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OPTINTZATION AND STADARDIZATION

OF INFORMATION RETRIEVAL LANGUAGE AND SYSTEMS

SUMMARY

The studies cescribed in this report have been aimed primarily at
analyzing the organizaticn ot uata files in the document retrieval applica-
tion, theses being contaired in Part I. As a byproduct of a number of
analyses conducted cn a sample of 38,402 DDC (formeriy ASTIA) documents,
many term association statistics have been developed. These are presented
in Part I1, together with a discussion of the implications of association
data on file design and use.

A. ORGANIZATION OF DOCUMENT RETRIEVAL INDEX FILES

One nroposed type ¢f .ndex file crganization is the Multi-.ist System,
a variation of the co~ventional list-organized file in which the chains or
lists are based uj °n groups of two or three index terms rather than just one.
The implications and effects of this proposal have been investigated by a
series of computer programs simulating the establishment and maintenance of
the files, using as data base the 600 most common index terms in the DODC
sample. The results indicate that a large amount of processing, against an
extensive data base, is necessary to accomplish the grouping and that the
desired objective is not met--most documents have almost as many groups as
index terms and the postulated reduction in lists traversing a giver docu-
ment cannot be realized. It is corncluded that the Multi-List System does
not offer an efficient approach to the organization of a document retrieval
file.

One proposed variation of the document-sequenced file orders ii on the
lowest index term code included in each document description, rather than in
straight accession number crder. The intent is to reduce the portion of the
file searched by eliminating documents which cannot have term codes incjuded
in a request. Although this approach is somewhai preferable to the conven-
tional document-sequence file, evaluation indicates that reduction is not
enough to make it an efficient method.

Fipraily, the list-organized file technique is analyzed and compared
wi*h ihe inverted and document-sequenced files. System requirements which
can be met wiith an inverted file are described, together with those which
r2quire access to a document vecord. Analysis shows that the list-organized
file is an amalgamation cf the inverted and document-sequenced files. It is
cencluded that maintenance and use of the two separate files is nore efficient
thae the list-orgarized technique when requirements cannot be met by the
inverted file alone. A technique for the optimum detail organization of the
two fiies, by which both actual computing and over-ail elapsed processing

times can be minimized, is described. i
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B. TERM ASSOCIATIONS IN DOCUMENT RETRIEVAL

The documents in the DDC sample generate a large number of differest
pair associations ¢f index turms, most of which occur only one or iwo times,
In general, individual terms form many different pairs and the aumber increases
with total frequency of usage. Terms within one DDC thesaurus group have a
high probability of forming pairs and these terd to oaccur frequently. A
lesser tendency, still pronounced, is observed for terms within ure field of
interest. However, 85% of all pairs involve terms in two different fields.
There is no prorounced evidence that index term usage can be predicted upon,
or is highly correlated to, the structural hierarciy of ihe thesaurus. A
number of tables summarising pair association data in the sample are included.

The significance of the high percentage of pairs whici occur only a few
times is questioned, whether or not such occurrences statistically can be
interpreted as representing mere than random associations. Some implications
are discussed of using associations involving terms of broad scope or wide
applicability. It is considered that there is potential application of using
relationships implicit in the hierarchal structure of a thesaurus, hoth in
processing search requests and in aiding the describing of documents by such
techniques as "lowest ievel indexing."”

Analysis of the DDC date indicates that the use of only a few hundred
documents as data base for term association studies generates relztionships
not representative of the library as a whole. Conclusions derived from these
small samples can be highly misleading, particularly if the documents are
limited to one subject area. It is believed that meaningful studies require
a data base cf at least several thousand documents.

The use of term associations is considered to have aefinite potential
in document retrieval. However, the determination of significant associations,
the use of thesaurus-implicit relatioaships in both indexing and searching,
and the processing techniques and requirements for incorporating term associa-
tions inivo an operative system, all are deemed to be areas for further in-
vestigation.




I. ANALYSE> INTO METHODS OF INDEX TERM FILE ORGANIZATION

In an IS«R application, documents are described by a variahle number of
index terms. Usually, the descriking terms are taken from a controlled
thesaurus of allowable terms, with their definitions, although sometimes an
uncontrolled thesaurus--equivalent to free-language indexing--is used. In
eiiher case, the document nvmbers and associated index terms must be set up
in a file wnich is the data bonk against which search requests are precessed.

There are four basic ways in which this document number index file can

be organized:

Document Number Sequenice, in which the document number is the
record identifer and the associated index terms comprise the body
of the record. Every record in the file must be processed against
the logical relationsnips of index terms in a search request.
Although the file is usually set up in document number sequence,
cther orders are permissible and search requests can be processed
against a completely random file.

Inverted Sequence, in which the index term is the record identifier
and the document numvers in which it appears comprise the body of
the record. Processing of a search request requires accessing only
the index terms it contains, the document uumbe;s pertineut poeing
selected on the basis of the logical relationships connecting the
terms of the requesi. Inverted-sequence files usually are set up
in sequence on index term identifying numbers.

Document Number S=quence, List Drganized, in which ea~h index term
associated with a document is “chained" to another document de-
scribed by that term. The "chain address"” can be eithier a document
or its location in the {ile. A separate entry tahle contains the
document number or its address (file location) of the first docu-
ment using each index term. The chain addresses permit traversing
311 documents containing an index term, each single document
specifying another in the "chain."” Such a file is said to be "list-
grganized,” each index term comprising a "list" which is entered

via the entry table and traced through, document by dvcument, using
the chain addresses. A document belongs to as Zany "lists" as it
has index terms. In processing a search request whose index terms
are connected by logicai "and" relationship, one term is sclecied
and only the dovuments in its "list" examined to determine if the
terms describing each cne meet the ¢riteria of the request. If the
file is maintained on a random access {mass storaye) device, it need
not be ir document number sequence: the “chain addresses™ can jump
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hack and forth through the total file. If stared on maghetic tape

or other sequential access devices, the file is set up in document
number sequence and the "chain addresses" jump forward, not backward.

d. Superimposed Coding, in which index terms are denoted by randomly
selected codes in a fixed-length field, usually binary, and the
document description is created by logical superimposition of the
codes for the index terms it contains. Each code may be, for
example, five random 1-bits in an 80-bit field; the final super-
imposed code contains a 1-bit in every position in which any one or
more of the constituent index term codes has a l-bit. This type of
code may replace, or be generated in addition to, the detzil index
terms involved; the record key is the document number. Different
combinations of index terms can Jenerate the same superimposed code
and, as a result, retrievals may include some nonpertinent documents.
The percentage of this "ncise” can he kept below any desired level
by eppropriate selectivn of field size and number of 1-bits in each
code. In this type of file crganization, every record must be
examined in processing a search request. In most cases, however,

a document can be accepted or rejected with many fewer comparisons
than are required for the conventional document-sequenced file.

A. COMMENTS ON METHODS OF FILE ORGANIZATION

The second and third types of file organization are these which have
been studied most intensively in applying electronic data-processing equip-
ment to IS«R applications. 1In actual cperative systems, the inverted file
probably is the most common form of file organizaticn, although some magnetic
tape applications use a document-number sequence file. The list-crganized
file appears to be considered suitable primarily when a mass-storage, random-
access device is postulated. It is, however, completely feasible when
magnetic tape is used. Superimposed coding has had the least consideration
and, in operative systems, appears to be restricted to manual operations
with files maintained on edge-notched or punch cards, or similar storage
media.

There seems to be general agreement that, of the first three types, the
document-sequenced file is markedly inferior to either of the other two.
Tne necessity for inspecting every document record in processing a search
request entails a comparison work load {matching index terms against those
of the search request) two or more orders of magnitude greater than with
either an inverted or list-organized file. This facior normally makes it
unattractive for batch processing of search requests using any type of
current equipment with multiprocessing capabilities., The other two use
much less iaternal processing time, even though the list-erganized file
essentially doubles the amount of data to be transferred into the computer
memory. In praciice, a search through a document-sequenced file almost
aiways is a badly tape-limited computer cperation; the index terms in each
of the several (one or more) requests must be matched against those ¢f each
file record until rejection or acceptance occurs. Even though rejaction
(the common disposition) frequently occurs fairly early in this matching
process, the total comparison time ncrmally is secveral times ionger than
the actual tape-to-memory transfer time of a record. For this reasorn,
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ng pariicu zdvantage in storing a document -sequenced file on a
S- storage device rather than on magnetic tape; 1nterndl computing, not
data transfers, governs the total processing time. In 3 real-time ISR

application, this type of file organizatiosn obviously is inapplicable,

The inverted sequence file has the advantage of a small number of
records--one for each index term in the thesaurus. Typically, this is on
the order of a few thousand, whereas documents &re numbered in the tens of
thousands. The records are highly variable in length; some index terms
appear in only a single document description while others are used in
thousands of them. This tvpe of file has two basic implications in the
processing of search requests.

First, the oniy records examined are those for the index terms in the
search request {(or requests in batch processing) and the output is limited
to a list of document numbers satisfying the request logic. Q(ther index
terms used to describe the selected documents are not included and cannot
easily be obtained from an inverted file. Their omission removes one
possibie means for quickly determining document pertinency. Second, all
document numbers for an index term must be matched against theose carried
forward to the current stage of processing. Thus an entire record of

several hundred document numbers may have to he scanned to find the "matches™

against a relative handful which so far have satisfied the request criteris;
this may be repeated for several more index terms.

A list-organized file combines the selective-search advantages of the
inverted file with the advantage inherent in the dozument-sequenced organi-
zation of obtaining all index terms associated with selected documents. Its
disadvantage is that, for practical nurposes, file size is doubled when
compared with the other two. Like the document-sequernced file, a document
record, once accessed, is accepted or rejected on the spoi; there is no
carry-over tc a subsequent stage of processing. The number of records in-
spected can be minimized if the entry table to the list for each index term
includes its number of occurrences in the file. Assuming logical "and"
relationships between terms in a search request, it is easy to determine the
one with the fewest occurrences and to examine oniy the documents in that
list. More complex term relationships in a request may require eatry to and
processing s more than one such list, but each can be the shortest one
applicable to a subset uf the request terms,

The number of records to be accessed in searching a list-organized fiie
car be no less than the number of occurrences of the least {requently used
index term in the vequest. This is highly variable. Some requests may con-
tain a term used in only two or three decuments; in others, the least fre-
quent term may have 50, 100 or even mcre occurrences, and many records must
be examined. Lomplexity of the search reguest alss can affect the number of
record accesses required. Ten terms all connected by logical "ands" can be
processed by entering a single 1ist. If a few "or” relationships are present
and no commer “and" term exists, thzn two or three lists may be entered.
Finally, the minimem number of records accessed is gimost dirvectly propor-
tional to the size of the library {(file) being searched. The thesaurus cf
index terms, once established, tends to chenge rather slowly as documents
are added to the file. The freguency of usage of index terms increases, oOfh
the average, directly as the numher of documents--more usages are recorded
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to a relativaly consisnt number of index terms. Thus as the library increases
in size, more and more records must be accessed in processing a search request.
This characteristic is true even when indexing stendards remain unchanged,
Major thesaurus revisions or differcut indexing criteria also affect the con-

tenis of the file and the processing of requests against it.

With an inverted file, on the other hand, one rvecord is accessed for
each term in a search request. Although the number of terms varies, the
maximum typically does net exceed ihe minimum by more than about 10:1, and
a fairly high percentage of requesis have close to the average number of
terms. In genaral, the number of records accessed is much smaller than with
8 list-organized file. However the individual records are longer. Other
factors remaining uschsuged, the number of records to be accessed does not
change as the size of the library increases, but the average record length
does grow at 8 rate proportional to that of the number of documents.

With an inverted file, the smount cf data transferred into the computer
memory to process a sesrch request is relatively more predictable than with
a list-ovganized file and is not subieet to so much variation. Assuming each
data elemeni tc¢ bDe one werd, 3t is given by

),

st

Yords Transferred = Ti(Ni-f

where
T, = Number of index terms in the request, and
N. = Average number of doecuments in which each term appears.

i
[The "1™ in (Ni-+1) assumes that the index term is one word of the record.’

Although individual N's vary widely in value--from one to several thousand--
for individual! §'s, the total, and the average, for typical ranges of search
requests agre subiect to much less variation: the maximum may be on the order
of 2-3 times the minimum,

With a list-organized file, the number of words transferred is given by

Words Transferred = Nm(2Di+-1).

where
Nm = Number of documents in which the least frequently used index term
appears, and
D. = Average number of index terms per document.

i
(In this expression, "2Di" appears because each index term has attached to

it the chain address of the next document in the list; this also is assumed
to require one werd for its representation.) Unless Nm is very small, Di

will closely approximate the average number of terms per document in the
entire library and thus is readily predictable. However, as has been ob-
served, Nm is highly variable. An examination of about 200 search requests
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has not revealed any conclusive relationship beiween the numher of terms in
a search request and the overali frequency of usage of any one of them. 1In
general, it appears that a greater sumber of terms in a request increases
the probability eof finding one used fairly infrequently in the library. At
the same time, requests with many terms tend to have morc complex logical
reiatisnships and this increases the probability that several index term
lists, and not only ¢ne, will have to he scanned in processing a request.

Without comparative analysis, it is not possible to determine which of
the two types of file organization requires the lesser amount of data trans-
fers in processing a search request, The list-organized file almost
certainly does if Nm 1s not over 2-3 times as large as Ti' but the exact

break-even point is not known.

It appears certain, however, that the number of different records te be

ccessed is considerably greater with the list-organized file. This factor
can become highly important when the file is maintained oa a mass-storage,
random-access device, particulariy if the application is real time. In this
case, access to records can be made on a random basis with both list-organized
and inverted files. Random access time typically is much longer than data
transfer time, even for very long records. Conseguently, the total elapsed
time to process a search request almost always will be greater with a list-
organized than with an inverted file (even though the actual central processor
time may be less). The break-even point can be taken, with sufficient
accuracy for practical purposes, as the case in which the number of index
terms in the request equals the minimum number of documents which must be
examined. Usuaily the latter is considerably greater.

Some proposals have been made to modify the technique of setting up a
list-organized file to permit more efficient retrieval. One of these has
been examined in detail, with negative results, using as data base the large
sample of 38,402 DDC (formerly ASTIA) documents described ian [1].

B. ANALYSIS OF THE MULTI-LIST SYSTEM

The Multi-List System {23, [3] is a list-crganized file in which each
list consists of a set of index terms--three being suggested--rather than
having a separate one for each term. Several potential advantages have been
cited for this type of file organization: (1) Aithough the number cf lists
traversing the file is increased, their average length is reduced and varia-
tions in length are much less extreme than in the usual list-organized file;
{2} a document belongs to fewer lists and, because fewer chain addresses are
needed, file storage requirements are less; (3) file searching is faster,
bhecause fewer lists must be examined; and (4) the metho:d of organizing the
entry table to the lists may permit eliminating some search requests (no
pertinent documents in the library), without examining sny list, by utilizing
knowledge that two index terms have never been used together in a document
description.
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vitually Exclusive Atiribuie Groups and Formation of Lisis.

taR

The method of combining three index terms into one list is based upon
assigning each term to one of a limited number of attribate groups. In any
one attribute group, all its index terms are mutually exclusive; that is,
no two terms in the group are used together in a document description. The
index terms, then, are said to be assigned to mutuslly exclusive attribute
groups. This array is best illustrated by an example.

