational period. The overall
user performance with the 33 rcplies which have been received, indicate

a precision ratio of 73%. The detailed analysis of the resulls to enable
an estimate to be made of the effoct of changes of interest is set out in
Appendix DM Apart from this, the users were not asked for relevance

judgemerts, but with the final run each user was sent & questionnaire
(see Appendix J ), the replies to which will be considered in the next
section.-

During this phase an attempt was made to determings the
efficiency of the DEVIL programs and estimate the effect of the
individual programs. Detailed timing figures were obtained for three
S.D.I. runs and certain supplementary runs were made in order to
obtain more data, such as one run where three questions were searched
against 1, 500 documents. From this it has been possible to work out
time and cost for different situations; details of these are given in
Appendix K.

ANALYSIS

It is necessary to make recommendations on the possible
economic viability of the system, based on the analysis of results that
are at present available.

It is inevitable that there are particular economic problems in
operating a system within a specialised subject area. A major intcr-
disciplinary system, such as the Citation Index of the Institute of
Scientific Information, covers some two thousand journals; for these
journals there are no intellectual decisions as to whether any individual
article should be indexed, for the inclusion of the journal means that
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automatically every article will be included. In large, but single
discinlinary systems such as Physics Abstracts, while there will be a
selection of articles from many journals, there is a corc of some 200
journals for which every article will be included, and articles from this
set of journals will, in fact, make up the major part of the data base.
In contrast to these situations, a major part of the work of Ar. Harding
in this project was, as indexer, in deciding whether or not a given
article should be included in the system, and the decision to reject any
particular article might take etven longer than would be involved in
indexing an obviously suitable article. It was found that for every
hundred articles which were considered in detail, only forty were finally
included in the system.

This is a very severe restraint on the economic efficicncy of the
system, but to have adopted more relaxed criteria for inclusion would
have resulted in additional costs at the input and search stages. As it
was, approximately 77% of the articles included were sent out to users,
of which some 85% were judged to be relevant by at least one nperson.
For a population of less than fifty users this can be accepted as a
reasonable level of coverage.

The corollary of the necessity of sclecting papers is that high
quality technical staff must be employed on this task and there is there-
fore no possibility of using clerical techrniques in the indexing stage.
Some clerical assistance could have cut down the work that was per-
formed by Mr. Harding, but overall this would not have resulted in an
appreciable saving of his time. In Appendix K details are givin of
indexing and input times and cost:, showing that the average cost for
indexing and inputting a single document was in the region of 7/-d

The statement was mads earlier that the computer programs used
on the project were originally written for a single experiment and there-
fore were not expected or intended to be particularly efficient. In fact,
within the limitations of what can be determined and compared for
different operational situations, the programs appeared to be more effective
than had originally been implied. An average run, for about two hundred
documents and fifty searches took eighty-five minutes, made up of forty
minutes for the creation of the master file, five minutes for validating
and editing, and forty minutes for search and print-out. (see Appendix K
for details). The charge for the computer at Cranfield was £22.10. 0d
an hour, so this represents a cost of approximately £31 for a complete
run. With time-sharing during the input stage and certain other
improvements that could be made, it is considered that there should be
a reasonable possibility of reducing the cost to approximately £20 a run.
With the present computer capacity, the system was working very near the
limit of the number of matches that could be made in a single run and
this means that if there were a hundred profiles instead of {ifty profiles,
a second pass would be necessary. This would not involve any increase
in the input time and the cost might be expected to rise to £33. With
one hundred and fifty profiles the cost would be £46.

An equation for estimating computer search time is given in
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Appendix K and from this it has been possible to work out possible costs

" for retrosnective search runs on larger collections. Various examples

are given; for instance, a single question searched on five thousand
documents would cost £11.12. 6d, whereas a batch of ten questions on
ten thousand documents would result in a cost of £4. 7. 6d per guestion.

When one has a specialised subject area, then the potential user
group is also limited, that is there are fewer customers over whom the
overheads can be spread. IHowever, the narrowness of the subject means
that there are a limited number of what we have termed search sub-
profiles, that is basic subject aspects which, sometimes in combination,
can meet the stated interests of the user. The number of users has
not been sufficient positively to confirm this point, but there are
reasonable indications that if the user group reached 150, then a
majority of additional users could be sunplied from the existing set of
sub-profiles, which it is expected might then numbar one hundred or so.
This has important economic considerations since it means that additional
costs for each user would be significantly decreased once this number of

users had been reached.

Regarding the cost of journals, for the purpose of this experiment,
these have all becen available in the Library of the Cranfield Institute of
Technology. Realistically for costing purposes they should be treated as
a charge to the system; the cost would be approximately £200 for the
complete set of journals; alternatively one could say that 15 journals
which supplied 58% of the input would cost £120. However, in an
operational service one would have to accept the necessity of covering
more foreign language lilerature and these journals could increase the
cost appreciably. Overhead costs are difficult to estimate without
knowing the particular circumstances. In this project, the Institute has
covered all these, but with an onerational system an allowance must be
made. Bearing these matters in mind, an estimate has been made of the
operating costs for an S.D.I. system. These costs are divided
between the basic costs which are irrespective of the number of users
and those which will vary according to the number of users. The
assumption is that 5,000 articles will be indexed each year and there

will be 25 runs a year. The output sent to the user would be catalogue
cards containing author, title (expanded where required) and bibliographic
details. On this basis provisional costs are shown in Figure 15. In

Figure 16 the effect of this is given in a plot of costs compared to
number of users of the system. It must be emphasised that these are
considered to be the absolute minimum costs, with the possible exception

of those for the computer. As has been mentioned, the relatively small
store (32K) of the present Cranfield computer would make it impossible
to carry out more than 50 searches at a single pass. A larger computer

would remove this restriction and might thereby reduce the costs. However
this would not bring any major saving, since the computer search costs
are a relatively small proportion of the whole (14% - 17%).

The Users

Of the 44 uscrs of the system at the conclusion of the operational




-BASIC COSTS

Journals £ 500
5,000 articles at 7/-d 1,750
Administrative duties (4 Indexer's time) 800
Clerical duties (§ time) 300
Overheads 1,000
£4, 350
USER COSTS
No of users 100 150 200 300 500 1, 000
Search costs £ 800 £1,000 £1,100 £1,200 £1,300 £1, 409
Search profiles 500 650 750 850 8950 1, 100
Card output, postage etc, 200 300 400 600 1,000 2, 000
£1,500 £1,850 £2,250 £2,650 £3,250 £4, 500
TOTAL COSTS £5,850 £6,300 £6,550 £7,000 £7,8600 £8,850
Cost per user £58 £47 £33 £24 £1b £y
FIGURE 15 ESTIMATE OF COSTS OF S.D.I. SERVICE
£60 P | ! ! P
O i N ! §
s £40 joe— S e e B
T - — e :, J . . i -
f, o § T
. P ! AR S { . oo
£20 |- S ! R
- ! . . j \\} . ; R
i
200 400 600 800 1000

No. of Subscribers

FIGURE 16. VARIATION OF COST PER SUBSCRIBER
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phase, completed questionnaires have been rececived from 35, Detailed
. breakdown of the answers is given in Appendix N, but herc we will only
be concerned with those relevant to the economic aspects of the system,.

A significant difference might be expected for users working in
industrial organisations, in government or research associations and in
academic institutions. In these three categories the general reaction to
the scheme is as follows:

Total i Most Little| No | Too many |Relevant
repliesiuseful|Useful! use |useiSatisfiedinon-relevant| missed
Industrial 8 0 4 4 0 3 5 1
Government 17 2 11 4 0 10 4 o
or Research
Academic 10 2 4 4 0 8 4 2

Some of the additional comments regarding user reactions are
given in Appendix P.

The first question in Section C of the questionnaire asked if the
user would wish to continue to rececive the service if it were free. Threec
persons gave a blunt negative to this question and therefore did not
answer any other questions in this section. Of the remaining 32, ten
considered it essential to cover German literature, six to cover Russian,
but only one to cover rrench. OQOn fypes of liferature, 17 considered
conference proceedings te be most important, three wanted manufacturers
literature included, two asked for patents, and one required standards.
On the matter of abstracts there was an alinost equal breakdown between
those who thought them desirable and those who would be satisfied with
titles only, but 19 showed a preference for cards as against five who
would prefer a list. All would accept four weeks as satisfactory, with
the exception of three who considered three weeks was the maximum
acceptable and one who considered two weeks. It may be noted that
a four weekly run as against a two weekly run would result in a very
small saving, certainly not more than £1 per user.

In the final question the users were asked to state the maximum
price which they would accept as reasonable in order to recommend the
purchase of the service, with the three options of

(a) _card output with titles only.
(b) card output with abstracts
" {c) copies of complete articles.

The range of prices varied, but in all cases the first figure was £0.

This enabled the user to show a complete non-acceptance of such a
service; for example, one user said that he would consider as accentable
£25 for (a), £25 for (b) and £0 for (c). This implies that he would be
equally satisfied with titles (a) or abstiracts (b), but that he did not wish




to receive full copies (c). Not all replics are so easy to interpret as
this, but most people have indicated their prefercnces and opinions.

As mentioned earlier, three uscrs replied that they could nct
recommend any payment for any type of service visualised. One of
these came from a user at a University who said that no funds could be
made available; a similar answer was given by a user in an industrial
organisation which is at present having scvere financial probleins. The
third person in a research association considered that he was adequately
served by an existing service. However, with the remaining 32, for
whom replies to the questionnaire have becen received, the »nosition
regarding the willingness to pay for altcrnative services is as shown
below.

Willing to pay b
at least Titles Abstracts Full conics
£45 - - 2
£40 - - 3 (5)
£35 - 1 0
£30 1 2 (3) 2 (7) |
£25 2 (3) 3 (6) 5 (12) |
£20 1 (4) 5 (11) 4 (16)
£15 4 (8) 8 (19) -
£10 12 (20) - -
£0 15 16 19

(Figures in brackets represent cumulated totals)

The only majority preference that comes within the possible range
is that where 19 users were willing to pay £15 or more for a service
covering abstracts. This is the absolute minimum figure for a card
service covering titles only for a minimum of 500 users. The
feasibility of including abstracts is to some extent dependent on what is
meant by ''an abstract', A two-line notation or a 30-line summary
are both covered by the term; the former might be possible to include
without serious additional costs, but the latter would certainly raise the
cost by at least 50%.

The possibility of additional income from a retrospective search
service must be considered but the economics do not look particularly
attractive in regard to mechanised searching. The only way in which
one could contemplate such a service operating reasonably would be in
close conjunction with a research and consultancy service, such as the
Cranfield Unit of Precision Engineering. On its own, divorced from
any such association, it would be unlikely to attract sufficient custom
for searches to be done at anything approaching an econcmic level.

The computer programs were hired for the duration of the test from
the Institution of Elecirical Engineers. Assuming that new programs had
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to be written, it is unlikely that this could be done at a cost of less than
£5, 000.

