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I-1 : Absgract

Rapid access to accurate, up-to-date chemical information is
essential for the functioning of modern society. Large
corporations and governments have spent millions of dollars in
developing chemical information systems. This paper surveys some
major systems. It also determines the R&D trends that have been
occurring. The main focus is not on the systems themselves, but
on the novel research ideas and improvements introduced in eégh.
The variety that exists in chemical IS&R systems is tremendous
because chemistry is a vast and diverse science. To simplify
matters, chemical IS&R systems were studied under the following
classes

patents and bibliographies

pharmacology and toxicology

networks

spectra

crystals

physical properties

Where necessary, explanatory notes have been provided for

readers with little background in chemistry.
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I-2 : Statement of the Problem :

This paper is a far cry from an exercise in academic
futility. To begin with, chemistry is the foundation stone of
our modern, materialistic society. Cars, bridges, toys, clothes,

medicines, computer chips... the list is endless.

Rapid access to accurate, up-to-date chemical information is
rapidly gaining importance. Countries and companies with sich
facilities have a definite economic and political edge over those

that don’t (eg: chemical warfare).

The development budgets, the time and development effort put
into, and the sheer size (CAS Registry contains 10 million
records) of such chemical IS&R systems are awesome. Such systems

cannot be ignored.

In my opinion, it is essential for any well-informed data
base scientist to be aware of
(a) what work has been done and the characteristics
of currently available systems
(b) ongoing research activities, current

development trends, and likely




future developments

Discovering the answers to the above 2 questions is the
objective of this paper. A range of systems has been examined.
Stress has been placed on new ideas introduced 1in each system,

rather than on mundane details.
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I-3 : Moti_vation

I am currently a graduate student in Computer Science. My
class mates and 1 study little else besides computer science. In
graduate programs everywhere, the main focus is on theory (as it
should be). However, sometimes it is too easy to get so involved
with computers that we students completely lose perspective and
instead of seeing computers as part of the whole human endeavour

—

toward progress, we may view our profession as an end in itse#f.

Computer science is much more than an introverted field.
Where does it fit into our society ? How are computers used ?
What is their impact on other disciplines ? What are the
practical applications of all this wonderful theory ? It is to
answer these questions, in at least a minute way, that I have
elected to study Chemical IS&R systems and examine the general

impact computers have had on chemists and the way they do things.




I-4 : What Is Chemistry About

What are the concerns of chemists ? What kinds of data do
they like to collect and study ? What special things do they do?
Without some understanding of the basic chemical issues at stake,
it will be impossible to fully understand this project.
Therefore, some very simple concepts will now be explained in a

very easy way.

-
Chemists are interested in the physical properties of
elements, compounds and mixtures. Melting points, boiling
points, specific heats, specific gravity, color, odor, demnsity,
electrical and thermal conductivity, electronegativity, vam der

Waal forces, London forces ... The list of physical constants

they use is endless.

Pharmacologists and environmentalists record the properties
of chemicals and their effects on people, animals, plants and the
ecosystem.  "What chemicals are manufactured by which companies
at what prices” type of information may seem trivial enough but
is wvitally important in industry. This information must be

continuously updated.




Chemists must know the structure of chemical compounds.

Inorganic compounds are quite simple. Organic compounds are
another story. Organic molecules with 10,000 atoms are
considered small. Structural isomers are chemicals with the

same formula but different atomic arrangements. Stereoisomers
are chemical structures with identical topologies but differing
bond angles and bond lengths. The number of variations is mind
boggling. All this information must be handled nonredundantly

and precisely.

~
Industrial chemists need information about reaction pathways
to select the best possible way of manufacturing a substance.
For inorganic compounds, this is relatively simple. Organic
chemicals, however, are highly complex. Each molecule may have
hundreds of reaction sites. There are thus countless
permutations of reaction pathways and intermediate compounds.

All this information must be stored in a form usable by human

beings and expert systems.

My fTteshman chemistry professor studied enzyme reactions in
soap bubbles for 20 years. The branch of chemical kinetics
concerns itself with the effects of activation energy,
concentration, catalysts, temperature, pressure etc. on the rate

of chemical reactions. Information about other techniques,




such as fractionation and distillation, must also be stored.

Crystallographers are interested in crystals. Ionic solids
often arrange themselves in crystalline forms. They can be very
pretty. They shatter only along <certain @planes. Their
structures can be deduced wusing X-rays. The X-rays must be

stored and interpreted properly.

Metals also form crystals but these are a different kind of

crystal. They do not shatter easily. In defect crystgis,
impurities cause weaknesses by disrupting the crystalline
structure. The metals must be treated to strengthen the
structure. For instance, Carbon is added to iron during steel

making. This is the kind of information our society depends on.

Think of bridges and buildings and spaceships and cars.

Electrochemists concern themselves with <chemical changes

produced by electric current and with the production of
electricity by chemical reactions. Details needed here are
numerous and will not be delved into. Electrochemical

information is vital in the manufacture of batteries and many

metal making processes (sodium, aluminium).

Nuclear chemistry is a highly specialized branch; nuclear




reactions_are different from ordinary chemical reactions. One
element is converted into another; the whole atom takes part in
these reactions; tremendous amounts of energy are involved.
Fission occurs when a large atom splits into smaller ones; fusion
when many little nuclei fuse to form a larger one. Nuclear
reactions are employed in medicine, agriculture, industry and

research. Many complex details have to be recorded.

An area of very exciting research in chemistry is

—

spectroscopy (infrared, ultraviolet, mass). The entire fiel¢+is
based on some fundamental ideas from quantum mechanics. Electrons
spin around nuclei in orbitals. Every orbital is associated with
an energy level. Electrons can occupy only certain discrete
energy levels; they absorb or emit discrete amounts of energy
when they move from omne level to another. When atoms are
bombarded with energy, they absorb only certain wavelengths, get
excited, and move to higher energy levels. This causes
instability and they then fall back to lower energy levels,
releasing energy. The released energy is recorded in atomic
spectra oF which there are many kinds : infra-red, ultra-violet,
mass spec. Also, electrons <create their own magnetic fields

because they are charged particles in motion. This can be stored

in nuclear magnetic resonance spectra.




If there are so many kinds of chemists, it is necessary for
them to communicate with each other. A unique identification and
indexing system universal to all branches of chemistry is
necessary since many compounds have multiple names. There are
many classification schemes but most of them are unsuitable for

computer use or designed for specific subareas only.

The world’s chemical knowledge is increasing at a rate of
20% per year. Thus, the storage of up-to-date chemical patents
and bibliographies 1is very important. Duplication of ef{irt
would be avoided and researchers would have a much easier time if
good systems were available. A serious language barrier exists;
good abstraction techniques are not available; standard
procedures are not followed. Yet, such information is vital for
pharmaceuticals where drug development is a very, very expensive
proposition involving hundreds of people over time spans of 20

Years Oor more.



II-1 : Peculiarities of Chemical Information :

In the field of chemistry today, there is an intensively
used worldwide information network. Large mnational information
systems have arisen and are beginning to <cooperate at the
international level. They exhibit a great capacity to bring
together relevant information. Local activities have developed
where the need is particularly great or specific. Sometimes,
chemical companies (normally competitors) cooperate. All ;iis
raises the question of what features are peculiar to chemical
information to enable it to achieve a position of such prominence
in science and technology. The answer to this question can lead
to a better understanding, and better wutilization of chemical

information (Fugmann, 1985).