Suppose a file consists of records each having nine keys ur attributes,
each attribute in turn having ten mutually exciusive possible values. An
attribute, for example, could be military rank; each record {man) can have
ocnly one of the possible values "private,” "corporal," and so on up to
"general." There are 90 different possible values (or index .erms} in the
file. These can be denoted in the form "0608" for the 8th value in the 6th
attribute column, etc. The mutually exclusive attribute groups then luuk
like this:

-
Do
w
F=N
v
o
-3
e e}
el

0101 | 0201 | 0301 | 04C1 { 0501 | 0601 | 0701 | 08C1 | 0901
0102 | 0202 § 0302 | 0402 | 0502 | 0602 | 0702 | 0802 | 0902
0103 | 0203 | 0303 | 04C3 | 0503 | G403 | 0702 | 0803 | 0903
0104 | 0204 | 0304 | 0404 | 0504 | 0604 { 0704 | 0804 | 0904
0105 | 0205 § 0305 | 04053 | 0505 | 0605 | 0705 | 0803 | 0903
0106 | 0206 | 0306 | 0406 | 0506 | 0606 | 0706 | 080G6 | 0906
0107 ; 0207 | 0307 | 04C7 | 0507 | 0607 ; 0707 | 0807 | 0907
0108 | 0208 | 308 | 0408 | 0508 ; 0608 ; 0708 | 08C8 | 0908
0109 | 0209 | 0309 | 0409 | 0509 | 0609 | 0709 | 0809 | 09Q9
0110 | 0210 | 03i10 | 0410 0510 | 0610 | O710 | 0810 | 0910

If each attribute value is placed in a separate list, there are 90 lists
o+ the file. Some (such as "private" or "ages 20-24") are extremely long,
while others (e.g., "general") are short. Also, eack record in the file
belongs to nine lists and has nine tags.

Now let groups of three columns be combined into a single superfield in
which a superkey might consits of one attribute value from each column, as
0104-0202-0307. Each superfield has a possible 1,000 (10 x10x 0) of these
superkeys, not ali of which are present in the file (generals, ages 20-24,
earning $40-$49 weekly, probably are nonexistent). If a superkey corresponds
to a list, there are at most 3,000 in the f{ile (three superfields of 1,000
superkeys each). Although there now are many more lists traversing the file,
the extremely long ones previously existing are broker up into many smaller
ores by the grouping of three attribute values into one superkey. The




short lists, of course, are even shorter. Each record now has only thres,
rather than nine, chain addre:cses or tags.

Alternatively, a superkey may be crested by grouping two or more
attribute values from each of the three columns, tike superkey now repre-
senting a range of values rather thar a unique combination. For example,
0401 or 0402 may be combined with either 0501 or 0502 and also with either ,
0603 or 0604, eight different combinations in one superkey. Each column has -
five of these pairs of values and a group of three columns has 125 super-
keys. The array as a whole has 375 of them, defining 375 lists in the file.
With proper ordering of attribute values within & coiumn, the very short
single lists can be eliminated Ly combining them with longer omes and all
lists made approximately the same length--possibly 2 2 or 3 to 1 maximum
variation.

This mutually exclusive attribute group array serve: as the entry table
to the lists traversing the date file. Each superkey in the array has T,
attached to it the storage location (or other identifice ion) of the first
record in the list. A desired superkey in the array cay pe isolated by
standard searching techniques which successively narrow the portion of the
entry table in which it lies.

2. Apnlication of Multi-List System to IS«R (Document Reirrievalj).

1n many types of files, some (or a.l) cof the data elements are values
of attributes, such as age, salary, years of education, etc. Here (he
existence of a given entry for an attribute precludes, by definition, any
other value for one file record; a person cannot have two different ages at
the same time. Thus the entries in the attribr*e group ave mutually exciu-
sive.

The index terms in a decument file do not have this type of mutual
exclusiveness. Although many--perhaps most--pairs may define concepts whicn
are extremely unlikely to co-occur in a document, it is perfectiy possibic
that, given a library of large enough size, any two terms choseun at random
will be used in the same decument description. Their mutual exclusiveness
is strictly a function of usage and two terms which are exclusive tcday--i.e.,
have never been used together in one document--may not be tomorrow. Use of
the Multi-List System in an IS«R application requires, then, not only an
algorithm to set up the array of mutualiy exclusive attribute groups initially,
but also to reorder it when previously exclusive index terms in one group
are used tcgether in one document descriptivn. This process of changing terms
from one column to anci“er to maintain exclusiveness is called renaming.

It is evident that the minimum possible number of attribute groups is
at least as great as the largest number of index terms used in a single docu-
ment description. The actually realizanle minimum may be considerably larger, .
and most likely is. In the DDC sample, the maximum number of terms in any }
one document is 21.
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In applying the Multi-List System to the total DDC document file, it
was believed initially that the 6,000-0dd descriptors (DDC index terms) could
be arranged into about 30 :utually exclusive attribute groups or columns
(subsequently raised to 40), each containing about 200 descriptors. In each
column descriptcrs are grouped into ten sets of about 20 each, one set from
each of three columns comprising a superkey covering a range ol descriptor
code-vslue combinations. Each group of three columns has 1,000 of these
superkeys serving to define lists, or a total of 10,000 lists traversing the
documents stored ir the Multi-Association Area (the file of document numbers,
descriptors and chain addresses).

To examine the feasibility of the Multi-List System, a computer algo-
rithm was developed to set up the array of mutually exclusive attribute
groups. A UNIVAC I-II program was written and run against the collection of
38,402 DDC documents aveilable for testing and analysis.

e paashta R R A i+

3. Descriptions and Results of Experiments Using DDC Data.

The methodology followed and results of the computer experiment are
summarized in the following paragraphs. More detailed descriptions have
heer reported previously in [3]-[7].

PENFTR

This phase of the study sets up the mutually exclusive attribute group
array, using descriptor relaticnships in the DDC data as basis for the allo-
3 cations, and is designed to answer two basic questions:

What is the achievable minimum n.mber of groups into which the
descriptors can be assigned?

Pl A Al {5

How complex a renaming process is required to retain a minimum
number of groups as the intreduction of new associations
necessitates reordering of the array?

R g R L A

~—~

a. Notation. T notation used in these analyses is modified slightly
from that in published literature on the Muiti-List System. Symbols used are:

D -- The description used to describe a document and consisting
of a number of descriptors, denoted by either da or di i

d -- The descriptors in D, 1<alm. Used when location within

the attribute groups is not pertinent or is not known.

C. -~ A column or group in the array of mutually exclusive
attribute groups. Li<f, where ¢. is the last group.

g
‘ d, . -- The jtan descriptor in the i i €.9., is th
i J scriptor in the ith column; e.g d07'12 is the
12th descriptor in group 7.
i.jn -~ Alternate form for writing di j* particularly when it is
necessary to differentigte two j's in one column.
10
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b.
groups have been established: no two descriptors in any one column are used
together in a document., Now if a new description D contains two previously
exclusive descriptors i,j, and i.},, it is necessary tc move gne of them into

another column.

~- Notation used to denote a descriptor in ¢

- The set of descriptors in a column c it is di

, retaining the

o e

descripior’'s identity. Typical rt

code itself ur its frequency of usage vank. Thus, 11-3860
represents descrintor code 3860 in group 11 and G1-23, the
23cvd-ranked descriptor (in the total file) in group Ol. Each
group normaliy is seguenced on v, but only the v's in the
group are included.

b ] T o
ry- ¥ 13 T U

]

J =1, 2, «v.. n, +d

The set of al} descriptors with which a d, j is associated in

use, By definition, none of them can be in cye

The set of all descriptors associated in use with any one or
more of the d. j in Cse It is the logical sum of sll the Di

*

' J
in a c..
i

The number of groups not having a descriptor in D.

An individual group or column noi having a descriptor in D.
l1<{m<p<f.

The ¢, with the descriptors included in =ach.

K
m
"a is inclusive with (used with) b." a and b can vary in form

and may differ. Thus, i,j, N i,j,or i-v, N i-v, means that

[g]

a single specified descriptor pair is inclusive. i,j1 N
means that i.jl is inclusive with one or more of the d
without specifying which cne(s).

b, Jj'

"a is exclusive to (not used with) b." a and b can vary as
above.

Cefinition of Renaming. Assume thst the mutually exclusive attribute

The Multi-List SyStem proposes these types of renamings:

First-Order Renaming. If there is a column ¢, such that i,j1 U C,or

then i.j1 can be moved to ¢

K bhecoming k,jn. Conditions for exclusive-

ness are now met by cye Similarly, exclusiveness may be maintained by

moving i.j2 to ¢

ko
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gagmisg. There mey be no c into which i.j, (or i,j,)
-

Sevond~-Utder R
can be shifted. 1If, however, a descriptor k,jx can be shifted into

st.1l enother column, thereby making i,j1 U Cper then 2 double shift
wiil maintain the exclusiveness--i.e., k.j = ¢, (k. U ¢,) and

i'ji (or i,j2i > Cpe

nth-Order Renaming. The above process can be repeated any number of
times. Without specifying a value, the Multi-List System recognizes
that an upper limit to orders of renaming should be set. If the limit
is reached without a successtul renaming, it is concluded that the
input descriptor is inclusive to every column and consequently can be
placed in none of them. At this point, either the number of attribute
groups is increased by one or recourse is made to a human monitor.

The basic flow chart for the logical operations required for first and
second order renamings is shown in Figure 1. Except for slight changes in
notation, this is identical with those presented on pp. 67-68, Part I,
Volume I of reference [1]. The chart begins at the point where existence
of a conflict within a group has become known. In effect, it includes the
basic logical operations required for all orders of renaming; those of third

and higher order can be considered as successive applications of the second
order renaming process.

During the course of the study it became apparent that another type of
renaming was not only possible, but also was necessary to maintain the number
of groups at a minimum., This is defined thus:

Second~-Degree Renaming. The requisite k,ix may not exist for successful
second-order renaming. Hcwever, if there exists also a k,jy such that
(1 (D + . . L (D) . .

(1) Dk ( k. T Dk,s) is exclusive to 1.31. ( k,Jx is exclusive to some
Dm; and (3) k’jv is exclusive to some Dp (where p may equal m ); then

the triple movement k.jx > c

k,j = ¢ and i,j, = ¢, restores exclusive-
' 'Jy p 4 Jy k

ness.

nth-Degree Renaming. This follows the above principle, except that n
descriptors are moved cut of Cy*

In theory, any degree of remaming canm occur at any stag~ of an nth-order
renaming.

¢. Algerithm Requirements and Practical Limitations on the Computer
Experiment. Although Figure 1 is complete for the basic logic uf what must
be done in descriptor rernaming, it is not a computer solution or flow chart
of how it is to be accomplished. For purposes of this study, it was first
necessary to devise & detailed method which was feasible of operation, in

terms of time and cost, on the UNIVAC I-II magnetic-tape processors avaiiable
for use.
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Put all columns j. i - o |
aot in D onto .. N ves | 2 L
L= m st K = TojyUey ®
Kiokpeoso ok —\\ m 2% P g N
1'72 p 2
No
EXIT
- ioj —* ¢
| i4j, U, 2)Yes | 2 K -
m ii —- Renaming
Jy s Successful
No
Ml —e m ff{:j; P p )
FIRST ORDER RENAMING
\ﬂ =
First order renaming unsuccessful .
-8 Or exit
km,.j <

1.

Is tnere a kp,j in which L
is exclusive to any ¢f the 2 i

| —o f columns, cj. and which,
m when removed from ky would Yes
make kp exclusive to either K . — ¢
. A .
1ojy or i.jy? i,j., Excl, | ™J k ,
| 2 [ i,j, — ¢ _j Renaming
2 L Successful
No
i.jl — 5
mi —em mz:p
Unsuccessful.

= To third order renaming,

#» manual intervention, or
addition of another column
to attribute groups

SECOND ORDER RENAMING

Figure 1
Multi-List System

Logical Flow Charts for Renaming Prccess
to Maintain Attribute Group Exclusiveness
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The study objectives required methods (1} for the inital estab nen
of the array of atiribuie groups based upon actual usage of descriptors in
a reaconably large "hase" document file; aad (2} for maintainiag the array
as new documents are added. Prefersbly, the same basic machine program
should take care of both., The specifications listed below must be met;
some of them are framed to reflect the particular characteristics of a tape
processing system.

[y

A file of attribute groups, Cy and the descriptors Ci within each

must be maintained. Within each Cy the di i are ordered in some
L

systematic manner--e.g., in descriptor code or frequency-ocf-usage

sequence.

A cross reference between descriptcr name or code and its attribute
group must be set up and kept current.

The descriptor set Di j for each di j
] L
current. So long as documents are not removed from the file, the

maintenance procedure need provide only for Di j-kdk > o, j when a
? A ’

must be established and kept

new association di j N dk r is introduced.

The descriptor set Di must be established and kept current for each ¢y

Tae maintenance procedure must provide for both Di+-D. I Di and

i,]
Di--Di 3 - Di to reflect the effects of the movement (renaming) of a
d. . into or out of c..

1,)

Computer and cost considerations made it evident that the entire 5540
descriptors in the DDC sample could not be handled. Accordingly, the 599
most frequently used were selected; this includes all descriptors with 72
or more occurrences in the sample file. This choice permitted setting up
the descriptor sets Di and Di j as 2-block records (UNIVAC I-II blocks of

A

60 words each) in matrix form, 2-character fields in each record correspond-

ing positionally to the descriptors 00i-599 taken in rank-number sequence.

The number of co-occurrences of a di j with each of the other 396 descriptors
L

can be accumulated readily as 2-digit numbers in the proper positional field
(very few pairs occur more than 100 times). The 600th field identifies the
descriptor or attribute group to which the record pertains.

Tape-handling considerations alsc made it clear that computer renaming
would have to be restricted to avoid excessive "tape spinning." Thus, re-
naming was limited to the forward direction of tape movement, equivalent to
moving a descriptor only intc columns to the right of the one from which it
must be moved.

The investigation of aspects not taken care of by the computer program
were covered by selecting the 30 most commen descriptors and, within them,
taking only pairs with five or more co-occurrences. This reduced the amount
of data to a volume permitting manual simulation of the algorithm, Scme
manual simulation also was performed with the 100 most common descriptors.

14
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In all of these studies, descriptors are identified by their rank
number based upon irequency of usage in ihe {ile; 001 is most frequent and
599, least. A compiéte ligt of the 50U dexcripiors is contained in Table
A-1 {Appendix A), in rank number sequencz. Each descriptor shows the number
of different pairs it forms with the other 598 and also the ASTIA field and
group to which it was assigned in 1960-1961 (the period during which most of
the documents in the sample were described. It should be snuted that field/
group assignments hove been changed since that time).

d. Summary Statistics of Pair-Associations Among 599 Most Common DDC
Descriptors. These descriptors have 49,305 pair-combinations (twice as many
permutations) with 248,425 total occurrences. These constitu.e 23.6% of tne
different pairs in the total file and 46.8% of all psir occurrences. On the
average, each descriptor is used with 165 of the other £98; the range is from
49 tc 579. Table 1-2 (Appendix A) summarizes these pair-associations by
number of occurrences.

As mignt be expected, descriptors used very frequently are highly likely
to co-cccur in document descriptions. Chart 1 depicts the pair-associations
among the 100 most common; the lower left triangular matrix is a graphic
portrayal of this, with the actual number of co-cccurrences of each pair in
the upper rignt portion. Some breakdowns of possible and actually existing
pairs are sumsarized in this table:

Associaticn Possible Combinations Percentage
Tvpe Combinations Gecurring Qceurring

Asscciations within
Ranks 1-50 1,225 1,086 88.4%

Associations of Ranks 1-50
with Ranks 51-100 2,500 1,928 77.1

Associations within
Ranks 51-100 1,225 681 55.6

Associations, one member
in Ranks 101-599 174, 151 45, 609 26.2

Ali Associations,
Ranks 1-599 179, 101 4G, 306 27.5%

Although over a fourth of the possible pairs actually exist in the
sample, it should be noted that most of them do not cccur frequently. Ia

fact, over 40% occur only once and almost 60% only once or twice {see Table
A'z) .
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e. Automatic Attribute Group Assignment cf 599 Most Commen DDC
Descrintors. Consider first the initial establishment of the array of
mutually exclusive attribute groups, which presupposes that a file of docu-
ment descriptions exists., Without loss of generality, it can be postulated
that all pair associaticns are formed prior to assigning any descriptor to

a column in the array. This is equivalent to forming the record Di j of
asscciations for each descriptor and then beginning the assignment. This is

the method followed in the computer program.