CONCLUSIONS

Onz can consider this matter in either of two ways. From the aspect
of operating this controlled service in the subject area of precision
engineering, the possibility of being able to do this on an economic basis
is not very encouraging. One is beset by the high comparative costs
involved in organising a service in a narrow subject field. Regarding the
users, one is dealing with a group of people, i.e. engineers, who,
speaking generally, are known to take a very equivocal atiitude towards
recorded information; investigations have shown that, more than
scientists, engineers, particularly in industrial organisations, prefer to
obtain information from colleagues, suppliers etc., rather than in con-
sulting the literature. This is shown u» in an interesting way in the
table on page 30 relating to the comments regarding the output. Cf the
uscrs in research associations, seven were concerned about missing
relevant papers, while only four considered they received too many non-
relevant papers. Of the industrial users, only one worried about missing
relevant papers, while five felt they were receiving too many non-relevant
papers, However, there are some 3,000 engineering firms in the
country with 100 employees or move, and one could arguc that this
number of organisations would profit from having such a service, What
are the possibilities of persuading 20% of that number to take out at
least one subscription?

The second viewpoint is to consider the project as having beca an
investigation into services of this particular type, an investigation in
which the subject area just happened to be precision engineering. This,
in fact, was part of the original intention; in other words the project
was to investigate a system which could act as a prototype in a number
of different subject areas. Therefore we can ask the question whether
sufficient publicity and marketing could sell the concept of specialised
information services in a number of different subject fields.

During the two years of the project, there have been important
developments in regard to mechanised information retrieval services;
in this country the Chemical Society is marketing an S.D.I. service
based on Chemical Abstracts. The Institution of Electrical Engineers
is now offering a service in electronics research, and from 1971 will
have a service which covers all the subjects included in their three
abstract journals, (Physics Abstracts, Electrical and Electronic Abstracts,
and Computer and Control Abstracts). The Institute of Scientific
Information in Philadelphia has a number of customers in this country
for their current-awareness services. From Paris the European Space
Research Organisation offers specialised services based on NASA tapes.
All the evidence suggests that these organisations are finding it difficult
to make their services economically viable, in spite of the fact that in
all cases the services are additional to the basic service, which is itself



either self-supporting (e.g. Physics Abstracts) or is subsidised,

(e.g. NASA STAR). As an example of the effect of this, our estirnated
cost for getting a single article onto tape was 7/1d; the Chemical
Society are able to obtain their tapes ready for searching at a cost
which works out at less than 0.5d per article.

The major difficulty in achieving financial stability, in this country
at least, lies in the unresolved problem as to who shall pay for such
services. Essentially an S.D,I. service is iantended to be for individuals,
therefore the library or information service of an organisation does not
consider it reasonable that it should »hay fer a service to benefil one
member of the staff, when there may be dozens of other persons with an

equal claim to have the same or comparable services, Cn the other hand,
the concept of paying for information services from a technical budget is not
gencrally accepted. In this country - contrary to the position in ihe

United States -~ information is not an item which can be directly charged
against contracts or grants, so in acadcmic organisations in particular
there is great difficulty in finding the necessary funds,

To answer the questions posed carlier, we do not consider therc is
any possibility of going over to a commercial operation of the »resent
service and making it economically viable in the foreseeable future. OCn
the basis of the costs as given in IFigure 15, assuming a charge of £15
were made for a service providing aanotated refercinces, one would
hazard a guess that a subsidyv of £5,000 would be necessary for the
service to operate for a two year period, but would still have doubts
as to whether by then it would have recached a break-even point. This
sum would not include the initial costs of programming or advertising.

From the context of setting up a chain of systems, this could be
achieved cnly if one believes that there will be a gradual change in the
general attitude towards information retrieval and rapid developments in
the cost-effectiveness of the systems available, We believe, without
any particular evidence to justify the belief, that this will come about
and that by 1980 S.D.I. services of one kind of the other will be rivalling
the abstract journals of today.

At least one commercial organisation (Institute for Scientific
Information) has been able to operate in this area, and Crowell, Collier
& MacMillan Inc,, with the purchase and publication of Pandex, is an
example of a publishing house who are irying to exploit the field.
Whether they will succeed against the scientific and technical instituiions
- all directly or indirectly subsidised - and the Government agencies whe
are already operation on a large scale is difficult to say, but one has the
feeling that, for an additional organisation to prove successful, there
would have to be a major investment; one thing that is certain is that
there is no short-cut to success.



o

- 34 -

REFERENCES

CLEVERDON, C. W. Report on the testing and analysis of an
investigation into the comparative efficiency of indexing systems.
2 vols. Cranfield, 1962.

AITCHISON, J. and CLEVERDON, C. W. Report on a test of the
index of metallurgical literature of Western Reserve University.

Cranfield, 1963.

CLEVERDON, C.W,, MILLS, J., and KEEN, E. M. Factors
determining the performance of indexing systems, 2 vols,
Cranfield, 1966.

CLEVERDON, C. W. The effect of relevance assegsments in
experimental testis of I.R. systems, Cranfield, 1970.

SALTON, G. Automatic information organization and retrieval.
New York, McGraw Hill, r£68.

AITCHISON, J. Thesaurofacet; a thesaurus and faceted classiflic:
for engineering and related subjects, English EFlectric Co., Lid..
1970.



APPENDIX A

Excerpt from the letter of agreement from Pergamon Press, dated
August 8, 1968.

I am writing to confirm Pergamon's willinguess and ability
to contribute a figure of up to £10,000 to cover a period of two
a I ) I
years for the following purpose:

1.  To establish a wmechanised information service in
.precision enqgingcering covering an information retrieval
service, an SDI service and a current awareness bulletin.

2. In the course of the twe years of the grant these services
will be fully evaluated.

3. '-Pbrgamdn will appoint Mr. MeDanicel, fornierly of the
National Physical Laboratery, now of our Information
Storage and Retrieval Division, as liaison officer to
give techitical assistance and advice in the ucttlng up
of *hls lnforuailon syztem.

- - - - -

4, At the ond éf the first year we suggest that discussions
be held to discuss the possibility of offering soume ports
of the service on a commercial basis and if the project is
a conmmercial suecess we propose that «ll profits carned
from the sale of the service be shared equally between
Pergamon Press and your Precision Enginecering Unite

5. At the end of the twow-yecar period Pergamon to have the
option of taking over the system and to organise it on a
commercial basis. If this were done it would continue to
be operated at Cranficld if the Colldge so wished, and the
staff of the precision enginecering unit would have free access
to the system for its own use. ‘ .

I hope that your Committee will agreec to accept this grant and
start advertising for staff with a view to being recady sometime in the
Spring when the necessary programmes will be completed so that the
puriching of data may begin as soon as possible with a view to offering
the service on a trial basis within a year Irom nowe.
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APPENDIX B

oIl (Direct TWaluation-of Index Lanauaces) Qvstem

Descrintion of Commuter Svsten

-

ragter file of Jusstions and Docurents

Progroms DEVI, INEI, ond TIMX form part of the file maintenance
system, which creates and amends files on rarnetic tave.

DEVI cre.tes a file on nm..gnetic tape called INSDUCINT/DE by reading
the question and decurent records punched on paver-tave. Tt ovrints out
a list of all the question numbers and docurment mutbers created on the
file and partially validstes the records with an error 1isting (e.g. 'F
reens that the following SCRT program will not accept this record).

INSI sorts the guestions and docurents cre.ted on L3240 IT PR into
numerical order, with the cuestions ut the froat of the tape, and creates
a file called IS-ZSINSORT.

TNX merges the new records on IITEZHCTISORT vith the oreviously
created Laster file called ILUNEDITEDFI (Gener=tion X) to crsate a rew
aster file of the same N4&S, but generation X4i, DIVP gives a listing
of all the new documznts and questions merged with the muster file (or
if requircd cun be used to give & listing of the vhole file).

Ti72 walidates and eclts TLTIDTIEDET to cnzure thet it meets th
duta formot requiremsnts of tha ssarch nrograis, creates a file called
ILDITINIILy, and lists any errors cetected by the rrograil. This
program volidates &1l cuestien cnd (ocumsnt records for logical, or
format errors, and euits text fields by removing such cnoracters as
upner cass ghift, the terminating 1gt from simnle plurals, and hyohens,

Document searching

The subset of the fuestion/Document file required for exch run is
specified by input of a parameter tane to DEV3.

The resuired questions &re then extracted from the master file,
and a sub-file is produced, he descriptors in W questions are
listed - any which cccur in more than one question are listed once
only. Tor any subsequent aquestions containing these same descriptors,
a note is made in the 'Duplicates! file,

Fach document is then read by the cormputer (from the rasterfile),
end the text is compared a word at a time with the descriotor list.
then a descrintor is found ©o match with part of a document, a match
record is created, identifying the descriptor, the docurent, and the
index language., These matches are then sorted by INS2.

The lists of descriptors and duplicates are merged by DEVL to
form a file giving the specific field (i.e. the descriptor nurber) and
the question number for all questions containing that descriptor. The
descriptors are then sorted by I'S3.
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This, together with the list of matches, is used in DEV5 to create
complete m:itch recerds, which indicate thut o given field (i.e. d2S-
criptor) of & particular guestion has natched a specilic decurent, and
identifies the particular index language field in which the match has
occurred,

Creation of Qutrut listing

This file is then sorted by 134 and read by DEV6, vhich also uses
the question sub-file, and croutes overall motch records of two types,

First, it exumines the Boolsan exwression for each question, and
determines whether or not the ratches found for this tuestion on each
document satisfy the requirerents dictated by the losiczl exvmression,
If they do, a Doolean match is recorded rfor that narticular question

E b '
and docunent, Cecondly, the nuber of single descriptor mutches
obtained betwsen each question and docurent is rec

The resulting file is sorted by IS5, and then DIV7 prints the
results both in dstsil and in sumsary form, togsther with a mathem-
- 1

tical interpretation of the efficiency or the reirievcl system in
terms of recall, vrecision and fallout (if relevent docurents are

A~y
\]‘.L

]

o
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The comouter configuration used to run
Crunfield was:-

(IC0L 1905 digitul computer)

1 Centrazl Processcr having 32€ of 2 imicrosecondcore store
1 Paver Tune Ze GO characters wer sec.)
1 Line Frinter s per minute)
L Magnetic Tape Transvorts for 556 bits per inch (20K2)
1 Disc Store Trunsvort, having the capacity of 4 characters
1 Card Reader (300 cerds per minute)
The seearch nrogrum Lsv3 stores all cuestion dsscriptors in core
betore commencing the maiching prezess, The oprogranm reguires on the
A

average 4 words per yuestion descrintor, znd on & 32K machine the space

available is 10,000 words, hence the limitution is to 2,500 descripfters,

With an averwzge of 50 descriptors per question the number of
questions is limited to 50,

On a 6LX machine en additional 29K is available and hence up to 150

questions coult be desult with, Iowever, there are other limitations %o
the mexirmum possible, which depend on the mutch frequency, vitich in
turn derend on the size and type of document records,

The matching program loads into 21K,

In a typical search of 200 documents by 50 questions, 20,000
extended matches were produced.



