An Information Storage and
Retrieval System using a
Minicomputer
Abstract

An information storage and retrieval system, designed for
use on a minicomputer, was created to access an office collection of articles and reports on the topic of hail. Search capabilities of the system include author, keyword-in-title, year,
subject, and location. Software description and suggestions
concerning the input of information are detailed with the
intent to encourage researchers to design systems for personal
use.
1. Introduction

With the geometric rise in the available technical literature, scientists find it increasingly difficult to keep
abreast of publications in their fields of interest. Accompanying the quantity problem is the dispersion of
the literature into a multiplicity of sources, the decline
in local availability of publications due to rising subscription costs, and the increasing time lag between
research and publication of results. The commercially
available printed and computer indexing services help
to alleviate this access problem for those interested in
general literature searches. Yet despite attractiveness with
respect to cost and availability, commercial data bases
still fail to provide the comprehensive degree of coverage
required by an expert in his field. Out of necessity,
then, many scientists endeavor to obtain reports through
informal channels and maintain office collections of
works important to them.
Without some form of bibliographic control, extensive office collections tend to be underutilized. To increase efficiency, some scientists have developed manual
card file or edge-notched card systems that typically
provide access to publications by author or by subject.
i Editor's Note: Although this article on a topic in the field
of information science and technology falls outside the general scope of the BULLETIN, it is being published for the benefit of any reader planning to use a minicomputer for the
storage and retrieval of data identifying articles and reports
in a personal or office collection. As publisher of METEOROLOGICAL AND GEOASTROPHYSICAL ABSTRACTS (MGA), however, we
would be remiss not to differentiate between such an organizational tool and MGA, which is in our opinion the best
available source of literature information (including bibliographic data; author, subject, and geographic indexes; and
abstracts) for meeting the needs of researchers in our disciplines. Operators or users of a large capacity computerized
information system should consider including MGA in its data
base. The AMS can provide to MGA subscribers the computerreadable data (on magnetic tapes) for each issue of MGA
since 1974. For details, write to AMS headquarters in Boston.
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It is our contention that an in-house computer-based
system is a feasible alternative for individuals or small
groups of scientists in need of an improved research tool.
The edge-notched card files are advantageous with respect to hardware costs, requiring only cards, a file box,
a p"aperpunch, and a sorting needle. However, this ease
of construction results in a commensurately primitive
product or output. In addition, search strategies and
access points are limited. For example, manual systems
typically have the capacity to search for only a few
access points (subjects, authors, etc.) whereas inherent in
a computer system is the ability to search for a large
number of access points either singly or in combination.
The initial hardware and software investment of a
computer system yields a superior product in the form
of a printout and provides for easy duplication of program and data disks. A computer system also gains advantage when comparisons of speed of input, ease of
use, and durability are made.
2. Hail Bibliography

During the past year the Hail Bibliography has been
developed for the use of researchers in the Atmospheric
Sciences Section of the Illinois State Water Survey. The
bibliography currently contains 1700 citations primarily
covering literature from 1950 to the present date. Search
capabilities of the minicomputer system include author,
keyword-in-title, year, subject, and location. The minicomputer and its associated line printer are capable of
producing printed literature searches in an average of
10-15 min, searching a single disk of 1200 records.
The system was created as an answer to a need for
organization of the large reprint files of several researchers. Many of the data in the current system were
gathered and coded for an earlier computer bibliography
that was run on an IBM 360. Input and searches were
conducted by batch process. A decision was made to
create the new system for an in-house minicomputer to
increase turnaround speed of searches. The primary
advantage of a minicomputer is its accessibility. While
large computers can provide more sophisticated search
schemes due to greater speed and larger storage space,
the high costs of setup and use time provide individual
researchers with little incentive for their use.
The hardware used consisted of a minicomputer with
CRT display, 16 X 10 memory, input keyboard, two
removable flexible disk drives, and a 200 characters per
second printer. The minicomputer has two flexible disk
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drives, each providing 262 144 bytes of storage divided
into 1024 sectors on 19 cm magnetic disks.*
The Hail Bibliography information storage and retrieval system was created by storing bibliographic records,
each record representing an article or report, on disk.
To initiate a search, the researcher loads the programs
into the minicomputer, thereby beginning an interactive
dialog with the machine through the use of the terminal.
By means of a question-and-answer format the user is
able to conduct literature searches, receiving responses
either as a visual display on a CRT screen or in printed
form. A checking mechanism built into the programs
aids the user by providing error messages in response to
incorrectly supplied information, ensuring that syntax
errors will not be stored.
3. Data base construction