The program assigns the first descriptor, Rank 1, tc attribute group
(column) C1 and sets up Dl' which at this point is the same as D, ;+ The

next descriptor, Rank 2, is taken and D, examined to determine whether it
contains the descriptor. If it does, the descriptor is not exclusive to C1

and is placed in 62, with 02 heing created.

In the gereral case, the next descriptor da is taken and each Di'
beginning with Dl. is examined to see whether or not it contains da. If it

does--meaning that da forms a pair with one or more of the descriptors

already in c,--the Di for the next column is examined. This process continues

until one of two conditions terminates the cycle: (1) a column is found in
which da does not appear in Di' in which case da is added to that column
(becoming ds j) and Di is updated by logical superimposition of the de-

L

scriptor's Di j; or (2} da is not exclusive to any column so far formed, in

A4

which case it becomes the first member dn

of a new column C_ and its D
i, 1 m m

1
*
becomes the new Dm.

This technique assures that each descriptor is assigned to the left-
most (lowest-numbered) column ¢ in which it is exclusive (i.e., is not used

in ci). The most time-consuming part of the computer operation is the
handling of th2 tape containing the Di records., Bectause each descriptor

added to a column means supevimposing its D j on the existing Di' this tape
k3

must be rewound and rewritten for each descriptor processed. The tape con-
taining the Di j records is set up in rank number seguence and read only
+

once during execution of the machine pragram. Ai}dcating 599 desc.iptors
required 3.75 hours on the UNIVAC II.

This algorithm assigned the 399 descriptsars to 56 attribute groups,
Table 1, each cortaining from 1-16 eniries. It is mot known whether or not
this is a minimum. The technique assures that each descriptor is placed in
the first possible column and, therefcre, is used (forms a pair) with at
least one other descriptor in ever)y lower-numbered column. Hcwever, it is
possible that movement of a descriptor from ¢, into a higher-numbered column
might eliminate some associstions from Di and” thereby permit transferring

other descriptors down inte ¢y The mnst obvious candidate is the ione entry

17
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in column 56; by juggling entries in some of the oiher columns, it might be
fitted into one of the 55 left. If such a solution exists, it has not been
found. The sheer volume of data involved precludes manual analysis and the
thousands of possible rejugglings make a computer trial impracticable from
a cost standpoint.

This 56-column array is aimost twice as large as the 30 originally
considered probable. Because the very frequently occurring descriptors form
many different pairs--see Chart 1 and Table A-1 (Appendix 1)--and are rather
broad in meaning, the need for assigning them into the attribute groups has
been questioned. It may be more appropriate to make a separate list for
each one of them and to restrict the lists formed by combining descriptor
ranges in each of three columns to the attribute groups created from the
less frequently used descriptors.

Choice of a cutoff point for this variation (which is not part of the
original Multi-List System) is arbitrary. A new attribute group array was
created after eliminating the 19 most common descriptors, all of which had
866 or mere occurrences. The 580 assigned are all of the descriptors in
from 72 to 846 document descriptions. The resultant array, Table 2, contains
46 columns. Although smaller than the first, it still is higher than the
30 thought possible.

The development of these two arrays is equivalent to their initial
establishment and provides nc information on the effects of using the same
algorithm for a file-updating type of operation. Once initially established,
the attribute group array requires updating (adjustment) as new documents
add new descriptor pair associations to those already existing, Most of
these involve descriptors in different columns and do not destroy the mutual
exclusiveness within each. However, some new pairs involve descriptors in
the same column and one of them must be moved, or renamed, to maintain ex-
clusiveness. The UNIVAC II computer algorithm does not accomplish this
renaming operation. Although the basic approach for modifying it to accom-
plish first-order renaming is relatively strightforward, actual computer
time to run che program on oven the fairly small set of 399 descriptors is
excessive.

Nonetheless, it was considered pertinent to obtain some idea of the
percentage of conflicts which result from adding new documents te an already-
established file. For this purpose, the basic file was re-created after
eliminating all pair associations occurring only in a random 10% sample--
all document numbers ending in "9"--of the 38,402-document file. The algo-
rithm then was rerun using the pairs remsining and the resulting attribute
group array checked to determine how many conflicts would occur by intro-
ducing the associations found only in the 10% sample. (In effect, this
considers the sample as constituting inout to an updating cycle.)

The "9's" sample comprises 3,828 documents and includes just under
13,800 of the 49,3C6 different pair combinations in the full file. Of these,
2,062--about 15%--are unique to the "9°s" documents; none occur in more than
three documents. Occurrences in the full file and the sample are summarized:
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DDC DOCUMENT FILE SAMPLE
Table 2
Mutually Exclusive Attribute Group Assignment of the 20th-599th
Most Common D{C Descriptors*
1l e 3t aflsye |l v ]|e] e wfujrz|diuaislejrrliwliiefojalezios
20] 21| 22 24} 25 27} 28} 29| 32§ 23 38} 39! 41| 49| 0| 53| 56 s8] 59) 62| M| 72| 73
23] 41| 20] 3| 26] ! 40| %] 42} 37 51| 43| 4| 61| 3] 6| ) 8} 61 67| 14| 84| 78
90| stlm2| wu| 7r| 3] s2) 45! 106§ 46 54| 48] 9| e5] 89| 130! 757150 | 69| 82| 93| 86 | 15
167 | 104 {188 ] 161 ) 94 [ 115 ;124 55| 191109 81| 60 ] 96 |0 | 117|138 | 74 169 | 139 | 108 | 173 | 132 | 165
177 ] 153 | 196 ] 184 | 142 | 150 | 203 {111} 208 | 210 [ 286 | 100 | 120§ 62 | 134 | 243 | 102 | .93 {160 | 154 | 178 | 135 | 180
243 ] 1964 | 305 | 213 | 253 | 185 | 217 {122 | 220 | 224 { 289 { 118 | 212 | 230 | 168 | 269 | 244 | 225 [ 163 | 191 | 190 | 14¢ | 263
248 | 219 | 349 } 229 | 255 ] 200 | 291 | 152 | 256 | 298 | 297 : 196 | 251 | 355 | 285 | 344 | 273 | 252 | 250 | 238 | 246 | 30t | 341
325 1 239 | 369 | 290 1 293 1 231 } 209 ] 156 | 275 | 323 { 314 { 202 | 28t | 411 | 376 | 348 | 296 | 2m1 | 336 | 247 | 261 | 386 | 418
329 | 260 | 405 | 251 | 317 ] 232 | 311 | 206 | 282 } 370 1 318 | 254 { 313 } 479 | 390 | 364 | 404 | 335 | 356 | 266 | 381 | 410 | 428
339 | 295 | 482 | 361 379 | 302 | 326 | 225 | 310 | 400 | 390 | 322 | 367 | 536 | 454 | 444 | 439 | 396 | 380 | 366 | 445 | 474 | 484
385 | 304 | 529 | 402 | 422 | 423 | 360 § 508 | 346 | 436 ! 401 | 350 | 420 | 54z | 486 | 536 | 478 | 442 ! 407 | 471 | 452 | 568 | 512
400 | 324 | 552 | 579 | 445 | 434 | 415 | 520 | 430 | 462 | 427 i 481 | 448 | 561 | 511 523 | 475 | 447 | 580 | 463 | 576 | 540
432 | 331 | 555 446 | Si0 | 421 | 350 | 438 | 566 | 507 480 | 588 | 515 541 | 456 - 489 554
435 | 467 | 857 453 | 518 | 466 | 595 | 465 | 577 i 537 595 551 ! 549 | 493 585 593
473 | 500 } 559 487 | 547 | 504 4% 556 ; 575 ; 596 | 573
494 § 523 | 563 505 | 567 | 5T 501 562 , 583 587
i
495 5§72 504 | 5% 502 510 |
509 59
515
!
584 !
24725 20| x|28]29)0 Paibaselos st los 3|3 o820 afa|a]|a|a]as]as
19 0] 85| 87| 105] 110 | 13 121 | 125 | 132 ) 137 | 155 { 189 | 199 | 233 | 237 | 249} 277 | 300 | 321 | 374 | 391 | 441
83 o2 | 97| 88 ! 120§ 127 | 123 } 126 | 142§ 159 | 183 | 170 | 197 ] 222 § 240 | 257 | 270 | 291 | 306 | 331 | 398 | 416 | 5N
991 95 | 101 | 116136} 128 | 130 {145 | 6o | 171 § 215 | 204 | 200 j 227§ 241 | 267 | 276 | 307 | 328 | 332 | €19 | 472 | 569
107} «1s | 103 ] 147 {157 | 148 | 14y 149 ) 172§ 175 | 216 | 226 | 205 | 274 | 264 | 308 | 260 | 409 | 343 | 353 | 431 | 478
1 1
182 ; 207 ;214 | 170 | 208 { 163 | 174 | 161 | 167 1 1951228 | 250 { 245 | 303 | 267 | 32 ! 283 | 429 | 365 | 412 | 5i7 | 499
200] 202 | 2591 192} 315 | 186 | 221 179 | 211 | 235 | 236 | 278 | 265 | 309 | 345 | 316 | 347 | 450 | 389 | 13 | 560 | 535
212 | 327 | 320 | 268 | 319 | 363 | 234 | 342 | 272 | 262 | 458 | 330 | 337 | 354 | 403 | 333 | 362 | 516 | 497 | 468
383 | 368 | a57 [ 336 ] 355 373 | 279 { 377 | 284 | 288 | 504 | 371 | 593 | 468 | 433 | 375 | 372 | 524 | 553 | 532
384§ 397 | 464 | 999 | 387 | 395 { 352 | 408 ' 378 | 358 | 514 | 496 § d61 | 469 | 459 | 392 | 477 | 539
388 | 437 [ 534 | 461 | 394 1 426 | 357 | 424| 325 | 456 | 519 | 506 | 522 | 502 | 485 | 399 { 492
417 ] 491 1597 | 483 | 414 | 460 | 382 | 520 521 | %25 | 586 536 470
5718 | 593 | 498 | 440 | 593 | 556 | 52 533 565 74
513 | 562 | 344 592 589
540
548 :
i
1 581 l |
*Descriptors dencted by frequency-of-usuge rank nusber.
20
]
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A2, S e

No. of Pair Differeni Pairs Different Pairs }L
Jeceurrences in Full File Found Gnly in "G's" ;

] 20,218 2,001

2 8, 654 59

3 4,854 2

Using the 47,244 pair combinations in the 90% of the file, the algorithm
assigned the 399 descriptors into 55 mutually exclusive attribute groups,
Table 3, each with from 2 to 16 descriptors. This is one less than the 56
columns for the full file, Table 1. However, the dispersion of descriptors
in Table 2 is markedly different. The first 28 columns have sigrificantly
more descriptors--369 against 331, Seven groups, compared with four in
Table 1, have six or fewer descriptors each and eleven have either 135 or 16,
against only three. The assignment is the same for the first 63 descriptors,
difierences beginnirg with rank number 64, but only Groups 1 and 3 in the
final arrays are identical. However, although the two arrays are quite
dissimilar for a difference of less than 5% in the number of pair associations
included (47,244 and 49,306), it appears impossible to draw any meaningful
conclusions from this fact. The basic files in both cases are large--34,500
documents or more--and the form of the final arrays is more apt to depend upon
chance variations in the particular pairs present than upon some meaningful
factor.

The 2,062 pair combinations unique to the "9's" sample create 6C conflicts
with the descriptor assignmenrts of Table 2; the first is the pair 2-174 in
Column 2. The conflicts comprise about 3% of the new pairs and occur at the
rate of one in about 55 new documents. Two new docurents, in turn, generate
slightly more than one new pair among the 599 most curmon descriptors. (It
should be noted that some documents--possibly as many as 25%--do not have two
descriptors among these 399 and create no pair entering into the algorithm.)

All of these conflicts must be resolved by the updating algorithm. In
an attempt to ascertain some of the results of this renaming operation, the
adjustments have been traced through partially on a manual basis.

The simplest renaming is first order--moving one of the two conflicting
descriptors inte a column in which it is exclusive., This must be done in
some prescribed order--e.,g., by columns from low to high, in ascending
sequence on descriptor code number of the pairs, in sequence on their rank
numbers, etc. Results differ depending upon the order of resolution and also
upon how much of available knowledge is used at the time a particular conflict
is resolved. 1iIf, for example, all new pair associations are posted before
renaming begins, then only the 60 conflicts must be clarified and the new
assignment is final for the cycle. On the other hand, if new associations
are accessed in the prescribed order and conflicts resolved as they occur,
then a renaming subsequently may give rise to another conflict above the 60 i!
already known. Both methods have been carried out far enough to demonstrate
that the resultant array has at least 57 coiumns. It possibly has more, !
because this point has been reached hefore half of the known conflicts have
been resolved. From Table 1, it is known that a 56-column array is possible. |
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Consequently, it again is concluded that an updating algorithm limited to
first-order renaming does not maintain a minimum arrav of attribute groups.

Because of the large number of possible movements which must be examined,

no attempt has been made to resolve conflicts with higher-order renaming
algorithms,

f. Summaxy of Manual Analvses of Mult:.-List System., The nonmachine
studies of necessity have been ccnfined to a limited number of descriptors
with a data volume small encugh to permit human simulation of computer
processes. Their purpose has heen (1) to examine the effects of alternative
choices of action in the renaming operation and (2) to determine the degree
of complexity of renaming needed to maintain the minimum numbev of attribute
groups. The results, reported upon in detail in [41-[6], are summarized
briefly here, but the attribute group arrays are included.

The first trial used the 50 most ccmmon descriptors and pairs among them
with five or more occurrences. The asscciations are shown in Chart 2. By
inspection, it can be seen that most of the first 19 descripters (all except
12 and 16) are used with each other and therefore must be in separate columans.
The remaining ones are placed initially in the first (lowest numbered) column
to which it can be assigned based solely upon lack of association with the
one descriptor at the head of the column. This initial assignment is shown
at the top of Chart 3. It utilizes only the pair associations formed by the
17 descriptors in the first line of the array.

Descriptors 20-30 are then processed in sequence, each one adding the
new associations formed by it with the remaining descriptors; e.g., processing
descriptor (rank number) 20 adds its associations with 21-50, etc. Some of
these newly introduced associations cause conflicts which require that one
of the descriptors be moved into a new column. This is done using only
associations so far known to determine exclusiveness and the assignment may
be changed subsequently as the remaining descriptors are processed in turn.

It will be noted that this process corresponds to a file-updating operation,
with renaming limited to higher numbered columns.

There are four variations in the sequence of processing steps when a
new pair da bdc P is introduced and causes a conflict (i.e., both are in the
A 1]

same column and one must be moved). Each variation results in a different
final array:

Variati : Che > . / .
Yariation 1: heck Da,b before de.f Move de,f to a new group

Variation 2: Check da,b before de.f’ Move da,b to a new group.

*pescriptors denored by frequency-of-usage rank number,

. .
Variation 3: Check de,f before da.b' Move da.b to a new group.
Variation 4: Check de,f before da,b' Mrve de,f to a new group.
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Observe thar ithe soiutivus differ only when a choice of actions is possiLle--
that is, when both descriptors are exclusiv> to the first group in which
either is exclusive, or when both are inclusive 1o all estabiished groups.
Once an initial difference of action has taken place, many ¢f the subsequent
renamings, of cou~ e, are different, although some are still identical. It

is to he expected that tne four solutisns will all differ from each other.