Fuch match record is 5 words in length, hence 100,000 words of
backing store are required for this file (the largest file in ilhe
system), In fuct, the file size allocated on the disc is 600,000 words.

The use of discs rather than tapes enables the run tine to be red-
uced considercbly, pariiculurly because of the much cuicker sort tinss
available on this medium.
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ILVIL SYSTE!Y FIIE UPDATE (PHASE

is lef't free at the end

System requires 5

scratch tupes, of whizh 1

= wo -

FIA/DEVA /A TLTE
GO 20
Load da eSS 1 to[ ! in sequence

I"EIL}'JL; & is created: listing given
HALTZD: ET CF RUN
ERRCR ACTICH GO 29

[e¢} ~J v\

FI//M& ;71 FE 20000
my TTTRNTAYTTOTI AT

Remove TR from IHCRCIIE DH

GO 22
Corts INSRSCION. R to Tz CIoOuT

HALTeD: D OF £0R, FILI O/0 IUEL CI UM IT X

10
1
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13

FIA/ T 257,23
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20
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25
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Go
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HALTED: END OF RUN
ERRCR ACTIOQN GO 29

ox INNX

\

1

geN. [ U

TLEDITEDFILE
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APPENDIX C

Letter and form sent to possible users of the system

Dear Sir,

You are no doubt aware of the formation of the Cranfield Unit
of Precision Engineering, directed by Professor John Loxham. In
connection with the work of the Unit, it has been decided to establish
a mechanised information retrieval service in Precision Engineering.
This project is being organised by the staff of the Unit and of the
College of Aeronautics, and is being supported by a joint grant from
the Pergamon Press and International Computers Ltd.

Eventually it is intended to offer a full retrospective search
service, but this will only be possible when a reasonable number of
documents have been included in tiie syvstem. Ilowever, in the mean-
time we intend to provide, on an experimental and complimentary basis,
a selective dissemination service, and hope to commence Jhig in June.

With such a service, each person taking part would ke asgked to
define his particular sphere of interest, to give what is usually termed
a 'profile' of his information necds. Every two wecks or so, the
documents that have been indexed during that pericd will be matched
with the profile, and the computer will print out a 1ist of all those
items which are likely to be of interest, This listing will be sent to
the individual who wilil thus receive, at regular intervals, notifications
concerning recent papers of interest fo him.

There is much preliminary work that has to be done, including
the preparation of suitable computer programs and decisions on indexing
techniques. The most important task, however, is to determine the
scope of the subject area, and this can only be done with the help of those
who are closely concerned with the subject. Professor [Loxham has
suggested that you might be willing to help us in this stage of the work,
and I should certainly be very grateful if you could spare the time to
complete the enclosed brief questionnaire, This asks you to state your
interest profile, to list a few journals which you consult regularly and
finally to list any papers which you have seen recently and which are
directly related to your main interest. Such information will be of great
value in helping us to design the system, so that when we commence the
service in July, I hope we shall be able to send you notifications of useful
papers,

Please let me know if there is any more information which I can
give you concerning this project.

Yours faithfully,



2.

3.

.

INFORMATION SERVICE IN PRECISION ENGINEERING

‘Assume that there was a service available which would send you

regularly a list of the papers which were of interest to you. Please
describe as precisely as possible that aspect of Prccision Engincering
which is your principal interest.

Would you please give the reference of a few papers which you hove
read recently and which are directly related to your main subject
interest as expressed above.

W

Would you please list up to six scientific or technical journals
which are of particular interest to you.

Please return to: P. Harding,
The Library,
The College of Acronnutics,
Cranficld,
NITHT N
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LIST OF Uouw

Dr, J. T, Archard
University of Teicester, Department of
Engineering

Tr, C. P, luger
Lucas Group Resecrch Centire, Solihull

1., 2. A, Boffey
University of fdinburgh

Fr, 2. X. Bottorley
Churcnill Tcchine Tocl Co. Ltd, Altrincham

%3

. I, 4. Brandon
Inswectorate of Pighting Vehicles and
Yechanicul Equipment, Hidbroke

r, C, Durgon
llachine Tool Industry R.4A, Iacclesfield

Prof, J. Cherry
Cronfield Institute of Tecnnology.
Produstion Devartment

‘r, P, Cooxe
renfield Unit of FPrecision Engineering,

r. G. Coultas
1

N I B -
Sitefco Bol

Dearing Co. Ltd, Luton

¥, J. Dinsdale
Cranfield Unit of Precision Engineering.
Mr, H, J. Elton
Inspectorate of Fighting Vehicles &
l'echanical Equipment, Kidbroke

Mr, G. H., Farnworth
Loughborough University of Technology.
Department of Industrial Engineering and
Yanagement

Mr, P, J. Few
kefco Ball Bearing Co, Ltd., Luton

Dr, L. Finkelstein
City University. Department of
Automation Engineering

YMr. &, Flett
Yolins Ltd, High Wycombe

tr, P. W, Harrison
Hational Physical Laboratory. Division
of Optical letrology

Mr, D, G, Hjertzen
Skefco Ball Bearing Co, Ltd, Luten

Mr, K, Kirk
A, A, Jones & Skipman Ltd, Leicester

Mr, G. Knignt-
Rolls-Noyce Ltd., Hillington

Date first
output sent

10/2/70
10/6/70
10/6/70

10/2/70

20/8/69
24/'3/70
14,/1/70
16/6/69

3/2/70

26/6/69

16/6/69

16/6/69

3/3/70
14/1/70
22/1,/70
16/6/69

3/3/70

14/1/70

21/ 3/70

No, of
cutvuts sent

"

10

11

11

11

L



¥r., R. L. T:I).O’N:l.(’"
Rolls-Royce Ltd. Derby

¥r, J. D, Lene
Cranfield Unit of Drecision Tngirsering.

e, L. L1 131 oy
rechine Tool Tniustiry X.o. vwccizefield

K. J. Yarsh
Ifatlomxl Engineering Laboratory,

¥r. O. Yolian
ravenced School of ~utoncbile
Ingincoring, Cruntield Tratituts ol

Z.,'r. I. G. *'orggn
}":,:cal Loboratory. Division

vy, 4, 1UnGEY
University of Southampion

, r mrs

I.J:' I- r Mickels
o
s

Dlv_:u .00

-y

}‘--I‘. H, Cunayl
Ferrenti Lid, Dalkeith

vr, B, Pondy
Vachine Tool Incustry R.:
Macclesfield

prof. J. Peklenik
University of Birminghem, Depszrtment of
Mechanical Engineering

¥r, J. C. Rae
Rolls-Royce Ltd. Hillington

Dr. . B, Rowe
Lanchester College of Technolcgye

vy, W. R. C. Rowley

- .

National Physical TLaboratory.

Mr, C. Kubenstein
University of Vanchester Institute of
Science and Technology. Department of
Yecheniczl Engineering

vr, B, &, J. Rule
Newsll Engineering Co. Ltd, e terborough

ur. M. R. Sinclair
Skefco Rall Bearing Co. Ltd, ZLuton

Date first
output sent

16/6/69
14,/1/70
2L/ 3/70

2/1/70

10/2/70

26/6/70

14,/1/70

2/1/70

16/6/69

2/1/70

21/3/70

26/6/69
06/6/69
10/2/70

3/3/70

2/1/70
16/6/6%

3/3/70

Yo, of
outputs sent

11

(¢

[@v]

L&

11 g

-
-—



¥r, D. A, Smith
University of Leeds, Industricl Unit
of Tribtology
Yr, F. . Stensfield
1 achine Tool Industiry R./4A, lecclesfield

Trof. S. A, Tobia
University of Birminghem, Depariment of
Yechenical Ingineering
Yr, T. Viest
Paisley College of T
Department of frodu
e, Y, J, N
Craniield L
R. G, Voolicott
Mati ODC‘l‘hI’"':IGLI‘ ng Laboratory,
Mechirery Group

Mr, G, Sweeney
}achire Tool Industry .4,

Date firs?{
outrut sent

16/6/69

3/3/70

16/6/69

o, of
outruts zent

1

11

11



APPENDIX E

LIST OI' PIRIODICALS REGULARLY SCANNED

Advances in Machine Tool Design & Research

Aercnautical J.

A.I.A A, J.

American Machinist

Annals C.I.R.P.

Automation

Automation and Remote Control

British Plastics
Brown Boveri Review
Bulletin J,S. M, E.

Canadian Machinery and Metalworking
Chartered Mechanical Engineer
Control

Control and Instrumentation

Control (Engineering)

Cryogenics

Design Engineering
D.I1.S. A. Information

E.D.N,

Electrical Review
Flectronic Design
Electronic Engineering
Electronics
Electronics & Power
Electronics Letters
Electro-Technology
Engineer

Engineering
Engineering Fracture Mechanics

Engineering Materials & Design (E. M.

Engineer's Digest
Environmental Engineering
Esher Wyss News
Expsrimental Mechanics

Fluid Power International
Fluidics International
Fluidics Quarterly

Hydraulics/Pneumatics

IBM J. Research & Development
Industrial Diamond Review
Instrument & Control Engineering
Instrument Practice

Instrument and Control
Instruinent Technology

& D.)

-y



Instruments & Control Systems

International J. of Control

internaticnal J. W\achine Tool Design & Research
International J. Mechanical Sciences

International J. Production Research

Iron & Steel

Iron Age

Jena Review

Journal Astrcnautical Sciences

Journal Mechanical Engineering Science
Journal Mechanisms

Journal Metals

Journal Physics E - Scientific Instruments
Journal Sound and Vibration

Journal Spacecraft and Rockets

Journal Strain Analysis

Lubrication Engineering

Machine & Tocl Blue Book

Machine Design

MMachine Tool Review

?vLch,hL“t,"‘" \ N.Y.)

