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Abstract

Ideas leading to mechanical and automatic indexing go back 150 years.
However, not until World War 1I, when appropriate tools became available,
did these ideas become reality. Early products of these efforts were concor-
dances to full texts, indexes to document collections, and auto-abstracts of
documents. | was fortunate to be among those who created one of these
systems: permutation indexing. My paper details the development of me-
chanical indexing and related systems during the 1950s.

ypertext, which links all types of data, is now the

dominant information retrieval technique. It is
difficult to remember a time when the character reper-
tory of most computers was limited to all upper-case
letters, ten digits, and a few special symbols. However,
many researchers realized that these machines were sym-
bol manipulators as well as number crunchers. Specifi-
cally, they could be used to process language material,
using alphanumeric character sets. Suitable alphanumeric
machines, including punched-card (tabulating) ma-
chines, punched paper-tape typewriters, and computers
became available just before and during World War 11.
New specialties using these tools were created, notably
“information retrieval,” “natural-language processing,”
“speech processing,” and “mechanical translation.” My
paper relates the early history of a subset of information
retrieval, “mechanical indexing.”

My Work in Mechanical Indexing

My first job in information retrieval (1954-55) was as
coordinator of technical information for Carrier Cor-
poration, in Syracuse, New York. At Carrier a marginal
punched-card system for technical reports was developed.
At Battelle Memorial Institute, in Columbus, Ohio
(1955-57), I worked on a team of information retrieval
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specialists using an effective, but labor-intensive tech-
nique called “extracting,” developed by Ben-Ami Lipetz.
This technique was applied to the documentation and
analysis of the literature of titanium for the U.S. De-
partment of Defense (Gibson & Lipetz, 1956). While
at Battelle, my first paper was published in American
Documentation (the original title of the Journal of the
American Society for Information Science); the subject was
the production of marginal punched cards on account-
ing (tabulating) machines and was based on work done
at Carrier Corportion (Ohlman, 1957a).

In late 1957 | joined the System Development Di-
vision (SDD) of the RAND Corporation to work on
the documentation of one of the largest postwar com-
puting projects: the SAGE (Semi-Automated Ground
Environment) air defense system. RAND spun off this
division, which became the nonprofit System Develop-
ment Corporation (SDC). SDD was located first in Lex-
ington, Massachusetts, close to MIT’s Lincoln Labora-
tory, where Whirlwind, possibly the earliest real-time
computer, was developed. The librarian at Lincoln Lab’s
Division 6, Malcolm Ferguson, had installed a peek-a-
boo (coordinate) indexing system to retrieve documents.
This system used a large card for each index term, in
which tiny holes were punched to show that a docu-
ment used that term. Searches of the collection required
superimposing two or more of these term cards over a
light source using Boolean logic operations (Figure 1).

Noticing that peek-a-boo cards were sparsely
punched, I felt they wasted most of the space (Figure 2).
It occurred to me that isolating terms intended by the
inherent structure of natural language to be used in con-
text (e.g., words occur in phrases, sentences, or titles)
was bound to reduce retrieval relevancy (Ohlman,
1957h).
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Figure 1. Mathematically possible combinations of n terms.

To provide contextual retrieval, | devised a new
method based on IBM punched cards and tabulating
machines. Significant title words were keypunched, one
card to a document title. Tabulating machines were “pro-
grammed” by Lewis Hart of SDC (actually, this was done
by patch cords on control panels) to punch duplicate
cards. In each duplicate card, title words were cycled to
the left; the expanded deck was then sorted, and this
final deck run through a printer to produce the index. |
called the result a “permutation index” because the words
went through a cyclic permutation process (Ohlman,
1957c¢).

The first permutation index was issued by SDC in
1957 as a subject guide to SAGE programming docu-
ments (Figure 3). It was based on the titles of 1,800
documents, two-thirds of which were from the Lincoln
Laboratory (Permutation Index No. 1, 1953-mid-1957).
A second edition was issued in 1958, which included
4,000 SDC and Lincoln Laboratory documents. In the
introduction | suggested strategies to do quick searches,
to broaden a search using “connection-of-ideas” (Whorf,
1956), to get an overview of the corpus of documents,
and to find gaps in the corpus (Permutation Index, mid-
1957-mid-1958).