Results of processing each of the four variatians ave shown i Chart 3,
22 or 23 grours being recuired for the 50 descriptors. No conclusions can
be drawn as to which variation is prefercble; the fact taat two of them
require one more column may be due only to the particulsr data in the experi-
ment and cannot he used to conclude t 8¢ they are of necessity less preferable.
The different results do indicate tha. it may be extremely difficult to
select a sequence of operations which will assure a minimum number of attri-
bute groups.

Whether cr not the number of columns (22) iz actually minimum is
unknown. It has b en proved that, with these data, at lsast 21 arc required.
However. attempts to reduce the array to 21 columns have been unsuccessful
and, similarly, no proof has been developed to show that 2. are nacessary.

A series of manual simulations, identical in approach to the foregoing,
then was performed on the 100 most common descriptors, using all pair
associations existing among them. (The associations are shown in Chart 1.)
desults are present in Chart 4, with from 39 to 42 columns being required,
depending upon the variation chosen. The azray o¢f 4E is a further modifica-
tion of the procedure creating 4B and is inciuded to iliustrate the effects
of retracting renamings whicl subsequent actions show to be unnecessary.

Thus, if da bde £ conflict and de £ is meved, a pair association introduced

at a later time may result also in moviug d8 into a new cu:umn. But this

b

may make it pessible to restore d 10 the original column. This proredure

e, f
was foilowed in creating the array of Chart 4E. The array of 4F follows the
logic of setting up the attribute groups iritially, using all pair associatiscns
in the data to guice the assignment.

The arrays generated with the sets of both 50 and 100 descriptors have
been set up using first-order reraming only. All have pbeen reviewed for
reduction in number of columns threugh more complex renamings and, mostly by
chance, it has been shown that the arrays 4B, 4C and 40 can be cut one column,
That redvcing 4C to 38 columns is must sophisticated, invelving second-crder,
third-degree renaming. It is reduction that introduces the concept of nth-
degree renaming to the nth-order renaming initially proposed for the Multi-
LList System.

The results of these simulatisns bring out several significant factors
pertaining to the establishment and maintenunce cf descriptors in a minimum
number of mutually exclusive attritbute groups.

First, file storage requirements for holding descriptor palr associations
are large. A record must be maintained for each descraiptor showing every
other descriptor with which iv is wsed in a document description. In the
case of the DDC sampie, this anxiiiary file is more than twice as large as
the basic document/descriptor file itself. Furthermore, most pairs scemr
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Initial Assignment

1123145} 6] 71819 |10111}{12;13[14|15{16}17]|18}{19}20 21} 22|23
11213141516l 7168911011113 ]114{15]17]18:19
40 47
31 16 | 12 35121120 22 24
44 26123 32150 41 25
48 281 45 39 27
291} 46 43 33
30
M4
36
38
39
42
49
i'INAL ARRAY: da b Compared First. de o Moved to New Group
p 12l 3l4als] el 7)8]9j0[nnji13fafi5{17{18]19]20[24]25]29¢ 43
4C 31 | 47 16| 12 35(32{23|21]34 22 |28 30|27} 42 50
48 36| 46 45| 26 38 41| 39 33
49 37 44
FINAL ARRAY: da b Compared First. da b Moved to New Group
1121331415} 6571819110011 |13[14]15]17[18[19}129}20]|24 25] 32
40 31|47 161 12 3543|2321 |34 22128 50 |30 27| 42
48 36| 46 45| 26 38 41 | 39 a3
i 49 37 44
-
FINAL ARRA:: de ¢ Compared First, da b Moved to New Group
1121 31415 6] 718191071113 {14}15[17}18[19[3%|23]24| 25} 26|43
40 44 147 16} 12 2832202134 31}22]30 50 29§27 a3
361 46 48 | 45 38 41 37 35
49 42
FINAL ARRAY: de £ Compared First. de £ Moved to New Group
1J21 3145167181 9110{11113]14(15;17{18}19}23(24]25]29} 39{50
40 31147 16§ 12 2813212021134 22 130 26127142 33! 43
48 36| 46 45 38 41 35
49 44 37
Cnart 3

Final Arrays Resulting From Four Variations of First-Order Renaming

{30 Most Commen DDC Descriptors, Pair Associations With 5 or More Occurrences)
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only once or twice and new pairs are added at a fairly high rate as new docu-
ments are intrcduced. Other libraries may have characteristics diffevrent
from that of DDC and, presumably, at some stage of library size, the number

of new associations hecomes rather small. It is not known at what point this
occurs.

Second, if both of two conflicting descriptors meet the algorithm
specifications for renaming, then the one selected apparently has an effect
on the number of groups. Results of the analyses do not indicate which, if
any, of them maintains the minimum number of columns. Indeed, it is possible
that each of the several variations should be followed through to completion
to determine which is best. Even a few conflicts gives a large number of
possible combinations of actions.

Third, a fairly complex renaming process is necessary to achieve a
minimum array. It has been shown that first-crder renaming does not do this.
The analysis indicates that renamings of higher order, and also of higher
degrees, are required, but how high has not been established. In any case,
the number of possible actions to be investigated rapidly becomes so large
as to pose an almost prohibitive processing workload. Even second-order
renaming--the simplest after first order--invelves, with N descriptors,
looking at close to NIN-1) possibilities. It appears, but has not been
proved, that even more complex renaming is needed to maintain a minimum
array.

Finally, resolution of conflicts using the algorithm of Figure 1 does
not necessarily maintain a minimum number of groups. In this algorithm, a
renaming process is initiated only if a new association occurs for two
descriptors, previousiy mutually exclusive, in the same column, and one of
them at least is involved in the resultant renaming. It is perfectly
possible, however (see Chart 4E), to reduce the array after the updating
cycle by movement of one or more descriptors for which no new associations
have been introduced; indeed, there may be no new pairs in that column. It
may well be that the complete array should be reanalyzed after each updating
cycle to be certain that it is the mirimum achievable. Otherwise, it may
continue to expand over a period of time until it contains several more than
the minimum number of columns.

N¢ attempt has been made toward determining the approximate complexity
of renaming required for a minimum number of attribute groups. The array
already is so large that a reduction of even 3-4 columns does not negate
the conclusions of the next subsection.

g. LEvaluation of the Multi-List System in an IS«R Application.
Evaluating the potential usefuiness cf the Multi-List System in a document
retrieval application reduces essentially to answering cne question: ™Is
it practicable to use combinations of several mutually exclusive index terms
as supetrkeys identifying lists into which the file is organized?" Based
upon the studies and simulations which have been completed on the DDC data,
the answer must be an unqualified "No." As a corellary to substantiatiag
this conclusion, it 1s possible also to establish the general data character-
istice which file records must possess if the approach is to have potential
merit.
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The notation S11J dr.ajs.bdt,c is used for a superkey, where Cpr G
and ¢, can be taken as three consecutive attribute columns and the d

1 r,a
ds b and dt c &re the greups of index terms in each column combined irito
*

the superkey range. For simplicity, the discus:ion assumes that each column
can contain about the same average number of terms without increasing the
number of coiumns in the array. Whether or not the assumption is true does
net affect the analysis,

The pair associations of the 599 most common index terms in the DDC
array require an array of 56 exclusive groups; including all 35540 terms in
the sample may increase this to about 60. or 20 sets of three cclumns. The
documents in the sample average only 5.14 index terms each; in tne latter
part of the chronological period represented, this increases to between
7.5-G.1, depending upon security classification. In the entire sample,
only 859 documents have 12 or more terms, the maximum being 2i. The attri-
bute group array, then, has several times as many columns as documents have
descriptors. In fact, for the 97.5% of documents with 11 or fewer describing
terms, there are at least five times as many columns.

Although the distribution of index terms among columns is not random,
it is evident that any one document has terms im only a few of them. In
fact, if it has an index term in tie range d in C s there is a high

Q

r,
probability that it has none at all in ¢ and £, Yet this one term must be
o

included in a superkey Si ; which, by definition, includes a range of terms

e\'

from each of the three columns. Fulfillment of this requirement leads to
the concept of the null index term, ai, present in every column o and

defined as being exclusive to all real terms. In this example, the superkey

then becomes a'r alsit and it is quite evident that most superkeys will be of

this type--probably well over 90% of them. Some will have two real terms,
with Si j expressihle 1n the form dr ads bkt’ and only a small percentage

will have a term from each of the three columns. For practical purposes,
then the superkers for most of the index terms in a document will contain

cne real and two null terms and be of the form Si i T dr aAsjt' This 1s
tJ ]

equivalent to establishing a separate list for each index term (or small
range of terms), except that additional bits and file storage space are
needed to dencte the nulls,

As 3 direct corollary, the iists containing only a single real index
term or range, although relatively few in number (600 if the 60-column array
is broker into tem vanges per column), contain most of the eatries criss-
crossiang the file storage area, but each list is long. Lists entered by

superkevs of the form S, . = ; he i re |
up Vs 51,3 dr,ads,th oT dr,ads.bdt,c may be wany more in

number, but each is short.

Because index term assignment to columns is not random, it is possible
that some “clustering" teandency may exist ir actual usage, especially if the
mutually exciusive columns are reordered. To investigate this possibility,
the high-frequency index terms in 350 censecutive documents in the "9's"
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sampie were listed by their rank number and column assignment in the array
of Table 1. (Because only those with two or more high-frequency descriptors
are involved, the selection range covered 0l documents.) These are listed
in Table 4, both renk numbers and attribute group coiumns being given ir
ascending crder; i.e., there is no column cerrespondence between the two.
Inspection of the right half of this table clearly shows that almost all
superkeys are of the form dr aAsAt' All attempts to improve results by

reordering columns have been fruitless. Because it dees not include the
less frequently-used index terms, this tabie not fully definitive. However,
the dispersion of columns is so great that even their opiimum placement for
eacihh document--an impossible expectance--would not significantly alter the
table.

Processing search requests against a file list-organized in this manner
introduces a similar set of considerations. Consider a subset of the search
request in which terms are connected by a logical "and" relationship. In
most cases, each single term will form a super key of the Lype dr aAsAt'

But it is not sufficient to search only the list cu.ercd by this superkey;
all 1lists of which dr a is one member must be searched. If each column is

A4

divided into ten ranges, this is 100 lists, of which some may have no entries.
As noted above, many of these are short, but nonetheless the records they
include must be examined.

It is ccncluded, therefore, that the grouping of index terms into
mutually exclusive attribute columns and the organization of the file into
lists entered by multi-column superkeys has no potential usefulness in a
decument retrieval application and is, in fact, markedly inferior to a
straightforward list-organized file in which each term has its own list,
Exhoustive analyses of the large DDC sample show that the typical superkey
contains only a single real iadex term (or range of terms). The Multi-List
System does not achieve its cbiective of minimizing search time. Compared
to a conventicnal list-organized file, the Multi-List System organization not
only requires searching many more lists in processing retrieval requests,
but also uses considerably mayre data storage space for retention of the pair-
association lists. Finally K maintenance of the attribute group array imposes
an additional processing wuorkload ccnservatively estimated to he two or more
orders of magnitude greater than that needed for single-term lists.

It may be argued that the characteristics of the DOC file are not repre-
sentative of those 'r other ducument retrisval applications and that the
above conclusion is not generally true. To some extent, this may be valid.
We are unaware of any published resuits of analyses inte file characterists
which have been carried out on the scope or into the depth of those on the
O0C sample. Those data which have teen noted are censidered to be consistent
with these results. In fact. there is some reasor to believe that more-
specialized document files, indexed in greater depth and with a smaller
thesaurus than the DDC library, may show an even more unfavorable relation-
ship betwzen number of index terms per document and the size of the mutually
exclusive attribute group array.
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DDC DOCUMENT FILE SAMPLE
Table 4.

High~Usage Descriptors and Their Mutually Exclusive Attribute
Group Assignments for a Selected Range ¢f 50 Documents

Doc. | No. Rank Numbers Mutually~-gxclusive Attribute
Number [Descr of High-Usage Descriptors® Groups (Tabie 1)
| S
230019 6 3044 305 12 30
20329 3 174 304 13 16
230049 9 003 009 09 178 183 185 213 359 3 7 9 10 1 28 31 A7
230059 9 §003 004 090 337 352 3 4 12 19 46
230069 5 B 47 526 562 & 9 2
2300797 1C L 083 169 176 247 256 422 445 15 17 27 28 30 39 53
230089 6 1049 076 595 3 10 22
230099 5 F011 416 11 43
230119} 12 § 014 036 118 318 536 3 1 16 18 34
230139 9 §001 931 131 164 314 455 498 1 21 24 27 43 47 52
230149 7 F003 046 078 083 252 332 3 7 2 31 29 53
230159 8 003 00G 031 169 256 358 369 3 9 13 2, 28 30 51
230179 5 L1064 222 384 30 42 48
230199 8 4008 C22 386 8 21 32
230219 5 1030 143 167 237 3 2 39 4
230229 3 B030 167 578 2 3% 49
230235 12 Jlocl 0Q7 017 031 052 059 095 182 528 1 6 7 8 12 24 25 40 47
230259 5 § 003 150 3 9
230269 8 1004 018 094 438 L 12 14 1}
230289 8 F037 152 220 240 295 344 3 16 26 32 47 L9
230309 6 oL 177 162 223 8 13 24 32
230319 8 H002 115 233 281 292 493 2 25 35 L3 44 48
230329 8 [[035 050 189 207 358 459 502 16 26 32 43 4L 41 5
230339 4L | 002 €93 2 29
230349 7§ 311 339 4 19
230359 5 001 057 187 592 1 9 14 17
230379] 10 § 020 021 147 222 490 496 19 20 36 40 48 55
230389 5 1001 010 087 2147 10 23 &
230419 7 009 065 200 39N 9 18 49 51
230439 4L {003 003 167 3 9 36
230459 S 1001 004 144 147 249 262 352 54z 1 4 11 26 31 26 L0 46
230469 g 001 029 091 127 413 1 14 23 38 41
2305C9 3 173 184 426 5 L0 46
230519] 10 J 002 007 105 239 2 5 7 3
230539 6 11001 018 063 237 1 17 32 4
230549 7 1029 232 511 3 9 1L
230579 8 1002 00z 029 259 S 4L 12 14
230539 & BO47 158 199 430 509 1 14 20 34 3%
230609 5 GO 00z 1 2
2306191 15 1001 036 039 316 355 429 431 486 1 3 18 26 32 40 4 52
2300391 10 [f175 269 4B 576 L 29 15 LB
230659 € 1009 141 195 9 34 37
230633 11 [f003 004 ©OY 046 0G4 192 203 247 300 3 4 9 14 15 17 31 32 51
230699 7 1076 208 5&G 4L 2 2%
23072%4 1C (| 011 076 23¢ 11 2¢ 45
230749 6 jl 223 404 460 L93 546 578 1 23 2% 32 46 4S9
230769 7 4027 G51 119 193 5 v 1¢ 31
230739 3 052 100 361 16 17 25
230799 v §077 00 5 LY
230309 € K033 074 4LL9 501 12 15 20 36

L ] \ - : . . N .
includes only documents with two or more nigh-usaje descriotors. 11 documents in this
range nave none or one.
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h, Characteristics of a File Suitable for Multi-List System Organization.
The evaluation implies one basic characteristic a file must possess if the
Multi-List System is to have potential usefulness: There must be a number
¢f data fields having a range or set of different values as possible entries
and in which all, or nearly all, file records do have an entry. These need
not comprise all the data fields in the record; it can be divided into parts,
one consisting of fields present in practically all records and the other,
the variable or trailer fields which may or may not exist in every record.
The first type can be combined into superkeys; the second, included in indi-
viduat lists.