Chemistry has at its disposal a language of great uniformity
and clarity. This is the structural formula. Through its
pictorial character, it conveys a structure concept in its
greatest = conceivable comprehensibility, clarity and
definitiveness. The structural formula also 1lucidly displays
every kind of structural relationship between more or less
closely related substances. This alerts the chemist to analogy

inferences and at the same time overcomes barriers to
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international communication. Natural language, even expert
terminology, is very vague. (eg : there are at least 10
different meanings of corrosion). The differences in meaning are
so great that an indexer must not permit an ambiguous term to
enter a search file without clarification and revision. This is

a problem.

The development of chemical information has attracted
particularly great efforts and occasioned unusually large
expenditures on the part of the scientific community. ?ﬁhe
long-lasting value of chemical information has been the
motivation. In chemistry, it is worthwhile to recover the
knowledge gained through experimentation, even in times long
past. Generally, experiments are so precisely described (in the
last century), that they can be used as a foundation for further
work. When new theoretical ideas are being developed, this
spells a vast saving of experimental work. Consequently, search
files of chemical information are particularly large. (eg: The
CAS published over 10 million abstracts). Not only are they
extraordinarily large but they are also normally searched from
beginning to end. This is not always the case in other fields.

Sophisticated search techniques are needed.

Chemical information files are probably searched more



frequently and intensively than the files of other disciplines.
This is due to the intensive research work being conducted.
Information that is published in a highly specialized field may
be of value to a specialist in another field. Chemists
frequently change their area of emphasis. Thus, chemists need to
familiarize themselves quickly with their new area and thus

require rapid access to relevant literature.

High precision ratios of searches are required. Otherwise,
searchers would get fed up at not being able to access rele;ght
information. Basic research in chemistry demands the most
complete information possible. Using a different data base or
reformulating the query should, in the ideal case, have no effect
on the completeness of the answer. This is not always so. It is
unique to chemical documentation that loss- and noise- avoiding

retrieval has already been achieved in structural searches;

expensive indexing and retrieval techniques have to be used.



II-2 : Storage and Retrieval of Spectra

Identification and structure elucidation of organic
compounds is today mostly done with spectroscopic methods.
Interpretation of spectra for this type of application is still a
largely empirical process and thus relies heavily on the wuse of
previously accumulated reference data. In order to clearly
define the requirements that have to be met by reference data

compilations, it is worthwhile to analyze the specgra

interpretation process in detail (Wolff and Parsons, 1985).

What the analyst does when he identifies an unknown sample
by spectroscopic methods can be looked at as a transformation of
information. The spectrum of the sample is a very complicated
function of its structure. The spectrometer can be looked upon
as an analog computer that implements this function. There is
more than just one independent variable. The spectrum depends
upon molecular structure, the sample preparation technique, the
operator and various other parameters, not always obvious. For
the following discussion the contribufion of these other factors

is neglected.

In principle, the interpretation process is quite simple




apply the _inverse function to the spectrum. In reality, the
function is not explicitly known. With quantum chemical
calculations, one can, to a certain extent, simulate the function
F. It is possible to approximately predict the spectral
properties of a sample when all its structural parameters are
known. However, the calculations are very involved and accuracy
in most cases 1is not adequate for practical applications. The
variations-range for observed chemical-shift-values is of the
s ame order of magnitude as the estimated errors of the

—

calculation. —

Inversion of the function is in general mnot possible, the
only exception of practical significance being X-ray diffraction.
Therefore, the function is simplified by splitting it up into
partial functions and relating partial spectra to partial
structures, where the total spectrum is a combination of the

various partial spectra.

The partition of the total function into partial functions
is done 1iIn such a way that inversion is possible. The inverse
transformation generally gives many different partial structures
for one partial spectrum. There is, however, an additional
constraint. The partial structures inferred from the spectral

data have to form a consistent set. The spectral data predicted
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for the inferred substructural elements have be to consistent
with the experimental spectrum. For the <consistency check,
non-invertible functions may be used which are inherently more
accurate than the inverse function. In most <cases, several
different internally consistent sets of partial structures can be

identified.

The members of each set are then combined to to form
chemically reasonable total structures. Sometimes, excessively

—

large numbers of candidate structures are found. Prediction;;of
spectral data from a given structure can be done with
significantly better precision than the reverse. Therefore, the
spectral data is generated and compared to the experimental
spectrum. If large discrepancies are noted, the respective
candidate structure is eliminated. Hopefully, only one tentative

structure survives this process which is then thought to be the

structure of the compound at hand.

Thus, the steps are :
recording of spectra
correlation ( inferring possible structural fragments )
consistency checks ( selecting a suitable subset )
structural assembly ( combining the partial fragments )

spectrum prediction




spectral comparison

Compilations of reference spectra are necessary
prerequisites for research and development. Due to the lack of
suitable reference-material investigations in computerized

spectra, interpretations have in the past concentrated on the
consistency checks and structural assembly where a rather high
standard has been reached. However, as long as the other steps,
in particular the correlation step, do not perform with greatly
improved precision and selectivity, total system performance Qill

not meet the standards required for the solution of real

problems.

A library search technique 1is a shortcut. Here the
correlation step and the structural assembly step are by-passed.
All structures represented in the spectra library are selected.
The spectra prediction step then becomes trivial as the library
spectra are available. The only steps actually performed are the
spectra registration and comparison.

The storage space requirements will now be estimated. To
encode the full structure of a chemical compound with n atoms
requires about 3n parameters for describing the geometry, n

parameters to identify the atom types and about 2n parameters to
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describe the existence and type of the bonds. In all, the order
of magnitude 1is 6n parameters for the full description of the
structure. However, the full structure of a sample 1is hardly
ever known : only the connectivity is given. To describe the
connectivity, about 3n parameters are required (atom type,
neighbor atom, bond type). If hydrogen atoms are implied and if
we assume 16 bits per parameters, then 1,000 bits are required to
describe the connectivity of an average organic compound with

about 20 non-hydrogen atoms.

—
IR spectroscopy will be used as an example for the storage
space required for spectral data storage. If the range recorded
is from 4,000 to 400 /cm with a resolution of about 1/cm then,
roughly 4,000 data points must be stored. If the resolution on

the transmission axis 1is set to 1 part in 1,000, each value

requires 10 bits. Thus, an infra-red spectrum requires about 40

bits.

There is additional information that should be recorded.
(name of the compound, various technical parameters describing
the spectra recording condition, the source of the sample, and
its estimated purity). For these, some 400 characters are
required. This corresponds to about 3,000 bits. Thus, the full

amount of information available in an average infra-red spectrum
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requires _about 45,000 bits. A floppy disk typically holds 2M
bits of information : this corresponds to 40 to S50 fully

documented IR spectra.

This brings us to the next question : how many spectra are
required for a spectral data compilation to be useful in a given
context ? This is a very difficult question that cannot be
answered precisely. It is, however, possible to give estimated

upper and lower levels.

