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. INTRODUCTION

.1 Background

In our studies of on-line information retrieval systems
over the last five years, we have constantly had in mind the
situation which we expect will prevail at the end of this
decade when most scientists, engineers, doctors, lawyers, etc.
have beside their desks simple and flexible computer terminals
linked tfo a local computer and through this local computer
to a data and computer network beyond. They will use the
computer terminal everyday for either calculations or
information, or both. It may be that most of the time the
information they store and retrieve will be in a small
personalised data bank on their local computer, but they
will also be able to interrogate other data banks using a
special data network or using the telephone network. We
take the view that the cost of computing, data storage and
transmission combined can be lower than the cost of
maintaining the data, provided that the software controlling

the information systems is efficient and well designed.

Because the computing and transmission costs will be |ow
and because the biggest cost will be the maintaining of the
quality of the data we expect that there will be several

data sanks in different parts of Europe and the world
specialising in particular areas. For this reason we
chose in Belfast to carry out our research with data in the

field of Atomic and Molecular Physics, because Queen's University,

Bel fast is a leading world centre of research in this




discipline. Thus we can draw on the expertise available
in Belfast and when necessary employ the experienced stafi
we need for maintaining the data.

We expect that our numerical data system (which is
discussed in Part B of this report) will be the only one
of its type in the world. We aim to make it so cost-
effective that in spite of the telephone or transmission
costs, the system will be worth interrogating from
California or Tokyo. It will be so specific and so
d fficult to keep up to date that it will probably not be
worth keeping copies of it in other locations (e.g. U.S.A.).
Cn the other hand, we expect that our reference system wil|
be accessed frequently enough to make it expedient to have

copies available at 3 or 4 places in the world (Colorado?

Tashkent? Tokyo?). These other coples will be upcdated

automatically every week from Belfast. The European data
system will be interrogated irregularly by the workers in
atomic and molecular physics throughout Europe and by others
in different fields, particularly chemists, engineers and
nuclear physicists requiring occasional information on
atomic and molecular physics. Many users will only use the
system once a year or less; few users will use It more

than 5 or 6 times in a year. The searches will normally

be retroactive for a specified number of years, The data
flle will contain almost the whole iiterature in the narrow
field of specialisation, Complete data files on other
sublects wlll be kept at various places and will be within
the reach of any scientist who can afford to pay the $2 or

$3 fee. (We would hope that to scientists the data would




be free and the system financed by an international body .
At a cost of about $500,000 per annum all| workers in atomic
ard molecular physics throughout the world could receive a
free service.)

Because the system would be used infrequently by each
scientist and bamuse he cannot be expected to learn and
remember a complex system, using it only 3 or 4 times a
year, the retrieval system will have to be very simple.
This excludes the use of complex Boolean statements and
necessitates some form of question/answer dialogue based on
simple multiple choice questions in natural language, the
user having to initiate as few responses as possible. 1t
also implies a system which is self-instructive and which
can be used without previous knowledge or experience by
any intelligent user.

It is apparent that a fairly large file of references
would be needed and a rapid response required, not just
because some long distance telephone calls would be involved
but also because a large part of the cost of the retrieval

would be proportionate to the length of the average response

(other factors being equal). We found some five years ago

that it was relatively easy to write an on-line system for
a small number of documents - we were able to demonstrate
one for 100 documents after only 6 months Inexperienced
programming = but It is a great deal more difficult to
write a system which gives a realistic response and cost
for a large number of references. It is also relatively
easy to write a system using a controlled vocabulary and

more difficult to use a free language thesaurus because of




its greater size, the different forms of words, problems
with prefixes, synonyms, etc. However, we feel that,
looking to the future, the free vocabulary more likely
meets the needs of the user and it allows automatic indexing
using significant words in an abstract or in part (or later
all) of the text, The cost of professional indexers using
a controlled thesaurus to index a paper is high and the
advantages doubtful because significant terms can be
extracted adequately and much more cheaply by the comouter.
All of the factors outlined in the above paragraphs
have influenced us to build and rebuild a system with a free
vocabulary, references indexed by the significant words in
the title and abstract, and the emphasis, up to the present,

put on producing exiremely efficient software tc give the

fastest response and lowest cost possible to the user. We

have no doubt that once we have mastered the problem of
producing efficient, flexible and modular software which
is proven to deal at low cost with a large number cf
ref2rences, that it will be possible quickly and easily to
adapt this software to produce many forms of retrieval

systems and different query languages.

.2 Position at 1/1/72

By the end of 1971 we had successfully built and
demonstrated a pilot on-line system for the retrieval of
Jjournal references, taken from current INSPEC tapes. We
had used this pilot system to study and develop efficlent

computing techniques for interactive retrieval work. The




pilot project had matured to the point where we could
automatically retrieve information from a small file of
approximately 1000 augmented catalogue records which included
titles and abstracts. In parallel, a secondary database
consisting of titles and chapter headings as well as
bibllographic details of ! . been implemented for a
small departmental computer science l|ibrary, allowing the
user to interrogate and retrieve on-line the stored
information. Detailed descriptions of the above work can
be found in previous annual reports.

As a result of *wo years experience with the project
there ware a number of enhancements and improvements which
suggested themsec!ves, some of which we have implemented in

the past year. These are described later in this report,

l.3 Position at 1/1/73

The work of adding new records to the data bases of
atomic and molecular physics abstracts and books in the
applied mathematics, physics and computer science l|ibraries
has continued throughout the year. Our main effort has
been devoted to building up the abstracts file which over
the Year has increased from 1000 to over 6000 references.
The references are extracted from the Physics Abstracts
section on magnetic tapes prepared by Inspec. The file
covers all papers published in the field over the previous
two years and is now large enough to be useful, tn

increasing the data base sixfold, we were presented with

many problems not expected and not encountered in the small




test date file. We describe these at a later stage in the
report,
A new library, called the School of App!ied Mathematics

and Physics Library, which merges the books from the Applied
Mathematics, Physics and Computer Science departmental
libraries, has been set up as a branch of the main library
at Queen's University. Almcest all of the 1,000 books in
this collection have been set up as a secondary data base
which allows the retrieval of information from the titles
and chapter headings of books. As new books are acquired
by this library, their bibliographic details are coded in
the appropriate format and they are added to the file.

The updating péocess of the Inspec records has been
substantially changed from last year. Instead of updating

ertirely in an on-line mode an off-line version is first

applied on all known words to the system leaving only a
small number of words (new words) by comparison to be
handled on-line. This has speeded up our work considerably

and is discussed later.

The on-line control system, MCS (Multiplexor Control
System), an operating system developed at Queen's University,
Bel fast, has been modified to aliow more than one program
to access the same data file simultaneously and also to
allow more than one user to access the same program file at
the same time, Eech user is giver a separate copy of the
same retrieval program.

After a very successful demonstration of the retrieval
system to the School of Applied Mathematics and Physics

tibrary committee, showing on-line retrieval both from the

physics abstracts file and the merged |library books, a




Visual Display unit has Leen instaiied in the library to
facilitate readers who may wish to use the system,
result, we think wc are now in a much better position to

improve the user interface side of the cystem,

l.4 Delazs

During the year our work has not been held up
significantly, as might be expected by people living outside
Belfast, by the constant sound of bombs and bullets, some
very close indeed! Only a few days work were lost because
of the "troubies". However, our work was held back
considerably by the poor performance of the hardware,
particularly the large Fixed Disc at the University's Computer
Centre on which our work depended almost totally, Time
after time files which had been built up and edited
painstakingly were lost and the work had to be repeated;
time after time software errors were traced after days of
wasted effort to file corruptions which in theory should
not have been possible if the hardware checking mechanisms had
been working properly. Overal!l, we estimate that because
of these difficulties the project was over one month behind

schedule at the end of the year. These problems wil|

continue in 1973; but fortunately the offending device, a

Bryant Fixed Disc, is being replaced at the University
Computing Centre by an ICL exchangeable disc, EDS 60, This

should be more reliable.




.5 Conferences and Demonstrations

Ouring the summer of 1972, members of the infocrmation
systems group attended and participated in a variety of
conferences and meetings. Papers on OSTI| supported
research projects in Belfast were given at the NATO Advanced
Study Institute in Denmark and the Universities' Computer
Science Colloquium in Scotland. Copies of these papers and
reports on the conferences are given in the appendices. In

addition, on-line mechanised information storage and retrieval
»

demonstrations, linked to the ICL 1907 at Queen's, were

successfully displayed in Denmark and Scotland. The Codata
Conference in France was attended by two members cf the group
and the On-line '72 conference in England was attended by
one member of the group, Reports of these are also given in
the appendices.

In particular, the demonstration in Scotland created a
lot more interest than anticipated since, unlike the NATO
one in Denmark, the colloquium held was of a general software
nature, with information retrieval systems forming only a
small part of the agendae. However, the talk stimuiated
such interest in the audience that a request was made to
see a live demonstration of the system. This was arranged
on the evening of the same day and for two hours three of
the QUIS group present were busy answering queries of
interest to an audierce of about thirTy people who were
given the opportunity of trying out the system for themselves.
The result was not only pleasing and satisfactory for the
participants but was encouraging and reassuring for the

QUIS research members at Queen's.,




Otner University denartments to link into tre system
included the physics cepartment at Stirling Universit,,
the mathematics department at Southampton University and
the main library at Birmingham University. In the

university here in Belfast we have given several

demonstrations - among these was one given to the
Engineering Department. A member of the group gave a talk
and live demonstration at the New Polytechnic in Belfast, both

of which were recorded.
The impact that the information retrieval team has

created at Queen's has been such *+hat a fuil term's course

on tnformation Retrieval is now included in the syllabus
for postgraduate studies for further degrees. The course
is being given by the director of the group and will mainly

deal with the work encountered in implementing our systems.




PROPOSALS ACCEPTED BY 0STI

Prior to the ending of the previous grant, proposals

were submitted by us for @ contlinuztion of the work involved
for a further twc years from the beginning of 1972. A
summary is given in thls section of the parts of this

proposal which OST| agreed to support.

2.1 Continuation of Pllot Project

By the end of our previous OSTI| grant period In December
1971, we had already spent some months in building up a small
file of titles and abstracts on Atomlc and M>lecular Physlics
from the Inspec tapes, the slze of the pilot file was then
approximately 1000 records. The system had been deslgned
to index and retrieve automatically from a data base of
1,000 to 10,000 references. By the end of the proposed two
year perlod of the present grant It Is expected that the
data base will grow to around 10,000 references. In the
process of thls expansion a number of modifications and
Improvements are to be added to the system. These include
the following:

(a) Off-llne Indexing

An alternatlve version of the Indexing program which
will work mainly off-line Is to be set up. Thls will work
In a similar manner to the Indexing program used to create
the already exlstlng small file. It will Index each word
In an abstract automatlcally 1f the word has arisen previously,
but new words, Instead of belng dlsplayed on the tele-
typewriter, will be stored on a temporary file or backlng

store. They wlll later be printed out on the |lne-printer




with either a reference to, or the full text of, +re abstract
from which *rey come, The Indexer wil! trnen proce_s tnese
words and using a housekeendirg program tc retrieve ther

from their tempcrary stocre he car add them to the thesaurus
and update thelr associated entry Ilsts, etc. on-llre. This
version of the Indexing program will have ihe advantage

that it will use rainly cheaper off-line cvernight runs

and the indexing time will not be wasted sitting at the
teletypewriter while large portions of records are indexed
automatically. The program can also be adapted to give

a printout, when desired, of each abstract and a list

of all the terms arising fror that abstract. The facllity

will be useful for keeping periodic checks on the indexing

and stemming of words. The original Indexing program was
written for on-line use, not because we thought it was
better to do it that way, but because 1t gave us our

first experience of on-line programming. We belleve that
off-line Indexing, as we now propose, will be cheaper and

result in better Indexing.

(b) Prior Dictlonary

In many subject fields people have already put
considerable effort into bullding up thesauri. We feel
that we can utilise sore of this effort by providing a
facllity for Incorporating a particular dictionary, or part
of a dictionary, Into any of our filles before or after
we start indexing any documents. To date the whole thesaurus
Is bullt from terms as they occur In the references which

are Indexed; 1In future 1t will be from both.




{c) anonxms

So far our methods of cealing wlth syncnyme have
beer sirple and deslgned primarily to be only a means of
dealing with cifferent forms of the one word - €.g.,
electron, electrons, electronic. In ths new system the
user can, having presented a word to the system, be
preseniecd with a list of related words, all of which he
can decide to use in hls search, depending un the context
of hls query. The difficulty Is tre number of questliors
we must put to the user to get this informatior from him,
which delays the total recponse of the csystem and puts up the
cost. We also want to allow the user to include any
synonyms he needs that have not been presented to him by the
system. The system will store these synonyms and at a
later stage an indexer can examine them and decide whether
or not to link them within the thesaurus. This 'related
word' package will necessitate substantial changes to our
thesaurus structure and hence to our indexing and retrieval
programs. However, we feel the resuitant entancement of our

system wil! be conslderable If it does not turn out to be

too costly and time-consuming to the user.

(d) ‘Housekeeping

We need the development of a set of basic housekeepling
programs so that files can be promptly and efficiently edited on-
line and off-line. This will enable us to check for and
amend operator errors, to back up the security measures and
to allow Inspectlon and modificatlion of flles as requlired.

We also need programs to provide an alphabetical printout of
the thesaurus Indicating which words had been tagged as synonyms

and which are related words,




(e) Securirty

The present securlty pre-~aut! - - st alee bt
extended and enlarged to .-._:-ds regul~= =ei_ o dumpinn
of portions of files arc oroyram. .. .+ 41, vrg system

I3

in 1ts latest possibt!. - --vgy ¢ ‘w nreakdowe Ae will

also have to keep a resi - - .. Tl T Ao a Ty 2tare

when our planne. nff.-iins . . o° "' «Ing becomes operative,

to allow “.u¢ sye*zm nre .t dcwns.

(f) Analysic ot Syftem

e o S I

A statict izt analyois of Cis -wsdtems will be
continued with or:grar, developed to analyse our pllot
projects. This analysis has already given us information
on methods which will improve the efficiencv of our software
(see our paper: "Disc Access Algorithms"). In particular,
it helped to compress the data within the area where we
store records. This study of the basic design of the
system will continue throughout, including statistical studies
based on new information emanating fror the cystem as It
grows. We expect that the results of these technlcal
studies will be continuously fed into the system, Improving
it and making it more efficient. One of these studies
will be a survey of text compression techniques and an attempt
to Improve on previous methods using a statistical survey

of the frequencies of pars, triads, etc. of characters In the

text.

2.2 Query Formulatlion

As our data base grows larger and new tacllitles are added
the response of the system to the user wil| change and the

query language or command language, as 1t Is variously known,




which was svitable for 1000 documents will not necessarily
be suitable for a file of 10,000 documents. Appraisal

of the user reaction to the system will be used to decide
where it i. necessary to modify this system, We are
fortunate to have a large group of potential users of our
system at Queen's University many of whom are familiar

with the use of computers and who work In the area of Atomic
and Molecular Physics, including members of our information
group worklng on the Databank supported by OSTI. kven
though our initlal system may have many teething prot ems
this group of users are I'kely to give constructive
criticisms and so we shall be able to build up 2 worthwhile

assessment of the systenm.

2.3 Reasons for OSTI support

The above proposals (plus others we will mention
In assessing our present position at the end) were acceptable
to DOSTI. Support was thus given for the continuation of
the project with emphasis on the query formulation side
in order to allow the informa+*ion side of the work (as
opposed to the computing side) to be strengthened and
related to user needs before the system is developed further.
It was also felt necessary to evaluate the resulTs of +he
pllot study in detai! in order to demonstrate the applicabl ity

of the work outside Belfast and to show that duplication

does not occur with ~ther systems,




PRGLLEMS WITH EXPANSI{H

.1 Cff-1inc Indexineg

In the early stages of the development of our project we found that
the st eftficient method of indexing records was in an on-line mode.
This wes due to the fact that our thesaurus was small ancd so each
record coitainea many new words. These had to be indexea and added
to the tr:saurus. However during the past year our data hase has
incrcased six-fold, the TihuSc imus has also grown so that new records
now contain very few words w icn are strange ‘o the system. We have
thercfore changed our indexing prugram to work in an off-line mode.
tacn word ir. an abstract is indexed automaticaliy if the word has
arisen previously, but words not previously in the thesaurus, instead
of teing displayed on a teletypewriter are stored on a temporary

file on backing store.

#hen a sufficient number have accumulated another housekeepina proaram
retrieves them from their temporary store and is used on-line to
record ingexing decisions about those new words. The result is that
the number of abstracts which can be added to the file each week has

considerably increasea. lhe indexer can now make decisiors about the

significance and stemming of words in his own time and then input them

rapidly at the teletype console. This new version of the indexing program
has the furtner advantage that it uses mainly cheaper overnight runs.
Ingeed the operators can run the program as a background job any time
therc is 5K of spare core in the machine as the only peripheral it

uses after loading is the disc store.




3.2 A Prior Dictionary

At present our dictionaries of words in the data files
are built up as the records are updated; +to delete all the
rec rds currently in the file and replace them with others
would require the generation of a new dictionary, the old one
being obsolete. In parallel with the maintenance of the
present system, we are restructuring the dictionary to allow
us to insert words before they are encountered in the
updating phase, Thus we can take a set of words and use it
for many sets of records for which they are relevant, For
example, we could store our present set of Inspec records on
magnetic tape, and build a file from the tapes to be issued in

1973 with practically no indexing labour.

3.3 Synonyms

The words in the present dictionary have one tag, the

address in their entrles; a zero address indicates that the

word is non-significant and synonymous words have the same

entries address, In the new version we are giving 6 tags
(the number is a parameter) to each word. One tag is used
to link synonyms in a circular chain and another Is used to
Classify a word as significant but with no entries. The
apptication of the dictionary to a new set of records would
only require the automatic resetting of these tags.