Many types of files have records with this characteristic. In general,
the fixed fields may be further subdivided inte two categories. First are
those in which a single record can have only one entry, such as clock number,
base hourly wage rate, home department, number of dependents, etc., in a
personal file. Each such field may be considered as an attribute, for which
the possible values are by definition mutually exclusive and no procedure is
required to maintain this exclusiveness. Second are those fields in which a
single record may have multiple entries, such as foreign language proficiency
and higher job categories for which a person is qualified. Here exclusiveness
is not an a priori cendition, but is a function of the particular entries
which exist in the totality c¢f file records. If such attributes are to be
divided into several (two or more) mutually exclusive groups, then the file
maintenance procedure must provide for retairing a record of existing asso-
ciations and adjusting the groups as necessary to reflect changes in the
detail entries.

Attributes with only a single possible entry per record probably are
most susceptible to grouping into superkeys when a list-type file organiza-
tion is being evaluated. By attaching a chain address to groups of two or
three data fields (attributes), range broken into superkeys, rather than to
each one, some storage space and input-output transfer time always can be
saved in handling an individual record. Additional savings may accrue by
using condensed codes for the superkeys themselves. Such savings, however,
may be only a fairly smali percentage of the record size in a normal list-
organized file.

At least partially offsetting this gain is, usually, somewhat increased
complexity and, possibly, additional computer time both in maintaining the
file and in processing search requests into the lists. This arises because
a search may noi--and normally will not--invelve all of the attributes grouped

into a superkey, but will be cf the formd_ 3 13 ord_ _d .2, , for which
r,a st r,as,bt

several lists must be searched. Although exactly the same number of records
may be examined with either single-value or superkey list organization, the
latter method requires the extra machine instructions and computer time for
accessing, transferring and examining records in many lists instead of just
one. LEvaluation of the reiative payoffs, and of the efficiency of organizing
the file itself into lists, must be predicated upon the total uses of the
file and cannot be done here.

If the mutually exclusive attribuce grcups have to be developed and

maintained in the manner necessary for a document retrieval application, then
it is concluded that the Multi-List Svstem does net constitute a feasible
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method of file organization and use. Standard approaches are superior in
terms of storage requirements, of file maintenance complexity and prccessing
time and of file searching and use. It may result in reduced storage re-
quirements for files with many data fields of the “attribute” type, but in
most cases will require mcre processing time for file updating and use.

C. ANALYSIS OF THE BLACK-PATRICK VARIATION OF A _DOCUMEn(-SEGUENCED FILE

D. V. Black and R. L. Patrick have suggested [9] a variation in the
document-sequence file as a means of realizing greater file-searching
efficiency. In this approach, the index terms for each document are ordered
in ascending sequence (as one possibility) on their code numbers and the
file records, document numbers and index term codes, are ordered on the
string of code numbers considered as a single variable-length key. Where
keys are identical, records are in document-number sequence. A file so
erganized looks like this:

Doc. Term Term Term | Term
No. 1 2 3 4
1000 123

9000 123 234

7000 123 234 345

4000 123 234 345 567
4001 123 234 345 367
4002 123 234 345 567
3053 742 999

0123 846 978 1235

8421 847 1341

9766 954

It will be observed that the records are identical to those in the normal
document-sequenced file, in which index terms usually ace carried in ascend-
ing sequence on code number within each document. Only the record sequence
within the file is different.

The index terms in a request (assumed here to have logical "and"
connectives) are ceonverted to code numbers and similarly ordered into ascend-
ing sequence. In prccessing the request, searching need ccntinue eonly
through that portion of the main file in which the first terms are equal to
or less than the first term of the request. For example, if a search
includes the terms 234-345-567, the search through the "file" in the table
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above terminates after document number 4002, Because the documents beginning
with 3053 include no index term less than (code number) 742, they obviously
cannot meet the search criteria. In the portion of the file in which a "hit"
is possible, each file record is examined by a conventional comparison sub-
routine to determine whether or not it meets the criteria.

Does this approach have any significant potential in a document retrieval
application? Unquestionably, it permits terminating a search without examin-
ing all the documents in the file and, from this standpoint, is preferable to
a straight document-sequenced organization. The percentage of the file records
that can be bypassed, on the average, has not been reported. In fact, so far
as known, the proposal has not been tested against an actual file of document
descriptions and a representative sample of search requests.

If documents are ordered on the lowest index term code in their descrip-
tions, there is obvious tendency for the file records to be clustered zmong
the lower code numbers. Further, the probability of having a low code irn «
description increascs with the number of terms used. Both of these tendencies
are evident in this summary of 50 DDC documents classified by low descriptor
code used. (These are document numbers ending in "9" in the DIDC accession
number range 229009-229499, described in 1960. It is not a random sample but
is considered roughly typical of documents accessed during that period,)

Low Descriptor Number of Average Descr. Cum. % of
Code Range Documents per Document Documents
0001-0199 9 8.67 16 €
0200-0399 8 7.75 34
0400-0599 S 8.40 44
0600-079¢ - - 44
0800-0999 S 9.20 54
1000-1199 - - 54
1200-1399 8 9.75 70
1400-1599 1 3.00 72
1600-1799 2 5.00 76
1800-1999 1 5.00 78
2000 « Up 11 4.91 100
Total SC 6.92 -
35
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Only two documents have lowest codes greater than 3000--3204 (three descrip-
tors) and 4779 (four descriptors). Thus almost all these documents have at
least one index term in the first 40% of the descriptor code range (maximum
about 7000) and over half of them are in the lowest one-seventh (below 1000).
Because DDC codes are assigned sequentially to descriptcr names in alpha-
betic order, this clustering tendency in the lower number range is equiva-
lent to saving that mest documents are described with a term whose first
letter is early in the alphabet.

The sequenced codes for the toe'ms in a set of average search requests
likewise have a clustering tendency, not necessarily the same as that
exhibited by the library as a whule. The pcrtion of the file that can be
bypassed in processing them caidot be estimated with any accuracy without
conducting an analysis using descriptions of a reasonably large collection
of documents (several thousand, at least) and a representative cross-section
of search requests.

QIR T R T P R SRS o T R
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The number of documents examined might approximate, for example, half
the library if the average request meets four conditions: (1) The number
of terms is fairly small; (2) terms have only logical "and" connectives;

(3) retrieval is based upon a full match of all terms and not varying subsets
of those in the request; (4) the average request is described toc about the
same degree of detail as the average document; and (5) over a period of

time, the distribution of subject classifications in search requests approxi-
mates that of the document library. 1In practice, these conditions are not
met and the general effect of the deviations is to increase the portion of
the file which must be searched.
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In the conventional document-sequenced file, new Jocuments can be added
: at the end with insertions (if any) limited to the latter portions of the
z file. 1In th~ Black-Patrick variation, insertions are the rule and the entire
‘ file must ° rewritten on each updating cycle. To this extent it imposes an
additional processing workload and cost. Although no experimental data have
been seen to support the conclusion, it appears quite possible that the
method is preferable to the standard document-sequence file, where a saving
of even 10% in the number of records examined may be profitable. However,
it is not censidered competitive with either the inverted sequence or list-
organized file in processing search requests. It is applicable only with
magnetic tape or other sequenrtial-access storage medium and, despite the fact
that a list-organized file is twice as large, the latter almost invaribly
will result in lower over-all processing time anrd cost.

D. OPTIMUM ORGANIZATION OF A DOCUMENT RETRUEVAL FILE

- There seems to be rather gemeral, but not universal, agreement that,
for the foresveable future, 2utomated document retrieval will based upon
searching & file in which documents are described by index terms and in which
the request tevms are connected by varying complexities of logical “and,”
“"or" and "but not" relztionships, There also appears to exist rather general
concurrence~~possibly not quite so pronounced--that enly the inverted se-
quence snd list-organized files provide really efficient means for sutomated
reirieval. Certainly only these two can be cersidered in a real-time opera~

. tion, which demands an on-lipe, mass-storage (random access) device for the
document file.
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1. General Commenis un faciors Affecting File Orcanization.

The most efficient detailed form of file organization is predicated to
some extent upon characteristics of the data processor and its storage
devices. For example, if a disc file or drum always transfers blocks of 100
characters, nothing can be done about it (without changing the equipment) and
the detailed file design and use specifications must take this fact of life
into account. Insofar as internal processing and data storage capabilities
are concerned, practically all modern (current decade) general-purpose EDPM’'s
are quite flexible and pose no basic restrictions on the type of file organi-
zatiop established. A real-time retrieval operation--and particularly one
in which a person is permitted to "browse" through the automated file--requires
some type of query (data input) and dispiey (data output) device connected to
the processor. Here the limitations are much more apt to be those of the
capabilities--and cost--of the device rather than those of the rest of the
processing system. Because of these equipment-related factors, a detailed
file laycut can be made and optimized only within the framework of the
characteristics of a specific equipment configuration.

The most efficient general form of file organization, however, depends
largely upon the requirements the file processing must meet and the environ-
ment in which the operation is performed. Consequently, it can be studied
and conclusions can be reached. This is true despite the fact that require-
ments and environments are quite diverse and, at first glance, it might seem
that the optimum file organizatiocn takes many forms, depending upon the
particular conditions applicable. The problem can be reduced to manageable
size by eliminating those phases or requirements which are not a dirzct part
cf maintaining the index file to be searched or of precessing requests
against it.

As examples, the procedures for mairtaining and using an automated
thesaurus are essentially identical for both list-organized and inverted
files. The method of arriving at index terms--manual or machine--and of
validating them agains. the thesaurus is a function independent of the
organization of the index file. The accumulation of statistical data can
be done in about the same way with either type of file. A similariy separate
processing function is that of maintaining auxiliary files which may be re-
quired, such as those used to develop significant usage associations of
index terms. Selectior of documents for "current awareness” programs occurs
at the time new descrviptions are entered for processing and also is independ-
ent of the particular file format in which the data are to be stored for
subsequent searches. :

2. Advantages and Disadvantages of Inverted and List-Crganized Files.

The organization, content and use of the index term file are predicated
upon the requirements of the search algorithm and the exact nature of the
cutput. Both the inverted and list-organized files contain only document
numbers and index terms. The output of a search through either type of file,
then, is limited to ihese two types of data. Inclusion in the output of such
additional information as titles, abstracts or copies of documents is not
possible using ornly these files, hut requires one or more additioncl opera-
tions. These are not part of the direct file searching procers ard may or
may not be automated.
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4. Differences_in Search Qutputs. The first basic difference in the
use of these files is the nature of the output. For practical purposes,
the cutput of searching an inverted file is a list of each document number
satisfying the search criteria plus, if desired, the list of index terms
upon which .he selection was based. The list-organized file can produce
not only the document Jist hut also all index terms used in each descriptien.
In addition, by expanding the size of the file record, such other data as
author's name, publication or journal, date of publication, etc., can be
incorporated in the output. This is possible whether or not such fields
are used in the same manner as "normal” index terms.

The greater output flexibiiity of the list-organized file points out
another essential differenve between the two types. The fact that it is
basea upon a document record which can be expanced rather easily to include
more data than the basic invexing terms themselves is a strong inceative to
de just that. Consequently, the evaluation of which type of file is most
efficient usually will not be based upon twe different organizations of the
same datx base. Almost inevitably, the list-organized file will contain
more information than the inverted file.

If output requirements are satisfied by a list of document numbers
{(plus, at most, the descriptors upon which the selection is based), then
either type of file organization can be used. If additionel descriptive
information of the general . s mentioned above are postulated, then only
the list-organized file is app.icable.

b. Differences in Nature of Search Algorithm. The list-organized file
is more fiexible tihan the inverted file in the degree of scphistication or
compiexity permiscible in the search algorithm. The list-organized file
car be used for any type ef search possible against an inverted file. 1In
addition, it permits search criteria which are not practicable with the
iatter form of file organizaticn. The greater capabilities of the list-
organized file arise because, in processing a request, it makes available
more data than does the inverted file.

The relative .egrees of search compiexiiy may be summarized in this
manner: With an inverted file, all index terms used in the selection must
te contained in the rasic search request, or must be derivable from sources
otuer than the file itself. As examples of the latter, the input terms may
be expandec based upon hierarchal or structural reiationships carried in an
(automated} thesaurus, or upon usage association data contained in the
thesaurus or other file which can be accessed with an index term as key.

Ia addition to the ahove, the list-ovganized fiie makes it possible to in-
corporate criteria based upon terms contained in document records accessed
through the initially given terms. The additional terms so obtaincd are
derivable only from within the list-crganized file itself.

The applicebility of the two files to some of themore commonly preposed
search paramcters are discussed hrieily:

Buth can handle the same complexity of logical velationships between
search terms; typically limited to "and," "or" and "but nct" connectives.
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Both have the same capabiiities for converting between external and
internal language: Term names to index term codes, non-indexing names
or codes to indexing codes, external index codes to internal cedes, etc.

Both files can handle requests when all terms in the search criteria
are included in the request input.

Both files can be used when the seiection criteria can include subsets
of the full range of index terms (e.g., selection of all documents
containing any three of five given index terms). With both files,
weight factors can be used and calculated document weight faclors can
be part of the output. Also, the output can include the nur*.r of
terms upon which s=lection was made, or a list of the terms, ur both.

Both {iles can be used if the basic index terms of the request are to
be expanded based upon term relationships included in the thesaurus,
with or without weight factors assigned to the additional terms so
generated.

Similarly, both can be used with expansion of the list of terms based
upon "significant" associations of terms occrrring in the file as a
whole. Pairs, triplets, or larger numbers of terms may be used in the
determination of association factors.

In the above two cases, both files permit limiting selection of docu-
ments to those meeting specified conditions of given and added index
terms.

List~organized, but not the inverted, file permits additional search
cycles using new index terms included in documents selected during the
previous cycle. Here it is understood that the new terms are found
solely because of their inclusion in documents selected on the basis
cf already-known terms. They are not derivable from the thesaurus.
The new terms can be weighted and combined in these subsequent search
cycies in the same manner as the oriqinal terms.

These search criteria involve data other than what are generally understood
to be "index terms,” but which may be incorporated into the search file.

Dates (year of publication, for example) can be a search cri.erion with
both files. 1In the list-organized file, date is included in each docu-
ment record. If so, it can be part of the serach output whether or not
it is used as a selection criterion. In the inverted file, zach time
interval is set up as an index term record containing the numbers of
a1l documents applicable., (This record almost always has thouszads of
detail entries.) Dates of selected documents cannot be provided, at
least practicably, unless specified as a search parameter.

Authcr s name, with an inverted fi'e, can be used only if it is an index
term in the basic request and, further, only if the basic file has a
record, for each auther, with the list of vertinert document numbers.
For practical purpcse, it is not possible to determine the _uthor of a
document selected on the basis of other terms, even though the file
includes the above record for eack author.
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Autho~'s name, with 8 list-orqanized file, can be included readily as
part of the output of all searches, provided only that it is a data
field in each document field. In addition, the documents fov each
author can he "chained" into a list accessible through an enlarged
entry table. If this is done, the search output can be expanded to
include ail other documents by the zuthors of those selected during
the basic search.

Journal or publication name (usually coded), with a list-organized file,
can be in.luded as part of the search output in the same mannev as
author's name. Although this field also can be placed into lists,

there is considered to be practically no advantage in doing so. With
an inver.ed file, this field is subject to the same resirictions as
author's name and, in practice, caanot be used.

Rcle indicators for index terms can be uscd with both files., Separate
records (inverted filej} or lists can be set up for each role-term
ccmbination; or, alternatively, a single record or list can be estab-
lished fox ther term, modifiers associated with the decument number
specifying the applicable role.