—

In a library search, the contents of the spectra library
critically limits the performance of the system. If no suitable
reference compounds form part of the library, no system, however
sophisticated, can ever produce a useful answer. This calls for
a very comprehensive collection that includes as many different
compounds as possible. On the other hand, if many similar
compounds are in the library, all positions in the hit list will
be occupied by reference compounds of the same general type.
Only the first entry will bear some useful information : all
following “entries will just repeat the same message. In
addition, processing and storage costs are directly proportional
to the size of the library. Thus, an optimal spectra library
will contain a few carefully selected reference compounds for

every compound class, but not duplicates and large numbers of
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closely related compounds (eg : the homologous series).
Furthermore, simple model compounds are to be preferred over

highly complex molecules.

Experience with conventional data collections has shown that
even libraries with only 1,000 reference compounds can definitely
be useful. However, the mot-so-common compound types would be
almost completely missing. If these were included, the size of
the 1library would have to be increased considerably to about
3,000. This is <considered the minimum required to docux:ght

virtually all compound classes of ©practical and theoretical

interest with a few carefully selected examples.

If this number is increased, the various compound <classes
may be documented more thoroughly and exotic species may be
included. However, the increase in performance of a library
search system will &eventually level off and will even decrease
with increasing library size. Some researchers believe that
libraries holding substantially more than 30,000 carefully
selected spectra are not worth their respective expenses in time,

money and storage space.

The number of compounds required for a truly useful spectra

library is estimated to be in the order of magnitude of 10,000.
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If this number is compared to the number of spectra that can be
stored on a diskette, one realizes that storage of the full
information of a spectrum 1is currently not feasible. It is
obvious that attempts at data compression should be directed
towards the spectral data, as these occupy about 80% of the
storage space. Finally, data compression should be performed in

such a way that no relevant information is lost.

If the library is used exclusively for library search, the
spectral data section can be reduced by storing only tizse
spectral features that are wused during spectras comparison.
However, every other wuse of the spectra library is severely
restricted and the system loses all its potential for further
development. The encoding of the spectral data is always
irreversible and mnecessarily based on the present level of

knowledge. Consequently, a data collection encoded in this way

is firmly scheduled for early obsolescence.

Data compression is extremely critical to the quality of the
data collection. Every piece of information lost during this
step is 1lost for good and can never be recovered except by
recording the spectrum again. Only irrelevant species of data
should be dropped and all relevant data has to be retained. This

implies that one has to specify exactly which data items will be



relevant to the solution of future, still undefined problems. It
is difficult, if not impossible. Thus, enough information |is
stored to enable the original curve trace to be reconstructed
from the compressed data. If the analyst <considered this
reconstructed curve trace as virtually equivalent to the original
one, it may safely be assumed that no important information has
been lost. However, this test contains no indication of the
amount of irrelevant data still contained.

Several data compression algorithms have been triedtghd
evaluated as to their suitability on a trail and error basis. In
the case of IR spectra, storage space can be significantly
reduced if suitable interpretation algorithms are used during
reconstruction. At present, 12,500 bits are needed for encoding
an average IR spectrum. If the band shape in a spectrum does not

bear amnalytically wuseful information, data compression is much

easier and can be made more efficient. Only the coordinates of

the band maxima or their equivalent have to be recorded.

Even ~if the spectral data is highly compressed, the storage
space requirements remain very high. Today’s lab and instrument
computers cannot economically have the necessary mass storage
capacity. Thus, spectral data collections, designed to meet the

needs of the future, will have to be implemented on large




main-frame computers or on dedicated systems.

Spectroscopic data, as well as supplemental informatiomn is,
in many cases, wunreliable. Users generally consult with a
reference data collection when in doubt about the values and
significance of spectroscopic parameters. They are imn no
position to judge the quality of the retrieved data sets.
Therefore, credibility becomes the central factor governing user
acceptance. Furthermore, in many pattern recognition algorithms,
and, to a lesser degree, in cluster-analysis programs, deci;gon
parameters are extremely sensitive to a few outliners in the data
base which, in most cases, correspond to erroneous entries.

Thus, thorough and careful verification of all data included is

of utmost importance.

It is mnecessary to procure a large number of top quality
spectra of suitable model compounds. To do this at reasonable
cost and with acceptable efficiency, world-wide cooperation of
analytical laboratories in universities and industries is needed.
Recent trefids seem to indicate that international cooperation

efforts have finally met with success.



II-3 : Heuristic Clustering

Heuristic clustering methods for text data can be applied
to chemical data bases (Bernin, 1985). Clusters are sets of
chemical compounds defined by similarity of both chemical

structure and activity. Activity and structure information <can
be stored together in the same data file in essentially the same
format and can be processed 1identically by the same computer

—

hardware.
—

Text is intricate and imprecise. 1In a free-text search, any
string in the entire body must be found. If the natural text
format is changed to a strict format, it is easier to search, but
much of the information is lost. Also, the information available
would be incomprehensible and thus, unusable. Therefore, natural

language must be retained.

One experiment involving a subset of the Merck Index has
shown that 20% of the compounds fall into one of four usage
categories : antimicrobial, antiseptic, analgesic, and sedative.
A count was made of medical term usage. Another set of common
names of all compounds and synonyms (including Geneva and trade

names ) was made. A shortened thesaurus was constructed.
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Obviously similar terms were grouped together. The richness of
the language was thus retained; search procedures were
simplified. However, imprecision still caused a great deal of

ambiguity and redundancy. Inverted indexes were used.

Information on each compound was originally stored as
continuous text in a series of variable length fields. Errors
occurred during data entry. There were no error-checking
routines. If data is stored in separate files, line tags (
common names ) facilitate correlation. One master file availggle

with an internal system of index numbers retreives all

information.

Clustering in non-parametric spaces is much more difficult.
Usually, the more properties two items share, the closer they
are. This is not so in medicine. Two substances with completely
different structures may produce similar effects on people.
Thus, the concept of using disimilarity as a clustering guide was
experimented with. Numbers from +10 to -10 were used to indicate
degree of- disimilarity, measured by counting pairs of exclusive

properties present.

Chemical and medical uses were placed in independent sets.

Sometimes, certain chemical structures with medical uses were




masked by _semantic noise. The purpose of <clustering to search
for meaningful relationships was sometimes betrayed by the deeper
structure-action affinities. Intelligent hueristic searching to

identify relationships was needed.

The iterative heuristic approach produced interesting
results. Hierarchic relations, behavioral and psychological
effects were studied wusing heuristic approaches. Abstract

hyperspaces based on text data are typically non-parametric in
their properties and open-ended. They are amenable to heuri;;ic
clustering not only by well-known algorithmic methods. The two
methods used were : similarity of pairs of properties and
dissimilarity of pairs of opposing properties. One step was
insufficient to perform clustering. Iterative searching

involving successive steps, each dependent on the former,

required a chemist to be in control all the time.
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ITT-1 : Derwent’s Patent System :

The family of Derwent’s patent information services forms
one of the most complex information systems offered to the public
today (Kaback, 1977). There are alerting services in the form of
expanded titles, short abstracts and long abstracts. There is
retrieval via classified browsing files, various printed indexes,

punch card sorting, computer tapes and since 1976, on-line

interactive searching. In the on-line files alone, the subjegct
retrieval parameters include Derwent classes, manual code
classes, multi-punch codes and title Lkeywords. There are

multiple options everywhere.