Machinery and Production Engineering
Machinery Market

Machines & Tooling

Mass Production

Measuren:ent and Control

Mechanical Engineering

Metal Construction & British Welding J.
Metal Progress

Metallurgia

Metalworking Production

Metrology & Inspection
Microelectronics and Reliability
Microtecnic

Modern Plastics

Plastics

Precision Metal
Product Engineering
Production Engineer

Quality Engineer
Quality Progress

Review Scientific Instruments
Russian Engineering Journal

S.AE. J.
Sheet Metal Industries
S.I.R.A. Review



Steel
Systems Technology

Tool & Manufacturing Engineer
Tooling

Tooling & Production
Transactions A.S.L.E.
Transactions ASME - J. Applied dechanics

J. Basic Engineering

J. Engineering for Industry
J. Lubrication Technology
Tribology

Wear
Welding & Metal Fabrication
Welding Engineer
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R4

R6

R7

R10

R11

APPENDIX F

TIST OF 137 1IST SUCFILAS

(Interests as stoted by the user)

Statemznt of Interests

t asvects of triboleogy. The metrology and str.cture
of surfices ond thneir nsnal.octare. '

Accuracy of
ifetholds of
g . g . - - ke Fe -

Vecsurenent und invecrcpre tution of surfuce

ho¥ ul_nv, connorent

of gears and involute profiles -

~ted bearings

a3
Liea

Infra-r=g

Direct computer contrel of machine tools; the e uip-went
an& applicutions to comonent —nufaciure

. S
art progr.muing, wost f“”““SSO”S, syatem detnils
Stenn;* motors, applications o machine teools
Pning ’

Precision mech.niscs

Structures

Hydro-mechanical ammlification
Measuring instruments and muchinery
Positional tr.nsducers

Hydrostatic bearing - o0il and air

Finish machining - wetal cutting - grinding - machinab-
ility - tool life, economics of mechining - tool
materials, rFre~-set tooling

Production engineering and machine tools —m,dzun/laroe
batch precision menufucture - Metal forming, turning,
grinding, finishing, assembly, inspection - mainly
automatic

Control systems, generally using élﬂctroniCS, to control

.motor, ete, in positioning wmoving elements at the desired

spot with a very high degree of precision

The measuremsnt during production of formed and machined
parts, This includes production from numerically
controlled cnd conventional machines,

Informztion on "in~built® measuring devices in production

machines - design and Jevelopment of equipment using new
measuring techniques €, g. lasers - long measurerment
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techniques up to 30' - high nrecision of smzll vurts,

e.z. gears, etc, 518
Ri2 Numeric..l oontvol of machine tools, economic and

technical asnect 319

tachinobility, eoonomic and technijcal asvects 515

R13 Vibration wn.lysis and centrol

Tribolopical asnects:- loud copwcity of and {rizticn in

bearings Si

Rigidity of machine parts:- shafts; bearing heousings

R4 Instrunent cont
sutomitic insps

™ -
Przeision -

treztment o

dirsnsicns and sizatisticol
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- »;ucisiﬂ“ mozhiinge tool
2 of machine tools

Dyn@:io ﬁerior:auce of are nln, tools
ileasuring r:inods - machine tool accuracy and clignmen
Identifiication of error sources in machine tool
manufacture

Identification of error sources in controlled machine

)

ct

{7
N

—3

tocl creration
nd“n+1ve consrol

16 Ynginsering metrology (1lhe science of the reasurement of
length wnd sngl in <11l its

forms) with warticular
a

gle
o
reference to opticol tschnlques having an industrisl

apnlicaticn, R,
R17 The applicati 1 of rolling bearings to work spindlees of
all types of vrecision r/c tools 36

Hydrostatic bearings wpolied to rotating work spindles
and slides (11near) Lubrication of high sueed spindles,

R18 letrology S23%

Quality control Sely
R19 N.C. machine capability and accuracy assessment st

Developments in co-ordinate measuring machines. S25
R20 Control systems (a) As zpplied to numerical control

machine tools
(b) inufacturer's hardwere description's

4Ladaptive controls (a; For numerical control machine %tools S26
(b) Technicues for optimizing metal re-
moval
rR21 Large scale manufacturing technicues in precision engineering. 26
The mass production of hydrostatic and air bearings and their
applications, the wvarious philosophies of machine tool S15

. design, ergonomics and other aids to more precise mevement
and control in metal manipulation,

R22 Machine tool foundations, design, etc, Performance of bolts
erbedded in concrete,
Structur.l wnalysis, particular reference to finite elers=nt
methods.



R23
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R25

R29

R30

Cross-sectional properties-of structural elements

(beams) in torsion and shear,

Fobrication (wulding), tor~ing, c:;tiug, of ferrous

materials, Developments cand enblnﬂo" g metallurgy

of thesc processes,

Develonments in ulloys of masnesiwam and cluminium and
s i

in reinforced niustics

The ratigue strength of nuterials and stru tures,
In purticular the following c¢srects of retsl fatigue:

1. PYatigue under varying stress coclitudes (cumlative
dumage),

T 4D
2, ﬁaul7”3 of s

ca-
L.

ructures or courmronents under randsm
or servic -recrrd:’
3, Tutigue cracl wrobus
o
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Mechanismns - also appears o
mechines, dynarmics ol mus n:s, mwvn¢:e

metics, linkages, mechenicel linkages,
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Teasurement of lineur dimenzions, ancle, ceomstrical

~ ey ~ ° o T Ty Y

forn, surfuce finish, ot @1l levels JCJ rornshon to
tundurds 1oborstory r F 1 ard mroet an mataamto
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N S TV S, [OOSR PR P P am e
of techniques, instrumenis ond stondards for ush
messurersnts, PBehavioar of cnninesring roteriuis, e.g

elastic deformaticn, thermal deformation, sficcting
accur:icy of reasure:ant and accuracy of muchinzry.

Frecision boring machines
g 7/ .
Single reoint ~atiing tools (perticularly diamends)

Engineering rmetrology
Pesign of reasuring instruments
New ueasuring techniques

Numerical control, particularly

N.C. measurement, linezr and rotational; read-out, vrint-
out, and on-line commuter facilities,

In-process measurement

Inspection and measurement engine

Opticel grating manufacture

Design of precision machanisms

Pine movements

Flexure devices

Precisicon linear and vivot bezrings

Fine mechanics

Precision manufacturing techniques

Precision optical engineering

Metrolozy - roundness and geometric form measurement
surfoce metrology

Use of hydraulics in control of machine tcols
Design and operstion of such control systems
Bearings for ~cchine tools, Design and performance
of all types.

828

[€7]
(V]
\O

92}
U
-

S35

S36
S37



R36

R39

The reagurerent and inswection of

laterials for machine tonl slideways, selection and
wear properties,

Theory of accuracy end accuracy vroblems in production
Accurcey of muchine tools, purticularly N.C.-controlled
gauging in-process sysiems.

comronents on o 1-0if, semi-wuton.

ully
basis, ‘ny information reluting to control of manuftot-

naineering commonents,

3, Information relating to o
cuality control

ey g e b o
encIyys rute 10

nurerizal control machine tools
-

Grinding and grinding mzchiine design cnd Rearings
Particularly centreless grinding ruchinzs

Drecision measurement of linesr dinensions, particulurly
by interferomstry

lechanics of cutting vrocezss - static and gymosic weor
mechenls n cutting
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w1 remcvil in grinding

Letrology

Inspection

Nachine~tool alignments

Mechine~tool zccuracy

Laser interferomsters, Their developrent and use in the
engineering leboratory and workshop,

letrication

suality engineering

Fluidics

Measuring rethods

Total apolication to gas bearings and rolling bezrings:
surface finish

roundness

dirensional tolerances

Flat surfaces: surface finish, roughness, production of
flat surfaces, measuring surface roughness.

The relationships found to exist, by experimental and

theoretical methods, between the features of the
design of manual and N.C, machine tools and their

performance characteristics, with particular respect to

accuracy of position and motion, short term repeatebility
and long-term stability,

Features of design which might be of interest are those
affecting structural stiffness, thermal distortion, wear,
£1so of interest are the comparative performance of
machenisns, measuring devices and _control systems,
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Grinding ~rocess, use of higher wheel speeds,
Effect on machine design, Guarding of vhzels.

General interest in thﬂ rore Pandwental esvects of
manufacture, in virtisuler mochire tool design, coumnuter—
aided desirm, static und dymemic behoviour of rachine
tools, cutonation, ¥/3 centrol. 11 vs \c~ts of Torning,

yrith purticulsr reference to high gread TYOCESSEs &S
arplied to feorging, cold forming, sheering, cromring,

blenxing, compection.

Fluidics: technology of
Prieum.tics

Hydraulics
tetrology: advenced technigies

Design: new devices (Techanical)
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APPENDIX G

LICT COF SEARCH MCRIIES

Search ' Refers to
Profile Title reguest
Number orofile
S1 . Flat surfuces (finish, productien, mecsurerent, R1 R2
tribology) R3%
Q . figm T2 L4 JERR I - . F- I .
s2 Gears and involute ~roriles (eaccuracy of ~inufec-
ture end methods of reasuremsnt) R2
S3 Lead screw technolozy R2
Sd. Bearings, shafts, housings, muchine elements, R2 3
(tribology, rigidity, vibr.tion) T3
35 Grinding (process, machine, design, hich vwheel- R4 N33
speed, vheel gusrding, centreless) RLO
S6 Bearings (hydrostztic, air, gas, spindles, lubric- RL RY
aticn =17
R21
230
. =33
120
37 Infra-red 5
S8 Direct comnuter control of machine iools E6
S9 Steoping motors E6
S10 Precision rmechanisms (not theory) R7
S11 Structures (machine tools, not theory or besams etc,) =7
S12 Hydro-mechunical amplification (particulary its use R7
in control of mechine tools) R30
S13 leesuring instruments and machinery R7
314 Positional transducers R7
S15 lachinability, economic and technical aspects RE R12
(machining, cutting, grinding, tools) R35
S16 Precision production and manufacturing techniques R9 R21
(large scale, machine tools, asserbly, inspection) E29
RL3
S17 Control systems for accurate positioning R10
(generally using electronics)
S18 Zngineering retrology, measurement techniques,
transducers ' RN
819 Numerical control of machine tools R12
R
520 Precision measurement of dimensions (instrunent
control, automatic inspection) and statistical YR

treatment of errors
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liuchine tool accurecy, vlignment, uverformunce

Engineering retrolosy (perticularly ontical and
interferometry tesiniques)

Sngineering i ﬂfrUIOﬁ] {(v.rticulirly roundness and
gsoretric forn measurement, surface metrology)

Quality control

Co-ordinate mecsuring machincs

Contrel systems and adontive controls for nuterica
contrel nacning ftools (hiwrdamire, etll romoval
tccnnluues)

N
—

Fachine tool design and behuviour (structural
analysis)

Forming ani fabricztion processes (high sresd,
enginecring ret.llurgy)

. = - . \ ~ . 2 -
Alloys (mugnesiuns and wlusiniun) ond reinforced
plastics

Fatigue strengiin of nmotirinls and structures
(rmet.l fetigus, cracks, frecture)

. - ~ 0 o e 0 A
Yechenisms and wscnanical devices (desimm)

Engineering retrology, standards, metricution, and
accuracy of measurement (thermal, elastic wnd wear
effects)

Precision boring machines and single point cutting
tools

Engineering rmetrology (design of measuring instrum-

‘ents, new measuring techniques)

Numeric.l control (measurement

Dimensional inspection and measurement

Optical gratings (manufacture)

Precision optical enginsering

Machine tool slideways (materials, weur)

Accuracy (theory, production, machine tools, NC -
controlled gauging in-process systems)

Quality controls (IC muchine tools, high energy
e > AY
r.te forming of metals)
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S42

SL3
Shl
SL45
Su6

S48

Measurement, insvection and control of manufacture
of comsoncnts (particularly aerospxce production
components)

Engineering metrolozy and inspection

etrication

Pluidics

Design and rerformunce of manuzl and 13T machine
tecols, mechanisms, recsuring cevices, control systems

Fluidics (technolog'): neurstics and hydraulics
(specicl circuits)

2 q]

Design (particularly commuter-sided) of me
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APPENDIX H