Link indicators definitely can be used with a list-orga.ized file.
Their use introduces several complexities with an inverted file, and
it is not known if they can be incorporated efficiently. There is a
good deal of controversy on the usefulness of link indicators in a
document retrieval application. Analvses of their effects on file
organization are not considered warranted at this time.

c. File Maintenance Differences. Updating a list-organized file
requires more computing than an inverted file. The additional operatiocas
are those necessary to create the chain address for every index term in each
new docume.t. Inverted file updating is straightforward and simple: Create
word-pairs for each new irdex term and document number combination, sort
into {term) sequence and merge the document numbers into the existing term
records. With serially assigned accession numbers, the merging occurs only
at the end of each record to be updated; ideally, new numbers are added only
at the end of the record. In general, the complete record {or each index
term in the new documents is read and completely rewritten. The operations
sre organized most efficiently ir a sequeatial manner and even the sorting
requives relatively little computer memory.

The most efficient algorithm for updating & list-organized file requires
that the entire index term entry table he in the processotr memory. If this
is done, the chain zddresses for each document can be created one after the
other, the entry table being updated simultaneously, and the document trans-
ferred to the file storage msdium before processing the next cne. This
approach uses a quite large zcmount of memory--two words or about ten chavac-
ters--for each indgx term in the thesaurus and in many cases may nol be
practicable. Alternative methods take more cemputing time,

iIn the tvpical case of an updating cvele with about 300 new documernt
entries, fewer file references are needed with a list-organized file. Al-
though the entire entry iable is read aad rewritten, it is small compared to
the document file itself. With 3 mass storage uevice, one access is required
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for each documenti record processed; two may be needed. With magnetic tape
storage, the file always can be organized so that new documents are added at
each end (i.e., the file need not be in document number secu.ence) without
rewriting the previously existing file. With an inverted iile, a record
access is necessary for each index term included in the input. For typical
updatings with small document volumes, there usually are several times as
many terms as documents. An inveried file requires more accesses io update
the index file than does a list-organized file.

Periodic file purging (elimination of documents) is somewhat faster with
a list-organized file than with ar inverted file, provided that the purging
involves a solid block of the oldest documents in the file. This is done so
seldom--once or twice a year-~that it is not an important factor in the
selection of a file design. However, random purging also is not only possible,
but simple, with a list-organized file. The storage space occupied by the
record cannot be eliminated because of the need for retaining the chain
addresses, but the document effectively can be "killed" by flagging or
wiping out its number. Random purging can be done, but is not practicable,
with an inverted file

d. File Storage Comparison. The exact method of setting up file records
on the storage medium depends heavily upon the specifications of the storage
device itself and the nature of data transfers te and from the central
processor. It almost never is possible to optimize ail of the several factors
involved. Among the more important are: (1) Utilization of the data storage
space available, particularly with mass storage devices; (2) effective,
rather than instantaneous, transfer rates to and from the computer memory,
especially with sequential-access storage; (3) access time, either sequential
or random; (4) the amouni of memory required foi input/output data transfers
in relation to the total available; and (3) the effects of file design on
processing time. In practice, the detail file design is a compromise, each
of several conflicting objectives bheing achieved in varying degrees (and,
usually, none being fully realized).

In this respect, it should be noted that the degree of compromise
necessary varies considerably for different types of approaches to basic file
organization. With current mass storage devices, for exampie, it is con-
sidered much more difficult, if not impossible, to set up a list-organized
fiie which will come as close to realizing its potential advantages as will
an inverted file on the same device. A basic {ile organization which in
theory may be s ~erior or preferable to another may in practice be inferiorv
or less efficie . :

Because ~" the varying characteristics of storage devices and their
interfaces with the rest of the processing system, it is appropriate to make
only general remarks and comparisons on implications of the medium
selected on the list-organized and invert>d files.

If the index file is stored on magnetit tape or similar s. ential-
access devices, comparable efficiencies can he achieved with eiiFer type of
orqanization. Tape blocks almost invariabliy are fairly long to attair high
effective transfer rates and, with modern equipment, range from 560 characiers
up; larger bhlocks are desirable if enough memory can be allocated for input-
output areas. Thus with both files. a number of records are packed into one
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block. With an inverted file, the long records for common terms may be split
into several blocks. The condition probably never arises with a list-
organized file: 30 index terms for a document (the largest number repeort)
creates a record on the order of 300 characters.

Twe points may be noted. First, the list-organized file is about twice
as large as the inverted and takes twice as long to process. Thus, if search
criteria are within the scope of what it can handle, the inverted file is
preferahle when sequential access storage is used. Second, if a list-organized
file is used, chain addresses must carry only in the forward direction of the
tape. In practice, this results in mixing records of various sizes within
the file., Unless the equipment includes a flexible input-output control word
system (e.g., "scatter read”), time to search out individual records increases.
Records in an inverted file can be grouped quite easily according to length
(number of index terms included).

Three important characteristics affect the organization of a file on a
mass storage device, such as a disc er drum. First, the randos access
capability requires specifying a record's location as a machine-fixed
address--disc surface, track, and sector within tracr. for example. This
factor causes no logical difficulty with either 1 osrganized or inverted
files; the machine addresses need not be the same ° _ocumeni numbers or
index term codes. In a list-crganized file, however, their use as chain
addresses almcst certainly increases the size of each record. This follows
because the document number, which is what really is being chained, seldom
exceeds six decimal digits, or 20-24 bits, whiie machine addresses of mass
storage sectcrs usually take more bits then this.

Second, in many equipments, sectors have a fixed character capacity,
usually in the 60-200 range. but sometimes larger. Data transfers may occur
in one or more of three basic ways: (1) One -omplete sector at a time;

(2) one sector, with the transfer terminated when the actual end of data is
reached; and (3) multiple sectors, variable in number, transferred at a time.
With both types of files, compromises are necessary to fit the variable-
length records into fixeu-length sectors and to hanrdle long records which
cannot be contained within a single sector. A few equipments provide foi
truly variable-leagth sectors, one sector terminating and the next beginning
immediately after the end of each record. Thus one track can have a variabie
number of sectors, each of different length, track capacity setting the maxi-
mum sector size. This facility is well-adapted for files in which records
are variable in length but, once established, are essentislly static--i.e.,
do not expand or contract during subsequent processing. This is a basic
characteristic of a ducument description and thus a list-organized file can
readily utilize variable-sector storage.

Third, mass storage devices are relatively more expensive, per bit, than
magnetic tapes and in operation the entire file must be available to the
central processor. Thus it is desirable to utilize a high percentage of the
available bit capacity for data sterage. This may be difficult to achieve
with fixed-length sectsrs and 2 list-organized file, where the maximum record
may be 4-10 times as long as the minimum. Here it is doubtful if utilization
of as much as 70% can be realized without sacrificing some of the potential
advantages of this method of file organization. With variable-length sectiors
and one record per sector, the utilization may be somewhat better. Some
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track capacity is used to record the machine sector addresses and other
handware signals asscciated with variable-length data blocks. !ormally, this
is equivalent to many bits and, for the short records typical of decument
descriptions, may take 15 or more of the capacity petentially usable. In
addition, the machine addresses tend to fairly long; if used as the chain
addresces within eack record, their greater length (than document numbers)
further reduces the effective data storage capacity.

These factors are not so important with an inverted file, whose records
increase in size with time and whose growth factor is taken into accourt in
file design and storage allocation. Irternal index term codes easily can be
made the same as machine sector addresses and term records of iike sizes can
be grouped readily to utilize most of the capacity of fixed-length sectors.

If varisble-length sectors are used, the machine addresses take a much smaller
percentage of track capacity because the average index term record is much
longer than the average document description (a 7:1 ratio ir the DDC sample
and this probably is lower than in the typical document retrieval applica-
tion),

e. Comparison of Search-Request Processing Requirements. Four factors
a{fecting the processing of search requests may be noted: (1} Number of
records accessed or acted upon; (2) amount of data transferred into the
processor memery; (3) amount of computing necessary to determine the documents
meeting the search criteria; and (4) the amount of memory required to hold
data and the program.

It has been noted that, with an inverted file, one record is accessed
for each index term in the request, some of them being very loag. Their
number seldom exceeds 20. With a list-organized file, the number of accesses
is highly variable, but the individual records are short. The ideal search
here is one in which the request contains an infrequently used term connected
by a logical "and" relationship to all its other terms. Then only the docu-
ments in this one short list need be accessed. The case is not considered
typical. The common terr may not be infrequently used. The request may not
be simple, but contain two or more subsets, each with one term having the
desired "and" relationships. Or the selection criterion may be based upon
partial matching against terms in the request. The "average" search against
a list-organized file, then, requires traversing several lists and, although
shortest lists can be selected whenever possible, the total number of records
accessed is fairly large arnd several times as many as with the inverted file.
Tt may also be noted that a variable percentage of records will be accessed
and nrocessed two or more times because they belong tc more than one of the
lists involved. Consequently, total access time--in the 15-75 millisecond
range for typical mass storage devices--normally is severai times as long
with a list-organized as with an inverted file. This is an important design
consideration for a real-time document retrieval application.

The amount of data transferred into the processor is the product of the
number of records accessed and their average length. 1In ¢ list-organized
file, the average length of records examined is about the same as that of
the file as a whele. This is not true of an inverted file. An examination
of a number of requests and some published data on this aspect indicate that
the average length (number of documents) of search terms is considerably
larger than tnat of the index terms in the file as a whole. This is
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tantamount to saying that search reguests typically contain several rather
common terms. (In a list-organized file, this means that the average length
of the lists in a request are greater than that of the total iile.) No
definitive data have been obtained as to which type of file organization
results in the transfer of the lesser amount of data. However, an answer to
this question may not be of major importance. With most current equipments,
data transfers occur at very high speeds. With mass storage devices, access
time for a vecord greatly exceeds the actual transfer time of all except
extremely large blocks of data.

Except for control and input-output programming, the computing time
necessary to process a search request is largely a function of the number of
comparisons made. This is easily determinable with an in 2rted file in which
the comparisons are made against the sequenced list of document numbers in
the record for each index term and a similarly ordered list of document
numbers meeting the search criteria to the current point cf processing. The
numher of comparisons effectively is the same as the total of the document
numbers read in with all index terms in the request and is independent of
the order in which the terms are precessed. (Actually, it is a little less,
because the twe lists usually are not exhausted simultaneously.)

With a list-organized file, the number of comparisons is not easily
predictable. All pertinent index terms ir the request must be examined and
pass the search criteria to accept a dccument. It is rejected at the first
failure to pass a selection criterion and this occurs after examining a
variable number of index terms, No reports of analyses into this phase have
been seen. Second, and more important, the number of comparisons is highly
dependent upon the order in which the index terms are processed. Within
each document record, the terms are in some prescribed order, which without
loss of generality can be zssumed to be ascending sequence on index term
code. Unless the tems in the request can be taken in the same sequence,
the record may be scanned several times to find individual terms. each
scanning involving severai comparisons. It is considered probable that the
request terms can be s¢ ordered, but tbke comparisons subroutines probably

re longer, and take more computing time, than the straightforward "accept-
reject” possible with an inverted file.

The program for processing search requests against an inverted file
appears to be less compiex than that for a list-organized file and thus to
require a somewhat smaller amount of computer memory. However, the inverted
file needs much more memory for data stroage. If list organized, each docu-
ment vecord is accepted or rejected on the spot and no intermediate data are
carried over from one to the next. If inverted, an intermediate list of
document numbers is carried over to each successive index term and memory
must be allocated to hold it. This list may be fairly long--severa! hundred
decuments at sonie stages of the processing--or there may be more than one of
the, depending upon the logical cemplexity of the request and the order in
which the terms are processed © addition, with a mass storage device, its
data input area is large, be 1t is necessary (or at least highly
desirable) to provide for reau..y successive blocks of several hundred words
each for index terms appearing in many documents. On the other hand, the
input area with a list-organized file only need be large enough to handle
the longest document description. If magnetic tape is used, the blocks are
about the same size with either file and the input areas therefore are
comparable,.

44




. Bl T s et o mottnimorertt. 4 wbizsmees e wawe o u

With batch processing of search requests aqainst an inverted file on
magnetic tape, intermediate data storage requircments often are so large
that the processing of the main file is limited to writing out a "work tape"
of the records fcr the index terms jinvolved. Subsequently each request is
processed, one after the other, against this small "work tape." Batched
searching against document-sequenced or list-organized files can be dcne as
each successive record is read in, although the latter type of organization
may introduce a rather complex control program to handle the multiple lists
being fellowed. Use of mass storage devices eliminates this tvpe of batch
processing; each request is acted upon individually even if several are
received at one time,

3. Determination of Optimum File Organizaticn for Document Retrieval.

From the discussion of the previous two sections, it is considered that
the inverted file is the more efficient organization if the types of searches
it can accept and the output data it provides meet the application require-
ments. This is true for both sequential and random access file storage.

The file is smaller than any other except the straight document-sequenced
organization; is simple tc maintain; requires fewer record accesses in
processing a search request; probably selects documents with considerably
less internal computing; and is susceptible to efficient operation with
either sequential or random access types of file storage.

The basic disadvantages of the inverted file relute to the scope or
complexity of search criteria which are permissible and to its restricted
cutput in response to search requests. Although it may be granted that the
inverted organization adequateiy meets .he requirements of many, if not most,
existing docurent retrieval applications, there appears to be a definite
trend toward more complex and sophisticated search criteria and more data,
short of abstracts. in the output. These are inevitable--and, on the whole,
desirable--tendencies for an application which has a relatively short history
of mechanized processing. Progressively increasing complexity and sophisti-
cation have typified virtually every application converted to electronic
processing systems, and there is no reason to thirk that document retrieval
is any different. As a matter of fact, it is doubtful if there is much
Justification for such a system if it accomplishes no more than can be done,
for example, with "peek-a-boo" cards.

Many of these ramifications are based upon data either already contained,
or easily included, in files with document-oriented records. Also, they
often are directed toward an ultimate real-time cperation requiring random
access to file records and, at some point, remote query-displav devices and
the resultant ability ¢f the requester to control and modify the handling
of his query as a part of its processing.

The question then arises: Is the list-organized file the most efficient
method of storing a document description file when the inverted sequence will
not meet the requirements of the application? After careful analvsis and
evaluation of the factors snd implications involved, it is our opinion thsat
the answer must be an unqualified "No." 1If a list-organized file meets the
processing requircments of a document retrieval application. then a conventional
inverted file together with a conventional document-sequenced file constitutes
a more efficient and preferable form of Jata storage.
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This statement is not particularly difficult to substantiate. In fact,
the suggestec organization is a direct and immediate product of analyzing a
list-organized file and its processing implications. Much of the rather
voluminous literature on ihis method of file organization seems to assume
that it is a new methodology and is devoted to the design, use and manipula-
tion of lists, This aporoach has been made possible by adding large-capacity,
random-access storage devices to the clectronic data processor, the complete
system removing the necessity for essentially sequential processing which
characterizes earl:.er types of data processors. Too little attention has
been paid to what a list-organized file really is or to the conditions under
which it may be the optimum form for storing data to be processed.

File organization and design always have been predicated upon the media
gvailable for data storage, the processing to be done upon the data and the
characteristics of the "tools" available to do the preocessing. They still
are. These three factors are heavily interdependent. The principle o (he
list-organized file is not new, but its manifestations and method of use
differ, of course, when random rather than basically sequential access to
records becomes possible.

The closest counterparts to list-orgenized files are found in those
processed manually, where at least quasi-random access is possible. (Tech-
nically, access to discs and drums also is quasi-random.} One of the oldest
is the list of synonyms and antonyms given for many words in a dictionary or
thesaurus. This is a direct counterpart; the cross-references are chain
addresses leading to other file records having something in common with the
current one. Somewhat less obvious is the widespread use of colored rlags
or inserts in visible record or vertical files to identify records possessing
a similar attribute value; moreover, one record can belong to several dif-
ferent iists. 1In this case, the flag merely identifies a recerd having a
specific attribute and dces not "chain" to the next record in the iist.

i is a difference in technique arising because of the particular charac-
te tics of the file storage media and the manual processing against it.