Derwent’s Central Patent Index and World Patent Index cover
virtually all of the world’s chemically related patent
publications as well as a large percentage of mnonchemical
patents. The volume of information involved is very large. It
is offered in a variety of forms and is accessible in a variety
of ways. ~ In using any tool, it is essential to know just what
that tool’s characteristics and capabilities are. This is a

highly complex system.

The present character of Derwent products is highly
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dependent-on the company’s history. Derwent began in 1951 by
recognizing a need for rapidly produced alerting abstracts of
British patents. Over the next dozen years or so, similar
products were begun for a number of other countries. At this
point, alerting was the only focus; no means was provided for
retrospective retrieval. The jump into the world of retrieval
took place in 1963 with the start of Farmdoc, which covered
pharmaceutical patents. In 1965, there was Agdoc on pesticide

and fertilizer patents. 1In 1966, Plasdoc for polymers.

— g

—

Farmdoc, Agdoc and Plasdoc had two main methods for
retrieving subject information : manual codes and multi-punch
codes. Manual codes were developed to form classified files of
abstracts to be searched by browsing. The manual code systems
have been subject to various modifications and subdivisions over

the years to adapt them to changing and growing technology.

The multi-punch codes provided a deep indexing system, based
on information in the full patent specification, originally for

use on punth card sorters and later adapted to computer tape

searching. The Farmdoc-Agdoc code is primarily a structural
fragmentation code, coupled with terms describing compound
properties and  uses. The Plasdoc multi-punch code covers all
aspects of polymer information. These codes too have been
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modified as needed over the years.

In 1970, Derwent expanded its documentation services to
cover the entire range of chemistry and chemical technology.
Farmdoc, Agdoc and Plasdoc became three of twelve sections of the
new Central Patents Index. Manual code retrieval was developed
for each of the new CPI sections and the Farmdoc-Agdoc
multi-punch code was adapted to Chemdoc, the general chemical
section of CPI. No comparable retrieval system was developed for
the remaining eight sections of the CPI. When the nonchend;;l

WPI services were started in 1974, only international patent

classification was used for subject retrievals.

A result of this history is that various sections of CPI and
WPI have sharply differing retrieval <capabilities. The reason
for this disparity 1is basically economic : the most elaborate
retrieval techniques have been developed in areas in which there
were sufficient subscribers prepared to pay enough money to
finance the system.

The CPI covers the full range of chemistry and chemical
technology. The volume of patents covered is very high and the
cost for handling this large volume of material is

correspondingly high, particularly if there is to be any great
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sophistication involved in the retrieval system. The only viable
way to handle this was to offer CPI in a series of independent
sections since few organizations are large enough or have broad
enough interests to be able to justify acquiring the whole

system.

Patents received by Derwent are checked to see whether they
are new to the system or equivalent to known patents. The
checking 1is done primarily on the basis of priority dates and
application numbers. Non-convention patents are als6 checked—_;nd
Derwent frequently succeeds in identifying non-convention
equivalents. The on-line file can be used to retrieve all
members of a patent family given any member or the priority

application number. Coverage of chemically related patents is,

to all intents and purposes, complete.

New patents are classified into one or more broad Derwent
classes which are used in allocating each patent to one or more
sections of the CPI-WPI system. CPI classification 1is done by
Derwent personnel; WPI classification is based on international
patent classes. A given patent may appear in as many as 4
sections of the CPI. There are times when one wishes for more
generous multiple classification. In general, there is a bias in

CPI to concentrating on end products rather than on starting




materials or processes; this traces back to the fact that it was
originally designed for pharmaceuticals and pesticides. There
are obvious economies in Derwent for restricted classification

but also obvious potential pitfalls for information users.

Completeness is one of the very great virtues of CPI and
WPI. A second great virtue is timeliness. Within § to 6 weeks
of publication, all patents from most key countries are covered
in a WPI gazette, one for each section. Listings in the WPI
gazettes appear in two sections : one organized by patentee—E;d
the other by international patent <class. Thus, they can be

screened for key companies and for subject matter concepts.

A great deal of information is crammed into a very small
space accomplished in part by the use of a highly telegraphic
style that <can appear confusing. This is no problem for
information specialists who will take the trouble to find out
what all the data elements mean but for the inexperienced user,
this can be a problem.

The basic material from the WPI gazette 1is used as the
heading for a series of abstract publications : relatively short
alerting abstracts arranged first by country and then in subject

groupings by Derwent class; longer, basic documentation abstracts



arranged _by country; and for polymers and other high interest
areas, basic abstracts arranged in subject ©profile headings.
They are aimed at different wusers : those interested in the
state of the art, lawyers, chemists and engineers (no

duplicates).

The manual codes are available across the entire CPI. They
are used to provide files of abstracts to search through and the
quality of the basic abstracts is one of their greatest
strengths. A collection of clear, detailed summaries of reléi&d
technology may mnot be the most modern method of information

retrieval but it is still a highly effective one. The human mind

can spot concepts that can never be articulated to a computer.

Efforts have been made to subdivide codes that produce large
numbers of items but problems still exist. Users are cautioned
to check gemneric manual <code classes as well as more specific
ones. Manual code cards take time to file and space to store but
they are worth it. They are obtainable on microfilm but cards
are easier and quicker to search. Multi-punch code retrieval was
used only with the advent of the on-line file. The on-line file
has greatly enhanced retrieval from Derwent’s database. There

are many searchable parameters in this file.



Title keywords were not used since experience suggested they
would not work well. International patent class was a failure
with poor recall. Both manual and multi-punch codes gave
excellent recall, the latter with very high relevance. Each
retrieved some items not found by the other. Multi-punch code
may be very effective for complicated molecules but is relatively
inefficient for simple ones. Other retrieval problems stem from
the fact that products are not starting materials. Catalyst
retrieval is sketchy. Title keywords would be more effective if
the misspelling rate was less. New hyphenation rules will h;;b.
Users should truncate terms to allow for variant endings and use
both American and British spellings. Tests are underway to add
keyword indexes. So many changes have occurred. Better

documentation is needed. Retrieval presents more problems than

alerting.



IIT-2 : The IFI Comprehensive Data Base

This is the result of the merger of the IFI Uniterm Index
and the Du Pont Index to U.S. Chemical Patents in 1971 (Donovan
and Wilhide, 1977). The Uniterm Index was developed in 1955 as a
coordinate term index. It was first published in printed form as
a coordinate term index. It was first printed as a dual
dictionary that permitted simple Boolean logic intersections by
comparing inverted index lists for matches. The vocabulary —gas
open-ended and uncontrolled. In addition to the dual dictionary
of major terms, a single dictionary of minor terms was provided
for index entries with low postings : these were primarily
chemicals not in computer format. In 1964, USPO <classification
for patents was added to the file. Subscriber demand also
produced a controlled vocabulary and a review of the minor term

vocabulary for new candidates to the major vocabulary.