In the process of reprogramming the previous system
for the minicomputer and the consequent necessity for
revision of the data, decisions were reached on the advisability of certain policies concerning the bibliographic
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records. A brief survey may be useful to researchers
designing individual systems. Each bibliographic record
consists of eight elements separated by field-delimiting
punctuation: citation number, author(s), title, reference,
year, language, subject code, and location code. The
maximum entry length is 560 characters including all
punctuation and blanks. Of these, nine are taken up by
required field-delimiting punctuation and 26 more are
used in filling the citation number, year, language, subject code, and location code fields. Consequently the author, title, and bibliographic reference fields can be of
variable length, provided they not exceed a total of 525
characters. The alternative to fields of variable length
is a set of fixed fields in which character position, rather
than punctuation, indicates content, a system which
makes the entry of items tedious. The goal was maximum
flexibility to encourage acceptance and use of the system by researchers; therefore requirements of consistency
were kept minimal.
Sample citation

M0002*ABBE,C.:CANNONADING AGAINST HAIL--MONTHLY
WEATHER REVIEW 32,7,328-329;.1904JEN,XX,XX,S050S080L00.
d
e
f
g
h
a. Citation

number:

This is a five character alphanumeric label which is
automatically assigned by the system. The number provides the computer with a unique access point for such
functions as recalling items in searches and in editing.
The number also provides an accurate count of items
in the bibliography and provides an easy means for
physical storage of the articles and reports listed in the
bibliography, as they can be stored sequentially by this
accession number.
b.

Author:

Authors are entered in the form: surname, initials.
This element was limited to personal authors only, with
corporate author information given in the reference element, as consistency in the construction of corporate
author headings would not be worth the effort required
on the part of researchers. There is no limit to the
number of authors allowed and, if no personal author
is known, the element can be left blank.
c.

Title:

Titles are entered in English or in English translation
so that the computer can equate words from English
and originally foreign titles for keyword-in-title searches.

d.

Reference:

Since the SEARCH program does not examine this
element, there are no restrictions on format of information. The element encompasses journals, monographs,

* The computer used at the Illinois State Water Survey is
a WANG 2200T attached to a 2221W line printer.

and reports, giving volume, number, or series information when appropriate. An alternative system would be
a numerical code system for designating specific journals,
monographs, etc. However, the advantages of speed of
inputting and efficiency in storage of a code number
instead of a complete bibliographic reference could be
outweighed by the time needed to search a list of items
to find the code number and the time required to continually update this list to include newly cited journals.
The possible utility of a code system is the ability to use
the code as a searchable element, providing bibliometric
information to the user.
e. Year:

This is the year of publication. The Hail Bibliography
allows the use of a "?" if the year can only be identified
to the decade, e.g., 195?. This element and the following
three, which are coded elements, must contain the
requisite number of digits so that the computer can
perform a check of syntax.
/.