It i..es possible the prscessing of all records on a "list" on a quasi-
random hasis and without the necessity of examining every eatry in the file.
This is exactly the objective of a list-organized file in .n electronic
computer application. The use of edge-notched cards makes nossible an
approach logically the same as that described above and adds a degree of
"mechanization” io finding the records in one list.

There is no close counterpart to list organization in processing systems
based upon punch cards or embossed plates as the file stovage medium. This
arises because the various equipments found in these systems handle files
purely on a sequential basis. Maintaining two cards of the same basic data
in different sequences is somewhat analogous, the filing keys of one desk
corresponding to lists into the other.

Records in a list-organized file can be accessed in one of two ways.
First, they can be located by the keys upon which the file is sequenced,
each record heing in a specific location relative co all sthers. A record
may be found either by sequential search of the file or, if the storage and
processing system permits, on a random access bhasis. Second, records having
some attribute in cemmon can be located by entering the list for that attri-
bute and. using the chain addresses or tags, finding each related record
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in sequence. In practice, the technique is confined to systems permitting
essentially random access to any desired record.

A record in a list-organized file contains two types of data fields,
First are those which pertain to the record itself--in a document file, these
are the index terms, author, journal. date of publication, etc., which describe
a given document., Second are the chain addresses, each of which links the
record to another one having the same attribute value for the data field
linked. These chain addresses do not pertain to the record and add nothing
to the information contained in the first type of data field. Elimination
of all chain addresses in the file removes absolutely no information; all
it removes is one method of entering it.

Assume there exists a list-organized index file for document retrieval,
with document numhers as chain addresses. The entry word for index term A
(List A) gives a document number containing A. This document record in turn
includes a chain address which is the number of another document containing
A; and so on, the chain address of the last document in List A containing a
unique code signifying "end-of-list." All of the chain addresses linked
from the entry word for index term A can be remcved from the file and set up
as a record for A. What is the nature of this record? Index term A fol-
lowed by all document numbers in which it appears. This is exactly the
record for index term A in an inverted file.

The process of removing chain addresses from the list-organized file
and creating index term records can be repeated for all terms in the entry
word table. Upon completion, the file has been split into two parts. The
index terms and the chain addresses constitute a normal inverted file. The
original list-organized file, now with all chain addresses eliminated, is a
normal document-sequenced file. Thus, a list-organized document retrieval
file is a direct merger of the conventional document-sequenced and inverted
files. Specifically, it is a document-sequenced file to which has been
added, as chain addresses, the index term records of the inverted file,

Thz cembination of an inverted and documeni-sequenced file is one
alternaie way of setting up exactly the same information as is contained in
a list-organizec file. Because an inverted file record not ¢nly corresponds
to, but also is, a list of chain addresses, it can be used exactly as they
are used in a list-organized file. There is no mandatory reason for a
record in the file to contain the chain address of another one in the list.
The list of chain addresse. can just as well be successive entries in a
separate record. The inverted and document-sequenced files permit carrying
out any type of processing possible with alist organization and, in addition,
enable execution of operations peculiar to the inverted sequence.

This dual file has several advantages over the list-organized cne:
File updating is simpler and faster. It is unnecessary to perform

the operations required to insert chain addvesses within a singie
file.
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Search comparisons can be based upon iadex term operations in the
normal manner of the inverted file. This requires access to only

a few records and, usually, less computing than operating on lists.
The complete records for selecied documents must be vbtained from
the other file, but the total number of accesses alwmost always is
much less than with the list-organized file.

Searches can be conducted against documents in lists if considered
appropriate or faster. By incorporating suitable criteria, such
as presence in the request of an infrequently used index term, the
search program can be modiiyied to select the type of search which
probably will be completed ~<test or mest efficiently.

Searches against index term lists transfer less than half as much
data inte memory as the conventional list-organized file, b=zcause
there are no extranecus chain addresses in the document-sequenced
index file. The chaining itself also is simpler and faster; the

next document number is in a known location in the inverted file

record which serves as entry, rather than in an unknown position

in the record currently being processed.

If desired, searches can be a combination of the inverted and list-
organized approaches. That is, comparison of index term records

can continue until the number of documents so far meeting the
criteria is small, at which time document records can be scanned.
The intermediate group of document numbers serves as the entry list.

The possibility exists of organizing the document-sequence file in
a manner which will reduce the access time t¢ its records. This
arises because all document numbe-s in a list, or selected in
processing the search request, are kncewn before any of them are
accessed, If the records are suitably organized on the mass
storage device, the order of picking up records can be chosen to
reduce the average access time well under that nossible with a
random search.

The advantages and ‘lexibility of the dual file technique indicate that it
is a preferable and more efficient approach than the conventional list-
organized file. Detailed analysis of the use of the dual file to process
lists has revealed only one disadvaniage, considered to be of minor impor-
tance: More memory must bz allocated to hold the document numbers or other
identifying keys of the records in the list., In practicz, long lists of
keys would be subdivided and several accesses made for the complete list,
At 50 keys per subdivision, the dual file approach requires 2% mcre record
accesses than does the list-organized file.

Although this study of ihe implications of the list-organized file has
been conducted with specific reference to 3 document retrieval application,
the conclusions apply to many other applications in which it is a possible
method of file organization. The document index file differs from most other
business data files in two significart respects. First, a document descrip-
tion record once established in the file remains static and unchanged until
finally it is removed completely. Its field entries do nut change and its
lengtl does not vary by the addition and deletion of temporary “"trailer" data.
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Consequently, the iists to which it belongs remain fixed. Also, the iistr
themselves change only as documents are added to or deleted from the file,
not from processing actions on records alreazdy in the file. Changes in
field entries and variations in "trailer" data are normal occurrences in
processing most other files and the lists to which a record belongs change,
or can changzs, as a result of roitine processing. Second, most of the
references to a document description file are not made on its identifying
and sequencing key (document number), but upon an attribute value {index
term) it contains. Again this is atypical; most files have many references
based upon indexing keys and relatively fewer upon attribute values.

A parts fil used feor stock and inventory control purposes is a typical
exampie of a business-type data file. Some military activities, at least,
have est: blished parts files in list-organized foim and are processing
against them. Because many of the processing actions are routine orders for
or receipts of mzterial, the file is established ir part number (or stock
number) sequence and, in these common cases, access to a recovrd is through
this filing key. However, a veriety of other demards are placed upon the
file. Typical examples are: All parts used in a giver equipment; atl parts
ebtainable from a specified supplier; all parts currently on order; atl
parts with a cos. of $1.50-$1.99; and all parts whose stnck position is
below their established low limits. Recor”s with attributes of these types
obviously can be chained together in a list-organized file. In many cases,
the required output of processing a list is more than the part numbers and
access to all or a portion of their file rccords is necessary.

It is considered that a list-organized parts file is less efficient and
not preferable to a dual file. The latter is easier to maintain and update.:
The routine processing actions transfer shorter records because there are no
superfluous ciain addresses in the part numbe: file itself. Many of the
lists are referenced at relatively infrequent intervals and the chain address
records might be stored mcre economically on a medium less expensive than a
mass storage device, It is conceded readily that the more efficient process-
ing and lesser computing time attainable with the dual file may be more
potential than rezlizable. Access time to records may dwarf actual data
transfer and computing time and this may make any time saving relatively
insignificant. There is no practical advantage of devising a more efficient
system unless pcoductive use can be made of the time or memory saved, or
unless comparable results can be achieved with a smalier amount of hardware.

Nonetheless, it does not appear unreasonable to expect that the list-
srganized file compete and be evaluated on its own merits against alternative
methods of data storage and processing. Tacit assumption of its efficiency
without recognizing its disadvantages can lead to using list organization in
applications where other approaches may result in markedly lower time or cost
of procegsing. The list-organized file unquestionably has a role in modern
processing systems. [t is highly desirable to analyze and delineate the
conditions under which it--and other forms of data organizaztion--can be used
most efficiently.
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4, Detail Design of Iaverted and Document-Sequenced Files,

This section proposes a hasic method of apprcach for the most efficient
detail index file design in a document retrieval application. It takes ad-
vantage of data characteristics which can bLe used to minimize any one or
more of record access, data transfer or internai computing time. Although
the discussion assumes t:-at files are maintained on mass storage devices,
the inverted file design also can be used advantageously with magnetic tapes.

Any detailed file design depends heavily upon the specifications of the
storage unit and its computer interface. Because these vary widely, only
the general approach is outlined. Modifications are necessary to fit the
general method into the framework of a specific equipment configuration.

a. Design of the Inverted File. This file typically is set up in
sequence on index term code and in document number sequence within the record
for each term. Many search requests contain several fairly common index
terms with several hundreds or thousands of document numbers each. Even in
libraries of modest size and average depth of indexing, & typical search may
involve on the order of 10,000 of these, each of which must be transferred
into memory and enters into a comparison loop. Quite commonly, a small
group of, say, 20 documents, selected on the basis of comparisons so far made,
is matched against an index term with 2,000 entries--frequently followed by
other high-usage terms.

If the index term record with 2,000 entries could be broken into 200
subsets, for example, of about 10 documents each, then the 20 intermediate
document numbers could be processed by accessing not over 20 of these subsets
and making about 200 comparisons, eliminating 90% of the word transfers and
comparisons otherwise needed.

Four basic system requirements should be met if an inverted file is to
be organized successfully in this manner:

(1) The document number itself must determine the subset to which it
belongs.

(2) Each subset should contain close to the same average number of
documents.

(3) The data should utilize a veasonably high percentage of the
potential capacity of the storage device.

(4) The system should provide for increasing the number of subsets as
more documents are added to the index term record. It should be
self-organizing in the sense that the computer program includes
criteria permitting automatic adjustment of the number of subsets
as documents are added to or deleted from an index term.

In addition, a fifth requirement exists if the storage device cannet handle
variable-length records; it is closely related to (3):
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(5) With variation in tne number of entries, overflowing the capacity
of a subset is possible. The technique should permit determining
the subset size necessary to give statistical assurance that the
probability of overflow does not exceed some §rbitrary low vaiue.

These requirements indicate at once that some randomizing technique on
a document number is a possible means of determining its subset and, for all
documents in an index term record, giving a statistically-predictabie distri-
bution of the number of entries in each subs.t. A simple randomizing scheme
is suggested. If do-urent accession numbers are assigned in ascending
numerical sequence--this is the most common method--then the well-known
metihod of "terminal digit" filing effectively provides the desired randomizing.
For practical purposes, each of the number 0-9 is the terminal digit of
exactly 10% ef the documents in a lihrary. There is no reason t¢ assume ihat
the usage of an index term is in any way related to or dependent upon the
terminal digits; i.e., there is a probability p = 0.1 that any given document
using the term has an accession number terminating in 3, c¢r any other decimal
digit. If the term is used in N documents, the average number in esch of the

ten subsets 0-9 is, of course, pN and the standard deviation is ¢ = /§§§.

Terminal digit studies have been made of a number of index terms in the
DOC sample and several analyses conducted on two 107 subsamples consisting
of document numbers ending in "2" cr "9." None of these give any statistical
reason to doubt the randomness of index terms and the terminal digits of
documents. Creating subsets based upon terminal digits, then, is a statis-
tically valid approsch which will distribute entries into them in apprexi-
mately equal number and with a predictable standard deviation from the
average,

Terminal digit filing is not new in document retrieval, It has been
used for many years in manual sysiems, particularly those based upon the
well-known "Uniierm” concept. tHere document number commonly are entered in
ten columns, based upon the terminail digit.

Use of decimal terminal digits to determine subsets has some practical
disadvantages. If the number of documents posted to an index term increases
to the point where more subsets are desirable, then adding the next higher
tevminal digit {the “tens"” to the "units,” fer example) muitiplies their
number by tea. Also, each new subset has only one-tenth as many entries,
on the average. Fewer subsets could be created by using ranges of numbers;
e.g., increasing i0 subsets to 20 is possihle by grouping or terminal digits
00-C4, 935-09, etc. However, entry to the proper subset is somewhat more
comipiicated.

A preferable approsch is to coavert the decimal document number to
bingry. Each bit added as 8 terminai digit doubles the number of sets and
halves their average number of entries. Many, but not all, electronic
processors, have binary avithmetic capabilities and, possible of even more
importance, sector addresses of many mass storage devices sre in binary foym.

Suppose an index term record contains 16 subsets, determined hy and

sequenced in order on the four binsry temmingl digits 0000 through 1111,
The location of the entire recurd on the mass stovage devive is determined
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through the index term code. Desired subsets are specified by the termina)
oits of a document number and are in a known position relative to the first
subset 0000, Consequently dny specified subset can be accessed readily,
provided the number of subsets is known., This may vange from a single sub-
set for infrequently used ixdex terms up Lo several thousand for the highly
cemmon ones.

The rivst efficiert techrique so far fourd interprets tho storage unit
#ddress or addresses for a record in the general form nAs, where

n i5 a 4-bit prefix specifying the rumber of subsets 2" (i.e.,
1, 2, 4, ..., 32,678);

A i¢ the storage unit secter address of the {irst subset or group
of subsets for an index term; and

(&

is un increment to A such that A+s eicther (1) is the sterage
uni1i adaress for subset s if there is one subset per sector,
or (2; specifies the sector and subset within sector if subsets
are grouped 2° per sector.

nA@ is storecd as tnre entry table address for eac: index term in the inverted
file. Preferably, it is part of the mecnanized thesaurus, where it is
readily available at the tiwe the terms of the search request are velidated.

Data transier and comparisor times are small when there are only a few
entries in the average subset. Minimizing these times conflicts with the
objective of utilizing a reascnable percentage ¢f potential mass storage
capacity. For example, if an index term record with N = 2% is proken into

n
“{ Subsels with an average of four entries each, then

n-2 n-2
//1 2 -1, o = J/éL—"_:_L" 9.

9= Jén—Q ) 2n-2

If the subset size is fixed at 8 words, the storage utilization is only 50%
and there is a p=s 0.025 that a subset will aoverflow; ihat is, an the

average about one out of 40 subsets can be expected to have more than §
entries, Somewhat better storage utiiization might be realized with variable-
length sectors, but the fixed hardware requirements still are a fairly iarge
percentage--possibly 30-40%--of -otentisl capacity.

Larges sectu~s result in better storage utilization but alsc increase
3 . n n
data transfer and computing times, If N = 2 2nd 22

16

subsets are set up,
with an average of l© entries each, then

n
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Here a fixed subset size of 24 words yields 677 storage utilization with the
same p = 0,025 overilow probsbility. If variable-lengih sectors are per-
missible, utilization of 90% or more should be possible.

The conflicting obiectives of smail subset size and reascnably high
utilization of storage capacity are resolved on the basis of cnaracteristics
of the equipment to be used and administrative detcermination of acceptable
itilization. r

In the subdivided file, index terms are grouped by number of subsets
included and ordered in ascending sequence on this number. The first group
consisis of terms appearing in a single decumert, a sector of n words con-
taining n terms. Inger terms with 2, 3, 4, ... usages similarly are gro:ped
and packed several per sector; the sequence cof document numbers within each
term is on terminal bits, This grouping continues until the number of usages
is enough to warrant creation of two supnsets and splitting documents into two
groups based upon the terminal bit. With secters of eight words, analysis
of the DDC sample indicates that the split can begin with terms having S to
6 usapges. The first groups of terms then have this format.

1 llsage: B index terms per sector
2 Usages: 4 index terms per sectot
3 Usages: 2 index terms per sector

4 Usages: 2 index terms per secior

For these, the machine address carried in the entry table in the form aNs is
1nterpreted thus:

a: Number of usages of index texm;
N: Mass sterage unit address of sector containing the term,
s: Relative number of term record within sector.