The increased number of tags will allow us to include

a hierarchlcal structure it this is considered desirable.




3.4 Housekeepling

3.4.1 Alphabetical printout of thesaurus

During the year the program ALPH was written to glve
an - Iphabetical list of all the words in the thesaurus or in
any required section of the thesaurus. The location of
each word given by bucket and word number is also printed
out. For each significant word in the thesaurus ALPH records
the number of times that it has occurred and the position of
its entry list, Using this program we can detect any errors
which may have occurred in the entry lists, An alphabetic
listino of the words also shows which words have been |inked
as synonyms and any incorrectly spelt non-significant words
which may pbe deleted from the thesaurus. ALPH can a'!so be
used to obtain a Iist of the words In the order in which
they are stored, i.e. In ascending bucket and word number.
Using the program an alphabetic printout of the dictionary
as existed in our Inspec disc flle in June 1972 was

recorded in a Speclal Report, SR6.

3.4.2 Pre-editing Entry Lists

After studying the QUOBIRD system it became apparent

that the speed of the retrieval stage depended to a large
extent on the amount of list processing carried out.

Therefore 1f any operation could be carried out at the
indexing stage, when time is not as Important and the actlion
is only required once, and not at the retrieval stage, when
speed of response Is important, the system user would benefit.
One such case was found after the long-list package (see 197]
Annual Report) was written:- after an entry |ist has been

picked up In the retrieval stage, first it is sorted and




repeats are thrown out, that is, cases where a word had
appeared twice in the same senternce in a record. When

this operation takes place in core the time involved is not
very great, but when the entry list is too larqe to fit

into core quite a number of disc accesses will be needed.

In order to avoid this problem a simpie house-keeping program

was written which checked through existing files, sorted all

entry lists and threw ouf}repeafs. It then only required
s a minor modification to jhe indexing program to check each
time a new reference wa; added to an entry list if the last
entry in the list referred to the same record and sentence
and, if so, not to update the entry list. In other words
repeat headings are never placed in the entry list and so
there is no need to eliminate them, It is recognised that

the above procedure loses intormation about the frequency
of occurrence of a word, which |s importart in a weighting

system, This difficulty will be overcome in a new version

of the system almost complete.




3.5 File Security Problems

Ir this section we describe some of the file security problems that
we currently experience and th. efforts we use to overcome them,

We find that files get corrupted, either wholly or partially, due to
haraware failures, operating system failures, and human shortcomings.
It requires a lot of effort to maintain a pure data base and we find
that much of our time is spent not in adding anything new to the
system but in preserving intact the files already created. We do
not feel that for the purposes of this report it is necessary to
dwell on the variety of hardware and operating system's software
faults that occur and the reasons for their occurrences except to
Say that the large Fixed Disc Store on which most of our informstion
is stored has been the prime offender.

We feel it is more Impertant here for us to iliustrate the kind of
file corruption problems we do encounter, whatever their reasons,
and to say what we do to remedy them.

To deal with complete file corr iption back-up copies of three tapes
per file are kept in a separate building from the computer., The
frequency of these tape copies depends on the frequency of file
updates: a file which is changed every day is copied to tape twice
a week, whereas a file which is changed only once a week is copied
every fortnight. A more difficult problem arises when a portion of
a file, perhaps a single bucket or even a character is corrupted.

It can happen thar this kind of corruption can remain undetected in

the normal cou.cse of events for a considerable time, even outlive the

grandfather, father, son security precautions we take.




To demonstrate mcre fully this kind of troutte, we first recall

the filing structure and organisation of the sys*em. It is a three
ievel filing structure which is controlled by a dir-ctory at the
start. One file is usec for the augmented catalogue reference records,
another for the list of dictionary or thesaurus terms, which may or
may not be subject index terms (depencing on their judoed relevance),
and finally one for the set of entries or postinas, which stores

in a more random *ashion, each occurrence ot every index term as

a catalogue record is being processed.

A particular hazard is when one or two of the entries in the ran. =
postings file get cestroyed and we have no way of telling this has
happened.. Somciimes this type of trouble can remain dormant for

a while and then suddenly spread and create havoc. Whilst it is not
possible to completeiy -olve the protiem we do have a proaram rhat
has provcd successful in detecting the trouble. It works as follows:
it takes each index term in the dictionary and checks throuagh its
associated entries to test for inconsistencies and looring; it prints
an error r=ssage if these occur. This program is run at frequent
intervals and each time therc is a suspicion something has happened
to 2 file. As a further measure of keeping the entries file free

of troutle, each time an entry is being included, checks for
inconsistencies are made. For example, the last word in every bucket
is kept empty and should the program find something in this word an
error message is printed out to the effect and the program halted.
Again each entry to this data file requires two empty computer words.
I'f the ingexing program finds some place on the random file where

ihis condition does not hold then again appropriate action is taken.

Another security measure is one capable of dzaling with sudden machine
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failures, which (unless care is taken) can leave a program in an
undctermined state. This can speli trouble, particulariy, for our
indexing system; built in flags which can be set and then cleared
at aopropriate points can take care of this trouble. The first
thing our indexing program does as soon as it is initiated is to
check if such a breakdown has taken place - if so the program then
knows to take the necessary steps. This safequard was described

in last years annual report.

A useful aid that we use is to keep one word in ¢very bucket to

rccord the bucket number itself. Somctim:s we fing that a proaram

can read the wrong bucket and fail to shcow on the reply word. Thus

withcut realicing anything is wrong the proarsm crcrds the wrong

buc~ut and {r cecds 1o write it bact to the 'right' place. Ly havinc

wur tuilt=in rucket numbers this error can be controlied. Another

useful practice we have includes is to keep our retrieval file separate

from our upuzting file. This is done by keeping a file for weekly updates

in which we attempt to clear any rubbish before it is merged with the

retrievel file whon a new weekly file for updates commences. We find

that we can ueiect troutte in the smaller file more easily if it ooes

straight on to the master file. Finally we have built in the dates of

updates to files so that when indexing commences a message is first

printed out to say when the file was last processed. This helps

particularly when files on disc are recreated by the computer contre
whose job it is to manage all application files.

The Computer Centre may recreate a file from its own tape copies after

a failure, but not realise that betwesn the time when it took the

tape copy and shen the failure happened the file was edited. Notina

the date of the last .pdate or edit makes sure that errors cannot

occur from this source.




4. COMMAND LANGUAGE IMPROVEMENTS

4.1 Introduction

Whilst we are fortunate to have a large group of
potential users of our systems at Queen's Unlversity,
particularly in the fieid of atomic and molecular physics,
we, nevertheless, have to make certain fundamental efforts
to induce them to use the system. Our first priority has
been to keep the data bases up to date. Also to facilitate
users, we have sent out circulars telling them about the
service offerad and, in addition, we have enclosed simple
and pictorial illustrations on how to use the consoles (sece
Appendix A¥). Apart from thls we have spent a fair share
of our time giving demonstrations and talks on the system.
Before enlarging on the improvements we have made to
accommodate our user audience, we first give a summary of
the information retrieval system using the physics abstracts

database as it was at the end of 1972,

4.2 Description of on-line retrieval system for Physics abstracts

ABSTRETR is a system designed to retrieve references on Atomic
and Molecular Physics. For 1971 and 1972 the sections taken from

Physics Abstracts are:-

13.00 Atomic and Molecular Physics

13.20 Atoms

13.23 Hydrogen and Helium Atoms
13,25 Isotopes

13,36 Molecules

13.31 Inorganic Molecules

13.37 Intermolecul ar Mechanics




From January 1973 sections 5.2 and 5.4 of Physics Abstracts
will be added to the database. At present there are over
6,000 abstracts stored in the system.

'n the retrieval program words which describe the subject
on which Information is required, i.e. search terms or 'keys'
are matched against the titles and texts of abstracts. 'Keys'
which may be used for retrieving include chemical elements
and compounds, experimentai processes, mathematical procedures,
abbrevlafiqns, e.g. RKR, SCF, personal names (where they
occur within a title or abstract) and chemical bonds between
atoms represented thus: H=-C-N.

The linking of words as synonyms Is confined to alter-
native speltings, e.g. sulphur and sulfur, and the symbols
tor chemical elements with the name of the element itself
unless the symbol may also be a common word such as: IN; AS;
BE. Pairs of words which are sometimes written with a
hyphen joining them and sometimes as one complete word are
also linked, but there is no link where the words of the
pair are written separately. Thus "auto-ionisation" and
"autolonisation" are linked but not "near-threshold" and
"near threshold",

To recall the maximum number of documents about a
subject the searcher must use 'keys' for all the possible
variations in describing the subject, Some information about
members of a group may be found by searching under the group
name as well as the individual member, e.g. to look under
halogens as well as chlorine.

To limit the number of documents recalled the 'keys'
chosen should preferably not include frequently occurring

words such as electron, atom, molecule but should describe

preclsely the element, compound and procedure required. The
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number of documents recalled by some frequently occurring

Words can be reduced:

(a) bv adding a prefix to the key e.g. L-shell
Pl-electron
and (b oy using the word in a phrase which must occur
within one sentence of an abstract to be recalled

€.g. auger electron spectroscopy

I'f the words of the phrase are used as separate
keys the program will find the number of abstracts
in which they occur together; the words may then be

in different sentences.

4.3 Appli=d Mathematics, Physics and Computer Science Library

During the past year the books of each of the three
departmnental tibraries consisting of applied mathematics,
physics and computer science have been merged. As stated
earlier atmost all of the I,000 books in this collection are
now in a computerised data base allowing retrieval of
information from their titles and chapter headings., However,
with the merger, a problem arises because each of the three
separate libraries uses its own classification scheme, The
cataloguing department of the main library has undertaken to
change this to the appropriate Library of Congress class
mark to conform with the rest of the main university |ibrary,
In anticipation of this impending change, the field al lotted
to the reference or classification number in the record for
each book in the applied mathematics and physics books file
has been l|eft blank., The correct numbers have not yet
been inserted as their allocation is not yet complete. The
computer sclence books, which were processed first, had

their own reference numbers. A program, MARK, has been

written to put the new class mark In place of the old one.




4.4 Hyphenated Words

The first main cnange In Indexing fo be made during the year
was the procedure for dealing with hyphenated words. Inttially the
indexing program treated the words on either side of the hyphen as
separate words. This method was not entirely satisfactory if one
of these words Is non-significant when used on its own. Perhaps
the most obvious example of this is the term"on-line" where "on"
cannot be Indexed as significant. Other problems arose from the
inconsistency in the use of hyphens In the text of abstracts, e.g.,
"ultraviolet" appears in this form as often as in the alternative
"ultra-violet". This means that when retrieving records containing
"ultra-violet" it would be necessary to use "ultraviolet" and
"uitra-violet" as two separate keys. There were so many examples
of these problems that 1t was felt necessary to alter the indexing
method. The new version of the program, which stores both words of
a hyphen pair, with anc without the hyphen, removes the two dlfficulties
described above; the program checks the thesaurus for the previous
appearance ot each word of the palr and presents them for judgment if
this is the first appearance. The words are consldered as a pair
and also in relation fo each other overcoming the problem arising
if one of them should be non-significant. As the words are also considered
without the hyphen being present the problem of inconsis‘ency is eliminated.
This change In the program highllighted the great variety of ways in which
hyphens are employed in abstract texts. There are numerous examples of
three words joined by two h::1ens, e.g. time-of-flight; fuel-to-oxidant.
Somewhat 'ess frequent in occurrence are four words jcined by hyphens
and very occasionally five, e.g. electron-acceptor-electron-donor;
valence-shell-electron-pair=-repulsion. There are also words followed by

a hyphen and without a second word attached, e.g., boron-, carbon-,

nitrogen-, fluorine-l1ke, or words with a hyphen preceding them, e.y.,




-inimo or even -/-quark. Complex inorganic compounds
usually have names complicated by hyphens as in trans-bis
(diphewy:-o-selenolafophenyIphosphlne). Personal names

used to describe procedures are often paired together by a

hyphen. This leads to some odd looking "words" in the

thesaurus where the names are linked without a hyphen but
doesn't affect the retrieval process. This method of dealing
with hyphens makes it easier to include bonds between atoms

or radicals as retrieval terms, e.g. information about the
links H=C-N can be found more precisely than by intersecting

H, C and N separately.




4.5 Suppression cf superfluous printing during retrieval

After a user has retrieved a set of documents he can ask
for either the references, text or sentences to be printed out.
There is urfortunately no mechanical way of stopping the program
if it is printing out a lot of irrelevant material. A line limit
is imposed by the operating system MCS which returns the user to
monitor level after a predetermined number of lines and he may
then resume the printout at the position at which it was term-
inated or he may reload the program and start the search again,
This is not a very satisfactory solution as most users want to
return to the search but omit the printing of the references.

It was decided that the best way round this problem was to
initiate a counter each time printout of either references, text
or sentences was requested. Then every time five references (or
five abstracts or sentences) have been printed the user is asked
if he wishes to continue the printout, start a new search, exit
from the program or return to the stage he had reached in his

search before he asked for a printout.

In the near future it is planned to include in the system
a special query to the user if he asks for an unusually long
printout, This will warn him what he is doing and advise him
to have it printed out instead in an overnight run on the line

printer (see next section).

4,6 Off-line Printout

As the size of the data-base grew (at present 6500 records),
so the number of documents retrieved by any key usually increased

also. Whilst some users are prepared to use further keys to

narrow their search down to a small number of documents, in other




cases the user may want to retrieve a large number of documents
arnd view them all, As ,it is very tedious to examine the abstracts
of a large number of documents on-line it was decided to provide
users with the option of printing their references and abstracts
off-line. From the software point of view this entailed pro-
viding a special file in which users' names, addresses and a

list of the references to be printed were stored. Every night

this file is examined and the required references printed out

and the file is clearec. ready for re-use the following day.




- 29 -

5. ADDITIONAL RESEARCH

5.1 FORTRAN or Assembly Language

The software for the QUIBIRD system was originally written in the ICL
1900 assembly language, PLAN, This can only be used on the ICL 1900 range
of computers and is difficult to amend, 507: first step towards re-writing
the wiole system in the more universally used language FORTRAN it was
oecided fo rewrite part of it and to compare the efficiency of this code

with that of the original PLAN programs,

Fortran is a language designed specifically for manipulation of
numerical cata, and as such does not have any special facilities for
storing and handling text or character data. It is not therefore on the
face of it particulariy well suited to writing programs which involve large
amounts of character manipulation, However we overcame this deficiency by
ctoring four characters to one 24-bit word, and treating this as an integer,
in COMPRESS |INTEGER mode. We found that character handling was greatly
facilitated by the use of two Fortran standard subroutines, COMP and C@PY.
COMP compares two character strings for equality, and C@PY copies a

character string from one location into another,

When we had written the main QUPBIRD software in Fortran, its
efficiency was compared with that of the Plan version by setting up a very
small data base (6 books on Quantum Mechanics) using each set of programs
in.turn,  We found that the Fortran programs took on average approx,

2.6 times as much CPU time and used approx. 2.4 times as much core storage

as the PLAN programs, We felt that this drop in efficiency was probably

acceptable as far as the data basae generation programs are concerned,




since they are essential ly used only once for each tatch of documents

which is added to the system, It was felt that the loss of efficiency
caused by using the Fortran version of this part of the software was

offset by the advantages gained, e.,3., ease of modification of these programs

when they are coded in Fortran.

However as the augmented catalogue retrieval programs are being used
constantly, their efficiency in *arms of mill time and core area used
obviously contributes directly to the overal | economic feasibility of the
system, We do not therefore think it would be advisable to use the rortran
version of the Document Retrieval program .n a commercial working system,

because of the resultant substantial drop in economic viability,

Work is also in progress at the moment to write the QUPBIRD data base
generation software in another high level language, PASCAL (Reference 1|},
which has excellent character manipul ation facilities, To this end the
PASCAL compiler in use at Q.U,B, has been modified to provide a random
access file facility and the new PASCAL program is written but not tested

yet,
5.2 Efficiency of Hash Indexing

A study is near completion on the efficiency of the construction of
the inverted file, with particular regaré to how this efficiency varies
with the "bucket capacity” used in the thesaurus. A bucket is a block
of data which can be written to or read from disc in one operation of 40
keywords.,  Each keyword is placed in its appropriate bucket by a hash
addressing ‘technique based on the division of the binary integer which
represents the first four characters of the word, by the number of buckets
available in the main storage area, If a bucket orerflows the keywords

which it contains are split up between it and two overflow buckets by

hashing them again, using the number three as a divisor,
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During the retrieval preccess, each time the thesaurus file is interrogated
. means an extra "disc access", And each disc access costs money, It can be
seen therefore that the number of overflows in the thesaurus must be kept to

a8 minimum 10 order to keep the running costs of the system as |ow as possible,

The mean number of cverflowsper record in the inverted file was found to
depend on three factors: the bucket capacity, the packing density, i.e, the
number of records stored as a percentage of the total capacity for records,
, and the overflow technique, There are a number of methods for dealing with “"-
the overflow probiem, one of which has already been descrited. .thers include
serial overflow (Reference 2) minimum overflow (Reference 3) quadratic overflow
(Reference 4, 5, 6) and random overflow (Reference n. It is not necessary
to describe these techniques in detail here, suffice it is to say that they
all work on the principle of directing overflow records into a bucket in the

same storage area which is not yet full,

For each of these overfiow techniques we simulated one hundred inverted
file systems, with bucket size running from | to 100. When each of a number
of predetermined packing densities was reached the number of records which
had overflowed up to that point was recorded, and the quantity a3 (mean number
of disc accesses required to locate a record in the inverted file) was
computed, For tlese experiments a random number generator was used to
simulate the random filling up of the thesaurus buckets with keywords by the
hash addressing system, Each experiment was repeated one hundred times, and
the mean was recorded as a reasonable estimate of a in each case. The

probabil ity of error was also determined. The results of this research will

be published shortly,




5.3. Machine-Independence of Data Bases and the Programs
which Manipulate them

There are two aspects to the machine-independence, or
portability of any software system: the portability of the
progiams which constitute the system, and the portability of
the data upo- which these programs operate. In the case
of an information retrieval system, processing stored data,
clearly both aspects must be taken into consideration. During
the past few yeurs these aspects of portability have been
investigated in a project carried out in the Department of

Computer Science at Queen's University, Belfast.