TITLE .AND REFERENCE OF DOCUMENTS

Problems of uncdercarrisge design for VETCL

teronzutic.l Jowrnal, 1969,

Lll—weuther ops
heliconters

hercnuuticsl Journal, 1969, Feb.,

Develogment of the Tucconcer

Leronautical Journel, 150; Teb,,

terodynanic design

ferconauticsl Journsl, 1969, Teb,,

p. 157

D

tion for helicepters:

.12

p. 11

P

. 10

'l

9

1

Production engincering in the purp industry
p. 27

MNachinery lurket, 1569, reb, Z7th,

An up-to-date look &t mignetic 1.

we wermaal o g e T R LG g}
Yetalworking Prolucticn, 194%, ©

Vibrution wustes dicmonds
Metclworking Production, 190%,

Family grouvning on the trunsier line
Erouning

. y . - 2 o -
letzlworking Production, 19¢9, Ik

b

-

¥C Joins with electron bean welcer
(%

etalworking Production, 150%,

Effect of siie factor on conditicon of

2¢th,

Feb, 26tn, p. 61

Pussien Bngineering Jcurnal, 1568, (1) p. 72-79

Grinding the new high-alloy roll steeLS

Russian EZngineering Jeournal, 1962, (

die—

Optirmmum steel grinding soveeds and
Russian Engineerirg Journal, 1962,

f“

Deterwining the exial dimensicns of

Russian Engineering Jcurnal, 156%,

ceds
(1),
gap

(1),

.76

e

using s

p 13

C‘r.xLJ" s
p. 59

p. 58

-

1.9

&1

fireraft

. T am n a
SNLCHITAG Surisce

Improving the characteristics in selective assembly

(1), p. 5k

Increasing the contact of steel gears by electrolytic nolishing
Russian Engineering Journal, 1968, (1), p. 445

Russian Engineering Journal 1968
£1 ) ’

Wear on ball bearings working in an aqueous medium
Russian Zngineering Journal, 1958, (1), p. 36-39

Helical gear transmissions with thrust collars
Russian Engireering Jowrnal, 1968, (1), p. 31-34

14

ght control system for

ic diemond wneol

Optimum surface finish on centrifugal pump flow channels

(1), p. 27

Russizn Engineering Journal, 1968,

Characteristics of counter-rotation ccnditions of single-stige torgue

converters

Russisn Engineering Journal, 1962, (1), p. 22

Construction and design features of a
c6a

Fussiwn Zngineering Journal, 1568,

high torgue hydraulic moter

(1), ».

steady

Probability strength calculution under

(1): p. 12

futigue zimilarity conditicns

Russian Engineering Journal, 1968,

18-21

cyelic loading snd

S



’ 22 Use of friction and weasr in Ceveleping comnonent design
Russien Engineering Journal, 1968 1), p. 6

23 Oceanolory's brave show underlﬂpoQ need for stronger zcticn
- : o
Engincer 1969, Feb, 21st, p. 276

2L How to use the new gvluc to si c G
I'etalworiiing Production, 1969, Feb, 1%th, p, 59

20 Tould medring develcrrents
A w2 des [T 4 Tea} o o ok
British Jlustics, 1949, sebe, v, D3-TL E7.00

[
(Y

Plistics coating of retol conpenents
British _lastiecs, 1569, e, , p, 51-55

27 Low heat carscity carben theo morelers
Cryogenics, 1963, Teb,, n, 60
28 Dual-slcpe intergratcr- —comiiratoriess, o & converter
~ A0~
Centrol, 196G, Peb,, p, 141

9 Pseudo-rendon sign.l testine am
Control, 1565, Te

30 Thermzl cheracteristics of the nrinted rmetor
Centrol, 1 69, Feb,, p, 13L

Novel high-resclutiecn CRTlc.l nregsure sensor
Control, 1969, Yeb,, p, 12,128

32 Herrenic and tronsieont behovicur of wn clectirehririulic corcil

rechenism test rig

Ccntrol, 1969, Teb,, p 118-123

33 letuaters fer every industxy
_nglpecruvy 1569, Feb. 29, 32

34 Treining with a twoesheft gxs Lu. bine
Engineering, 1969, Feb, 22, p, 358

i 5 Determining centre of flexwre of uniform bar of asyrmetric cross
o J

section
Engineer, 1369, Feb, 22, p, 32

36 N.C, draft ting machine drews sircrafit comronents
Engineer, 1969, Feb, 28, p. 324

37 lModern electrical methods in the Steel industry
Electrical Review Supplezent, 1969, Feb, 2&, p. 23-24, 927

38 Innovetion for 1ndugt:y through measurement and control
Electricel Review Supplerent, 1969, Feb, 28, p. 36, 39, 4O

39 Revolutions in lotor Desi
Electrical Review Supplerent, 1969, Feb, 28, p, 30, 35, 36

40 VYagnetic bearing system for meters
Electrical Review, 1969, Peb, 28th, p, 304

4 Calibre aling fluorescent tubes with tungsten lamps
Electrical Review, 1369, Feb, 2Sth, p. 312

42 The ACE thyristor
Blectrical Review, 1969, Peb,, 29, p. 305




43

Ll

L6

L7

L8

Ul
N

55

56

58
59
60

61

62

High precisicn lens censtruction Syroosium
SIRA Review, 1969, Feb,, p. 33

A group project for the development of antireflection coatings
SIRA Review, 1969, Feb, p 18

An auvtomatic test set Tor instruient evaluation
SIPA Review, 1963, Feb., p 5

Pewsurerent of thermel conductivity «t low temreratures
Cryogenics, 1965, Feb,, p. 55

ERE ' ~

Superconducting menonctlers for high vressure mreasurement at low
tenperature
Cryogenics, 1569, Feb., p. 53
G

Cryostats f'or measuring clecirical, thermeszlectric gzolvansz ond
therrenume es
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L wide~range stb-millizetr
in solias at liuuia il ks

Cryogenics, 1969, Feb,, v. 39

Temverature —rofiles in exeriientul Dewars

Crycgenics, 1969, Feb,, p. 32

Cryoelectirenics

Cryogenics, 154, Feb, p. 20

The control of flcw

Engineering, 1969, Teb, 21, p. 325

Ingine feor ony fuel ~ will 1t work?

Engineering, 1565, Feb. 21, p. 313

Close looi at the sun

Engineering, 1969, Feb, 21, p. 309

Silencing induction motors
Electrical Review, 1969, Feb, 21, p. 269

Noise measurerent techniques inadeguate at design staege
Electrical Review, 1969, Feb., 21, p. 273

Developments in transducers
Electrical Review, 1965, Feb, 21, p. 267

Electronic retronome using a novel freguency divider
Electronic Engineering, 1969, Feb., p. 224

Pulse delay circuit suitable for triggering thyristors

Electronic EZngineering, 1569, Feb., p. 211

F.E,T, serple and hold circuit using error-corrective feedback

Electronic Engineering, 1569, Feb , p 209

Sirple temperzture commensation of lurge rectangular waveguide
resonant cavities

Electrenic Engineering, 1969, Feb,, p. 198-199

Hevker Siddeley uses hoiogruphy to study deflexicn to rotors

Engineer, 1969, Feb, 14, p, 252



63
6l
65

66

67

69

70

i

75

h

75

76

78

79

80

81

g2

83

Bl

Automobile engineers discuss transnort and engines
Engineer, 1969, Feb, 14, p. 2Lk

Developing a renge of back-pressure steam turbines
Engineer, 1969, Feb, 1L, p. 240

Centriliced surervision of termercture
Brown Boveri Review, 19:8, Sept., p. 456

Indactic DT 10 continuvcus e
Brovm Boveri Review, 1968, Sept, », 41

The 31 Serws, a system of circuits
Brown Boveri Review, 1968, Tent., p. 470

The new ronges of digital ecuinsent in the Brom Boveri electwonis

system
Brovn Boveri Review, 1968, Zent., p. LG9

Blohm surlace-grinzing “‘"cbln
Tachine-Tool Review, 1900, lov/Dec, p, 304-307
Transfer-line bro.ching

Yachine-Tool Review, 1938, ¥cv./Dec, p, 250-293
Sutenatic handling

I‘achine-Tool Review, 1958, Lov./Dec. p. 270
Injection soulding zo Jost!
Plastics, 1969, Teb,, p. 176-1548

The effects of detaining upon the forced vibritions of bluded Jicis

J. Sound ¢ Vib, 1069, Jan., . 65-79

ke

Large amplitude axisymmetric transverse vibrations of svpinrning

memb brine disks
J. Sound & Vib, 1969, Jan., p. 55-6L

Response of undamped non-linear svoring mass systems subjected to

constant force excitaticn
J. Sound & Vib, 1969, p. 53-58

On the study of a third-order rechanical oscillztor
J. Sound & Vib,, 1969, Jan., p. L9-52

The response of a supersonic transnort fuselage to Dounda*'y layer

and to reverberant noise
J. Sound & Vib, 1969, Jan., p. 6-20

A note on the radiation frama circular piston in a plane wall

J. Sound & Vib,, 1969, Jen., p. 1-5

On lichell trusses
Inst., J. lech, Sic., 1969, Feb,, p, 209-215

Instability of an angle section beam under an applied bending

moment
Inst, J. l%ech, Sci., 1969, Feb., p. 199-207

Plastic instability of thick-walled tubes with closed ends
International Journal of Mech, Sci, 1969, Feb., p. 175-186
Seamless rings shuping up for wider apvlication
Metalworking Production, 1969, Feb, 12, b, 39

Converting your machine shop to metric

lMetalworking Production, 1969, Feb, 12, p. 51

Tooling for ZCU
lfetulworking Preduction, 1969, Feb, 12, p. L6



85

g6

87

88

98

99

100

101

102

103

Central control smooths relay assenbly

lietalworking [roducticn, 19569, Feb, 12, p. L4345
Integreted pneunstic control instrunents

Instruwent & Control Engincering, 1969, Teb,, p. 36-39
Tneuratic constrol controller series 130

Instrument 2ractice, 1969, Teb, p. 121

Trizcs in control

Instrurent =nd Control Inrinecri
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Turbine sturtur autom.ticn
Tnetrument ¢ Control Ingincering, 1969, Teb., ». &-
The design cf v.chine tool sl

tructu
rdvences TLTLDLN., 1966, 7, p. 369
h

»5 of hobbing machire sirucitures or hobb
history
» Do 201
T on ¢ wutomstic teol setting, air beurincs swinliles, and
Juser interiercometer fecdbock to centeour nuchining.
, . cmoTy T bd
Ldvences TLT.DLR., 1966, 7, p. 335
The investircticn of linccr rolling slides by ne.ns of diritad

~utotion

£ new tyre or controllec
hydrostetic tearings wn
tocls

Lévences TNLT.D.R., 1966, 7, p. 273

The design of orpfinum per:
Advences 1.5.D.., 1580, 7, p. 259
Tffect of viscous demping on P.sek's method for ietermining 2.C.
servomotor tine constonts
Tlectronics Letters, 1969, Feb. 6, p. 57
Desien and overating features of the Lmicon £10C0 iIC System
Pt (=] -
lMachinery (Production Engineering), 1969, Feb, 12, p. 267