The Du Pont Index to U.S. Chemical Patents was begun in
1964. A controlled open-ended vocabulary was used for both
chemical and non-chemical concepts. A chemical fragmentation
scheme was designed to index both specific chemicals and generic
chemical structures. A system of roles was developed to specify

whether the chemical indexed was present, reacting or a reaction
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product. An elaborate role scheme was also designed for the

indexing of polymers.

The Comprehensive Database was created in 1971 when
IFI/Plenum Data Co. acquired the Du Pont Index and merged it with
their Uniterm Index. It now <contains 400,000 U.S. chemical
patents dating back to 1950. The file is updated quarterly. Lag
time is 6 months. The growth rate is 20,000 patents per year.
The selection of patents is done on an automatic basis for a
specified list of USPO subclasses. ' The Official Gazette‘:és
scanned for patents of chemical interest appearing in other

subclasses.

The searchable elements of a database are accession number,
patent number, assignee, USPO subclass, compounds, chemical
fragments and general terms. The accession number indicates the
date. Both the patent number and the accession number can be
used to retrieve the complete index record. The index elements
can be used in any combination for search strategies.

The assignee is that appearing on the face of the patent.
This requires the searcher to investigate the name, history,
acquisition and merger history of any company to be searched. At

present, a major revision of the assignee vocabulary is in
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progress. Name changes of companies are being collected to a

standard format. However patents issued to companies which have

been merged or acquired are not posted to the parent company.

The USPO Classifications assigned to the patent are
searchable. Both the original reference (OR) and the cross
reference (XR), subclasses and main classes are searchable; they
represent subject indexing of the patent by the Patent Office.

They are used as concepts in the construction of search strategy.

Another valuable use of patent class and subclass is to partig#pn
the file into subsets. This saves cpu time. The classifications
are updated annually to reflect classification revisions in the

USPO.

The General Term Vocabulary is controlled and open-ended.
It includes general chemical concept terms, trade names,
nonchemical terms and search term only (old indexing philosophy).
There are 10,000 terms 25% of which are nonchemical with generic
class terms, trade mnames, general polymer terms and the
discontinued search term only (STO) indexing terms from IFI. STO
was very general, being used for the 1950-1964 time frame when

there were far fewer patents.

The Compound List Vocabulary is a register of chemical names
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that have five or more patents indexed to them. There are 14,000
entries. Substructure searches can be performed separately on

these.

The chemical fragment indexing scheme is applied to three
types of chemical structures : Markush formula, indexer generated
generic structures and specific chemicals which are not on the
Compound List. The chemicals in the minor term index in the
Uniterm are indexed with the fragmentation scheme. This work was
completed in 1975. Four kinds of fragment terms are used : a{é@s
present, functional groups, configuration descriptors and ring

descriptors.

A must-possible approach is used. Possible are alternative
components of the structure. At search, the possible fragments
are asked for and the must fragments which do not apply are
negated. The must fragment list contains 151 structure and
configuration <codes. Irrelevant answers can be eliminated. A
link technique is used to prevent scrambling of the fragmentation

indexing td two or more chemical structures from the same patent.

The search aids are General Term Vocabulary, Thesaurus,
Compound Term List, Fragment Term List, Assignee List, frequency

tables, Indexer’s and Searcher’s Guide and a manual describing




programs _and i/o. Other aids are USPO Manual of Classification.

A character string search program is wused to search
vocabularies and texts. It has been very useful in identifying
subclasses for identification and search. It is an important
tool for teaching USPO classification. It permits the use of And

and Or and allows the specification of hierarchies.

The data base permits the recall of indexing for the
searcher’s view. When the prior cut is available, the conmi;}e
index for it printed out. This 1is a great help in building
search strategies. Since indexing vocabulary has changed
significantly, it is very helpful to look at the indexing of

patents in older portions of the file. It is also an educational

tool.

There are four parts to the data base management system.
The first part is an editor that validates the search input. A
search program is the second part. The third part sorts the
output according to instructions. The fourth part is the report
writer. The editor, searcher and report writer are frequently
operated independently as well as in conjunction with a full

search retrieval request.




The retrieval system is based on weighted term searching.
The index terms are grouped to logically express the various
parts of the search inquiry. The terms in each group are given
individual positive values. Each group is assigned a threshold
value, minimum acceptable weight, MAW. The sum of the values of
the weight index terms must meet or exceed the MAW in order for

the patent to be retrieved.

There is an implied And between groups. The weighted search
term technique has proved to be most valuable. It allows Xhe
searcher to control the relative importance of search terms to
the strategy. In the output, the total weight for each patent
retrieved is given. This enables evaluation of the hit in
relation to the search strategy. A unique feature is the answer
frequency table available as an option for USPO subclasses,

assignees and total answer weights.

Boolean logic can be simulated wusing the weighted term
technique. An OR exists between each term within a group that
has a weight value greater than or equal to MAW. The And can be
forced between two sets of terms within a group by assigning
values less than MAW to these terms but which together add up to
a value greater than or equal to MAW. A list of synonyms can be

identified by the MAW for the first term and 0 weight for all
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subsequent terms. The AND relationship between groups can be
altered by use of the search chaining technique. Within a group
of related requests, a chain can be established. There are two
types of chained outputs : in the first, all searches identified
on the <chain eliminate duplicate answers from higher up the
chain. 1In the second chain techniques, all answers found in the
chain of searches are printed in the output of the first search
in the chain. With this technique, it is possible to establish

an Or relationship between groups.

-
L+

If the MAW is set at zero and the term weights are positive,

the group does not enter into the logic of the search However,
any answer hits which contain indexing given in the zero group
will show these term weights in the total weight which
accumulates for a hit. This technique is used frequently when
the patents of a company are reviewed. Known technology is
signalled in a zero groups so that review time can be
concentrated on unknown aspects of the company’s technology. It
is also used to review the content of a specific subclass.
Furthermoré, it permits the searcher to use additional indexing
to the retrieved patent which is not essential to the logic of

the search but may help evaluate the answer hit.

An average of three strategies is prepared for each search
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topic. A separate strategy is usually prepared for the old IFI
Uniterm Indexing. Both broad and narrow strategies are designed
for searches. The chaining technique 1is wused for multiple
strategies so that redundancy 1is removed. Searching the file
in-house permits unlimited use of alternate strategies. The
development of alternate strategies is encouraged. The search
results are screened by the searcher. The total answer weight
and title are the first screen. The CA abstracts are reviewed.
All patents since 1965 are on microfilm, copies of which are
given to the client. The printout is given to the client for-;és

evaluation and use. Copies of the search strategies is

maintained for two years.

The search output can be sorted by accession number, patent
number, assignees, patent subclass or total weight. Alternate
sorts of the same answer list can be done. The output can be

recorded on tape (save tapes). These are constructed in areas of

technology which is searched repeatedly. Cpu time save by
searching mini-databases is considerable. R&D of small
informatioff systems just for R& work is being done. Effective

searchers must consider all indexing options : the old Uniterm
indexing, USPO classification and the current Du Pont indexing.
The primary use of the IFI data bases is in performing prior

searches for the research group at idea stage and when the
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invention_ record is prepared. The state of the art data base is
updated semi-annually. Experiments are being carried out for use
of the data base for marketing. An IBM 370/150 running the
operating system VS1 with RJE/RJO is being used. Batches of 3 to

8 searches each are used. Large batches are economical to run.