Cunsider programs which may manipulate data bases, held
on auxiliary storage media, in both a sequential and a random
access manner. Portability requires that a machine-
independent interface be constructed between such proy” ims
and the basic faciiities for driving auxiliary storage media
on all computar systems on which they are to be used. An
interface of this nature cannot be completely implemented in
a high-level programming language: a small, well-defined set
of machine-language subprograms is required for each distinct
compute - system, In the course of the project, interfaces
have been constructed for the ICL 1900 series and IBM System
360 using a judicious mixture of ANS| Fortran and the
appropriate machine language in each case. These interfaces
have been tested using a iocall, -developed data processing
program, written in ANS| Fortran, the data base Leing set up

trom scratch on each computer system.

The complementary problem of data base portability is

currently being investigated and takes as its starting point




The existence of a data base manipulated by ANSI Fortran
programs, and set up using the interface briefly described

in the preceding paragraph. Some additional software is
required to convert such a data base into a suitable form on
magnetic tape for transfer to another Computer system, and

to perform the converse operation. Preliminary work involving
small amounts of data is being carried out at present, and

it is hoped subsequertly to set up and transfer a substantial

data bases meet ' ng the requirements outlined above.

Eventualiy, when the cost of data transmission over
long distances is reduced to an acceptable level, portability
of programs and data bases may cease to be of interest to
the designers and implementatore of information retrieval
systems. This will, however, never be true of all software
sysvems, and for the immediate future will also continue to
be an important consiceration for those involved with information

retrieval systems.

5.4 Data Compression

Uue to the large number of abstracts bel g constantly
zdded to the data base, the need for more random storage
access is rapidly expanding. It would therefore be
advantageous to have some means of data compression 1o reduce
storage costs. This problem of compression has been studied
by two research s+tudents,

The basic principle involves the substitution in the
data of single characters for regularly occurring groups of

letters or symtols, e.g. "IONISATION OF THE ATOMS" can be

reduced from 23 symbols to |10 as CION)CIS)CAT)CION)(OF) (THEU




(AT) (0) (M) (S). These groups of characters, composite
characters, vary in length from 2 to 16 characters in our
system. A subset of the data held on disc, about 200,000
characters,was scanned and 15 lists of around 200 members
each were compiled containing the most commonly occurring
composite characters of each length., The data was then
compressed using various combinations of these composite
characters and an estimate of the compression obtained.
The storage saving was usually between 27% and 35%. This
was disappointingly small and we doubt if the computing

time needed to pack and unpack the data from its compressed

form is worth the effort,




6. ASSESSMENT OF PRESENT POSITION

In assessing the present position of the reference
retrieval system we look separately at the two main supported
sections of our work, viz. continuation of the present
project and query formulation and below we list some of the
enhancements we hope to include in the cuming year.

(a) Alternative Retrieval Mode. As mentioned previously,

we desigred our retrieval system to be self-explanatory as
far as possible, While we have found this approach to be
very effective with the casual user, we have found that the
more sophisticated and frequent users of the system would
prefer greater ¢.exibility than is available at present in
building up their search queries, Tney have not, in fact,
been hampered in this by the search logic within the retrieval
orogram, but by the natural language in which the search
Guery is formulated, We feel therefore that this type of
user should be provided with a different path through the
search program to enable him to build up more complicated
Boolean expressions easily. For example, we will allow the
use of logical and and or in statements, and we will allow

a command "STORE N" in which the list of entries at any
point in the search can be stored and retrieved later by the
command "RETRIEVE N", in this, "N" could take any number
between | and 8,

(b Analysis of Systems, A statistical analysis of our

systems will be zontinued with programs developed to analyse
our pilot projects. This analysis has already given us

information on methods which would improve the efficiency of

our software, In particular, it helped us compress the




data within the area where we store records. This study
of the basic design of the systems will continue throughout,
including statistical studies based on new ihformafion
emanating from the system as it grows. We expect that the
results of these technical studies will be continuously fed
into the system, improving it and making it more efficient.
One of these studies has already been done in a survey of
text compression techniques and an attempt to improve on
previous methods using a statistical survey of the
frequencies of pairs, triads, etc. of characters in the
text (see section 5.4 ).

(c) Indexing and Stemming. We intend to investigate

thoroughly many stemming problems which we have encountered
when indexing our records and the feasibility of solutions
which have been suggested. These include such items as the
indexer needing some form of authorify on which to base
decisions, for a minimum stem-length being set according to
the number of characters in a word, e.g. a word of N
characters would not have a stem of less than N-4 characters,
We intend, for each subject we are indexing, to provide a
list of 'danger' words. These would be words that would
always need to be presented in the context of each
particular abstract. Such a word which has arisen in our
work is AL, which arises as the chemical symbol for
aluminium or in the expression 'et al'.

(d) User Manual, Whilst we have designed our system to

be as self-explanatory as possible we feel that a sophisticated

system will contain facilities which are not apparent to

the casual! user and for this reason we feel that the




production of some form of manual is an urgent necessity.

In addition, this manual would also help the user to

understand problems which arise from his interaction with

the operating system, e.g. the user could consult it if he

has trouble logging in or, for example, if he does not

know how to reactivate the teletypewriter if he is timed

out, etc.

(e) Language. Whilst we designed the command language of

our retrieval program with an outside user in mind, this

was not true of either our indexing or housekeeping programs

and the command language of these programs needs to be

modified to help outside users of this software. tt is

not self-explanatory: there is no facllity by which the

indexer can ask for more information and he cannot, for

example, see the sentence from which a particular term arése

in the abstract or title. The housekeeping programsused

tor correcting data already on the disc were written for

our systems pregrammers and could not easily be used by an

indexer (unless he could write octal instructions!).
Regarding the query formulation side we envisage three

main ways in which we will assess user reaction to the

system: -

(n By compiling a quesrionnaire which our initial "test"

users will be asked to complete after each period of on-line

searching. We will also approach users personally to

discuss their reactions.

(2) To study the conversations-between users and the system

we will (with the user's permission) duplicate copies of

conversations on a special teletypewriter or onto disc.

Thés will require some changes in the operating system to
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| W iNTRGDUCTION

ol Summary of the problem

An ever increasing problem which is facing the scientist
of today is the rate at which new tecnnical data is accumulat-
ing. This growth makes it gradually more difficult for the
researcher firstly to locate any information he requires
and secondly tn find it in the form he needs. in particular
it increases the risk of duplication of research with all
the wasted hours that this entails. Four years ago this
group began a study of tnis question by vuilding a databank
on atomic and molecular physics. It was our ovjective to
use this as our example to study the provlen of on-iine
data retrieval as a whole.

decause of the size of the field of atomic and
molecular physics, it was necessary to restrict our attention
to one particular aspect of it, namely interatomic
potentials. The importance of these is their close
relationship to many of the physical and chemical properties
of matter. Gur first aim was to build a system which could
store these potentials and to enable ther to be retrieved
"on-line",

As the system was being built, it soon became clear
that it could be developed one stage further from being
merely one for retrieval of information to being one which
allowed manipulation of stored data. A simple example of
this manipulation is to provide the facility for tne
potentials to be retrieved in whatever units reauired.

The idea of manipulation can however bue developed
much further, When a scientist requires a potential his
interest is not so much in the potential itself vut rather

in using it to calculate parameters which define one of +the

physical or chemical properties of matter. An obvious step
then is to build into the system programs which will enab'e
him to carry out such calculations. To do so there are two

reauirements, Firstly, the programs required for these




calculations must be built and added to tne systen.,

Secondly, to enablé calculations to be made with a particurar
potential, an automatic procedure will be needed to consiruct
from tre variou:s approximations of the pctential wnich have
been stored an estimated potential which is reprezentative of
the mowt reliabie results available. The first vart of tnis
presents no rajor difficulty but the second does puse serious

protlems wnicn are discussed in Chapter 5, scction 2.

1.2 “osition at 1/1/72

By tne end of 1971 several thousand papers had veen
examincd and out of these some 750 which were considered
relevant had been located and photocopies of them obtain d.
Many ot these were found on close study to contain data wnich
was not worth storing, for a variety of reasons, €.9. No range
given on data replaced by more accurate later data. In
general, less than one paper in three was found to contain data
worth storing,.

Approximately 500 assorted worthwhile potentials were con-

fained in the data bLank together with an estirmate of the short

range potential for the ground-state of cvery possible pair
of atoms which does not include a hydrogen atom; that is,
a total of 5,500 potentials in all.

An updating system was i1n existence which enabled new
pofentials to be added to the system and to take their correct
position with respect to those already in the bank,

A smooth represcntation of the potential over the whole
range is necessary before manipulative facilities of any
complexity can be offered, by the end of 1971 a method
existed within the system which fitted an analytic function
with coefficients chosen to minimise the least square crror
to @ function of the logarithm of the potential. However
the results of this, whilst fairly satisfactory, showed that
there was still some way to go to so0lve this problem with
precision,

In the retrieval system a user could retrieve any of
the stored potential estimates in units of his own choice,
with or without the associated references, and with the .

estimated accuracy and range of validity along with any

other comrents included about the potential,




Two other options were also available - the first
calculated and displayed the most accurate values of the
stored potential in a range specified by the user, while the
second caiculated a representation of the potential over the
whoile range., In both cases the user could obtain a pseudo-
plot ¢f the values on his remote terminal. Alternatively,
if he wanted a graph of the potential curve, he could store
the data for later output to a grapn-plotter, which cannot
be accessed directly from the on-line terminal, whilst the
system at this stage was fairly flexible in what it offered,
even to the extent of including novel features like on-|ine
pseudoplots, it nevertheless had a big drawo-ck in that i+
did not permit the user -u manipulate with whatever potential

he chose himscelf,

1.3 Position at 1/1/.3

By the end of 1972 almost all of the possibie relevant
papers have teen located. The reading of these papers and
the extraction of interatomic potentials from +them is now
virtually complete, A test of the thoroughness of our search
revealed that as many as 94% of relcvant papers have been
traced so far, this veing before +he data base is even completed.
The data extraction is dealt with in greater detail in
section | of Chapter 3.

The present report describes the retrieval side of the
system both from a user's viewpoint and from a system's

viewpoint, We recommend readers who are only interested in

the facilities which the system offers to read the first

section as well as the conversation display illustrating

what the system does. However, those interested in a detailed
description of the software involved should also read the
section on retrieval from a system's viewpoint,

Whilst we feel we have added a greater degree of user
flexibility to the system over the past years and have
incorporated further manipulation facilities into it we
realise that the user conversational language still requires
some tidying up: we now believe the stage has been reached

where this can be looked at more closely.




2. PROPOSALS ACCEPTED BY (OSTI

Prior to the ending ot @ previous grant, proposais
were submitted by us for a continuation of the work involved
tfor a further two years from the beginning of 1972, A
summary is given in this section of the parts of this

proposal which 0S7! agreed to support.

2.1 Data Collection and Authentication

By the end of the proposed two year period of the grant
the data base of interatomic potentials is to be completed
together with a critical evaluation of the data. A system
fo ensure the data is kept up to date is to be set up .

The data base will be broadened with the inciusion of
suvsidiary data files in subject areas closely related to

interatomic potentials, These include

(1) Oscillator strengths
(2) Energy levels
(3) Transpor* prouperties

(4) Polarizabilities

A start is to be mace cn building a new data system based

on wave functions.

2.2 Critical Analysis of Data

The cvaluation of the data will be carried out in two
stages. tnitially this will be carried ouT by us base.
On our own experience, However outside experts employed on
a consultancy basis will be used to consider this problem

as 3 whole when the date base 1s complete,
2.3 Management of Data
Programs to enable alterations to be made to the stored

data are to be written. A number of housekeeping programs

will be necded to implement sccurity procedures and also to




keep accounts of the use of the system,
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2.4 An Intelligent Data System

Programs will be written to enable the user not just
to retrieve the data but to manipulate it, that is, to
compute other data with it, to change its form, to generarve
related data, etc. Programs suitable for inclusion will
have to be tested for the accuracy of their results and

modificd to a form compatible with the system.

2.5 Query Formulation

It is essential to adapt the system to the needs of
the user who may either be experienced in using it or just
a novice. To this end, it is proposed to develop two
systems, one for each of these users.

Some means of obtaining the user reaction to the

system will be developed in order to judge the success
of it,
2.6 General On=-Line Data Systems

An investigation as to the viability of applying the
general techniques adopted in the »resent project to an
on-line data system in other fields such as the medical and
engineering sciences was proposed. However COSTI felt

they could not support this at this stage but may do so at

some later date.




S DEVELOPMENT OF YLkl IN 1972

3.1 vata Extraction

35.1,1 Literature Search

The potentials whicnh form the data vase are found in

papers published in the various scientific journals,

The five different methods of searching the literature were
considered in detail in the 1971 Annual Activity Report
and are listed here without comment:-

(a) "Physics fbstracts": opublished by
institute of Electrical tngineers

(b) "Bibliography of Atomic and Molecular
Processes": published by the Atomic
and Molecular Processes Information
Centre at Oak Ridge National Laboratory

(c) Review Papers ana dooks

(d) Personal Communications

(e) Literature references

By (e) we mean references within one paper to other
papers which may also contain relevant potentiai data.
This continucs to be a very important source of references,
particularly to papers dating back to before 1965,

dy the methods outlined in the previous paragraph
some |330 papers have been located and photocopies of
these made. This includes all the relevant papers up to

. the end of 1972 as reported by "Physics Abstracts",.

An important question that obviously arises is how
thorough a searun has been made. Whilst one can be
confident of an almost 100% success rate for pubtications
in recent years (say since about 1966) one can be less
certain apout earlier papers. This is supported by our
experience as we read through the papers which indicates
that it is the older publications which are harder to

trace. Gradually, however, these gaps should be filled

in as the search proceeds.




A more specific inuication of the troroughness of
the search was outained from the references cuoted in
"A Libliography of ab initio Molecular wave Functions"
py W. G. Richards, T. E. H., Walker and R. -. hinkley.

This book, published in 1971, lists the roferences for
the best availaple ab initio calculations for the
potential energics for all atomic pairs. Of 154
references made to 107 different papers it was found that
only ten hau not been locateu vy us.

In an attempt to find ways of improving the efficacy
of the literature search, an cxamination of the ten
missing papers was valuadle. Four of the papers were
dated before ly€ o, the date from which we began our detailed
literature search, As indicated eariier our hope is that
any relevant early papers are aradually found, as indeed
these four have been, through references to them in more
recent publications. This shows that only 6 papers out
of 107 were not found whicn indicates a 94% recall at a

time when the data bank was not complete.
3,1.2 Extraction of Daxa

The actual data which is extracted from a particular
paper has heen discussed in some detail in previous

Annual Reports and a list is given here without comment:-

(1) Paper title and reference

(2) Diatomic system and state name

(3) Type of potential

(4) Method of calculation

(5) Parameters, formula or values which
actually define the potential

(€) Units

(7) trror and source of error

(8) Range; numerical and indication as to




whether it is short, intermediate or
long range

(9) Any other relevant information.

A number of other items of data peculiar to
particular types of potential has been added to this list.
Firstiy, for potentials calculaied using the Rydberg-
Klein-Rees (RKR) method it is escsential to extract Dg,
the well depth of the potential concerned and Tg, the
height of the potential minimum of the state being stored
above the potential minimum of the ground state.
Secondly, numerical results ovtained from ab initio
calculations are mostly given as total energies rather
than potential energies. This requires that the
separated atom energies of the atom pair concerned ve
stered for numerical potentials. In cases where the
author already has chanqed from total energies To
potentie! energy a value of zero is stored instead of a

separated atom energy.
3.1.3 Present Position

Of the 1330 papers which have been located
approximately 1250 have now been read. From these data
has been extracted from 340 papers, which is about 25%.
A total of 200 papers have been processed only partially
since they present problems which have as yet not been
resolved (see next section). The number of papers
which have not yet been read is small and it is expected
that these will be processed in weeks rather than months
so that the cata base will be up to date by February 1973.

The data from some 200 papers is at present being
tested prior to being added to tne potentials already

in the data bank.
3.i.4 Specific problems which have arisen

(i) As yet we have no means of storing potentials which

have been expressed by the author in the form of an

anal stical expression. The forms chosen rarely fall




into a general pattern and the only solution may be to
store each one (o} about forty to fifty) separately as
if it were a different type of potential.

(ii) A large number of potentials are presented in a

graphical form and as yet we have tried no method of

reading these accurately. Indeed many of the graphs
given are so small as to make this task extremely
difficult, Nevertheless, with some sixty to seventy

papers with their results presented in this form, this

forms a large quantity of at present unstored data.

(iii) It has veen found that in forming potentials of a
parametric nature (e.g. of Lennard-Jones, Kihara, Morse

and Buckingham types) the authors rarely give the range

over which tney regard their potential to be valid,

Since our programs require this to be specifically stated
this nhas meant the choice of some range based on experience.