Lew electric servo-drives reduce ccntouring costs
. - . . . . 7
Machinery (& Production Zngineering), 1969, Feb. 12, p. 264,

Stavely inch/metric conversicn dial and scale

Nachinery (& Production Engineering), 1569, Feb. 12, p. 258

Contact between close-meshed helical gears
Machinery (& Production Engineering), 1969, Feb, 12, p. 25L-257

Gear production by cold forming

Vechinery (¢ Production Zngineering), 1969, Feb. 12, p. 243

Direct method of synthesis using a new representation for ssrvo
- systems

Tnternaticnal Journal Control, 1969, erch 9, (3) p. 267-279

Stebilization of tronsfer coefficient of phase-shifter utilizing
orerationsl amplifiers

Automation & Remote Control, 1968, arch, p., 520
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104
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16

17

118

119
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121

122

125

126

Recding machine with optical reference masks and electron-optical
converter

Automstion & Remote Control, 1962, larch, p. 16

Resvonse of & volve-controlled actusting mechanism with inertial mass
loading «nd o coupressive Iluid to & sinuscidul input, action

sutomation & terote Contrel, 196€, Tlerch, ». 511

ALdeptive systems of data reception and rrocessing and the statisticol-

. .
lecision theory

: . ™ - L . L -y 1 -
futonction o Lemote Centrol, 1567, Twrch, ». 43

st outline erials and characteristic:z

h s t
Jen., 20, p. 91-96

Infrered dsteclor ¢
1 I

Electronics, 19.9,
The display of neutren radlogravhy recsults by direct viewing oi &
scientillating wlut

J. Scientific Instruments, 1965, Feb.,

Cemiconducter rrclezr oo T
- oy -y R - . o? - / h!
Tnsirurent Yrictice, 1969, Teb., p.

5
Detecticon of iuint luminous flux by rewns ctron vhotoruliiplicrs
Tjeroieenic, 1967, (&) p. b1 1
s toolirg

Sheet Tetal Iu i

Sore current develonments in the fine-
=t 1

gsign for teocling
<~ - - s ~L A K
Spheet etal rndustries, 1969, Teb., » 1i¢

v

Tevelowrent wnd use ol «n cbrosicn test for cast-irons and st
~ . Y
Iron & Steel, 1959, Feb., p 57

The technicues and the mechenism ol exrlosive welding
broduction Inrincer, 1569, Feb , p 69-12

Recent develorments in .ceramics =na their applicetiion in angineering
Production Sngincer, 1965, Feb,, p. 55

The case for interactive computer grervhics

Tlectronics & Power, 1969, Feb,, p. 59

Comruter aids to mechanical-engineering design

Electronics ¢ Power, 1969, p. 56-58

Dry reed uniselector with retentive memory
Tnstrument Prectice, 1969, Feb., p. 131

Tiltmeter goes to the field

Rlectronics, 1969, Feb, 3, p. 147

The nots zre not driftless, but they drift less
Electronics, 1969, Feb, 3, p. 141

Integrated scolid state display needs no complex circuitry
Electronics, 1962, Feb. 3, p. 1C0 '

Bulk-effect modules pave way for sorhisticated use
Electronics, 1969, Feb, 3, p. 94

Tlectron-beam testing: gentle and fast
Electrenics, 1969, Feb. 3, p. 92

S3ilicon avelsinche diodes anplify at subjarmenics of X, band freqiency
Electronics, 1962, Feb, 3, p. 35

Tracked hovercraft transmort systems

Engineering, 1959, Feb. 7, p. 249

Tight on alumina

Engineering, 1967, Feb. 7, p 236-233

[ ]



127

128

129

134

132

-
(]
s

—
\

135

136

-
(3]
-~}

-
I
(6]

-t
AN
\O

140

144

142

143

10
145

146

147

Concorde
Ernginecering, 1969, Ieb. 7, p. 217
Developing the d.,c. linear rmotor
. 4
Engineer, 196%, Feb, 7, p. 197
Design and »erformonce of intersperscd windings
Engineer, 1969, Yeb. 7, v. ¢O7
Hoffmin develons steel-ball ossessor
Ingineer, 1569, Fev, 7, . 201

wl’i{'ll"CCI‘l g

red Vechunical ¥ngineer, 1969, Feb |, », 62

srticulited vocuwn line
Scientific ;nbvrmrents,

ressure tronsducsr of the
J. Scientific Instrurents,

A laser ccloriretzr for @ wide vower ranze
J. Scientific Inctrurents, 1562, Feb., p. 203

A commarison of nocular irons with sove commetitive rmaterials

5
Enginecrs Tigest, 1909, Jan., p. 41

a
?

A t-rezding bridge for a wlatinun rosistance thermemeter
. “ e - S o~ 7 - 4o
J. Scientific Instruments, 1509, Feb.,, p, 143~145
in accurate rmethod for messuring the mognificaticn cf en electron
microscone

Py

J. Scientific Instruments, 1969, Feb., p, 202-2CE

A modification to the jet electrcvolishing swecimen -revaration
technique for electren microscouny

J. Scientific Instruments, 1969, Feb., p. 202-203

Remote mezsurement of displacement by use of .n X-ray source
J. Scientific Instruments, 1969, .Feb., p. 198

Jon-contacting air gauges for interrncl dimensional measurements on
waveguide and transmlss¢on line tubing
J. Scientific Instruments, 19569, Feb., p. 195-197

Production of thin solid-hydrogen foils for use as tergets in high
vacuum
J. Scientific Instruments, 1969, Feb., p 197

Apparatus for controlled electron oedﬂ co-deposition of alloy films
J. Scientific Instrurents, 1969, Feb. 1, p. 183-186

A rmlti-channel digital event-recorder for field application
J. Scientific Instruments, 1969, ¥eb,, p. 178

Relationship between the correction factor of the four-p01“t probe
value and the selection of notential and current electrodes

J. Scientific Instruments, 1569, Feb.,, p. 170

4 ges-uctuated acoustic dilatometer for thermal expansion measurenents

on metals
J. Scientific Instruments, 1969, Feb,, p. 137-142




-

14,8
149

150

159

160
161

162
163
164

165

166
167

168

Press mods. cut blanking cost
Metalworking Croduction, 1969, Feb, 5, p., 55-58

Car mokers choose new technicucs
e talworking Production, 1060, Feb, 5, p. 43, 50, 52, 53

D¢ onersticns balunced on lins srodustion
69, Feb. 5, p. L34k, 46

tetalworiing froduction, 19
Defining the 10 bull's-eye
vetulvorking Crodustion, 1969, Feb. 5, p. 3%

1.2 s

e-tool control - the st:te of the urt

nery (9 rrod ction Incinsering), 1363, Feb, 5

cundstrad mechining centres for oroduction direct from bar stoex
i 5

Yachinery (2 Frodusti nAJnilhvvil(i>
clectric rwuging ecud
1

T - T
ction Inginzcring),

doyn VA~
tyoe YUTA autorutic-cycel

Leﬂ»-u-alnc“ e in

¥_chinery (Froduction I rcmn°‘:Lrb) 1967,
!dvances in Engincering malericls - o
Quality Engincer, 1969, Jan,/Feb, p.

sl PO SN - s
Cold extrusion i stee
.

Inginser's 1369, Jen., 2. ©

1 . £ a3 Atime e ma e - o .
ecnnisue 10T —reqlliing vae ex»formince of roller

C QU7 ute

eLrin 5s

Snginser's Digest, 1962, Jan,, p. 63-65, &7
Fal
&

-

Determination of limiting degree of de
corponenis
Engineer's Digest, 1969, Jan., p. 57-59

Some recent developrments in sisel alloys
o 2 T~ 4 Fe .
Engineer's Digest, 1969, Jan., ». 33-35

Lathe tool specificution
viierotecnic, 1968, Dec. 22, (8), p. 632-642

Some notes on box standards for internal measurements
Microtecnic, 1963, Dec, 22, (8), p. 633

The capacitive standard flatness-gmugs based on the surface of a lizuil

Microtecnic, 1968, Dec, 22, (8), p. 626

On grating prism for absolute reasurement of angle

Microtecnic, 1968, Dec. 22, (£), p. 621

The application of impact damper to the control of machine tool
chatter

Advance },7.D.R., 1966, 7, p. 243

Theory and design of 2 self-optimising dexper
Advances 1L T.D.R., 1566, 7, p. 229

Simulation of a machine tool drive and structure on an enalogue comsutey

hdvances M,T.D,R., 1966, 7, p. 191

4 bibliography on the properties, generution and conirol system appli
ations of shift-register scruences

Tnternational Journal of Control, 1569, Feb. 9, (2), p. 217-23L



169

170

171

172

Lyaepunov design of time-shared sumnled-data contrel systems

Internation:l Journal of Control, 1969, Teb, 9, (2), p. 20r-"11

5 direct second-variational rethod for free-endsoint, free-ti e

optimul c:ntrol problems by .ewton's m:ihod in finction sruce
12

Internztionzl Jowrnul or' Control, 1969, Feb, 9, (2) » 167-177

15 - -achine Tools
2, Jun, 30, », 17

micenductors

Llectrostatic penzrator uses licuid as insulont
Blectrical Meview, 1362, Jan., 31, », 159

T oy nnes » - 3
Verson adowmts wosi

180

151

182

183

184

185

186

187

188

189

190

1N

I.ow cost cutoiation

Automobile Incincer

Pr@ciszo“ pulse _onerator for calibrating analoguc-to-digitil converters
and samle~and-hold circuits
Eluctron*c “ngineering, 1969, Jan., p. S0

Three-thase noint-on-a-cycle swiich
Llectronic ZIngineering, 1969, Jan., p, 82

Electronic methods for determination of the order and orobunility
of the occurrence of discrets events
Electronic Engineering, 1969, Jan., p. 73

Badulex develon further automation
Mass Production, 1969, Feb, 1, p, 34

A boundary layer theory for the end nroblem of a circular cylinder
Journal of Ingineering l‘athematics, 196d, Oct. 2, (4), D. 34

Stebility of hobbing machines

Advances 1,7.D,R,, 1966, 7, p. 177

New tailstock design immroves stability of centre 1.thes
Advences 1LT,D.R,, 1966, 7, p. 161

A linear induction motor with discrete pole-pitch grading employed as
an accelercter for djngn*c blanking
Advances I11.T D.R., 1966, 7, p. N

preliminiry investizution of the extrusion moulding orocess
Advances ¥, T.D.R., 1966, 7, p. I

Production Jlorging by high energy rate
Advances 1LT.D.R., 1966, 7, p. S-24

ifetal flow in fovging: o wr ical study

ot
Advances N, 0.0, , 1967, 8 (2) p. 1341




T

-

N R .