Many problems are encountered. Frequent changes in
vocabulary and indexing make the system hard to learn. The
fragmentation scheme has a high 1level of false retrieval if
common structures are used. The lag time between reality andii}e
indexing vocabulary is high but this is a problem in other data

bases also.

Among its nice features are the chemical structure searching
which is provided. The search of USPO subclasses 1is allowed.
Polymer chemists have their own subdivisions. Much time is
saved. It is cost effective. The search work is confidential.
The information specialist is familiar with the user needs.
Searches can be restructured and updated. It is fast and

comprehensive.
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III-3 : PULSAR :

When a scientist requires information, he will often draw
first upon personal resoures. These resources will include all
the specific contributions of that individual as well as any
relevant literature information which he can recall. It is at
this latter stage that major retrieval problems occur. A
researcher acquires a rapidly increasing accumulation of data as

his career proceeds. The specific manner in which these data gre

stored will affect their subsequent availability.

A variety of techniques have been traditionally employed for
this task; most usually, some variant of the well-known card file
system. In this case, information is recorded on an index card,
the files grows and the cards are resorted as new categories are
created. The system begins to become inefficient when the cards
number in the thousands. At this point, the <categories wusually
have become too general and substantial cross-indexing is needed.
There are mumerous inconveniences associated with all card filing

systems.

A number of general and extensive chemical information

systems are available to facilitate literature searching. Even




with thgse systems readily accessible, there is strong
justification for maintaining a personalized system restricted to
the interests of an individual and based on the individual’s own
choice of keywords. Due to the availability of microcomputers
wtih diskettes, Purdue University Literature Search And Retrieval

system (PULSAR) has been developed (Smith et. al, 1981).

PULSAR is implemented on a Radio Shack TRS-80-11 with 64K
bytes of memory, a printer, and from one to four 500K byte disk
drives for a total storage capacity of 2M bytes. The progrmmtlis
written in BASIC and occupies 64K. The various options available
are add articles, search for keywords, display routines
(single/multiple articles, keywords, journal, disk directory,

free space, system status), data checking routines, editing

routines and disk file management routines.

Every record has the following information : entry number,
journal name, volume, year, page, type of article, keywords.
Logical boolean operators are available. Upto eight keywords can

be specifi&Zd in one search expression.

The program uses five files to store the data. Each of the
files is divided into records of equal length. The records may

be read/written in any order. It is random access. The keywords
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are stored in a binary search tree format for efficient searches,
additions and deletions. Omne record is designated the head of a
tree. The left pointer of each Lkeyword contains either the
record number of a keyword alphabetically preceding it or 0. The
right pointer of each keyword contains either the record number

of a keyword alphabetically succeeding it or O.

The links pointer contains the number of a record in the
link file where the article numbers associated with the keyword
are stored. The link file contains records which each holdj¥lo
different article numbers. For more than 10 articles, additional
link records can be linked together via the 1link continue
pointer. This allows the system to be as dynamic as possible.
Internal limitation currently require a maximum of 1000

references for each keyword.

The article file is used to store information pertaining to
each article; each record of the file contains all information
about a single article. This includes pointers containing the
record numbers in the keyword file of the keywords which refer to
the article. This 1is primarily for display purposes. The
volume, year, page, type and a pointer contining the number of a
record in the journal file are stored as well. Rather than

storing a 40-character jourmal name, a code is used. Disk space
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is conserved.

The free record file contains the record numbers which are
available when a keyword is deleted. When a new keyword is
added, it will be stored in one of these free spaces, If no
space is available, it will be added to the end of the file.
PULSAR contans many subroutines to perform all these file
manipulations.

—

The synthetic organic chemist faces a special problem¢+in

dealing with scientific Jliterature. The very nature of the
discipline demands exceptionally broad coverage of the
literature. During the course of a total syntheis, he may
require information about virtually any facet of organic

chemistry.

PULSAR offers considerable assistance in the information

handling ability for the scientist. There are two compelling
reasons for adopting such a system. Firstly, it is a
personalizeéd system. Thus, it 1is perfectly matched to the

thought processes of the individual. As a keyword system, it is
by its very nature programmed to respond in the exact language of
the individual user. It is this specific ability that makes it

more responsive than systems that are more general in nature (CA,




Lockheed): The purpose of PULSAR is not to replace those systems
which currently provide extensive access to the literature but
rather to provide an organizational framework upon which to
develop an individual’s own perspective. The second reason for
adopting PULSAR is that in the process of deciding which keywords
to assign to any given article, the reader is forced to carefully
specify how <each particular article fits into the current
scientific discipline. Thus, the literature is more thoroughly

read and understood.

L+

When an article is read, up to eight keywords are chosen.
Keyword order is designated so that a crude narrative can be
inferred from examination of the sequence. The most critical
determinant in optimizing the system efficiency lies in the
careful selection and maintenance of the keyword data base. In
its current configuration, PULSAR can stored about 20,000
articles and 3,000 keywords. After 3,000 keywords are added, the
keyword file expands much more slowly. New keywords are added
interactively. Editing routines help users to identify
misspellings, redundancies, unnecessary synonyms, and underused

or overused keywords.

A specific problem in wusing a keyword-based system for

literature retrieval in organic chemistry is associated with the



variability of organic nomenclature. There is much personal
latitude in the use of hyphens and spaces in designating organic
functional groups. Since the computer would perceive each
variant as a distinct keyword, a routine was written to remove
all blanks and hyphens. Although the compacted form is never
seen, the net effect 1is that the program prevets accidental
redundancies from occurring. In conclusion, PULSAR provides a
highly versatile tool for the organization and retrieval of
literature and should be applicable in many areas outside organic

chemistry. ' ;4
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IV-1 : Chemfile

The BIOSIS Chemfile is an information system developed to
assist in the assignment of CAS Registry Numbers to biological
compounds (Graham, 1977). Only 23,000 or 10% of all BIOSIS
articles contain wunique compounds but the work helped in
understanding the requirements for indexing other BIOSIS
products. CAS Registry Numbers are index terms in the printed

version of Abstracts on Health Effects of Environmqual

Pollutants. Tapes are sent to TOXLINE.

The number of different substances in HEEP 1is relatively
small and the frequency of occurrence is relatively high : this
is why CHEMFILE was developed. Every record includes the BIOSIS
accession number, the CAS REGISTRY Number, molecular formula and

synonyms such as trade, generic and systematic names.

The serially assigned BIOSIS accession numbers tie all the
information together. It 1is used rather than the CAS Registry
Numbers so that substances and publication items can be processed
further while the Registry Number is being located. Also, since
not all toxic chemicals are registerable, information has to be

retained and effort should not be wasted in searching for



non-existant Registry Numbers.

Originally, the data was stored on magnetic tape. Each
record contained the accession number, a code for data type (10
for Registry Number, 20 for molecular formula), and chemical
information. The tape record was periodically listed to give a
hard copy of all substances in alphabetical order. Numerically
ordered lists of all Registry Numbers were checked manually to
see no Registry Number was entered more than once. Chemfile was

updated by batch. +

Various validation checks such as accession number, Registry
Number and proper format were performed at input. Problems were
errors were detected only when batch runs were made and the
whole job had to be aborted, corrections made and the job rerun.
Since listings were lengthy, infrequent runs were made and it was
hard to know what the computer contained between runs as there
were no interactive capabilities. The process for error
correction was cumbersome. Incorrect records had to be keyed in
exactly as they had appeared so they could be located and then

the correction could occur; all this was batch. run batch.