We have decided on the range

0.9rm < R < 3.0r,
where rg is the internuclear separation at the
equilibrium point. Nevertheless, this choice is still
arbitrary ard we feel the whole question tc be one which
would be well worth a much fuller investigation.
(iv) It is cometimes not possible to obtain the values
of Ug, the potential well depth, which is required for
storing RKR potentials, This also applies to the value
of the separated atom energies which is required for
many numerical ab initin calculations. These missing
values will have to be added into the databank as and
when they becomec availavle.
(v) The most difficult problem which is met in building
up the data base is still the evaluation of the data;
that is, estimating the accuracy of the v.lues glven for
the potential. The need for some sort of evaluation is
readily recognised if the user of the system is to be
able to discriminate between a number of estimates of the
same potential, However, since in most cases the
authors of papers do not give any indication of the

accuracy of their results, it is left to us to provide an

initia, evaluation. This is based on a number of




factors; the method of calculation used and a comparison
with results from other sources being the most important.
Often this approacn is adequate but at other times it
merely constitutes an educated guess. However, with the
completion of the data base now near, we will soon be
able to improve on our present methods of evaluation,
firstly by carrying out more general and widespread
comparisons and secondly by employing experts to look at
the particular potentials and so carry out a more

’ realistic assessment of them.

3.1.5 Summary of present position

Summing up we can say that the creation of a data
base of interatomic potentials is now almost complete.
Once this is done it remains only to ensure that the system
.s kept up to date with new publications. Attention can
then be turned to those other quantities such as oscillator

strengths, polarizabilities and energy levels which are

to be stored so as to broaden the data bank.




5.2 Potrential representation

vefore manipulative operations of any complexity can
be carried out on the stored potentials a smoo+th represent-
ation of tner aver the whole range is necessary., The ain
is to set up a system whereby this curve can be obtained
from the available gata describing the intermolecular
potential for any state of any diatomic system.

The available data may be any combination of the

following four:-

(1Y Tne asymptotic form as the internuclear separation

R tends to zero which is given by

Z Z. e
VIR) = — 1z + a + a R2 + a R3
R o 2 3
where a_ is the united atom energy and ZI' 22 are the

atomic numbers concerned. (Buckingham {LQSéI ).

(2) A short-range part, generally fitted by a born-Mayer
potention

V(R) = Ae PR

the accuracy of which is poor, particular as R increases.

(3) A set of points distributed around the potential
minimum, some of high accuracy (usualiy *hose calcul~-
ated using an RKR procedure) and some of fairly poor

accuracy.,

(4) The asymptotic form as R — o0 usually expressed
either in terms of a Van der Waals Coefficient or,

more generally, as a long range exparsion in inverse

powers of R.
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As a starting point, it was assumed that the results
using an RKR procedure would pbe available and thesc would be
used to represent the potential in the intermediatc range
region,

The first attempts were directed at fitting an analytic
form(with a maximum of three parameters) to the RhI points,
This would then be joined, by means of other simple para-
metric functions, on the one hand, to the blorn-iayer potent-
ial, and on the other hand, to the long-range asymptotic
form. Ffor tne first part of this scheme, a program was
written to fit in turn each of six parametric potentials
to the RK!M points, choosing the best or ending the search
when tne average percentage error in the fit was less than
l». Almost invarisoly the best fit was given by the Levine

potential:

R —a(ﬂﬂ-gg)

V= EX(x-2) , X= e

R

In connection with the parameters, it may be noted that

V' = 0 when X = |, i.e. when R = R » and then V(R ) = -t.

Of the different forms tried for ine joins, the most

successful were:

-bR
V = C.b (0.*'0.&*'01&1"" "*qs&s)

for the lower join, where b is the Born-Mayer value, and

Ve RE(bosbRabRe o v bR

for the upper join,
Each of these contains six variable parameters, which are

utilised to impose continuity of the potential and its first

two derivatives at botn ends of the join.
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The success of these attempts is judged by the degree
of "smoothness" achieved, a necessary (though hardly suff-
icient) conlition beirg the absence of turning points
in the join regions. If the Join is not sufficiently smooth
we might make the trial form more flexible by adding more
variatle parameters. However, in general more parameters
mean a greater likelihood of oscillations, and it is diff-
icult to see how the parameters could be chosen expressly
to eliminate these. The most provable cause of lack of
smoothness is an essential incompatibility between the
different segments of data as given, and alterations to
oneé or more of the segments may be necessary,

Tte position is rather different with respect to the
fwo joins. 1f the RKR data is inconsistent with the
longrangce asymptotic form, it means that we are applying
the latter at distances which are too small. We can move
out the upper end of the Join, which was quite arbitrary
in any case. At the lower Join, the Born-Mayer and RKR
potentiais may be clearly inconsistent, indeed, in extreme
cases, they miqht cross. The Born-Mayer potential must
be altered in such a case, but we are not free to move in
the lower end of the join without Ilimit. It would be better
to make some slight alteration to the Born-Mayer potential
as a wnole, but because of the difficulty of doing this
in a meaningful way, a new approach altogether in which
the Born-Mayer potential plays almost a secondary role seems
advisable. The opportunity is taken at the same time to
extend the fit down to R = 0, with the aid of what we know
about the asymptotic form there.

For the moment, let us retain the parametric potential
fitted to the RKR points. We seek a parametric form to
be fitted to the whole region interior to this, and another
in the whole region exterior to it, thus reducing the number
of "pieces" in the potential to three. In the interior

region we might try

-bR
V= —Ze + e (Ao“AuK* A RY 4o )




The significant fact here is that

has a finite limit as R—>» 0. The figure below plots this
function for several values of "a", though the behaviour
for smalI"R" is speculative, because in this region we have
only the Born-ilayer data as a gquide. We see that if "a"
is too small, the subtracted term tends to swamp the original
potential over too much of the range, whereas if "a" is
too large, the usefulness of having a finite intercept is
lost. Comparison with the Buckingham expansion shows that
if "a" is properly related to the united-atom enerqgy, the
intercept on the ¥ axis is zero, and the Ao term is then
unnecessary in fitting the residual potential. However,
this fact is not of much practical use, since:
(a) the particular residual potential which goes
through the origin appears to cross the axis at
least twice first;




(b) wunited-etom energies are not available for many

cases of interest;

(c) even where the procedure is practicaplie (e.g. Li2),
theoretical expectations were not realised.
We might do better, therefore, to choose any suitable
value for "a", and retain Ao amongst the parameters.
The parameters in the residual potential would be
chosen with a view to:
(1) Continuity of V and its derivatives at the lower
limit of the RKR region;
(2) Approximating the residual part of the Born-
Maver potential over the appropriate range;

(3) The general reauirement >f smoothness.

Applying the same ideas to the exterior region, we

might try
B, B
V,= Eﬁ ( 1 —_ o+ =z + )
RL R R*

choosing the parameters {>r continuity with the RKR potential,
and for smoothness.

There arec great difficulties in enforcing all of the
above criteria, particulariy that of smoothness. The crit-

erion of continuity may be dealt with by subtracting

from the various data over the whole range, and then trying

to fit something over this whole range. The residual

potential is everywhere finite, and the interval can be
changed to (-1., +1) by the transformation of independent
variable

R~ «

( d = R"\, probably)

R+«




We may then fit the transformed data with Chebyshev poly-
nomials; but the great difficulty will be in reproducing
the correct long-range asymptotic form when this expansion
is transformed back to the infinite interval.

A possible way around this is to make a further

addition to the potential:

22,¢ R ¢ "w %
'3 - ¢ ® R* -
V- 172 e + .‘_ e or @ if next teem s O(R )

Rlo

i

"b" is not to be so large that the residual potential is
still comparable to V for unsuitably large values of k,
nor so small that V is seriously distorted in the region

of the minimum. We may now cut off the derived potential
at a value of R for which it is very much less (in avsolute
value) than V, apply Chebyshev polynomials in this finite
interval, and add back the two terms after the fit has veen
made.
We have so far outlined three methods of approach
which deserve further investigation:
(1) a fit in three pieces, i.e. interior region, RKR region,
exterior region,

(2) a fit in one piere, consisting of

S -qK
Ll,¢ e

plus Chebyshev polynomials over an infinite interval.

(3) a fit in one piece, consisting of

i

77 é‘ -aR C& -
e - —_— e

_ R

plus Chubyshev polynomiais over a finite interval.




A ftourth possibility, going in the opposite direction,
is to adapt the Levine potential, which is so successful
in representing the RKR points, so that it has the correct
asymptotic form at botn ends of the range. As it stands,

it goes to R-z as R—0, and falls cff exponentially for

large R. If we replace the previous definition of X by
Rm + *Rn  -e(R=Re) . -% R
X= - g + _~° C (I- I)

we have the required asymptotic forms. M™oreover we have
taken trouble to p}eserve the interpretation of Rm as the
value of P for which X = I, which is important if initial
estimates of the parameter Rm are to be accurate. «

is chosen to give the correct behsviour for small R, and
is seen to depend on "a"., The least squares fit to the
RKR points is now performed with respect to the parameters
L, Rm and the curvature at Rm. The expression for the
curvature depends also on both "a" and &, and so, for a
given curvature, we must find "a" and & by solving this
simultaneously with the condition imposed by the short-
range asymptotic form. On the other hand, the constant @
may vary within quite wide limits without invalidating

the asymptotic form. In assignino it, we may consider

(a) conditions similar to those imposed on "b" on the
previous page;
(b) the known coefficients of R-7 or R-s;

(c) making it a parameter in the fit to the RKR points,

To summarize, the overall purpose of these approaches
to the potential representation problem has been to find
some modified form of the potential curve which permits

an accurate and reali:tic curve fit to be carried out.

As yet this goal has not been achieved. To cover the




possibility of this not being done successfully a less

suvotle form of potential representation tased on an

interpolation procedure will nave to be implemented.




3.3 Retrieval and Mantpulation
3.3,1. Introduction

To understand more fully the characteristics of the
retrieval system and to appreciate the changes and
improvements made over the past year, the reader is
referred to the previous annual report. it is not the
intention here to report what has peen said in it
except where it is felt necessary to ciarify differences

, that have taken place during the interim period. The
system's philosophy remains Uncnhanged and is ably
iliustrated in the following extract:

"Generally when a scientist retrieves a particular
potential! he is not so much interested in the potential
for its own sake, but rather as a means to an end.
Usually he will use it to calculate parameters defining
one of the physical or chemical properties of matter.
An obvious step is therefore to build into the system
the programs which will enable him to carry out such

\ calculations."

With this objective in mind the system throughovt the
past year has incorporated into its conversational mode
more user control of *he data involved and more emphasis

has been put on the system's manipulation capavilities.
3.3.2. Retrieval from the user's viewpoint

We now describe the present state of the system,
it differs from that of a year ago in that then the user
had no controi over which potentials were used in the
manipulation facilities; now the user can exercise
direct control if he wishes. For example, he could
manipulate with a single stored potential when before he
had to accept the system's curve fit.

At the start of a search preliminary information is

given to the user if he is not familiar with the system.

The user then specifies a pair of atoms. Unless he s




interested in only the ground state, which he indicates

by following the atomic symbols with an "x", t:e vystem
gives him a numbered list of the states for which
potentials are stored as well as the numuer of potentials

tor each state. The user identifies by number his choice
of state. |f there are no states for the user's atom-
pair, he is given the option of the Born-Mayer (b-M) short
range potential; +the B-M is only available for a qround
state and is not possible if either atom is hydrogen, in
which case he may then try with another atom-pair. After
choosing a state the user then specifies the encrqgy and
length units in which he wants his potentials und in
return he is given two options:

(i) the ability to choose any of the stored

potentials

(ii) the generation of a potential over the whole

ranqe obtained by fitting a smooth curve to the

stored potentials.

For the first option the user is given a numbered
list of the potentials - each potential consists of the
potential type, the range over which the potential is
valid and whether this range is short, intermediate or
long.

The user is now invited to select t:om the potentials
displayed. This selection process is done by choosing
one potential at a time. Subsequent to picking a potential
by its corresponding number,the user is offered any
combination of the following three facilities;

(A) A tabular listing of the potential points

(B) the potential points stored as part of those to

be used for further manipulation purposes, and
currently this is a curse fit for the potential
over the whole range

(C) an off-line graph plof of the potential.

I'f a listing is required the user is asked for the

number of points he wants and the range over which he

wants them and whether he wants a short or comprehensive




description of the potential.,

For (B) and (C) the appropriate points are written
to pre-determined areas of the disc. In the latter case
the values are later retrieved in the off-1linec graph
plotting program, while in the former fney are used in tne
manipulation program. .f the user asks for both (&) and
(C) the two operations are carried out independently,

I'f the user requests any off-line qraphs during the
process of this search then he must give the system his

name ana address for later identification of the graphs,

33.3 Curve-fit of individual potentials

For facility (B) above and the earlier option (i)
the respective individual potential fits are transferred
To a curve-fitting package which fits a smooth potential
trrough all the points included, reducing the potential
tc an eauation with four parameters which shouid be valid
over the whole range. As was described |n Section 2 the
presen” curve fitting program is not entirely satisfactory
and during the past year much effort has gone into an
attempt to help to produce a smoother renrresentation over
*ne whole range.

When the smooth representation of the potential has

been determined, the system offers the user the following:

(a) a tabular listing
(b) further manipulation possibilities.
The tabular listing 1s similar to that outlined above

for the individual stored potentials; the difference now
being that the user is not confined to asking for a numuver
of points within a specified range but theoretically he
can choo-»e any range from O to 00 . Having specified his

range of interest and number of points he can have them

listed and he can obtain a variety of off-line graphs.
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Firstly, he can have a curve fit of the potential over

any part of the range as-illustrated in fig. | and marked
7

Fig. |

e can have the same aqgain but this time with ali the
potentials usea in finding (1) as iliustrated in fig.2.

© —6
Fig. 2 \_/




v.5.4 Retrieval frorm the systems viewpoint
The retrieval system works in a time-sharinq, batch-
processing multi-access environment and as such there is
a core restriction (at present 18K (24-pit) words)
available to individual on-line programs. It is expected
tnat a new 1406S ICL computer (presently veing installed)
will be onerational in the coming summer months. The
present machine (a 1907 ICL computer) will then be used
mainly for multi-access work and so core restrictions will
be greatly improved. Because of this core limitation it
is necessary for the whole retrieval package to consist
of four individual programs. Only one of these programs
can be in core at any one time and so at an appropriate
point eacn (with the aid of a system command given by the
user) has to activate the next program. Information
between one program and another is conveyed via a
communications file which is held on disc as a temporary
storing place for the reauired data. The four programs

involved are:

CHAT: the controlling segment which outputs states
for a user's atom-pair, as well as transferring
to another program, FITS, the user's choice of
state and the starting addresses of the
associated potentials and units required, via

the communications file.

FITS: This program outputs the stored potentials for
a chosen state as weil as transferring to
# CURV the selected potentials for curve

fitting the potential over the whole range and

storing values for individual graphs.




CURV: This program does the curve fittir; of tne
potentials transferred from program FITS as
well as transferring the parameter equation
values calculated for the curve over the whole
range to program DEFL when further manipulation

is required.

DEFL: This program uses the four parameters trans-
ferred from ## CURV to determine tne deflection
angle for any enerqgy and impact parameter given

by the user.

5e35.9 Program CHAT

The first thing performed in # CHAT is to discover
if the user is starting his search or returning from
another program. To determine this we call S/R OPEN
where we open our communication file INDXABoFOl12 and make
the appropriai: check. If the user is returning to CHAT
we must reassiqgn values to his "atom-pair", "statenamo"
and so on, As indicated earlier whenever we go fror
one program to another, we must write this information

(eatom-pair, etc.) to disc and then read it down again

whenever we have entered the required program. I f we
are returning from ff CURY or 4? FITS, the name of our
data file is stored on the communication file. However,

assuming the user is just starting his search, we call
S/R INITIAL, In S/R INITIAL we ask the user if he is
familiar with the system and, if he is not, give him
preliminary information about search strategy and so
forth, In INtTIAL we may also set switches to give
intermediate values in various S/Rs; these are used to
help the systems designers to detect errors. INITIAL
itself catls S/R PRELIM, which reads from the data file

information about potentials and addresses on disc of

atom-pairs, We now return to the MASTLR,




It is here that the search really pegins, The
user is asked to type his "Atom-Pair?". The address of
this question within the context of # ChAT is stored
on disc by calling a plan S/R STORE. This is to allow
the user the facility of restarting his search at any
time by simply typing "A" for ANy user response, The
user's choice of atom-pair is read in S/R ATOMNOS.
ATOMNOS checks if the chemical symbols are valid ang
determines the corresponding atomic numbers from a
preset [ist, It also calls S/R NAMES which checks for
". + or -" etc., for a user may type HH+, H-H; he may
in fact follow his atom-pair with an "X" which tells the
system that he only wants to deal with the ground-state,
whereupon a pointer is set to indicate this.

gack in the MASTER another pointer is set to
indicate if either atom is hydrogen, We next cal l
S/R SEARCH| which determines the position on disc of the
Ist state for these atoms. If there are no states
stored for a particular atom-pair we give the user the
option of the BORN-MAYER potential; this potential can
always be qenerated by substituting in a set equation the
values of certain parameters, Assuming there are states
stored tte proqgram calls S/R SEARCH2, which lists out all
the states in the datavank for this atom-pair, with the
nur.er of potentials for cach state. The user is then
asked for his choice of ctate. After making his choice
the program determines the address on disc of the first
potential for this state and returns to tne KASTER.
lf he does not want any of these states, he may try for
another atom-pair. Next we ask the user fur the energy
and lenqgtnr units in which he wants his data.

The vata on the disc is stored in atomic units and
the factors necessary to convert the values to the users
units are found in the same preset list as for the
atomic numbers, This is done in S/R UNITER. In
S/R CLOSEN the communications file is now updated with

the atom-pair, statename, units, etc. and all files

closed, The name of the data file is also stored in




tthe communications file. Then controi is passed to
another program in the system (# FITS).