In 1958 the National Science Foundation, the Na-
tional Academy of Sciences—National Research Coun-
cil, and the American Documentation Institute spon-
sored the first International Conference on Scientific

Information. My paper on superimposed coding was
accepted for this conference (Ohlman, 1959), and I re-
ceived preprints of all conference papers.

Here was a perfect way to demonstrate the speed
and automation features of permutation indexing to
information science and technology colleagues. At SDC,
colleagues (Joan Citron and Lewis Hart) and I produced
A Permutation Index to the Preprints of the International
Conference on Scientific Information (Citron, Hart, &
Ohlman, 1958). Entries were selected not just from titles;
they included author names and affiliations, headings,
captions, sentences, and even phrases selected for their
significance as thought units. These excerpts provided
an average of five permuted entries for every one of the
1,400 preprint pages. Tabulating machines produced the
final index but with an improved appearance. Whereas
the system used to index internal SDC documents had
words truncated to fit into fixed fields, the new index let
text flow naturally. The vital alphanumeric character
making this possible was the space, which could be used
on tabulating machine control panels to determine where
to generate additional cards. Also instead of printing the
index so that the look-up word appeared at the left mar-
gin, it was put in the center to provide context on both
sides (Figure 4).

Shortly after the conference, Lewis Hart worked
with G. R. Bach to use permutation indexing to ana-
lyze verbatim transcripts of psychiatric patients (Hart
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& Bach, 1959). However, | found little support for fur-
ther development of permutation indexing and joined
SDC’s medical automation project. My thoughts and
work on permutation indexing and related matters were
described in detail in a paper presented at the twenty-
third annual meeting of the American Documentation
Institute (Ohlman, 1960).

Other natural-language processing work flourished
for another decade at SDC, led by such outstanding re-
searchers as Lauren Doyle, Harold Borko, Robert Sim-
mons, and Carlos Cuadra. This work was described chro-
nologically and in great detail by Doyle (1966) and
summarized in books written by authors who were at
SDC during the 1957-1966 period (Borko & Bernier,
1978; Doyle, 1975).

Other Mechanical Indexing and Related Systems

At the International Conference on Scientific Informa-
tion, H. P. Luhn of IBM distributed Bibliography and
Index: Literature on Information Retrieval and Machine
Translation (1958), which contained “titles indexed by
Key Words-in-Context system,” subsequently known as
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KWIC (Luhn, 1959). The appearance of the pages of
this index were almost identical to the SDC permuta-
tion index. Also about 1957 the Rocketdyne Division
of North American Aviation developed a system called
“rotational indexing” (Carlsen, Garner, & Marshall,
1958, pp. 19-22). However, both IBM and Rocketdyne
used digital computer programs rather than tabulating
machines to process the keypunched information.

Even before World War 11 information storage and
retrieval systems were developed using similar techniques,
but people instead of machines were used to manipulate
the information (Yardley, 1931, pp. 255-258; Bernier,
1957; Netherwood, 1958). The war spurred the use of
machines to emulate the process (Shera, 1966, p. 79;
Veilleux, 1962). Other early efforts were devoted to the
production of concordances (Busa, 1951; Ellison, 1957)
and to statistical analyses (Heumann & Dale, 1957).
However, the earliest reference to permutation tech-
niques was The Art of Making Catalogs of Libraries
(Crestadoro, 1856; Metcalfe, 1957, pp. 29, 47).

The developers of the Rocketdyne system, a UCLA
librarian, and some SDC colleagues and | started a
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Figure 2. Actual coordinates of 50 terms (r = 2).
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Figure 3. Fixed-field permutation index.

commercial venture called Permutation Indexing, Inc.
The first project was PILOT (Permutation Indexing of
the Literature of Technology). The inaugural issue was
to be published monthly starting in January 1959. Un-
fortunately, despite almost one hundred subscriptions,
the company was undercapitalized and did not survive
long enough to distribute the first issue. Other organi-
zations, however, soon brought out publications using
KWIC, notably Chemical Abstracts and other chemical
publications. Also Eugene Garfield at the Institute of
Scientific Information developed Permuterm for the
automatic indexing of Current Contents.
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Figure 4. Sample page from “A permutation index to the preprints of the International Conference on Scientific Information.”
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