A new system became available in 1976 on an IBM 370/14S.

The file now includes data of record creation, date of last



change anq employee number of the operator. Each data type may
have up to 99 modifications or subfields, (7010-01 .. 7010-99)
Further flexibility has been incorporated to permit 99

submodifications of each synonym (7010-01-01 .. 7010-01-99)

Use of the CHEMFILE maintenance system requires that the
operator know the accession number, data type and modification
and submodification numbers which will serve as record
identifiers for the new information or to retrieve a record

—
already in the system. _+

The interactive wuser interface is great; like QBE, the
selection screen is &especially formatted to help the  user
formulate the query and retrieve a record. The record screen has
three subfields. The uppermost field is where information about
the data type, date of creation, date of last modification and id
of the operator is displayed. Some items may be null if the

record is just being entered.

The second field is the data field; it is used to display or
enter one data item at a time; it contains registry number or
substance name. The third field is a menu of functions; it
deals mainly with paging within and between records. At any one

time, the entire screen displays information pertaining only to

| DBMS .NASA/RECON-23 | - 50 - | WORKING PAPER SERIES |




one record. Every time a record is entered, invalid data type,
modification and submodification numbers are automatically
rejected. BIOSIS Accession Numbers and CAS Registry Numbers are

also checked.

The following printed reports are avail;ble; the data base
maintenance record is printed nightly; it 1is a log of all
transactions. Listings with information ordered by Registry
Numbers or by alphabetical listing or by Accession Number are

——

available. i+

Access to the data base was limited. It had been designed
for verification only. It was wunavailable to searchers or
indexers. It had no search capabilities nor could it display all
information about a given substance at once. This situation was
partially rectified by the purchase of a STAIRS package for
on-line retrieval. Modifications are not permitted. Users can
use Chemfile to search. A given substance is retrieved through
constructing the known name and displaying hits. Simple boolean
operation searches based on names and fragments are allowed.

Text searching is available. Searches may be printed.




Chemical information must be <completed by biological
information for pharmaceutical data bases. Creating a numerical
comparative biological data base is not easy. Chemical
information usually exists in a standard form ready for computer
processing. Biological information is quite another cup of tea.

The first step is to store in-house chemical structures gor
computer handling. This in-house documentation problem requires
a coding scheme more accurate than the huge international
chemical systems of documentation because it serves a much
narrower purpose. To get a precise description of any sequence of

atoms in a molecules, sophisticated coding schemes must be wused.

Dubois developed the DARC system and this is used in the
general organization of PAGODE and the coding of compounds
(Berdago et. al, 1978). The whole project was divided into
several stéps, the first of which was to create the data base and
test it in batch processing. The DARC system met these initial

requirements.

Before choosing the DARC system as a foundation, other




systems were studied. Factors examined were : a one-to-one
correspondence between structure and code; the possibility of
automatically constructing search-keys or search-screens from the
code and vice versa; the description of molecular topologies.

DARC was found to be the best in these respects.

DARC is based on a topological code : a chemical formula is
considered to be a graph with three main parts; DEX is the
existence descriptor; DLI is the bond descriptor; DNA is the
nature of the atom descriptor. The starting point ofjﬁhe
description is the focus and its choice is determined by formal
rules. The description covers the molecule by successive layers
of two bonded-atoms each. When the first environment is
described, the terminal atoms are new origins for the next
description and the process continues until the molecule is
completely described. The topological screens are called FRELs

and they are the search keys.

In the first phase of implementing the system, only these
topological screens were considered. Other chemical screens such
as side-chain screens will be introduced later. The structure
searching generalization is based on inverted files. The
TOPOCODEUR program was used to carry out the coding and

generation of topological screens. It generates the conmnectivity



matrix and writes results on tape. PAGODE consists of only 30
assembly programs (6,000 lines) implemented on IBM 360/40 running

DOS. Data is stored in three files

The DD (dynamic data file) contains all the data involving a
(the DARC encoding formula, molecular formula and biological
information). There is one record per compound retrievable by §
digit QM number. By means of hash-coding, the approximate
address can be located. For this reason, the DD is divided into
two subfiles : a basic subfile where all prime addresses j;}e

stored and an overflow subfile for duplicate addresses and

synonyms. Each record includes a pointer to the next synonym.

The screen file contains all the screens present in all the
structures. There are many FRELs for each molecular formula.
The DARC code of isomers varies. The screen part is divided into
55 memory regions, one per DEX. Each region of variable size
contains all the screens within this DEX. With each screen, one
can see its address in the INV file. Blocking is used.

Each screen of the screen file has an entry in the INV file.
The inverted list of all compounds that go with this screen is
recorded here. The 1list is of variable size. To avoid

unnecessary storage the list is divided into physical records of
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fixed length. When additional storage is required, pointers are

provided.

Chemical structure retrieval is done wusing DARC screens.
The user can have a combination of screens and boolean operators.
Parentheses can be as complex as you like. A DARC screen may be
open or closed. Descriptors of a closed screen are clearly
defined. Indetermination leads to a set of several screens (ie:
variations).

4

The PAGODE query subsystem links different operations as
follows. Decoding and syntax control of input screens is the
first step. The question screen is retrieved from the SCREEN
file. The second step 1is that in the case of open screen
retrieval, PAGODE generates the maximum number of possible graphs
and selects the regions which might contain suitable screens.
The search is carried out with these screens or equivalently,
expressions. In the third step, expressions are translated to
inverted Polish notation. In the fourth step, query processing
occurs. While a pointer P scans the expression, specified PAGODE
modules read the corresponding lists in the INV file at locations
and store them in a stack scanned by pointer Q. Each time a
Boolean operator is encountered, the requested operation is

performed on the two earlier operations and the result replaces
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the two lists. It offers real advantages such as speed in
processing, omission of parentheses and possible intermediate

results if requested. Then the result is printed.

Utility programs are available to simplify querying,
compound entry and. To make operations as streamlined as
possible, PAGODE offers utility programs to do hash coding,
screen retrieval, closed screen generation from open screens,
read/write of any record, logical boolean expression tramslation

to polish notation, etc. ;+

When the system was evaluated, it was found that query time
depends on the number of screens that have to be searched for,
the question structure and the operators ( And and Not are slower
than Or because m.n comparisons are neceded versus simply
appending). Also, if the screen occurs frequently, themn it has
long lists of INV files to be ©processed. Trying to evaluate
question execution time was difficult because of all these
various factors.

Considerable noise was noticed. This is because there are
no screens in some carbom chains and some of the FRELs existing
are badly arranged. If screens overlap the structure properly,

the noise rate is low. FREL encoding requires much attention.



Otherwise, FRELs are generally satisfactory although noise is the
biggest disadvantage. New screen types could be introduced for
certain unfavorable situations. Noise is not considered a major
drawback for an inquiry system as long as it 1is not excessive.
This is because sometimes unexpected results can provide new

insights into the problem.