On returning to # CHAT from some other program in
The system the relevant information is read from the
communications file and the da}a file opened. The user
may then try another state for the same pair of atoms
and have the states listed again if he wants, Failing
this he may then try another pair of atoms or cease-
execution of the program. Wihen given the choice of
another pair of atoms, the user is first asked "Other
Atoms?", In reply he need not type "Yes" or "No" but
may type immediately the symbols for his atom-pair.
Similarly in reply to "More States?" he may type the

number of the state he wants.
3.3.6 Program FITS

As #f CHAT retrieves states for a chosen atom-pair,
so # FITS retrieves potentials for a chosen state.
Tne first thing done is to reassign values to the
atom-pair, statename and number of potentials for the
state chosen. This is done in S/R OPENI, which also
calis S/R PRELIM to read information about the potentials,
Furthermore, it calls S/R SETGRAPH which scts up the

graph and manipulation buckets and determines if there is

room available in the graph area. The user 1s then asked
"Al'l or vest", Here te has the choice:-
ALL:- he may nave all the potentials listed and

choose whichever he wants as described velow.
BEST: - Here all the potential values are written to disc
for use in the curve fitting program. n this
case the user has lost control of individual
potentials though in # CURV he may ovtain a
graph of all the potentials together with the
fitted potential,
The potentials are listed in $S/R DATARLADI and the user is

asked to choose one, I'f none of the potentials listed




is suitavle to the user, ne may return fo-# Ch/T to try
anotter state for his atom-pair or indeed a different
atom-pair. Provided the user chooses a potential,6 he

is then asked "LIST) STURE, GRAPH?M™ which means:-

LIST:- does he want the values for this potential
listed?
STORE : - doec he want these values stored for further

manipulation?

GRAPH: - does he want a graph of these values?

Tre user response to these takes the form of three inteqers,
each taking tne value O or |. The latter indicate¢s that
the user is interested in the appropriate option, The

user can have any combinastion of these three possibilities.
Wwe now call S/P DATARLAD! which this time will output

the users chosen potential. DATARLADI will itself call

S/R ABRArAM3 to output tne short vorn-Mayer potential,

S/R UATAHUM to cutput tne intermcdiate RKR potential, or
»/R ReTCo to output the long C6 potential. In each of
tnese 5/Rs the values will be listed, storea for

manipulation, or stored for a graph, depending on the

user's responses to the options avove. Furtnermore
OATARLAU! will call S/R UECOUL if the user recquires a
description of the potential; DLCOULE will qive, for

example, author and reference of the paper from which the
data was extracted, the amount of information given
depending on the user's answer to "SHORT?", DATAREADI
also calls S/R ERROROUT which gives what is considered
to be the relative or absolute error of the data.

ack in the MASTLR we ask the user if he wants
another potential (Yes, No or actual number of potential).
If he types "Yes" or the actual number we go back for
another search. I¥f the user does not want another
potential, we then check if he wants a graph, etc.
Should he want a graph we call S/R STORENAME, whicn will

ask for his name and address (to identify the graph) and

write this information to disc. If he wants the values




stored for manipulation, we call S/R CLOSENI to write tne
communication pucket to disc and then prompt him to
type "E£RUN,CURV"; otherwise we again call CLOSENI but
this time ask him to type Y"LRUN,CHAT",

Finaity a word about LIST, STORE and GRAPH in the

context just described. A user can always have the
values listed out. He need not Iimit himself to having
a graph of some of the potentials or storing them ail for

menipulation; he could for example get a graph of |
potential and store 3 potentials for manipulation. At
’ the moment further manipulation can be accomplished in
the calculation of a smooth potential over the whole
range and then the determination of deflection angles.
More description of these facilities will be given in

the following sections.
3.3.7 Program CURV

As in #FCHAT and;ﬁfFlTS the communications file is
opened and a check is made of the number of users with
data already stored for graphs - there is a maximum of 4
put on the number available 3T any one time,. We then
cali S/R READDOWN to read frem disc the values stored for
manipulation. Next we call S/R FITS, which curvefits
the values using S/R MAOZﬁ; this gives us four
parameters which, when substituted in an equation,
provides values for the potential (V) for every value

over the range (R) from O to o0 (Fig. 1),

VA

\ 4

*S/R MAO2A is an Atlas routine which solves a set

of finear simultaneous equations.




I't is then necessary to know if the user wants values

listed in a certain range or if he is interested in

deflection angles. In the latter case the uzer is

prompted to pass control to # DEFL. If, however, he

wants a list of values, he is asked for the range he

requires and the number of points in this range, The

values for the potential are then generated at these

points and the results listed out. Having studied the

vaiues the user may reply in three ways to the question

"GRAPH?",

g I I'f the user decides that the values are unsatisfactory,

he should type O.

2, I'f he types I, he will obtain graphs of the stored
values and the curvefitted points on the one frame.
(See Fig. 2)

3. I'f he types 2, he will obtain a graph of the curve-
fitted potential alone. (See Fig, 3)

VR

Fig. 2 Fige 3

In case 2 the curvefitted values are first written

to the user work area of 1he disc where the stored values

Aad o'




are already, then al! the values are transferred to the
graph area, In case 3 the curvefitted values overwrite
the stored valies and are then transferred to the graph
area.

Whatever nis reply the user may return to # CHAT

to start a new search.

3.3.8 Program DEFL

To obtain a deflection angle it is necessary to have
a8 smooth curve for the potential over the whole range.
The potential can be defined by four parameters
determined in # CURV; these parameters are used in an
equation to give a value for the potential at any point.

The user is first asked for the energy he wants,
From this it can be de*ermined if there is no orbiting
and the critical impact parameter can be found. These

results are given to the user and he is then asked for

his choice of impact parameter. The deflection angle
is then found and output to the user, He may vary his
enzrgy and impact parameter value at will. A particular

use of this facility ic illustrated in the next section.




3.3.9 Further manipulation

With a smooth representation over the whole range we
can obtain quantities like the transport properties which
are obtained from the collision integrals (see "Molecular
Theory of Gases and Liquids" vy hirschfelder, Curtiss and
Bird).,

@,s’ e St
(L (D) = 1zpﬂ) (Ql[_h7“z) A

where = temperature

T
M= reduced mass of the two interacting systems

Boltzmann's constant ,

The collision crossection Q!fE) deperds c¢n the initial

relative energy £ and is given by

R (> = 'L?Tf b(:—asly)dl

®

where b is the impact parameter and‘]L is the classical

deflection anqgle

adr
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in whicn (, is the outermost zero of
=
FLr,b)E) —_— | — {.9.—— _E_._L
e r

At present the system includes the program to

calculate deflection angles, with the user simply providing

values for E and b . The next -~tep will be to include




1~e program to calculate the cross-sections for values of

E, and then the collision integral program. These two
programs will have to be run off-line, the data being set
up on-iine,

Note: Further numerical methods are discussed in

The Journa! of Chemical Physics, 41,pp.3560-3568,(1564).




5.4 A Typical User-System Conversation

We give here a listing of a conversation between
an experienced user and the retrieval and manipulation
system, The printout is exactly as obtained on a
teletype. Lines such as

CHAT: ATOM PAIR?

MCS: CHAT {(CORE: 13312)
show output to the user from the programs ChnAT and MCS
(the time-sharing control program supervising the
execution of CHAT) while a line such as
K K
shows information input by the user.

At a number of points we have added brief explanations
of the user's replies. These are given at the righthand
side in brackets opposite the relevant reply. In
particular in these explanations we refer to graphs which
are obtained from the user's choices. These graphs

numbered one to four .re given immediately at the end of

this section.




Conversation:

MCS

CHAT:
CHAT:

CHAT:

CHAT:

CHAT:

MCS

FITS:

FITS:
FITS:
FITS:
FITS:
FITS:
FITS:
FITS:

FITS:
FITS:

FITS:

FITS:

FITS:
FITS:

FITS:
FITS:
FITS:
FITS:
FITS:
FITS:

- 34 =
EKUN, CHAT
CHAT (CORE: 11136)
INTERATOMIC POTENTIALS
FAMILIAR WITH SYSTEM? = M"YES™ QR "NQ"?
YES
ATOM PAIR?
LI K X
ENERGY AND LENGTH UNITS?
AU AU
TYPE "ERUN,FITS" PSysTem comments |ike
ERUN,FITS Z:éifr;ll be elimirated
FITS (CORE: 14336) -
ALL OR BEST?
ALL User is asking for ali
potentials stored for

POTENTIALS STORED FOR LI K X [this state
NO TYPE RANGE (AU)
| VAN DER WAAL'S COEFF 10.9 to 99.C (LONGRANGE)

(97)
2 BORN=MAYER 1.5 TO 3.0 (SHORT)
96 OTHER FITS
Vit CH?
[
LRROR (RELATIVE)+ - 10.0%
LIST, STORE OR GRAPH?
I 0 | Eee Graph q
SHORT DESCRIPTION?

YES

V = -C6/R**¢
WITH R IN AU, CE€E=0.,2290E 04 GIVES V IN Al
NO. OF POINTS AND RANGE?

14 20.4 31.6
R(AU) V(AU)

21.15 -0.2561E~-04
21.18 -0.2C80E~04
22.64 -0.1701E-04
23.39 -0.1400E-04
24,13 =0.1159C-04



FITS:
FITS:
FITS:
FITS:
FITS:
FITS:
FITS:
FITS:
FITS:
FITS:

FITS:

FITS:

MCS
CHAT:

CHAT:

CHAT:
CHAT :
CHAT:
ChAT:
CHAT:
CHAT:

CHAT:

CHAT:

MCS
FITS:

FITS:
FITS:
FITS:
FITS:
FITS:

_35_

24,88 -0.9€55E-05
25.65 -0.38085E-05
26.37 -0.6805E-05
27.12 =0.5756E-05
27.87 -0.4390E-C5
28.61 =0.4173E-05
29.36 -C.3575E-05
30.11 -(.3075E-05
30.85 -L.2€655E-05
MORE POTENTIALS?

NO

NAME, ADDRESS 01 2 LINES
ROIN ICDONOUGH

78 MALONE ROAD

TYPE M“SRUN,CHAT"

£PUN, ChAT

CHAT (CULRE: 11136)

MOKE CTATES?

A User wants to start
a new search

ATOM PAII?

K K

STATES STOREL FOR K - K

NC. STATE NO. OF POTENTIALS

[ K2 X | SIGHA+(G) 4 B

2 K2 B 1 PI(U) [

99  ANY OTHER STATE

WHICH?

|
ENERGY AND LENGTH UNITS?
AU AU

TYPE "ERUN,FITS™
ERUN,FITS

FITS (CORE: 14336)

ALL OR BEST?

ALL

POTENTIALS STORED FOR K2 X | SIGMA+(G)

NO, TYPL RANGE (AU)

| VAN DER WAAL'S COEFF 12.0 to 99.0 (LONGRANGE)
123

2 RKR 6.04 to 9,58 (INTERMLUIATE)



FITS: (55)

FITL: 3 RKK €.24 to 9.15 (INTLRMLDIATE)
FITS: (]

1TSS 40 BORN-MAYER le5 to 3.5 (SHORT)

FITS: 923 CTHER FITS
FITS: WhICH?
f
FITS: ERKOR(RELATIVE):- 10.00%
FITLO:  LIST,STORE OR GRAPH

0 I G User is asking for his
particular potential to
be stored

, FITS: NO. OF POINTS AND RANGE?
O] i2.0 4.0
FITS: MORE POUTENTIALS?
2
FIT5: ERRCR(<F1ATIVE):- 1.0 %
FITS:  LIST,STCRE OR GRAPH?
0 [ 0
FITS: MORE POTENTIALS?
NO

FITS: TYPE "ERUN,CURV"
£RYN, CURV
MCS :  CURV(CORE: 10880)
CURY: LIST OR ULEFLLCTION ANGLE?

I 0 User is asking for list of
points fiTtted to potentials
chosen by him

CURV: NO. OF POINTS ANU RANCE?

20 4.¢ 12.6

CURV: FIT FOR 1.2 X I SI1GMA+(G)
CURV: R(AU) V(AU)
Cupv: 2.¢ J.1008E 00
CURYV: 5,21 0.4421E =01
CuUPv: 5.621 0.1526E =01
CURV: 6.032 0.1065¢% -02
CURV: £.442 -0.5245E -02
CURV: 6.853 -0.7428E =02

CURV: 1.263 -0.7564E =02




CURV:  7.€74 -0.6790E  -C,
CURV:  5.08" -0.5707L =g
CURV:  ©.499 -CL4013E -
CultV: .90 -0.3643t -0/
CuPv:  u.31¢ -C.2840L =02
CoPV: 9,72¢ =0.2204L =02
CURV: Tu.14 -C.1718E =02
CURV: 10.55 -C. 1355  -C2
CURV: 15,96 -0.1091C =02
, CuRV: I1.37 -0.9016t =03
CURV: 11.78 -0.7701E =03
URVE 02,1y -0.€807¢ =03
CURV: 17.6C -0.6221F  -C3

CURV: CRAPH?

! User is king for graph both
of the c.osen potentials and the
fitted values
CURV:  JAME,ADUKLSS ON 2 LINES

JAMES 1 cLLA
C.UL.

CURV: TYPE "LHU'I,ChAT"
FRUN, CHAT

MCS :© CHAT(COPE:I1113¢€)

CHAT: 1'ORE 5TATES?
I

CHAT: ENERGY AND LENGTH UNITS?
AU AU

CoonT:  TYPE M"ERUM,FITS"
SRUN,FITS

05 ¢ FITS(CORE: 1433¢)

FITS: ALL OR LEST?

fLL
FITS:  FOTENTIALS STORED FOR K2 X ' SIGMA + (G)
FITS: 0. TYPE RANGE
FITS: 1 VAN DER WAAL'S COLFF 12,0 TO $9.0
(" 17, RANGE)
FITS: (123)
FITS: -~ RKR - .04 TC 9.58

(INTERMEDIATE)




FITS: 55
FITS: 3 RKR €.24  TO 4.5
(INTERMEDIATE)
FiTs: (1)
FITS: 4 BORN-MAYE R 1.5 TO 3.5 (SHORT)
FITS: 99 OTHER FiTS
FITS: WHICH?
|
FITS: FtRROR(KRELATIVE) ;- 10.00%
FITS: LIST,STORE OR GRAPH?
7 : I | 0
FITS:  SHORT DESGCRIPTION?
YES
FITS: Vo= =C6/P**6
FrTs: WiTH R IN AU,CE = 0.3820E 04 GIVES V IN AU ﬁé
FITS: nO. OF POINTS AND RAMNGE
12 12.0  13.0
FITS:  P(AU V(AU)
FITS:  12.09 -0.1223E -02
FITS: 12,18 -0.11€9L =02
FITS: 12,27 -0.1118E =C2
FITS: 12,36 -0.1070E -02
St 12.4§ -0.1024E =02
FITS: 12,55 -0.9798f -03
FiTS: 12.€4 -0.9383E -03
FITS: 12.73 -0.7988E -03
FITS: 12.82 ~0.8612E =03
FiTS:  12.9] -0.8254E -03
FIT5: 1'ORE POTENTIALS?
HO

. FITS: TYPE "LRUN,CURV"
£PUN, CURY
MCS :  CURV(CORE: [0880)
CURV: LIST OR DEFLECTION ANGLE?

0] 0 Uscr wants graph without
examining points.

CIiRV: NO. OF POINTS ANLC RANGE
40 €.0 13,0

CURV: GRAPH?
i




0.2403E-C|
CURV: €.000 0.1060E-01
CURV: 6,333 0.1485E-02
CURV: ¢€.667 -0.4613FE-02
CURV: 7.000 -0.3859¢E-02
CURV: 7.333 =0.1107E-01
CURV: 7.3567 -0.1250E-01
CURV: 8.000 -0.1320¢t-01I
CURV: 8.333 -0.1340E-01
CURV: t.667 ~0.1325€-01
CURV: 9,000 ) -0.128€E-01

- 34y -
CURV: NAME, ADDRESS OH 2 {INES
: 1.D.HIGOINS
: COIMPUTER CENTRC
CURV: T PE MERUM, CHAT"
: LIUN,CHAT
St UHAT (CORE: |1136)
(+AT: [ ORE STATES?
CHAT: (ERCY AND LENGTH UNITS?
. : AU AU
y ¥ C-AT: [YPE "ERUNM,FITS" ]
: ERUN,FITS
MCS:  FITS (CORE: 14336)
FITS: ALL OR BEST? User wants system to |
: SLST obtain pest fit to '
FITS: TYPE "ERUN,CURV" all stores potentials
:  £RUN, CURV
CS: CURV (CORE: |0880)
CUKV: LIST OR DEFLECTION ANGLE?
: I 0
CURV: NO. OF POINTS ANMD RANGE? ‘
: 16 4.0 9.0 .
CURV: FIT FOR K2 X : SIGMA+(G) '
CURV: £ (AU) V(AU)
CURV: 4.000 0.2666E 00
. CURV: 4,333 0.1751E 00 -
CURV: 4.667 0.1133E 00
CURV: 5.000 0.7218E-01
CURV: 5.333 0.4363E-0 .
CURV: 5.667




: CUAPH?
CURV: APH Jser wants qraph of

2 fitted potential alone.
CURV: HAML, ADDRESS ON 2 LINES vee Srapn 4,

SERRY ICGLINCHEY

ANDF RS ONS TOUN

CURV: TYPE "ERUN,CHAT"
LRUN, CHAT
MCS: CHAT (CORE: F1136)
CHAT: I'ORE STATES?
A ‘ ‘
Vs CitAT : ATON PAIP?
oKX
CHiAT: ENERCY AYND LENGTH UIITS?
AU AU
LHAT: TYPE "fRUji,FiI7o"
LRUM,FITS
HCS . FITS (CORE: 14336)
FITS: ALL OR 3EST?
3EST
FITS: TYPEL "LRU:,CURV"
ZRUN, CURV
CS5: CURV (CORE:  In8y7)
CURY: LIST OR BDEFLFECTION ANGLE?
0 !
CURV: TYPE MERUM,CEFL"
£RUN, DI FL
MCS: DEFL (CORE: 921¢€)
DEFL:  UNITS TO BE USLD:
DLFL: LENGTH IN AU AND ENERGY IN AU
DtFL: REOUIRED EHERGY, E?