Language:

This element contains space for three two letter codes
representing the original language of the article and
two summary languages, the latter being of concern in
bibliographies covering worldwide literature.

g. Subject

codes:

The Hail Bibliography provides space for two numerical subject codes to be assigned to each article; an
arbitrary limit. The two subject codes in the sample
citation, S050 and S080, represent the subjects "hail
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history" and "hail shooting." This element provides the
second method for subject searches, the first being
keyword-in-title. Each method has its own particular
advantages and costs. Keyword-in-title searches are best
for specific, narrow subject searches whereas subject code
searches facilitate general, comprehensive searches. There
may be a loss of recall in the keyword-in-title method
unless additional keywords are added in the title element
space, since the words in a title may not always accurately express the entire content of an article. Added
to this is the fact that the same phenomenon may be
described by several terms (e.g., hail suppression, hail
prevention) and thus all appropriate items will not be
selected by the computer. Vocabulary control is provided by a subject code system, but at the cost of time
required for the construction of the thesaurus and the
coding of items. The Hail Bibliography has a subject
code list of 53 items, providing a desirable balance between precision (ability not to retrieve irrelevant literature) and recall (ability to retrieve relevant literature).
A subject heading list must be kept to a minimum number of terms in order to avoid negating the advantages
of subject code searches, since the over-specificity that is
the result of an oversized list does not facilitate general
searches or ensure consistent representation of subject
matter (i.e., one term per phenomenon). Researchers
choosing to design a subject heading and code system
should recognize the need for a controlled vocabulary
list which must be constructed prior to the coding of
items.
h. location

code:

This two digit code should be used to identify the
geographic location of the research only if it is of significance. For example, research conducted in the United
States which has worldwide application should receive
a null code, whereas the climatography of Canada should
receive the Canadian code designation.
The bibliographic records are stored on separate disks
from those on which programs are stored. On these data
disks, the bibliographic records of varying length are
stored continuously, with the beginning of each new
record defined by the presence of a citation number.
The data disks of the Hail Bibliography store approximately 1200 records, a number which would vary depending on the length of the individual records.
4. Software

The software portion of the system comprises a set of
six ADVANCED-BASIC programs, all of which are
stored on one disk. INDEX is the introductory program;
FORMAT, ENTER, and CORRECT are used for storage; and SEARCH and DUMP are used for retrieval.
Each of the programs functions as follows.

a.

INDEX:

This program loads all of the other programs into the
computer. The user needs to input only one command
(LOAD DCF "INDEX") in order to activate the system.
Once the INDEX program is in operation, the user need

not be concerned with the nuances of computer operation or program structure, since all programs are in a
question-and-answer format. The major purpose of the
INDEX program is to introduce the user to the system
and to list each of the available programs with a brief
description of its function and its unique call up
number.
b.

FORMAT:

c.

ENTER:

This program initializes a new data disk and thus must
be executed each time a new data disk is to be started.
The citation number of the first bibliographic record to
be stored on the new disk is set and the location of the
first blank storage sector is noted.
This program is used to store new bibliographic citations. The program gives directions for its use and explains the syntax to be used for each citation. The program automatically checks the form of the information
written in the author, year, language, subject, and location code fields and checks for the presence of a title
and a reference. The computer will accept any information in the title or bibliographic reference field. This
feature is useful for two reasons. First, a user may wish
to add supplementary subject keywords to the title, thus
increasing the recall in keyword-in-title searches. Second,
flexibility in the bibliographic reference field allows for
inclusion of all pertinent identifying information without undue regard to bibliographic form. After the user
has supplied all the information, he has a final chance
to evaluate and revise the bibliographic record before
storage.
d.

CORRECT:

The CORRECT program is used to modify or delete
a bibliographic record that is already stored on the data
disk. The bibliographic record is retrieved on the basis
of its citation number and the entire entry is displayed
on the CRT screen for easy revision. With the exception
of the citation number, which has been assigned by the
system, any field can be modified or the entire record
erased. Like the ENTER program, the CORRECT program automatically checks for the proper form of the
record.
e.