RO .

b R

_, ‘

192

193

190,

207

208

209

210

211

L review of the application of oscillutory energy to metils deformings
plastically

Advances .7 D R., 1967, 8 (2), » 1349

The Classification and rveviormm.nee of corienting devices

~

tdvances 1LT.0%., 1967, 8 (2), p. 1,205

The influence of the electricil wnd geometricel parameters in nuonetic
forming
Jévuneces TLELDL L, 1967, 5 (2), p. 1333

rolverhier s

PN

stenning
A .’m'_-—_\—l
1¢cg, Jan,
Ja PR : Tt e e A7 PR o
Cost reduction by design for die-cocting
. . - - . - . . - . ~ e ~
Yachinery (& Production Drginsering), 1969, Jan. 29, p, 100472
olin
e 7

Lnalysis of in-linc blenders
Control, 1969, Jzn., p. 3

Laser interferormetry and its arnclication to length measurement

rroduction Engineer, 1969, 'arch, p. 101
Use of the lezst sguares line and plare in the measurerment of

straightness and flztness
Proc. 1. lech. E , 196768, 182, o, 23, Part 1, p, 531
Recent NEL develonzents
ifachinery and Production Engineering, 1968, July 17, p. 185
rinding to micro-inch accuracies and high degrees of surface finish
Yachinery (& Production Engineering), 1968, November, 13, p., 995
Deslgn of hydrostatic journal bearings
Machinery (& Production Engineering), 1968, Dec, 25, p. 1234
Industrizl measurement with lasers
Industrizl Zlectronics, 1968, Jan, p. i1
The readout revolution
American llachinist, 1968, April 22, p. 158
Hydrostatic bearing design
tritology, 1959, Feb,, p., 25-27
Solution of kinemutic equations by liewton's rethod
J. llech, Eng. £2., 1968, Gcetober, p, 360-362
Hybrid overconstrained linkoges
. , Y - 7o -
J. lechunism, 1968, 3 (2), p, 73-78



- 70 -

APPERNDIX J

QUESTIONNAIRE SENT TC ALL USERS OF C.R.1.S.P.E,
JUNE, 1970.
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SECTION A

Your views of the service may be influenced by the other
information services that are available to you. This first set of
questions will help us to make any necessary allowances for this.

Al, Do you have access within your organisation to a library or
information service which covers your particular subject interests,

() YES If "yes' please answer questions 2 and 3.
( ) NO If "no'" please answer question 4,

A2, Is the information service located

( ) In the same building as your office.

( ) In a separate building within 100 yards

( ) In a separate building within 100-400 yards
( ) In a separate building more than 400 yards

A3. . Does the information service issue and send to you any form of
current-awareness service in your field (e.g. accession list or
abstract bulletin)

( ) YES ( ) NO
A4, If vou do not have an information service available to you within

your organisation, from where would you obtain copi¢s of rclevant
articles of interest to you.
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SECTION B

This sect of questions ask for comments on the scrvice which
you have been receiving from us. If some questions raise the (‘zifficulty
of whether you should be candid or polite, we would prefer that you should
be candid.

B1. How useful has the service bhecn to you?

( ) NMost useful { ) Usgelul ( ) Little use ( ) Nc use

B2. Regarding the references you have been receiving

( ) was the number reasonably satisiactory

() were too many references not relevant to vour interest

( ) did you feel that important relevani references have ot
been sent to you,

B3. Has the receipt of the service. brought to your aticntion periodiculs
of which you were previously unaware
() 5 or more ( ) 1-5 ( ) None
B4, Has the receint of the service brought to vour attention articics

which proved to be of real value in your curvant wori

( ) 3 or more () 1-5 { ) None

If "yes'" could you give an example

BS. Have you passed on information from the service to any of your
colleagues

( ) REGULARLY ( ) OCCASIONALLY ( ) NEVER
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SECTION C

These questions relate to the setting up of an operational service
which would be more comprehensive and in some respects better organis:

than the experimental service, If your answer to the first question is
"no'', there is no point in continuing with the other questions. If "veg'
v 2
the following questions are intended to elicit the improvements you think
would be helpful. The real crunch comes with the penultimate question.
C1. Assuming it was free, and improvements were made, would vou
wish to continue to receive the service
( ) YES ( ) NO
Cza. The articles indexed have been restricted to English language
journals. How important is it that the following additional
types of literature should be included. (indicate in’range:
1. very important 2. important 3. minor imporiance

4. not required)

( ) Cerman language periodicals
( ) French language periodicals
( ) Russian language periodicals
() ther foreign language periodicals
( ) Patents
( ) WNanufacturers' literature
( ) Conference papers
( ) Standards and Spccifications

C3. With many articles the title gives little idea of the contont
(e.g. an article on Visual contour grinding called "xick
the habit'') Such titles must at least be expanded as has
been done with the current output that accompanies this
questionnaire, Is this sufficient, or should there also be

a brief abstract.
( ) Abstract required
( ) Abstract not required

C4. Assuming titles or abstracts are issued, would you prefer to
receive them on separate cards, or listed on a sheet of paper?
( ) Cards ( ) List ( ) No preference

Cs. What would be the maximum interval in sending output that you
would consider acceptable?
( ) 4 weeks
() 3 weeks
(. ) 2 weeks
() 1 week

C.6 If an operational service were established it would be on a cost-

recovery basis, The cost would be related to the number of
users, and you are thercfore asked to say, for three possible
types of service, the maximum figure for which you would be



prepared to recommend your organisation to place a subscription.

In all cases it is assumed that there would be a fortnightly service
sending about 20 notifications each time. Please indicate the maximum
price that would be acceptable for cach type of service, This will, of
course, in no way commit you, but will give us a lead on what cost
fisure is likely to be acceptable.

(a) A service issuing cards or lists of references having expanded tities.
( ) £0 ( ) £10 ( ) £15 ( ) £20 ( ) £25 ( ) £30

(b) A service issuing cards or lists of references with abstracts

( ) £0 ( ) £15 ( ) £20 ( ) £25 ( ) £30 ( ) £35

ic) A service issuing complete copies of all the articles

( ) £0 ( ) £20 ( ) £25 ( ) £30 ( ) £35 ( ) £40 ( ) £45

C.7 Do you dislike answering questionnaires? The presumed answor s
res, but if you have reached this iar, please accept our most sincere

thanks for your cooperation,

Any additional comments will be welcome.



COMPUTER TIME

Creation of NMaster File of Questions and Documents

A typical run time for ithe DEVIL sysiem file update was 24 minutes
for 240 documents, and 17 minutes for 10 documents (i.e. corrections).
Typical times for ecach program are given below.

CPU Time (mins) Program loading |[Total Run Time {(mins)]|
Program 240 10 and operator 240 10 }
documents| documents time (mins) idocuments [ documents |
DEV1 2.3 1.0 2.0 4,3 3.0
(Read data
tape and X
partial
validation)
INS1 2.5 1.5 4.5 7.0 6.0
(Sort)
’ |
INMX 2.8 2.1 2.0 4,8 4.7
(Merge new
records with
master file)
DEVP 5.7 1.0 2.0 7.7 3.0
(Print out)
23.8 16. 7

INS1 is particularly dependent on the operator as it involves a number
of magnetic tape unloading and loading operations.

Validate and Edit

A typical run-time for DEV2 is 4.5 mins (3.0 min. CPU time plus
1.5 mins. program loading and operator time).

DEV2 validates and edits all the questions and documents on the
master file, and the time quoted is for 50 questions and 1700 documents.

Document Search

A typical search of 50 questions (2500 profile terms) and 200 documents
takes 40 minutes., This time is made up of 30 mins. CPU time, 9 mins.
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ﬁ program loading and operator time, and 1 min. set-up time.
a‘ Details of Timed Document Searches
: Number of {Number ofi’Number of f Number of |Number of | Number of {Total
I Documents Profile | Questions | single des-jextended Print scarch
g Terms criptor matches Records |iime
i D T maiches (mine. )
E 226 133 3 1,232 1,575 428
1,460 133 3 7, 246 9,367 2,652 21
- 226 2,189 43 4,004 21,270 7,083 39
a 2338 2,368 48 4,072 21,674 7,787 40
g Timing of Tach Program
E CPU Time (dlins.)
- i
T =133 | T = 133 T = 2,180 | T = 2 260
Program D =228 | D=1,460 | D =226 | D - 238
: DEV3 1. 85 2,15 6.0 6.90 |
£ i
Ea (Decide single ;
descriptor matches) ;
Ea INS2 1.52 2.50 1.9 2,00
(Sort matches)
DEV4 0.17 0.2 0.85 1.00
(Eliminate duplicate
descriptors)
INS3 1.30 1.26 1.63 1.60
(sort descriptors)
DEVS 0.35 0. 380 1.20 1.28
(Extend matches)
INS4 1.50 3.17 5.90 6.40
(Sort extended '
matches)
DEVS 0.38 0.76 1.77 1.96
(Decide Boolean
matches)
INS5 1.33 1.83 2.65 2.67
(Sort print records) '
DEV? 0. 92 1,23 6.9 6.85
(Print results) -
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ESTIMATE OF SEARCH TIME FOR RETROSPECTIVE SEARCIHING

K3
(a) For search of_giOOO documents
Number of(Qﬁesﬁons Total secarch time
(mins. )
31
(T = 50)
3 40
(T = 150)
10 68
(T = 500)

(b) For search of 10, 000 documents

46

(T = 50)
61

(T = 150)
10 117

(T = 500)

Cost per question
(at £22,10.0d per hour)

£11.12. 6d
£5. 0. 0d
£2.12. 6d
£17. 6. 0d
£7.12, 6&d
£4. 7. 6d



K4

COST OF INPUTTING ONE DOCUMENT READY FOR SEARCH

Indexing time 15 minutes

Cost at 20/-d per hour = 5/-d
Punching time = 2.4 minutes

Cost at 12/6d per hour = 6d
Time for checking and amending {lexowriter
and computer printouts = 0.5 minutcs

Cost at 20/-d per hour = 2d

Computer time (if document is batched with
240 others, and allowing for one amecndment
run) = 0,187 minutes
Cost at £22,10.0d per hour = 1/5d

i

Total Cost 7/1d.

If no amendments are necessary, the computer time is reduced io
0.121 minute, and the cost beconies 11d per document,

There is a dramatic increase in computer time per document
for a small batch of documents. Thus for a batch of 10 documents,
the computer time per document ~ 2.2 minutes, and the cost becomecs
16/6d per document. '

The indexing time of 15 minutes per document is based on the
fact that about 60% of all the articles scanned for possible inclusion
(i.e. concerned with Precision Engineering) are rejected and not
indexed, the average number of articles indexed per day being about
28.
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COST OF AN AVERAGE SEARCII PROFILE (approx 50 terms)

Time to write profile = 3 hours
Cost at 20/-d per hour = £3. 0. 0d

An analysis (based on the velevance decisions of
20 documents) and subsequenti modificaticn of the
profile takes about 3% hours

* Assuming two analyses and modifications of the profile,

time = 7 hours
Cost at 20/-d per hour = £7. 0. o0d
Time for punching = 15 minutes
Cost at 12/6d per hour = 3. 1d
Computer time ~ 1 minute each time profile
is read in, i.e, total time = 3 minutes
Cost at £22.10.0d per hr. = £1. 2. 8d.

£11. 5. 17d.