1.234
LDEFL:  ORBITING GCCURS It THE RANGE I.14005 (AU) TO
PEFL: 1.32153 (AU)

OLFL:  CRITICAL !I'PACT PARAMETER = (.336 (AU)
DLFL: ITTIPACT PAKAMLTLR, b?

C.%4¢4
DLFL:  FOR E=1.234 (AU) AND B=0.946 (AU),
ULFL:  DEFLLCTIOM ANGLL = 0.1425F Ol (RADIANS)




OFL:  ANOTHEI IMPACT PARAMETER, B?
7.86%
UEFiL: FOR [=1.234 (AU) AND B=2.365 (AC),

DHFL: DEFLECTION ANGLE = 0.6290E 00 (PACIANS)
DEFL:  ANOTHEFR 111PACT PARAMETER, B2

7.498
DEFL: FOR F=1.234 (AU) AND b=3,498 (AU,
CEFL:  DEFLECTION ANGLE - 0.4632L 00 (<AD!A%S)
CEFL:  ANOTHER |*iIPACT PARAMETER, B?

NG
LeFL: A DIFFERENT ENERGY, L?

.185
~ FL: CRBITING OCCURS IN THE RAHGE 0.114005 (AU) TO
LebL: 1432153 (AU)
Ut fL: I1IPACT PARAMETER, B?

D.87¢6
DLFL: FCR E=1.105 (AU) AND B=0.376 (AU,
DLFL:  DOLFLELT!ON ANGLE = Q.153GL 01 (RADIANS)
DEFL: ANOTHER 1'iPACT PARAMETER, R8?

%.803
DEFL: FOR E=1.185 (AU) ANU B=5.403 (AU,
CLFL:  DEFLECTION ANGLE = 0.1149t 0O (RADIANS)

* * * * *

The next search is for a different potential

* #* * * *

DEFL: PEOUIRED ENERGY, E?

0.3825
DEF'.: "NO ORSBITING"
DEFL: CRITICAL INMPACT PARAMETER = 0.000 (AU)
DcFL: IMPACT PARAMETER, B?

¢ 1.007

DEFL: FOR E=0.3825 (AU) AND B=1.007 (AU),
OLFL: DEFLECTION ANGLE = 0.3143E-08 (RADIANS;,
DEFL: ANOTHFR IMPACT PARAMETER, B?

NO
DLFL: A DIFFERENT ENERGY, E?

16.14




by FLe

OLFL:

"G 0R=2ITIHC"
CRITICAL 1"PACT  MEMETER = C.0000E 00 (AL)
POPACT PARAMETLE, 072
N ANT
SOR F=l€.14N0 (ALY ANLD B=0.1716 (ALY,
WELETTION ANCLE = -0.814GE-09 (RADIANS)
ANOTHER THPACT PAPANETER, 07
40

A DIFFURENT £noPny, L2
O
TYPE MERU', CHAT™
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5.5 Miscellaneous Developments

3.5.1 tditing program

A program named Cl124 has been written to enable the
potential data once stored to be altered. It is
envisaged that this program will be needed in three
different situations.

Firstly, alterations may be required to correct
mistakes inadvertently made when the data was first
stored. The program will in particular have to allow
for chanqges in potential values as well as in titles,
references, and the various codes usec¢ to aescribe the
type and rarge of the potential, Secondly, the
assessment of the accuracy and range of validity of a
particular potential by a consultant expert will in
many cases differ from our original evaluation and so
the capavility to effect this change will be needed.
Finally, it may be necessary from time to time to
replace some information already stored. For example,
more accurate potential well depths may become
available, or additional relevant information might be
added to that already stored. The present program
allows for the possibility of ali these changes.

The actual editing is carried out on-line and a

number of examples of how this is done are given at
the end of this section.

3.5.2 Checking program DI23

This program writes out the list of poten*ials of
the same typc for parrs of atoms. It enables an easy

comparison to be made of all the values stored for a

particular potential describing a particular diatomic

interaction.




The use made of this program will 5e¢ twofold.,
Firstly, by comparing one stored potential for a system
with another for the same system, a check for possibie

errors in extracticn and storinao can be made. Secondly,

it will present the potential data in a form which can be

easily eveluated by our outside consuitant cxperts.
Experience has shown the necessity of a careful

check on the data stored and with the database of

potentials now almost compiete this can now be carried

out with the use of this program.




Example of Numerical Data Editing Program Cl24

This program alters or deletes complete potentials.
Complete potentials refer to statelist, reference record
and potential record. If more than one sc¢=tion is
being changed at any time, they must be tarer. in the
following order:-

l. Statelist
2. Reference Record
3. Potential Record

The potential record is made up of five small
sections and the program considers each one in turn and
makes the appropriate alterations. If the potential
record has been found to be useless, then the complete
potential is eliminated.

We here give a typical conversation between the
user and the program Cl124 when we, for example, make the
following changes: -~

l. Eltiminate a potential

. Change a svate name

WON

. Change a reference

&H

. Change an actual potential value.
Lines such as

Cl24: POTENTIAL ADDRESS
or

MCS: Ci124 (CORE: 12032)
show the output e¢n the teletype to the user from the
programs Cl24 and MCS (the time-sharing control program
supervising the execution of Ci24) respectively, while

a line like

51947

shows information input by the user.




£RUN,C124
(124 (CORE: 12032)

POTENTIAL ADDRESS?

51947

ELIMIATE A POTENTIAL?

YES

(1) BUCKET NO OF STATE? (2) STATE NO? (3) PREVIOUS
POTENTIAL ADDRESS?  (ThHIS IS ZERO IF FIKST POTENTIAL
I'i STRING IS BEING ELIMINATED) (4) NEXT POTENTIAL
ADDRESS?  (THIS 1S ZERO IF LAST POTENTIAL IN STRING
IS BEING ELIMINATED)

$3 [ 51895 52575

CHANGEL MORE POTENTIALS?

YES ’

POTENTIAL ADDRESS?

49073

ELIMINATE A POTENTIAL?

HOo

dHI1CH TYPE CF ALTERATION? GIVE NUMBER ONLY (CHANGES

TO EACh COMPLETE POTENTIAL MUST BE IN THE ORDER
GIVEN) (1) STATELIST (2) REFERENCE RECORD
(3) POTENTIAL RECORD

|

SUCKET n0? STATE NO?

127 I

NLW STATE NAME?

HG HE X

HGC HE X

MORE ALTERATIONS TO SAME POTENTIAL?

YES

WHICH TYPE OF ALTERATION? GIVE NUMBER ONLY
2

TITLE OR ARTICLE?

LONG-RANGE INTERACTIONS OF MERCURY ATOMS
LONG-RANGE INTERACTIONS OF MERCURY ATOMS
AUTHOR NAME(S)? JOURNAL NAME? ETC,

w.C. STWALLEY & H.,L. KRAMER J. CHEM, PHYS, 49,
5555 (1968)

MORE ALTERATIONS TO SAME POTENTIAL?

YES




Ci24:

Cl24:

Cl24:

Ct2a:
Ci24:

Cl24:

WHICH TYPE OF ALTERATION? GIVE NUMBER ONLY

3
CHANGE ACTUAL POTENTIAL VALUES?

YES

NEW VALUE?

15.30

15.30

CHANGE MORE POTENTIALS? !
NO

HALTED:~ 00

£ENDJOB.




4. ASSESSHENT OF PKESENT POS|ITIuN

In assessing the present position of the numerical
databtank we loouked separately at the three branches of the
work, viz, data extraction, potential representation and
retrieval and mdnipulation.

With the extraction of the interatomic potentials
now almost complete there are three separate matters to be
dealt with in the future, Firstly, the data base of
interatomic potentials once compieted must be kept up to
dat-. with all new publications. Secondly, a check of
the stored potentials must be made bcth to ensure no
errors have been made in storing and also to complete, with
the help of our outside consultants, the evaluation of
the data. Finally the subsidiary data bases of quantities
such as oscillator strengths and polarizabilities must be
created.

The problem of obtaining a satisfactory representation
of the potential enerqgies to enable manipulfative
procedures to ve readily applied to them continues to be
the most difficult one facing us. Our intention is to
continue to seek a form of the potential data to which
polynomials can be best fitted. Sectior 3.2 gave some
indication of the "reduced" form of potential curves
which have so far peen tried. Should no such suitable
"reduced" form be obtained a straightforward interpolation
procedure using the stored potential points will be used
as an alternative,

Finally, the retrieval and manipulation side of the
system in its present form not only allows for the
retrieval of the stored potentials in tavbular sets of
chusen co-ordinates and/or their respective off-line
graphical representations but has made a start towards the
inclusion of programs for deriving useful results from
tnese potentials, To date, part of a large program for
calculating transport properties of gases to any accuracy
has been implemented into the system; +this allows for
the on-line calculation of deflection angles (section 3.3).
However, whilst the deflection angle procedure and other

identifiable parts of the intended large transport




property prouram can Le implemented in an on-{ine mode,
it is not practical to airm at including tne complete
program in this way; instead we aim to Le auvle to
initiate it via a remote jouv entry, similar to the
graphpiotting program (section 3.3).

We hone further to encourage the future use of our
system by allowing users not just to avail themselves of
the fixed nurber of operations that we hLave incorporated
but also to be able to uxrtract and, if necessary,

manipulate with our data up to the point where they can

then store it into their own personal files and apply their

own suite of programs to it.
In conclusion, a significant new dimension to the
systTem is peginning to plossom. No longer do we think

of our system just as a tool for storing numvers, rather

we believe the true value of the system lies in the dynamic

concepts of allowing tne wser to apply nis own initiative

in obtaining further data. The desiravility of sucn

tfeatures can only be judged by experience.
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Appendix Al

ke Queen’s University of 2edast, N, breand.

©LTAOOUCTION

TAL rw s DR G ayaiGiTs have bREn diuiiop.nj at Cuien's
v ity Bifass, for nearly fae years. 3 reference retsieval
$esten end 2 rumerical data system. Father than prowvide 2
CotieNi uno SMwSS OF TenEdpdi’ 28 821wl 5. d 80, Cuter for
diai-€ lype profues, we aun at otferning’a texigie service 1o
the w.el 'WND IS I4DIreC 1€ ound up his 0wn profiie inter-
2t LTy D NS et il o watl foost oLt ne our reference

‘el evo D:0,cCt ond Then the numericx cate retnieval project.

2. QUCRBIRD REFERENCE PROJECT

- .
Ver o, - wy Lrst scrutimizing the interature, but even as
reci nliy s four of five years a9o, taere did not appear to
=2 7maz. ot uzivs 1 e found, Vie thaa dec.ded 15 develop
“UD 340 3YINCD, W0 Lhus w3Y vwe hoped 10 discover the
free -isir < anvolvad 105 Durselyas as our svstem evolvad. The
i oo resul? of our efforts v.3s the impiementation of an
on-ine xpriimental sy:lem, which has been operational for
Cuvar three years, and on vshich we have been developing
Cver sunce,
The eszenze of the -rdeving side of the system conssts of 3
fur,i ct- nverted-tit'e and abstract-file. Although we resiieve
tefur tove for 3 vanety of sciertific subjects our main data
5211 10day consisis of approximately 3.5C0 atomic and
molecs'ar physics avstracts along with their associated
references. These chstracts ere extracted directly from bi-
monthiy Inspec tapes, which we have been receiving for the
93351 18 months or s0. Prior to this our content matter was
teren from scientific books, namely their tities and chapter
hcag.ngs 1ogcirer with the biblicgraphic details of each book.
Vee frst incexed our 1ocal departments! computer science
ibrary and since then we have indexed similar librzries in
pnyse , «nd 3pphieo mathematcs. Aloagside the indexing of
the .atrer Libranies vie began extracting papers taken from
Inspzc 1apes; ireating the sentences of the abstracts belonging
10 Al Zoirsun & s.maar manner 1o thal already adopted for

the ca;ter head:ngs of the books. in this way the basic indexing

des:gn needod hittie change. A iist of the Inspec tape subject
heac:ngs whicn we use 15 given in Figura 1,

13.00 Atomic and Molecutar Physics
1320 Atoms

13.23 Hydrogen and Helium Atoms
13.25 isotopes

13.30  Mo'ccules

13.31 inorganic Molecules

13.37 intermolecular Mechanics
FIGURE 1. Inspec Headings for Physics Classification

We have in a special raport, SRG, an up-to-dats alphabetical

£0nt-out of the dictionary 8s exists in our stomic and moleculsr

phys.cs data base file at present; along w:th some additional
atistical information,

|
l

—— -

Ve have BllempT sl 1o ns errent gur 2Xp¢ MEM. L. L L
pilot jystem under the 10/ Gw g des.gn Ccrnitehia:

{a) Self-iatructve

{b) Si:j'e 10 use

{e)  Rapgio Respersa

{d)  Effccuve to use

(e}  Minimum Cost

(f)  Efficicncy of Storage

{9)  Minimisation of dise accesses

FIGURE 2,

For detaled descriptions of these headings | refer sou
cisewhere (Refs. 1 & 2). It is my intent.on to ou? .ne -, ¢
faciiities otferea by iy sysiem ang 10 inOiCate hoa us s of
it are influencing the on-iine conversational seurchrg un_Loge.
The best way 10 do this is 0 show you 3 brief sliustrii.un
{Foure 3) of what-a user might experence dunng 3 iyp it
search. | have chosen as a data base the atomic ot & Mo vsu or
physics abstracts extracted from the inspec tapes ong 5.0..d
on our fixed disc store. Aithough the system is 5.me3 ot
being self-explsnatory, | wili first outline the facilities that
are offered.

The title and abstract records (or titie and chapier head:ngs
recordsi can be reineved using a key phrase consistng of up
to 8 words and the possible alternatives offered are:

{a) 2 further moditicacon of tne user’s key phrase to ex i
or contract the set of documents retricved;

{b) the set of sentences {or chapter headings) containing
the keywvsords;

{c) the complete abstract of ths documents;

{d) the citations of the cocumants, i.e. the title, author .
publisher, volume and issue number.

These points can b¢ seen in the following example:

| .
¢ Paper read at NATO iuﬁmer School on On~line Mechanised Information

Retrieval Systems.
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KEY?

CROCS SECTION

KEY: 107 DOCS/ 206 HDS

R,H, T, OR M? {The options were:

{R:
M {H:
(T
KEY? m:
HYDROGEN ATOM
IRD1: NEW KEY: 27 DOCS/43 HDS
+ BIRD : INTERSECTION: 8 DOCS/ 21 HDS

SIRD : UNION: 126 DOCS/ 244 HDS

refcrencas
headings

text of abstract
more keys

BIRD:: N,I1,POR U? {The options were:

. {N:
1 (WK
(P
{u:
M
KEY?

PROTON IMPACT

ELECTRON CAPTURE

N,I,P OR U?
i

R,H, T OR M?
T

PRINT OUT OF ABSTRACT

FIGURE 3. SAMPLE OF BIRD PROGRAM

documaents of new kcy

intersection of documents
documents for previous key
documents for new and previous key
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s TOA IC 2ur Y ner - data gr me 5ysie a Shottly ufter
BUOLOLN € e oL enge spte, | HIOEt, wit Lie'iived

Te tUuIn G, rperm |t e TPLIILT 10 3 sciertng, frequently
TSI TLMence dals Thv.n there Ll g res'ly requ.cad, To take
- s ofretricys! proclss U8 L oirte GC31, e foo that the
Flod Tecialy 2 nur po 3 0~ rp daey ¢, 3°(m cou d offer veould Le
PTAL L T USET NST Gty L rrtreg, 3Lt Sf r. vant ~unthers,
Lu? 0 08 &L'2 15 (LaRip 5% .. th the . T.mioers 10 Lalcuiate results
FL IRl tham tor yn emp frog piace. After four years experence
e oft confident that ths o POssdle.
Smo suosteriad ine Fio,nll nidee 2ed 1o stare interatomic
SUTOnRD als as numenis! data for our f.oarch, Since we had an
dthemuiics dessrimo <t whaoi specis’ised i 3t10ns:c and
€5 2 fe't Ihzt s s be able (o offer some
it 07 S0C eXPLIIMNNL: s2ny e 10 i, menibers who in turn couid
3 ufwvah entical {oodback from the system,
i@ bagianings of sych g system .s operationsl and has
Lo s ‘00 Lo yvears, Lixe ihe reference retrieval sysiem, the
"4t 3n of 1t recuires litite or no kacwiedge on the oart of the
-7 e COMIMUNLLLtes Ly afisvvenag rouluple-choice GUESLions in
E:_ s, Current.y the system 3.lows setrieval from 3 data bank of
more 1*3n 500 inieraiomuc potentials. The design of ths system
N3s Eeva very much d.ctated by the s::.cture of the data itself,
v R | el now triefly outline and then mention some of the
fau oes offered. For more detyded information | refer you to the
enfivar report (Het, 3) and 1o Ref. 4,

£aca gor of aicns can Le i any of an infinite number of states,
it wiexated state being classed as the ‘Ground state’. For each
$te € thee 15 3 potential funcuon V/r}, 0 rgoo which

resre.eris the forees between tha tuo atoms. Approximations
W Vir/ ouer ddterent LTG5 07 7 are cul. ined by both
PTetreticel unet expenmental maans. There are many approxi-
Totu smaitiereni roryos of £ vy diiicient pecple and o
Gulerent aczuracies. An nlustration of v.hat 3 poiential iooks
i.#2 230 be e in Fogure 4. In_the da13 bank are stored all the
‘1.0 tre uatentilis thas can be obtair.cd from the literature;
“T2rettrences gre ob'aingd ma'nly from Physics Abstracts. those
from $965.70 b&ing scanned to date. The fits can be tabutar sets
C? ve.Les OF cociticients (o be inserted in pre-defined formuiae,
Th. C:aas stored n atomic units but 1t can be retrieved in any
Ceie 3 units from relevant information Like accuracy, range of
vaad.ay and source.