4!
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CBF (Computer handling of Biological and chemical Facts) has
been successfully used by various research centers of C. H.
Boehringer Sohn, and Ingelheim for 16 years (Becker et. al,
1981). It was conceived as a data base for storing biological
screening results from drug research. CBF provides printed
information about chemical compounds, and/or screens results
continuously or on demand. It contains 170,000 structuresj;ﬁd

260,000 test results.

Every record has a condensed connectivity table to store all
the structural information. A series of screens is machine
generated from each table. Only unambiguously defined structures
are stored in a retrievable form. Equivocal substances are
stored by name or print format. They cannot be retrieved by

structure search but are included in the printout.

A microprocessor-controlled semi-graphic device was
developed for formula input optimization. It has an effective
price/performance ratio. To simplify matters, abbreviations are
used. Connectivity tables of the abbreviations are stored in a

special file and incorporated into the general connectivity
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table. For a minimization of time consuming searches, five
screens are wused. Basic screens store the number of atoms,
heteroatoms, rings, and bonds. In empirical screens, only the
type and number of atoms are stored. In modification screens,
additional non-structural information about the chemical is
stored. The bits screen stores information about fragments of
the structure. The ring screen contains detailed information
about the rings in the structure. All this stored chemical
information can be printed on a graphics printer or displayed on

-
the terminal. ;+

Scientists have to fill out a special form to enter a
compound into the data base. This form contains four sections.
The test section contains the modification number, date,
experimental method and precautions taken. The observation
section contains the data that was collected. In the results is
stored the conclusions. The scientist can record his/her bright
ideas and insights in the commentary section. The values of the
observation and results are stored as descriptor codes. Codes are
also available for application modes, side effects and |wunits.

Using codes saves storage.

Terms may be combined. Retrieval depends on boolean logic.

Chemical structures or substructures can be searched for. In one




search, topological searches of up to 26 different substructures
in one stored structure can be performed. Positive or negative
search logic can be used. (ie : X MUST be present; Y must NOT be
present). Partial identity can be stipulated or forbidden for
any substructure. Substructure searches and partial identity
operations can also be combined without restrictions with boolean
logic. In biological searches, individual information elements
can be invoked by means of keywords. Stipulations above or below
particular levels may be made. Definite side effects <can be

requested or excluded. The substance code is hierarchicajpy

constructed with activity profiles feasible.

In printout processing, the entire biological and chemical
information available to the -editor post-processor program is

printed in highly flexible, user specifiable format.

Conclusions are that this system is easy to use to store and
retrieve information; it is modular and flexible; now it s

on-line not only off-line.




The Office of Toxic Substances (OTS) of the EPA is charged
with the making of regulatory decisions wunder the Toxic
Substances Control Acts (TCSA) concerning 43,000 commercial
chemicals listed in the inventory. Chemicals must be ranked for
regulatory concern or selected for testing. Thus, OTS developed
the Health and Environmental Data Analysis System (HEEDA)
(Lefkovitz et. al, 1981). HEEDA focuses on structure-acti{g}y
prediction in toxicology and contains validated or reviewed
toxicological data that can be correlated structurally with the

chemicals. Quantitative Structure-Activity Relationships (QSARs)

focus attention on chemicals of concern.

In the initial phase, data was acquired and organized;
appropriate sources of valid data were identified; data was
classified both biologically and chemically. The second phase
involved the development of data accessing mechanisms;
substructure searches were an essential design feature; OTS
simply connected HEEDA to CSIN; all search (including
substructure) capabilities are derived from the Chemical
Structure and Nomenclature Search System (CSNS). The final phase

was developing data correlation methodologies, mathematical
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modeling techniques and report generation programs.

A primary goal was to form a collection of standardized,
reviewed data that could be subjected to various statistical
tests to <correlated biological end effects with structure.
Correlation of biological effects with each other has to be done.
Potential hazards of new substances is estimated by comparing the
unknown chemicals with known compounds along a variety of axes.

The statistical models used must be validated. Various chemical

information and structural descriptors are needed. ;gey
considerations are : completeness, statistical validity and
conformity to current laboratory practices. Code is needed to

indicate the quality and completeness of the data, and also to

compute additional chemical information.

The initial concern was predicting carcinogenecity. A
reliable carcinogenesis data base was needed : one that was
balanced with respect to positive and negative end effects,
different structural <classes, and animal vs. human data. The
Internatiofial Agency for Research on Cancer Monographs, and the
Bioassays of the National Cancer Institute did not meet these
standards, but were used because little else was available. This
data was augmented with anti-neo-plasticity and mutagenicity data

from GENETOX (another data base).
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The data base design is unique. It combines completely
different but meaningful observational categories of information
of regulatory concern in an open-ended manner in one system. All
information related to a specific agent is uniquely identified by
its CAS RN. Every record has pointers to two file systems : the
Auxiliary Chemical Data File, and the Experimental Data File.
ACDF has chemical data needed for identification (names),
modeling (structure and substructures), and cross-referencing to

—

related chemicals (metabolic or reaction products). _+

EDF contains experimentally derived data. It is organized
as a strict hierarchy. At the top of the hierarchy is the unique
chemical identification code, the CAS RN. At the second level is
a series of observational classes. Four classes are currently
supported : end effects, environmental measurements, biological
measurements, chemical/physical properties. However, more

classes can be added as needed. The third 1level divides each

observational class into subclasses. The fourth level stores
single reférences (papers) or documented test summaries. The
fifth level contains the remaining experimental and other

descriptive details in a series of data items called qualifiers.
Qualifiers are organized along the lines of a scientific paper

with citation, me thod, materials, detailed results and



discussion. At any level, any number of repeated terms can be

entered.

This organization enables searches of the following kinds to
be performed : all test results of chemical X; effects of
chemical X; carcinogenic results and qualifier details of

chemical X; <carcinogenic results of species Y using chemical X.

HEEDA is designed to accept data with varying degrees of
detail and differing format at the qualifier level dependingjlbn
the scientific needs of the source. Qualifier definitions are
open ended. Therefore, the above data <classification was
necessary to prevent chaos. It is shallow but familiar and
simple. Deep classification hierarchies have the disadvantage
that information becomes highly differentiated and
cross-referencing difficult. It is easy to tie relevant data
together at the lower levels of the hierarchy. The user can
readily identify analogous types of data across all test systems
even if specific details vary widely. Bibliographies are not
stored in tThe citation. For inquiry, the user can specify any
combination of the top three facets (or levels). Open ended
features are : an unlimited number of observational classes and
subclasses; an unlimited number of test references; any number

and type of qualifier details.
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Classification of <chemicals by substructures and the
comparison of ©biological effects within and between classes is
important. A prior <classification scheme was developed to
express some scientific observations. This scheme has 69 classes
(codes). The codes are entered into the "Names” record. Any
number of class names can be assigned per compound and separately
searched or retrieved. Ad hoc <classifications is where the
computer automatically assigns substructural fragments to a

—

chemical from a connection table. This is supported in HEEDA:+

Data definition is an important part of any data base
management system. In HEEDA, there are three steps in data
definition. First, the data element and its source are
identified, described and assigned a faceted code. Then, the
attributes are given. Finally, information is entered into the
DD table. Where the code is already p