Total Cost

The computer time assumes that the profile is read in at the same
time as 240 other documents. If cne profile wus read in on its own, it
would take about 20 minutes before a scarch could be carried out, and the
cost at £22.10, 0d per hour, would be £7.10. 0d.

ste
5

The time is based on clerical analysis.
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users in the
sets from
which this
data is taken
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PRECISION PERFORMANCE FOR INITIAL AND FINAL RUNS

INITIAL RUN FINAL RUN
Request | Documents DMajor Major & Minor{Documents  DMajor Major & Minon
Profile sent relevance relevance sent relevance relevance
R1 16 3 (19%) 13 (81%) 20 9 (20%) 20 (100%)
R5 14 5 (36%) 8 (57%) 17 3 (18%) 8 (47%)
R6 16 1 (6%) 3 (19%) 20 3 (15%) 8 (40%)
R7 40 9 (23%) 28 (70%) 23 18 (78%) 23 (100%)
R10 7 2 (28%) 5 (71%) 18 4 (22%) 14 (78%)
R11 18 5 (28%) 10 (569%) 18 5 (28%) 9 (50%)
R12 28 17 (61%) 25 (89%) 21 6 (29%) 19 (91%)
R14 11 0 (0%) 4 (36%) 16 3 (19%) 10 (63%)
R16 13 2 (18%) 9 (69%) 16 3 (19%) 10 (63%)
R17 15 11 (73%) 14 (93%) 16 9 (56%) 16 (100%)
R18 14 2 (14%) 12 (86%) 21 0 (0%) T (33%)
R20 29 6 (21%) 23 (79%) 23 2 (9%) 16 (70%)
R21 17 13 (72%) 17 (100%) 24 23 (96%) 24 (100%)
R23 10 0 (0%) 6 (60%) 20 0 (0%) 5 (25%)
R24 11 2 (189%) 10 (91%) 17 6 (35%) 12 (71%)
R25 17 3 (18%) 8 (47%) 23 4 (17%) 12 (52%)
Ei R26 11 3 (27%) 7 (63%) 17 3 (18%) 7 (41%)
: R27 13 5 (38%) 13 (100%) 20 3 (15%) S (45%)
R28 32 5 (16%) 24 (75%) 20 2 (10%) 8 (40%)
g R29 23 14 (60%) 20 (87%) 23 2 (9%) 15 (65%)
R30 16 13 (81%) 15 (24%) 19 16 (84%) 19 (100%)
R32 15 10 (67%) 13 (87%) 15 10 (67%) 13 (87%)
Eg R33 21 14 (67%) 19 (90%) 21 16 (76%) 21 (100%)
' R34 11 3 (27%) 7T (64%) 14 4 (29%) 10 (71%)
R36 23 10 (43%) 13 (57%) 20 8 (40%) 14 (70%)
R37 17 5 (29%) 10 (69%) 16 15 (94%) 16 (100%)
R38 20 5 (25%) 11 (55%) 18 17 (95%) 18 (100%)
) R39 12 8 (50%) 12 (100%) 17 3 (18%) 15 (88%
i R40 10 4 (40%) 9 (90%) 15 3 (20%) 12 (80%
* R41 15 3 (20%) 11 (73%) 23 4 (17%) 14 (61%)
R42 18 8 (44%) 17 (94%) 19 6 (32%) 17 (90%)
R43 17 7 (41%) 17 (100%) 19 13 (68%) 18 (95%)
R44 13 6 (46%) 13 (100%) 23 13 (57%) 23 (100%)

it
Y
13
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APPENDIX N

Replies to Questionnaire
(see Appendix J)
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QUESTIONNAIRE REPLIES

SECTION A
Al A2 ., A3 A4
TTE TS T 41

% 22| 2418200

SEEREFIERER AR
R1 X X X
R2 X X X
RS X X X
R6 X X X
R7 X X X
R8 X X X
R10 X X <
R11 X X X
R12 X X X
R14 X X X
R15 X X x
R16 be X X X
R18 X PERA
R19 X X X
R20 X X X
R21 X X X
R23 X X X
R24 X X ! X
R25 X x 1 x
R26 X X { x
R28 X X X
R29 ble X X
R30 X X X
R31 X X X X
R32 X X X
R33 X X X
R34 X X X ‘
R36 X MTIRA and PERA
R38 b'4 X X
R39 X X X
R40 x b'4 X
R41 x X X X
R42 X b4 X
R43 X X X
R44 X X X
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SECTION C (1 - 5)
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SECTION C6
(a) | (b) (2)
{ x0I£10/£15{£20/£25/ £30[£0:£15, £20 £25[£30 £35{£0|L20 £95] .6303£35'£LLOE£~£5
i
R1 X p:¢ X
R2 X X X
R5 X X X
R6 X X v
R7 X X X
RS X X X
R10 X X b’
R11 X X X
R12 X x x
R14 b4 ! x X
R15 b'e X i x
R16 X X 1 x i
R18 b'd X X
R19 | x X : X
R20| x| x i x
R21 X X : X
R23 X X i x
R24 x X f‘ X
R25 X X ! b4
R26 X X b
R28 X X X
R29 X X i x
R31 X X X
132 X X X
R33 be X X
R34 x X x
R36 X X i x
R38 X X ; X
R39 X X1 x
R40 X X : X
R41 X X i x
R42 X X be
R43 X X X
R44 X X ' X
{ R30 X X X
15 |12 411 2 1 §16f 8 |5 3 21 lq 41 51 2 0 3} 2
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APPENDIX P

ADDITIONAL COMMENTS BY USERS

In my case I feel that my subjects of interest would have to be further
refined to get real value from this service, A good approach to the problem
of absorbing what is new 1is provided by this service.

20 abstracts every 2 weeks could become a nuisance. A more restricted

4 week service could be useful.

Question C6 of the enclosed questionnaire refers to the maximum price a user
might consider acceptable for various grades of service. Unfortunately, at the
present time, this is zero, though I hasten to add that this in no way reflects
on the type of service you offer, but rather on the current financial climate.

I think that in a highly specialised field such as ours, it is to be
expected that very little published material will contain information that has a
striking effect - fortunately! Much of our reading will be for background,
including information about the industries that furnish our customers.

It follows that a service such as you have in mind produces a higher number
of interesting references than even regular reading of a limited group of
journals, but the effect on our business efficiency can never be obvious.

Clearly references we have not seen will be mainly in journals we do not
take, and I think that abstracts at least are necessary. Even an expanded title
is likely to miss the elements of real interest in an article, and a copy service

is a necessary adjunct of an abstracting service.

I have had to tick the 'mo cost £0' service. I do not think that the
Directors would agree to paying another source of information when these are
already covered fairly efficiently by the services from our Trade Organisations.



The system as set up at present 1s quich and seems efficient, but I suspect
a lot depends on the initial '"Profile' accuracy The scanning, not to mention
the purchase of magazines and other literature has been reduced consiaerably by

the use of this pilot scheme service

I trust it will be able to continue Thank you

Copies of articles are of far greater value than lists of titles, although
copies on one side of a sheet do become very bulky

As I explained at the beginning of the exercise, my interests are not
primarily in precision engineering Nevertheless I have found the service of

value

I have found the service to be useful i1n saving me time 1in browsing

literature for relevant articles In fact, I do not have the time and
facilities to orowse through all the periodicals of interest To be fair to the
retrieval system, I think my intecest 'profile' 1s 1ot static Tnis makes a

problem which 1s most easily solved by your computer solution than a manual one

The main fault I have found 1s that the field of search seems too wide, 1 e
a better interest-profile definition seems necessary There are far too nany
articles of negligible or no interest This did, however, seem to vary
considerably from batch to batch, e g the present batch 1s quite good, one
previous batch might have been aimed at another person' I would prefer fewer
more relevant references

I feel this to be potentially a very useful service and would like to thank
you for including me 1in the pilot stage

You will note that my answer to question B2 was that I felt that some
relevant references had not been sent, and I feel that some explanation may be
useful By this I mean that many of the references received were very relevant,
but on reading the original article I tended to find equally important pieces 1in
the same journal
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My personal conviciicn, based on experience of several discoveries from

literature, is that it weuld be better to spend an even higher amcunt on a
current awvareness sarvise

But 1 cannot find a counvi

cnerating in close proximity to the staff using it.
acing way of proving this - in £sd term!

shat a general service can be adequately tailored to

I am not convinced
~ceds which are changing continuously and fairly

an individuals needs -
rapidly:

2ossibly afford a service like this for a number of

~
t
.

A college could nc:
people, however desirable

In my opinion your service is very useful, however, I felt that the
. which you have been attaching to my interests is not

definition of the profils2
as comprehensive as I would wish. Examining your cards and my own information

retrieval system for pars I noticed that I missed some vital announcements

in your card service.

It might be desiraile =0 organise a discussion at Craniield where the
-aining your information service could discuss the

people who have been ob
various points which mizit improve the efficiency and optimise this type of

service which I think is oI great importance.

4 for providing me with your information service.

Thank you very muc
£ h2lp you in any way possible.

I will always be glad

You are good enough to ask for comments which are candid rather than polite.
I think the type of service you are trying to set up is inherently limited in

its usefulness, because the 'customer' cannot convey his requirements at all
exactly, I pick up information and ideas from publications by browsing through
the library, and I don't koow whether an article or book will be useful to me
until I have had a fairly gcod look at it. This is often because authors use a
badly chosen title, or pudlish in an unsuitable publication, but here, of course,
key words in the text will pick up the article if it is relevant. This,
however, is only a small part of the difficulty; I get useful ideas by analogy
from publications in fi2lds quite unrelated to my own. My answers to the
relevance forms are alsc bcund to be misleading, because sore of the documents
you have sent me, although totally unrelated to my formal activity as a
mechanisms specialist, zre in fact of major interest to ce for some other

reason - sometimes just idle, but intense, curiosity. I don't know whether

these comments apply gezerally, orT just to my own way of going about my work.

5
1
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APPENDIX R

ANALYSIS OF RELEVANT DOCUMLNIS SEEN BY USERS BEFORE
RECEIVING NOTIFICATION FFROM THE S D I SERVICE

User Major Previously Minor Previously
Relevance seen Relevance seen

0 16 0
7

R1

R2

R3

RS

R6

R7
R10
R11
R12
R14
R1i6
R17
R18
R20
R21
R23
R24
R25
R26
R27
R28
R29
R30
R32
R33
R34
R36
R37
R38 17
R39 3
R40 3
R41 4
R42 6
R43 13
R44 13

ju—y

6
)
5
5]
10
4
13
7
7
7
7
4

1

CAJ[\)OCDUJ(AJOBU’!}POOCDW.—PQ,-P

[\

1

e s
O PO DN WWHR MO

Pt
(%))

3
3
5
6
6
1
1
2

1

9
10
11

5

0
0
0
0
0
2
0
3
0
0
0
1
1
1 0
) 0
6 0
8 1
4 0
6 0
6 0
3 0
0
0
0
0
0
0
0
0
0
0
0
0
10 0

0
3
0
0
0
1
3
1
0
0
1
0
1
1
0
6
1
0
1
2
0
1
0
1
0
4
1
3
0
1
0
2
0
0

TOTALS 242 39 (16%) 244 8 (3 3%