The system in its present form allows for the retrieval of any of

1he siored potentials. As weil a5 the rarges and accuracies

revorted the units con be changed 10 suri the needs of the user,

The user can have un off-line graph of the potenitial if he wants

it ang’or 3 pseudopiot of it on-ine, Presently programs to

denive useful resuits from the potentials_ iixe the transport

properties uf gases, are being included. Such programs are

air2udy in existence but cefore they can be used a means has

to be found to derive from the different fits a smooth reprasentation
of th: potential over the whole range 0<<r& oo, Among otirer things
tras curve fitting protiam illustrates the kind of preblem we are
exp2rencing in this system, but once 393in we remain confident,

An ilistration of the pilot ondine system 1s given in Figure 5 -




intermediate
range

FIGURE 4. Typical shape of an interatomic potential.
The dashed lines give a rough idea of the
boundaries between the short, intermediate,
and long range regions of the potential.
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Dane

DANP
DAMP
DANMP
DAM?
DAMP

DAMNP
DAMP
DAMP
DANP
DAMP
DAMP
DANMP
DANMP
DANP
DAMP
DAMP

DAMP

DAMP

DAMP

DAMP

DAMP

TYPE YOUR TWQ ATOMS

Ly

LIST OF STATES STORED FOR LI - {4

1 LIH X 1 SIGMA

2 LIH B 1 P}

3 LIHA 1 SIGMA +

99 ANY OTHER STATE

WHICH?

2

ENERGY AND LENGTH UNITS?

AU. AU,

OPTIONS?

? Tome—

THE OPTIONS ARE
1 PARTICULAR FIT(S)
2 BEST POTENTIAL

3 ALL THE FITS STORED

.4 VALUES IN A CHOSEN RANGE

2
GRAPH?

NO

NO. OF POINTS AND RANGE?
10 1.0 4.0

VALUES OF BEST FIT

RIAU) VIAU)

0.1000E 01 0.9647E 00

PSEUDOPLOT?

YES

0.9647E 00 ...}
0.5127€ 00 ..: *

0.6070E-01 ...

MANIPULATE?

NO

FIGURE 5. Example of DAMP Program
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ln conc usan, the data system s not in as q’dvar\'cvq stage of
avve uprrnt os the refererce syster~ which pas Bed several
ue2rs, totn local and abroad. Thus experience has kelped us
reabe the type of user tunguige that s r‘.c‘f}cd, 80d we now
Bavdve 1hal our indexing 5pprouch nos 1o be greaily inproved,
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Appendix A2

REPORT 70 OSTI ON TH! NATO SUMMER SCHOOL ON ON-L1NE
INFORMATION RETRIEvAL SYSTEMS

attended by
t. D Barraclough, Newcastle University, L Higgins, Queeng Unaversitiy,
Bellast, I M-Cracken, UKULS, Nottingham University, C J van Rijsbergen,

Cambridge Unaversity

The Organisation of Lhe Course

The Summer Sehool was split into two parts; the first week consisted of format
iresentuiions by invited speakers. These were very much a survey of the state
of the art oi on-line s« siems at toe present t{ime. During this first week very
livile time was ullowed for discussion and only questions of clarifications
vere answered during the lectures. In practice most of Lhe ipformation

hresenicd was not controversial -o this d-d not raise ioo many problems.

Jic the second week brief presentations were made by members of the course,
gencrally on work that was uctuaily in progress, The remainder of the week was
Fien gpent an ponel discussions . pvering the main areas of the subject, Three
Fothe OBTT supporbed part. 1pants gave taulks on the work they were doing and
tvo sat on he panols, 1n the evenings acmoustralions were arranged of the
wori-ihg on-uine systamg, NLM's M jline was demonsirated on-line to Sweden; the
Cullinm system was deronstrated 1 cm & video terminal over digl up line Lo Culham
Laboratery Lho lewcastle Medlar =vstem was demonstrated from a 2741 to Lhe
computer at Neweastle: and the Detaceritralen system was demonstrated to the
coupuler in ceatral Conenhapen, A demonsiration of both the Belfast refercnce
reterevet ayrcom 2nd numerical dote system was also given using the Culham video
Permnni. 76 was ot po.ub'e t¢ iisk up to Lhe Spires—system at Stamford duc to
tneowpal ositbies between the motens in Europe and thosc in the US. The forma.
prrt el the course was thus very well organised. However, it is generally the
*otormal piare theh proves most viluable, and here we suffered as there were no
comaung: ebing facilities al the student home where we were staying. As a result
the yroup tended to disperse in tne evenings, in particular most of the lecturers

“1sappenred ante Copenhagen and sere not available for informal discussions.

Proceedings of the Summer School will be published in due course.

"he main w-uis couvered

-

The formnt presentations could be divided into & section on tho theory behind

informative retrieval systems which were mainly concernmed with clustering
techniques; secondly the hardware available in current computing systems and
its impact or information retrievel systems, Here the emphasis was on the cost

and speeds of storage media end transmission fecilities., The third topic was

the design and implementation of the systoms where the cuncern was mainly with

.
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the user interface. The last major area was the managemen . &' d the evaluation

of these systems,

theoretical Aspects

Conventionally the information retrieval literature distinguishes broadly
between three iypes of file organisation: sequential, inverted and clustered.
[he distinction is often convenient but can be misleading. Each type is in

fact a special case of a clustered file-structure.

A clustiered file structure consists of two things, a set of clusters and a

set of clusters representatives (commonly called centroids) where a cluster
represenlative characterises (summarises) the cluster. A moment's thought

will show thul an inverted file 1s'a’ primitive clustering. In fact it is a
clustering in wvhich each clusvter is represented by one and only one index

term, The clusbers glso overlop to an arbitrary extent. Similarly, a sequential
file is an extreme c.se of a clustered file — each cluster contains only one
iocument and is represented Ly the index tev.ms of that document. The point here
15 thal u clustered file is not different in kind from an inverted file but in

devree,

The debate as to which of these file structures to use for on=line document
retrieval has now centered about the inverted versus the clustered file. It is
accepted now that for on-line document relrieval sequential files are inadequuate,
The response time is too slow al cuough the effectiveness may be greater than that
achieved with an inverted file. Hu, a major advantage of the inverted file is

+is retlrieval speed, llowever, it hias been shown that retrieval based on
bierarchis dgocument clustering can achieve the effectiveness of a linear search

Forlowed oy Teaklnge. rotentially cluster-based retrieval is more effective than

A0Vopanic. e meLhod, Intuitively this follows from the fact that clustering brings
Loge bher doeunculs relevanl to the same queries while at the same time separatsng
the re'v.uit froa the non-relevant. The experimental results supporting this
eluin st be viewed with caution since they have only been obtained on

relatively =small data-~bases,

trofessor Salton criticised the use of inverted files on a uumber of grounds. The
f1141 of these (in which he was supported by Mr Cleverdon) is that inverted

f1tes are nothing more than glorified peek-a-boo systems. The implication being
thal we are nol exploiting qomputer technology to the fullest extent but are

using the same techniques for information retrieval as were used before computers
were introduced. The scgond objection is that inverted files limil one to Boolean

scarches whereas it has now heen established t_hn.t ranking methods, using

sophistiecated matching functions, are more effective. Thirdly it is impossible
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to implement feedbacl: procedures when operating on an inverted file. Fourthly
one 18 stuck with a static indexing system since it is costly to update an
inverted file with respect to indexing. Professor Salton claims ‘that the answor
to all these problems lies in automatic document clustering. Unfortunately
clustered file structures have only been tried on a relatively small scale,
@l only in an experimental cnvironment. It would seem that the testing of
uuiomatic document clustering on a large data-base is long overdue. It is true
that the clustered fiies require an in ' 1al investiment of order nlogn Lo‘uz 1n
CHI tame for its construction but then the construction of a flexible inveried
Fite is not cheap eithsr. The extra performance and flexibility achieved from

n clustered file wvoul.l seem worth it.

Nevertheless, it was not unlversaliy‘accepted that clustering was necessarily
the bes! method structuring files. Some people felt it dangerous to lel
users have coiirol of the data base structure without completely understanding
1t. Two large operational systems using inverted file techniques were those
iliustrated by Professor Parker using the Spires syséem and by Dr Katter and

Mr McCarn using he Merilars system,

Mwdame Wolff-Terroine gave a survey of sui¢ clustering methods. Unfortunately

Lthe survey was very sketchy and did not contain any of the theoretical results
oblained i1n the last three to four years. She discussed her uéc of clustering
in keyword classification which was mainly based on the work done by K Sparck
doves, Unforiunately no attempt was made 1o evaluate the experimental work

exrept by visusl inspection of the ¢ 4+8sifications,

Madome Wolf(-Torroine in her presentation also hinted at the difficulty of )
anutomati-ally f£:,1ing the content units to describe a document. Mr (Qleverdon
eloberated on Lhis difficulty by stating that it was not possible to consider
the speeifiecily of the content units independent of the level of exhaustivity

01" the documenl description,
Hardware

Ur jlelms from the Computing Centre gave a series of talks on the capabilities
of both the hardware and softiware of present computing systems. He estimated
‘hat in Europe we were still two years behind the US. One area where vast
improvement could be foreseen is in the provision of large computer stores.
For exampic, a store of 1012 bits is quoted as costing $1O6. The problem with
thformation retrieval systems is not only the size af the store required but
the data transfer rate between the storage device, the computer and the user.
Mutehing these is the problem of the softvare designer. Dr Helms quoted some
figures giving the times in man~yoars required to implement operating systems.
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For example, IBM's OS system took 5000 man-years of effort to reach its
present state. The complexity of such & sysvem cen affect its réliab111ty
and when one is running an on-line system with many remote users reliability
1s all important. Unfortunately for designers of on-line retrieval systems
1t is not possible to control the operating system that is being used. This
rather than the information retrieval system itself could well be the major

arca of difficulty.

Design and lmplementation

Dr Katter of Systems Development Corporation described the requirements for

the design of an on-line system. He considered this from a commercial point

of view in that they were concerned not only to provide a working systiem that
wus attractive to the user but also to make such a system economically vianble.
The main topics that were considered were the maintenance of the data-base, thal
is how to validate the data be;;g added and how to control the size of the data-
base by selecting items to be purged. This last problem really had no
sabisfactory solution. Also on the control side one required statistics showing
the usage of the system. One needed facilities for file security and in a
commercial system for accounting and billing. For the user of the system one
clearly had to provide searching capability and here the interface with the

user was all important. The user also needed the facility to print a sample

of the citations on the file and options in the form of the output. Many of

the systems being demonstrated showed the facilities that were described.

Minagement and Evalua.tio_r_l_

Two speakers covered these topics: Mr McCarn from the National Library of
Melicine was concerned with the management of a large system and Professor
Lancaster from University of Illinois talked about evaluation methods. The

main problems wich management of such sygtems are in the communications area.
With many users spread throughout the United States they could not afford to
contact individuals in the case of & breakdown of the system. Nor could they
afford to use the normal telephone network for oommunicating over such vast
idistances. Both these proble@s have very little to do with the computer or the
sofiware system that is running on it. They are almost entirely a communications
problem arising from the fact that data oommunication of this type takes a much
longer time nd uses a telephone line very inefficiently compared with normal
speech. The solution that they are attempting in the States is the provision

of networks of lines controlled by small computers which can pack messages and

thus oommunicate much more efficiently. This also partially solves the problem
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ol machine breakdown in that the user can get information from the
crsnunications network or he can be transferred to a different machine. In
the United Kingdom there are no vorking networks covering a wide aren and
the Post Office's plans for such a system are very remote. The need for
better and cheaper communicatio:.s is obvious when one corsiders the costis
of running a search on the Medline system. This dropped to as low as 5 if

30 people were using it simultaneously.

I'rofessor Lancaster gave a survey of the various on-line systems available
und the requirements from an on-line system. He felt that despite the
inaccuracy 1in the measurements of precision and recall these were the only
noasurements thul could be used for testing systems and maintained that a
user on-line could by sampiing the file increase his precision and save a
Tot of computer time by not doing aboriive searches. He advocated ranking
the output so that the user saw the most specific documents first. This was
j#rticularly important in the on-line system where the number of documents a

aser would see would be relatively small.

Panel Discussions

Four main areas of on-line systems were discussed, first the .training of users

and here there was some difference of opinion concerning the use of computer

aided instruction techniques for this type of system. At present the only

prople actually training users are Medline where the National Library of
Medicine spends three weeks training librarians. Most of this was not spent on
the computer system but rather on understanding the Mesh vocabulary and tne
indexing requirements. The librarians attending the Summer School felt that

it should be possible to train for the general use of on-line systems and not

for a particular system.

The next panel discussion was concerned with the interface between the user of
the system. There seemed to by no panacea and no clear way of distinguishing a

zood gystem from a bad system. Devising an experiment to compare two systems

would be very difficult.

File organisation was énother topic and the only lesson to be learnt was that
different types of file are suitable for different file sizes and methods of
use. No-one had dome any cost -enalysis relating to file type and size. This was
always left to ine system implementor and at present the amount of theory is
vory limited. The final panel discussion was on cooperation between libraries.
The situaiion in the United States seems even less hopeful than it is here, one
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of the reasons perhaps being that they have too much money. A plea was put in
for the extension of British MARC to cover the European literature as well.
Cooperation on on-line systems seems only possible on a cost basis for the

libraries in one locality.

The Future of on-line Systems

1t was clear by the end of the Summer School that on-line systems where the
user interrogated the sysiem himself had come to stay. The most fruitful area
for research would seem to be in designing systems for the interrogation of
more than one data base. It was also felt that the user did not need to have
access to the complete retrospective file. He wanted anly a few relevant

references to begin with. Retrospective searching could then be done if

necessary at a later date on a batch system.

Arcas requiring further investigation

It was apparent that there was a need to test the theory of information
systems in a real situation. Clustered files are potentially more flexible
and effective than inverted files. The evidence for this is pretty slim so
far being based only on small files. It is essential that more research is
done to prove (or disprove) this claim. One way this can be done is by
mounting a large scale automatic clustering experiment. ’

The user oriented research for which a need became apparent was on the
applicatlion of on-line systems to more than one data base., There seemed to

be two levels that could be distinguished. The actual interrogation of a large
dala buse from a formulated query and the assistance for the user during the
formulation process. At present attempts are made to include both facilities

in one system with the emphasis on different aspects according to the apvarent
needs ol the users. For example, the Medline system concentrated initially on
inlerrogation of the data base while the Newcastle Medlars system was concerned
with user assistance. For large scale systems it is clearly more efficient to

keep the tutorial aids to a minimum, thus reducing the message prooessing

requirements,

A methold of overcoming this conflict in requirements is to provide tutorial

wrds on a satellite computer system. Thus, the user would for tutorial purposes

interact with the satellite computer, and would only interrogate the central
data bank when he hed reached & predefimed level of proficiency. Figure 1 shows

such a dual systems




Central
Data Bank
System

Satellite
Computer system
with tutorial

aids F“F“‘-———é—a

Figure 1

The flexibility that this approach can give is best illustrated when the central

data-bank system comprises severalndita~bases as shown in Pigqure 2 below:

-
Central Data Bank System

. INSPEC BA MEDLARS
CAS data base data base data base date base

Satellite Satellite computer
Computer system system with

with tutorial tutorial aids for

!nids for chemists medics
f —

-~

I
| Cheuiist

Figure 2

Each of the above satellite systems can be independently developed to enable
o user - chemist or medic - to interface %o any of the data~bases within the
central data-bank using the language of his own subjeot area.-Note that each
satellite system will probably employ similar initial tutoriel aids such as

data-base description., Further advantages that can be realised by this
approach are as follows:

a) Satellite systems can be developed as user needs dictate without affecting
the operations of the central date~bank system and satellite already being




served by it,

Satellite sysiems, like the Newcastle University on-line Medlars system
and Belfast's on-line Inspec system, have demonstrated that.such systems
can be developed and tested before the large central data-bank system is
developed. Therefore there is no reason vhy deVelopment should not begin

on satellite systems for other data-bases/user groups.

Problem Areas

A problem facing any designer of an on-line system is that of the availability

of telecommunications software. For users of the current range of ICL computers
this software is primitive. To develop an effective on-line system with such
computers will require considerable resouroes to bring the basic telecommunicatiions

software up to an operational level.

There are two major reasons why existing manpower resources should not be

utilised in this manner and they are:

a) ICL are in the process of producing a replacoment for the current range of
computers and this may render any telecommunications software developed
obsolete on the new range of machines.

b) Telecommunications software development is an area of systems design and
programming which should be viewed by us in much the same way as we view

the development of compilers and operating systems,

1t would be more fruitful to employ whatever manpower resources there are
availa%ble in developing those aspects of on-line information retrieval which
are germane to our current expertise and interest. This can only be achieved
if such development wecrk is carried out on hardware which has adequate
telecommunicatinrns software support. Adopting this policy, we can still retain

the initiativa that systems such as the Newcastle on-line Medlars system has

given us.

The other problem that we are faced with in this country is the lack of data

communication facilities at a reasonable price. It would be possible to design

- 8 data network and predict what the oost of its use would be but as we are

wholly dependent upon the GPO for communications facilities such @& network
mist be many years off. In the meantime we perhaps have to accept that on-line
searching is going to be expensive but if we are going to retain any expertise
in this field we must continue with this work.




Appendix A3

*The BIRD On-line Retrieval System

L. D). Hiegins

Department of Computer Science

£t Belfast we have been develoning an on-line refersnce r-tr, yal
system, #IRD. At present (September 1972) the BEIRD datz vase oliow.,
retrieval from more than 5,000 recent pavers taken from the physic: wbstracts
section of the bi-monthly Inspec tapes on Atomic znd YMolecular Physics.
A sceondary data baese allows retrieval from the books in tiree locoul
departmental libraries, nzmely numerical mathematics and comruter .cience,

physics,and applied mzthematics - altogether about 1,000 books.