SEARCH:

The SEARCH program searches all bibliographic
records on each data disk and prints or displays in their
entirety those records that fulfill the chosen selection
criterion. Unlike systems in larger computers in which
bibliographic records are grouped, thus allowing for
modification of search strategy during a search, one of
six set search schemes must be chosen before beginning.
These schemes are: author, keyword-in-title, year, subject code, location code, and subject code and location
code together. They function as follow s:
1) Author. This scheme searches for an author's last
name and selects any author, primary or secondary,
r
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with the chosen name. The search can be limited
by specifying initial(s). An author's name will be
selected as long as the name meets the minimum
selection criterion. Thus, when searching for an
author's name using a single initial, the same name
constructed with single or multiple initials will be
retrieved; e.g., a search on G. Smith will select all
works by G. Smith and G. R. Smith.
2) Keyword-in-title. Searches can be conducted in
either of two ways: up to three words occurring
together ("and" logic) or up to three words occurring
independently ("or" logic). Each word consists of
a root word and up to five appropriate suffixes.
There is also a suffix code to allow any suffix. For
example, if one word in a search scheme were
"raindrop" with the suffix "s" allowed, any title
with the word "raindrop" or "raindrops" would
fulfill this portion of the selection, but the word
"raindroplet" would not. Using the suffix code
would ensure that any word beginning with the
characters " r a i n d r o p " would be selected, irrespective of ending.
3) Year. The year search will print out all bibliographic records published within the selected range
of years. The range of years can vary from one year
(1975-1975) to an open-ended search at one or both
ends, e.g., all citations before 1945.
4) Subject code. Subject code searches examine the two
three digit codes assigned to each record. Searches
can be made for one individual code number or for
code numbers in pairs of two, using either "and"
or "or" logic. For example, an "and" search could
be conducted to select only items coded both SI02,
"hailstone formation" and S058, "hail modification."

announcements continued from page 19
Symposium on Water-Rock Interaction—
Call for papers

The International Association of Geochemistry and Cosmochemistry and the Alberta Research Council are sponsoring
the 3rd International Symposium on Water-Rock Interaction
in Edmonton, Alberta, Canada, during 14-24 July 1980.
Papers dealing with the following tbpics will be considered:
dilute water-rock interaction; diagertetic reactions, saline environments; metamorphic environments; magmatic environments; active geothermal systems; experimental water-rock
reactions; thermodynamic and computer approaches; reaction
rates and kinetics; membrane phenomena; and solutionmineral interaction in soil genesis. Authors are asked to stress
the practical applications and importance of their work.
The full title of each paper, together with the name(s) and
complete address(es) of the author(s) and a short abstract
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5) Location code. All bibliographic records that have
the selected geographic location code will be retrieved.

6) Subject and location codes. This search scheme

selects only those papers that have both the desired
subject code and the desired location code.

/.

DUMP:

The DUMP program allows the user to print out a
group of bibliographic records on either the CRT or the
line printer. It is not necessary to start at the beginning
of a disk. This feaure is useful if you wish to review the
entire contents of a data disk or a portion of a disk.
5. Discussion

For researchers in need of an improved research tool, a
minicomputer information storage and retrieval system
is an available alternative to manual systems. Researchers
seeking to design systems for personal use are advised to
exercise care in the construction of the elements of each
citation to maximize the accuracy inherent in a computer
system. After program disks are written they can be easily
duplicated for use with any corresponding data disk.
Canned programs are also available from minicomputer
manufacturers, independent hardware/software houses,
and users groups. Fdr researchers interested in the topic
of hail, the Illinois State Water Survey Hail Bibliography
is available. For literature searches or program information, contact the authors.
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•

(not exceeding 250 words) should be submitted to the
Secretary-General before 1 June 1979. A second, extended abstract will have to be submitted early in 1980. Only the second
abstract will be published in the proceedings. Details regarding format and length will be indicated in the second
circular, which may be obtained from the Secretary-General
upon completion (by 1 April 1979) of an application form
also available from the Secretary-General.
The official language of the symposium will be English.
The formal meetings will take place on the campus of the
University of Alberta from 16-19 July, and there will be both
pre-session and post-session field trips. Information and application forms may be obtained from and abstracts should be
directed to: Dr. Brian Hitchon, Secretary-General, WRI-3,
Alberta Research Council, 11315 - 87th Ave., Edmonton, Alberta, Canada T6G 2C2 (tel: 403-432-8082; telex: 037-2147).
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