The tzlk rroposes to outline the facilit.es BIRD offers to
to discuss some of the problems that have arisen in implerenting
maintaining BIRD, and to offer some guidelines of'user necds' as

iencad bv users of BRIRD.

* Paper read at the Universities Computer Science Colloquium
held In Edinburgh from September 19¢+h to 22nd, 1972.
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Circle (1) shows what dzta is selecied for --
data file and for the cecondary book data file. T w..'i
attention for a ~oment to ar~tner illustration whick
subject classification headings that we extract fro- ithe vi-ontd

tar s wmich we h.ve been receiving for “he r st ¢ ehisen ionthe:

TIISFIC HEADLI3S FOR PYYSICS CL-2Z0IFIC: 710N

Returning now to the former illustration:

sr °
l QUOBIRD SYSTEM OVERVIEL SCide i

Circle (2) shows the actual data itself that is ecxtracted fia~ sach
boox and from each Inspec tape record.
Circle (3) shows the machine readadble format of ‘he dats beior. being
transferred to disc. The information from the books is 1nched or o cards

tyre
in an IC/format. I think it is worth mentioning here for the beo i'it oy

those familiar with 7IC that we do not impose thc conctr ints de=v:dn: by
the NIC format. By that I mecan that all +he field: within each ;03[0
unit record are variable lengths, This, of course, it more in eop r. - with
the “ARC type formzt in which the already establishe; INSFIC data to. .
records are composed. I might add here that the reason for using ' 1C t e
format in the first rlace was that we thought at the beginning (when w«
started our whole project by indexing the books in the computer science

departmental librzry) that we might want to use the NIC package system for

producing catalosues and so forth. However, after closer consideration we

did not think th's worthwile.




Theoretica". Aspects

Circle (5) implemented by cirele (4) shows the file organisation

that makes up the QUOBIRD files,

OVERALL PILE STRUCTURE | J(ide 3

Thic illustration shows the data file content and structure more clearly,
It is a three~levelled inverted file processed by a hash indexing technique,

Back again to the first illustration:

QUOBIRD SYSTEM OVERVIEW .)ﬂ//&é/

Circles (6), (7) and (8) bring us back now to the or-line retrieval
proeram, BIFRD,

The facilities offered by BIRD can only truely be judged by a real-
time on-lirne demonstration, ‘“owever, since this is not on today's
programme allow me instead to tell you a 1ittle more about BIRD and then
I will show you 2 sample printout of what a novice user might experience
during a typical on-line INSPEC data base search and what the cxperienced
user might achieve éﬁ;in% the same search.,

The BIRD syctem is:
Pull-Text:
Every word (except those on the indexer-judged "noise word exclusion

1ist") is indexed at the word level as a searchable term,

On-line:
The BIRD system operates in a real~time environment and uses the
ordinary GPO telephone line as the communications link between user and

system.
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ERIC

Aruitoxt provided by Eic:

Interactive:
[
The full-text concept and on-line mode of operation permit a
hisch degree of interaction beiween the user and the informaticr with

which he is working,

"c have attempted to implement our present experimental pilot

systen wnder the following design criteria,

DESIGN CRITERIA Jlve .

The Jser comiunicates with the system in ordinary 17lish, and the
dizloguc guides him throush rach step of the research and reiricval
Precess.  Yor example, in resmonse to the en‘ry of a set of senrch
terms, th2 syster reports to the user the number of documents which
setisfy his request and asks him whether he wishes to disrlay the
material or modify his search with additional terms,

The system's man-machine interface has been designed for simrle
yet effective operation, User vraining is minimel ard expericnce by
users has shown that one search session of half an hour is sufficient
to be familiar with the mechanics of the systems We have, in addition,
& srall user manual which is easily read prior to a search or, if need
he, referred to during a search, Other features of the system include
a user help command facility, where a user can ask for guidance 1f he

doesn't understa i a prompt,




SA5WPLE DISPLAY QF 4 NOVICE SEARCH

MULTI-TFR.! CLARTFICATION

SATPL T DISPL .7 OF AM SXPRRIFNCED SELNCIER

CURRENT PROBLEMS AND FUTURE USER NEEDS

—_

SUCCESS OR FAILURE OF AN IR SYSTEM
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(c)

(2)

DESIGN CRITERIA

SELF INSTRUCTIVE

SIMPLE TO USE

RAPID RESPONSE

EFFECTIVE TO USE

MINIMUM COST

EFFICIENCY OF STORAGE

MINIVISING DISC ACCESSES

1@ —r




Sample Display of a Novice Search

BIRD: TNTERACTIVE SUBJECT INDEX OF ATOMIC AND MOL. PHYSICS RFCORDS
BIRD: ARE YOU FAMILIAR WITH THE SYSTEM?

: NO
BIRD: TYPE "?" IF YOU NEED MORE INFORMATION AT ANY STAGE.
BIRD: TYPE "X" IF YOU GIVE UP AND YISH TO STOP THE PROGRAM AT ANY TIME.
BIRD: TYPE "A" IF YOU WANT ANOTHER SEARCH AT ANY TIME.
BIRD: KRY?

: ?
BIRD: TYPE A PHRASE,NO 'ORE THAN 8 WORDS.THIS (K'EY) WILL BE USED AS A
BIRD: UNIT FOR COMPARISON IN A SRARCH OF TITLES AND SUB HEADIN G

BIRD: K®Y?
:  ARGON
s BIRD: KEY: 223 DOCS / 347 HDS
BIRD: R,S,AB OR M?
?

BIRD: R: LIST OF REFERENCES REQUIRED
BIRD: S: HEADINGS TYAT CONTAIN THE KEYS
BIRD: AB: FULL TEXT OF ABSTRACT
BIRD: M: MORE KEY WORDS TO BE INCLUDED TO LIMIT OR INCREASE THE
NUMBER OF DOCUMENTS RETRIEVED
BIRD: R,S,AB OR M?
: M
BIRD: KEY?
: EMISSION LINES
BIRD: KEY: 60 DOCS / 78 HDS
BIRD: INTSRSECTION: 4 DOCS / 22 HDS
BIRD: UNION: 279 DOCS / 419 HDS
BIRD: N,I,P OR U?
. 4

BIRD: N: THE DOCUMENTS FOR THE NEW KEYS
BIRD: I: THE DOCUMENTS COMYON TO THESE AND PREVIOUS KEYS
BIRD: P: THE DOCUMEITS FOR THE PREVIOUS KEYS
BIRD: U: THE DOCUMENTS FOR BOTH THE NEW AND PREVIOUS XEYS
BIRD: N,I,P OR U?

I

—

BIRD: R,S,AB OR M?
: X
BIRD: THANK YOU AND 300D DAY
BIRD: DELETSD:~ OK
:  £EIDJOR
MCS : MCS (CORE: 640)
MCS : CONMECT TIME 6:06 MILL TIME 0:933 DISC TRANSFERS 51
MCS : LOGOUT LINE 2 MCPF AEGD1254 12/37/54 15/09/72
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Multi-Term Clarification

’

Simplest and mort precise search involves a query about a
cubject which can be specifically described in a phrase,
» esgs dissociative electron attachment in carbon dioxide.

A constraint on the number of documents recalled is imposed

by uving keywords in a phrase which must occur within a sentence
to be recorded as a hit, e.g.
BIRD: izye
RESONANCE SCATTERING
BIRD: ¥RY: 16 DOCS / 19 HDS
‘;IRI):_—V?; T
RESCITANCE
BIRD: KEY: 198 DOCS / 301 HDS

EIRD: R, H, T Ok M2

BIRD: *-4Y?

SCATTERING

BIRD: NIV KEY: 190 DOCS / 369 HDS
INTERSECTION: 30 DOCS / 77 HDS

UNION: 358 DOCS / 650 HDS




Sample Display of an Experienced Searcher

INTERACTIVE SUBJECT INDEX OF ATOMIC AND MOL. PHYSICS RECORDS
ARE YN FAMILIAR WITH THE SYSTEM?

YES

Krv?

INERT 3ASES

KZY: 37 DOCS / 52 HDS

R,S,AB OR M?

3]
KEY?

ARGON

N7 KEY: 223 DOCS / 347 HDS
T'TERSKCTION: 5 DOCS / 12 HDS
UNION: 255 DOCS / 397 HDS
N,I,P OR U?

U

R,S,AB OR M?

M

K2Y?

ISOELEZCTRONIC EMISSION LINES
V=¢: 3 DOCS / L4 HDS
INTERSECTION: 1 DOCS / 4 HDS
UNION: 257 DOCS / 40O HDS
N,I,P OR U?

1

R,S,AB OR M?
S

- TITLE:
NS ORSERVATIONS OF THE SPECTRA OF ARGON X TO XV AND OF ISOELECT
ROVIC ENISSION LINES IN SILICON VIT TO X, PHOSPHCRUS X, SULPHUR
IX TO XII AND CHLORINE X TO XIV
TIS PAPER REPORTS THE CLASSIFICATION OF SPECTRAL LINES OF CHLOR
L TX TO XIV AND OF ARGON X TO XV EMITTED FROM THR PLASMA FORME
D 'l 4 THETA PTNCH
T3 “\VELENGTHS OF THZ 2S/SUP 2/2P/SUP N/-2S2P/SUP N+1/ EMISSION

LINES ENABLE THE CALCULATION OF GROUND TERM THTSRVALS T THE SO
L:R ABUNDANT ELEMENTS SILICON, SULPHUR AND ARGON

THE KJASURED L!TERVAL IN A230N XIV ADDS CONFIRUATIO! TO ~'% IDEN
BREAK: 6675 O LINE LIMTT

£R7SUME

TIFICATION OF THE CORONAL FORBIDDEN LINE AT 4412 AA

USEFUL?

YES

R,AB OR M?

R

"NEW OBSERVATIONS OF THE SPECTRA OF ARGON X TO XV AND OF ISOELEC
RONIC EMISSION LINES IN SILICON VII TO X, PHOSPHORUS X, SULPHUR
IX TO XII AND CiLORINE X TO XIV

BY FAVCETT, B.C. GABRIEL, A.H. PAGET, T.M,

RE¥.NO,=297750 PUBLISHED IN J. PHYS, B (GB) VOL. 4 NO.7 Ju
LY 1971

S,AB OR M?

X

THANK YOU AND GOOD DAY
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Problems in Implementation and Maintenance include:

N
&)

System Sccurity Requirements
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Text Editing Facilities Necessary

System Expension Requirements

—~
o
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(d) Hardware Failures

Guidelines for Future User Needs:

Backup =s well as move forward capabilities

Greater Flexibility

Dictionary 1ooku

Synonyms€—pRelated Terms€Searchonyms Hierarchical Danger Words
Display

HE: HELIUM
HE: Pronoun
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The success or failure of a computerised on-line IR system depends on:

Lo

5e

Hardware/0S software backup
The indexing language zdopted
The indexing techniques involved

Good User Interface Needs

System Evaluation

!



Appendix A4

Reoort on the Universities Cormuter Scioncc Collonuium nAld inm

Zéinbursh from Sep.evber 19th to 2end, €7z,

Although the colloguiuzm lasted criy two cnd 2 nal? days there
was a heavy program covering a wide range of topics. These included
computer cducation, computer simulazion, information retrievel,
programiirg languages and other miscellancous topics. Probebly the
most interesting parts of the programme were the invited lectures;
one vy Professor Virth on "Structurcd Programming" and another by
Professor l. Vilkes on "The Hardware/Software Interface,
Unforturately another invited lecture on "Developments in thc Theory
of Computation” to be given by Dr. P. Landin had to be cancelled,

For those or' us from Belfast one of %he highlights of the
programme was, of course, the talk on "The SIRD on-line reference
retrieval system" given by Larry Higgins. This was very well

By

received indeed. In addition, thanks to the Regional Computing
Centre in Zdinburgh, we had the unexpected opportunity to put on a
liye demonstration of the BIRD system in operation. This created 2
lot of interest and quite a numder of the delegates were given the
opporiunity of operating the system themselves.,

’

J. Boyle
29th September 1972

ERIC

Aruitoxt provided by Eric
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Appendix A7

WEAL'S INIVRSITY, TFORMITION, SYSTRS

¢ e e s

Dear Sir,
References on Atonig and Molecular Physics
An information system for the retrieval of references on Atomic
znd Molecul.r Physics is now available to all members of the University &
through any teletype terminal or Visucl Display Unit., A VDU is now in

’ the School of Applied Mathematics ang Physics Library,

A% present we have nearly 7,000 ref-rences in th- system, consisting
of napers published over the last tio or three yeers and we are up-to-date
with Physics Lbstracts. %ach reference consists of an abstract ard the

usual bibliographic details of cuthor, jouvrnal title, volume, number, etc.

fou 2re now irvited to use the systeris e think it will be useful
to you and it should 2llov you to retriasve papers after a search in greater
depth than is possible rmenually with Fhysics Abstracts. ‘e vould apprecicte
your comments - good or bal, Only through practical use of the system can

ve hone to assess its I~cilities,

Instructions for logsing in to the system are enclosed., OQur
recomrendution is that you use the system briefly and then recuest the user
nanuzl chich gives further |iidance.

Books_in_ the School Tibrary

A sccondary system cllows the retrieval of books from the School
Library. Titles and chapter healings may be scarched for subjects on
vhich information is reruired,

For further details please refer to:- Mrs. Joan Stevart

extension 489 (G.P.0.).

Yours feithiully,

L. D, Higgins

Drajacte Manager




DLSELAY UNIT

v e a ow * S o - e

FOR ATOMIC /3'h) MOLECULAR P'IVSICS /BSTR.CTS

B L e S s b o S

Type :  BJOB,PUBL,ABED123)
Press 3SCAPE

MCS :  PASS''ORD?
Iype : 8 spaces

Press "SCAPE

MCS : LOGIN LINE ~——meeecmmco e
Ivpe : BRUN,ICL,ABST,3 TR

Press ESCAPE

FOR APPLIED . TTHIUATICS AND PHYSICS. BOOKS
Iype : JOB,PUBL,AiB"D123
Press coCALPE

MCS : PLSSYORD?
Type : 8 spaces

Press ESC.PE

iCS :  LO3IN LIN® -
Iype :  FERUN,ICL,.'PB,RETR

Press ISC’PE

YOR COMPUTER SCIWNCE BOOFS

Iype :  BJOB,PUBL,.BED123,
res 7SC..PE

MCS :  PASSTORD?

Type : 8 spaces

Press ESCAPE

MCS :  LOGIN LINE ~memec—cmcmeee
Type : BRUN,ICI,CSC3,°7TR

Press ESCAPE

User actions are given on the left end are underlined. "Press" refers

to depressing the "WSC.PE" button after eech instruction has been typed

Type : AZRESIMT after a "BREAK" message from MCS
Iype : SEND JOB after "X" has been used to delete the program,




TOR_ATOMIC AND_ IIOLEC'L'R PHYSICS ABSTRLCTS

L R e e A s et oy

Type :  ~JOB,PUBL,ABDI 234
Press. ACCEPT
MCS  :  PaSSTORD? ' ‘
Type : 8 spaces
Press ACCEPT
’ MCS ¢  LOGIN LINT =m-mmmmmmmmmm
Type : fRUN, ICL,ABST, RETR
Press ACCEPT
FOR EPPLIED MATHTMATICS AUD PHYSICS BOJKS
g‘me‘ : fJ0B,PUBL,/.BED1234
Press ACCEPT

MCS :  PLSS'ORD?
Type : 8 spaces

Press ACCEPT

NCS : LOGIN LIIE eccmmcccecae-
Type : {RUL,ICL,.i'PB,RETR

Press ACCEPT

FOR COMPUTTR SCIENCI: BOOKS

Type : SJOB,PUBL,ABED1234

Press ACCEPT

MCS :  PASSTORD?

Type : 8 spaces

Press LCCEPT

MCS : LOGIN LINE —mececcne-
Type : £RUN,ICL,CSCB,R"TR
Press  ACCEPT

User actions are given-on the left and are underlined., "Press" refers

to depressing the "ACCEPT" button after each instruction has been tyved.

Type : JRESUIME after a "BRZAK" message from MCS
EMC Type : £ENDJOB after "X" has been used to delete the program.




To: Console Fepresentative

From: Computer Advisory Service

Please display the cnclosed posters adjacent to vour
Teletypewriter. They should he attached in sequence as

shown beiow:-

' NPERATING THE CONSOLE

THE COMSOLE

] ™~

- RPR—

—————  ——
e e e———

STATTIIIG

LOGGING IN
LOGGING OUT
CANCFLLING A MFSSAGF

CONSOLE MESSAGES
STOFPING
FAULTS

- Thank you,

"’fﬂ_: " R, GPFGG

; \
J b 7
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Appendix A8

Jahresko!lloquium zur Rechentechnik

Dienstag, 29. Februar 1972

Technische Universitaet Braunschweig
Pockelsstrasse 4 (Hauptgebaeude) Hoersaal S4

Kurzfassunqgen der Vortraege

Fe Jo Smith: "R, 1.0.T.: Retrieval of Information On-line
by Telephone".

We have been building two on-line information systems here in
Belfast: one for the retrieval of references and the other
for the retrieval of numerical atomic data. They are designed
for retrieval via a computer terminal linked fo our data bank
through the ordinary telephone network; so anyone who can
dial the Belfast exchange can connect with our system, and
through a sim~'e question and answer form of conversation with
the system can, we hope, retrieve the information he needs.
Much emphasis has been placed in our work on the effliciency

of the software, as the main stumbling block to the develop-
ment of this kind of information service Is the great cost.

By careful study of the techniques used we think we have

reduced these costs by a considerable factor.