The remainder of the index terms are established initiaily in the mini-
mum possible number of sectors. Thus, still using 8-word sectors, all terms
with 5-8 usages always can be stored in two sectors, based upon "O" or "1"
as terminal bits. Most terms with 9-12 usages also can be, as can some with
13-16, the probability of overflow increasing with the number of terms. 1If
overflow occurs, the number of sectors is doubled and the assignment of
document numbers made on the basis of two terminal bits--00, 01, 10 and 11.
Thus, although the 2c¢ level is used to determine sector capaci'y and the
nrobability of overflow, the latter is not allowed to occur.

Most terms with up to 22-24 usages can be contained in four sectors,
as can some with 25-22. Whenever an overflow occurs, the number of sections
again is doubled and another terminal bit added for sesctor identification.
This cycle is repeated until all index terms have been set up in the sub-
divided inverted file. Each term is placed in the minimum number of sectors
for which no overflow occurs.
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As new documentc sre added to the file, they are entered in the proper
sector for each index term. Wheneve « sector for a term overflow, their
rumber is doubled and the vecord is cransferred into the next higher group
on the mass storage device. Simultanecusly, the machine address in the
index term entry word is changed to the new location. Thus the updating
program continunusly reorganizes the file as sector subdivision becomes
rnecessary, the movement always being toward a larger numbher of sectors.

The basic procedure can be applied for any desired se.tor size and
percentage utilization of the mass storage unit capacity., The systenatic
breakdown of document numbers permits searches to be localized within specific
sectors determined bv the numbers of the documents which have met the criteria
up to the curren. stage of processing.

It may he noted also that this technique of terminal digit filing csa
reduce significantly the theoretical number of bits required to hold the
inverted file. Wwhen a sector contains only documents which have the same
s terminal bkits, then they become redundant and need not be retained in the
stored record. For frequently used index terms, where s > 7 or 8, these
potential savings exceed 307 of the number of bits in a document number and,
for very common terms, may approximate 75%. Thus either more documents can
be stered in a sector of given bit capacity or, alternatively, a constant
number of documents stored in fewer bits. With existing equipments and mass
storage units, this potential saving probably cannot be realized.

b. Order of the Document-Sequenced File. I[ document-sequenced file
is used in conjunction with an inverted file, access time to document records
can be minimized if they are grouped on terminal digits. Suppose, for
example, that the tracks on a disc or drum are broken into 16 major sectors,
numbered (in binary) from 0000 to 1111. Each document record is stored in
the major secior determined by the four terminal bits in the document number.

Because documents in the inverted file are sequenced and processed in
this same order, any list of documeni records to be accessed also is in this
order. Therefore up to 16 separate records can be transferred to the proc-
essor memory during a single revolution of the drum or disc storage unit.

A random search for the same documents would be at average rate of only two
per revolution. Ordering of the document records on terminal digits thus
eliminates a large percentage of this average access time.

L B I N

It is concluded that ihe combination of an inverted and document-
sequenced file is a more efficient type of organization than tae renventional
list-organized file. Ia addition, this dual file can be set upr o veduce
both the processing time in handliag a search request and the time required
Lo access complete document records. These advantages cannot be realized
with the list-arganized file.
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i1. INDEX TERM ASSOCIATIONS IN THE DDC SAMPLE

Creation of the data files to simulate the operation of the Multi-List
System resulted in the formation of all pair asscciations among the 399
most commor DIC descriptors. In addition, some other association statistics
have been developed during the statistical analysis of the characteristics
of this sample file. Some cof the results are presented in this section.
The discussion is not a comprehensive study of pair associaiions and their
uses in a document retrieval application.

A. ASSOCIATiIONS AMONG THE 599 MOST COMMON DESCRIPTORS

1. Qccurrences of Pair Associations.

The 399 descriptors have 49,306 different pair combinations--27.6% of
the number possible--with 248,425 gccurrences, an average of almost exactly
five each. 417 of the pairs occur only once aid almost 80% five times or
less. Only 2% of the pairs appear 33 times or more, but they represent 25%
of total occurrences. Table A-2 (Appendix A) swmmarizes the distribution of
pairs by number pf occurrences. The cumulative peicentages of different
pairs and total occurrences also are shown graphically in Chart 3.

The entire 38,402 .document sample has about 209,000 different pairs
with 330,800 total occurrences. The 10.7% of descriptors comprising the
599 most frequently used generate 24% of the different pairs and 47% of the
occurrences. The remaining 89.3% of descriptors in the sample create shout
160,000 different pairs with 282,400 total occurrences, an average of only
1.77 occurrences per pair. Evidently, in the sample as a whole, multiple
occurrences of pairs are in the minority.

2. Different Pairs and Occurrences Among the 599 Dascripters.

It kas been noted that the number of different pairs decreases with
frequency of usage among the 599 most common DDC descriptors. This Gguestion
naturally arises: Is there any close correlaiien between the number of
different pairs created and the total occurrences c¢f those pairs? Table A-3
(Appendix A) shows the distribution of the 599 descrintors against these two
factors as cecordinates. Although it indicates a general correlation, the
distribution is marked by wide variations. In general, descriptors creating
relativeiy few different pairs have fewer average occurrences per pair than
those with many. However, for any cne range of numbers of different pairs,
average sccurrences for different descriptors usually vary by factors of
three or four to one.
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3. Association Factors for Pair fccurrences.

One measure of association is p(BjA), the prcbabiiity of occurrence of
descriptor B in a document, given that it contains descriptor A. The two
permutations of a pair result in two such probabilities, which in general
are different: p(A;B) # p(BjA).

Let
f = Number of occurrences of the pair, descriptor A with descriptor B;
FA = Frequency of usage of descriptor A alone;
FB'= Fraqvency of usage of descriptor B alune.

Then

p{A{B) = and p(B|A) ='g; .
A

c;qb*

Table A-4 (Appendix A) summcrizes the values of p for the 98,612 pair permu-
tations among the 599 most common descriptors, almost tws-thirds of them
have p < 0.015. Only 61 have p > 0.50. Of these, only i~ are permutations
of the same pair: “Peroxides™ (A) and "Hydrogen Ccmpounds" (B), for which

p(A{B) = 0.75 and p(B]A) = 0.64. {f = 56; F, = 87 and Fy = 75.) It may be

noted that in a hierarchal descriptor relationship. "Peroxide" would be
expected to fall into the class of "Hydrogen Compounds”™ and thus the proba-
bility of occurrence of the latter, given "Peroxide" as being present in a
document, should be greater than the converse relationship. Actually, the
reverse condition exists. No meaningful conclusion is apparent.

For 11 of the remaining 59 permutations with p > 0.50, the converse
probability is between 0.20 and (.30; the rest range downward to 18 for
which p < 0.02. Further, for 40 of these 59, the second descriptor--the une
whose probability of occurrence is given by p--is one of six very common
ones. Design (Rank 1); Tests (2); Guided Missiles (5); Radar Equipment (17):
Polymers (36); and Projectiles (37). For most of these, the converse proba-
bility is quite low. This is to be expected; these common descriptors appear
in thousands of documents compared to a few hundreds at most for the other
member of the pair. For example, "Cargo Vehicles" (Rank 526) appears in 82
documents. 51 of which also contain "Tests." Thus, p{Tests/Cargo Vehicles)
= 0.62. "Tests,"” however, is used in 5,237 documents and therefcre
p(Cargc Vehicles{Tests) = 0.01. '

4. Asscciations of 50 Most Common Descriptors.

Table A-5 (Appendix A) details the number of pairs and total occurrences
for each of the 50 most common descriptors. Associations are broken down
into those with the 399 most cemmon and with the remaining 4,941 descriptors.
This table again makes it apparent that several occurrences of a pair are the
exception, even when one member is common. (The 50 most common descriptors
are used in 443 or more documents; the 4.941 less common have 71 or fewer
usages.)
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B. DESCRIPTOR ASSOCIATIONS AMONG DDC GROUPS AND FIELDS OF INTEREST

The summaries described here are based vpon the 292 groups and 19 fields
of interest described in the A$TIA thesaurus, 1960 edition, applicable during
the time period covered by the sample. There now are 33 fields.

1. Most Common Descriptors Summarized by Field.

Table A-6 (Appendix A) summarizes the 399 most common descriptors into
ASTIA fields, together with the number of pair permutaticns having one or
both members in the field and their rotal occurrences. Some fields and groups
are richly represented; othershave few descriptors among these 599. This
variation reflects the types of documents in the ssmple ard, by extension,
the reiative distribution of documeni acquisitions by fields v{ interest.
Although the thesaurus must provide for adequate indexing of documents in all
fields of interest, descriptor usage is a function of thie types and numbers
of documents receivei. Descriptors in fields represented by many documents
not only have many chances to be used, but also many chances to create
different pairs and multiple occurrences of one pair.

2. Associations Classified by Group and Field of Interest.

It ig¢ desirable to test the hypothesis that the DDC thesaurus has a
hierarchal structure which is reflected in descriptor associations and which
can be used as a too) in formulating search requests.

For this purpose, the pair associations formed by the descriptors ia
each of the 155 groups have been summarized and classified by all of the
other groups to which the second descriptor of each pair has been assigned.
Each group, A, is represented by a single summary page which lists every
other group Bi' having descriptors associated with thkose in A. Three quanti-

ties are accumulated for each of B. entries: (1) Number of different de-
scriptors in group A entering into associations with those in group Bi;

(2) number of different pairs formed; and (3) total occurrences of these
pairs. In addition, the last two quantities are totalled for each of the
19 major fields of interest into which the 292 groups are combined. Table
A-7 (Appendix A) shows a typical page of this summary; it is fovr group 145
(Materials) in field 10 (Materials and Metals).

55 of the groups, or 35%, have only one descriptor each and another 30
have two. 13, or about 8%, include ten or more descriptors. The number of
other groups with which associations occur averages 93.5, about 60% of the
number possible. The range is from 36 (Drugs and Biolcqicals, group 072,
with one descriptor}) to tke maximum of 154 for General Concepts, group 292,
with 15 descriptors. There is a definite correlation between the number of
descriptors in a group and the number of other groups iuvolved in associatioas.
The 35 groups with only one descriptor each form associations with an average
of 66 other groups; the 13 with ten or more descriptors sverage 141.5 each.

Table A-8 (Appendix A) summarizes, by fields, the frequencies of pair
associations, together with the number of occurrences for which both de-
scriptors are in the same group or the same field-of-interest, Co-usage of
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twy descriptors in one group represeats only 1,788, or 1.8%, of the number
of different pairs and 4.5% of total occ.rrences. Although seemingly low,
this is over 75% of the possible number of intragroup pairs. For most groups
with 2-4 descripters, ali possible pairs actually exist, the percentage
occurring decrveasing slowly (and not uniformly) as the number of descriptors
in the group increases. Only four of the 100 groups with two or more de-
scrintors have no intragroup pairs, all four have either two or three de-
scripicrs. Thus if two of these 399 most common descripters are in the same
group, there is a high probability that they will be associated in use.
Furthermore, they are likely to occur 2% times ac often as other pairs.
However, intragroup associations are only a relatively insignificant part of
all of them.

Although they account for only 1i% of the number of different pairs,
51% of the intrafield associations which can exist do occur in the sample--
9,582 of a possible 18,538. Actually, i7 of the 19 fields exceed this per-
centage and 9 have more than 70% of the possible pairs. The over-all average
is heavily weighted by the 133 descriptors in Physics and Mathematics; only
3,673 (42%) of the 8,778 possible do exist and 47% of the potential number
is concentrated in this one field.

Interfield associations predominate among these 399 descriptors. Table
A-9A (Appendix A) summarizes these interiicld usages by numbers of different
pairs and Table A-9B by numbers of occurrences, {(Entries in the body of
these tables are symmetrical about the underlined diagenal.)} All possible
combinations exist except for Bio-Sciences with Civil Engineering or Propul-
sion Systems. As might be expected, all fields form many asscciations with
descriptors in Applied Research, Miscellaneous Arts & Sciences and Physics
« Mathematics. Table A-GC shows the number of associations actually existing
as a percentage of the number possible.

The foregeing comments can be summarized briefly. Among these common
descriptors, there is a 0.25 probability that any two taken at random will
be associated in use. If the two are in the same DDC field, the probabiliry
of co-occurrence is doubled; if in the same group, tripled. On the average,
almost 90% of the differeat pairs and 85% of total occu-rences invelve de-
scriptors in two fields. Pairs within the same group have a markedly higher
average numbar of occurrences tnan other pairs; those within one field have
a somewhat higher average. All of these dats have been based upon an analy-
cis of the 399 most common descriptors in a (ile of 38,402 documents, each
descriptor occurring in 72 or more of them.

Whether or not these results indicate any tendency toward a "hierarchal
structure” in descriptor associations is somewhat uncertain. Although intra-
group and intrafield associations of descriptors are much more probable than
the cthers, and occur more often, it seems questionable to base a hierarchy
on 10% or less of different pairs and i5%, at most, of occurrences. inter-
field associations of descriptors are predominant. Furthermore, frequently
occursing pairs are the exception. 41% occur only once, 79% five times or
iess, and half of al) occurrences are accounted for by pairs appearing 12
times or less.
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3. Pair Associations Among All Descriptors.

Talbe A-10 (Appendix A) summarizes pair occurrences among all descriptors
in the sample, classified by the number of usages of descriptors., The 5,540
descriptors in the 38,492 dccuments form 418,400 pair permutat:sns with
1,661,600 occurrences, an average of only 2.5 each., It is estimated that
over 80% of the pairs in the sample occur only once or twice each,

T. COMMENTS ON STATISTICAL ASSOCIATION MEASURES

Many of the association measures which have been proposed are based
upon the conventional 2-way contingency table, or can be expres-ed in terms
of its cell entries:

I IT Total
1 f B-f B

2 A-f N-A-B+7 N-B
Total A N-A N

where

A: Number of documents described by an index term DA'

B: Number of documents described by an index term DB‘

f: Number of documents described by both index terms DA and DB'

N: Number of documents in the library.

Occasionally, it is desirable to comsider the tctal occurrences of all index
terms, both singly and in pairs. This noiation is used:

A.: Number of documenis descrived by Di'

fi j: Number of documents described by both Di and D..
' J

@umber of different index terms, Di' used in a2 document.

c:
ZAi =ZAi [=ZBj] : Total number of sccurreuces of all index terms,
1

cC C
Zfi j = Z Zfi j: Total number of occurrences of all pairs formed by

i=1 j=1 all index terms Diaj'
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In the DDC sample, the number of occurrences Ai of any random index term

D, usually is very small compared with N (= 38,402). Of the 3540 different

pa

descriptors represented, only 58 occur over 400 times; i.e., for 99% of the
descriptors, Ai < 0.0IN, For 80% of thein, A, < 0.00IN. Because fi ; cannot

¥

exceed the lesser of A, and Bj' it follows that, in most cases, the magnitudes
x

of f, A-f and B-f in the contingency table are small compared with the fourth
entry, N-A-E+f, Although comparable data for other applications have not
heen seen, it appears probable that most of them will be somewhat similar in
nature to that of DDC, possibly with smaller percentages of index terms at

the 0.0IN and Q.00IN levels--95-98% with A. < O.01IN and 40-75% with

A; < 0.00IN, !

1. Asspciation Measures.

Amony the first measures of association proposed were three by Maron
and Kuhns [!0], who developed them as part of a more general siatistical
approach to the problem of document retrieval. The first is the conditional

probability that, if the temm DB is assigned to a document, then DA also is:

P(DAQDB) ==, (1)

ve] TR

The second is the inverse conditional probability of (1); i.e., if D

. . . . A
is known Lo be assigned to a document, then DR also 1s:

P(DgiD,) = % (2)

oo -

This actually is not a second relationship, but the first with DA and DB

interchanged in meaning. However, its differentistion is desirable, because

in general P(D,|D,) # P(D;(D,) and, in fact, is equal only if A = B, which

is not often the case.

P(DQEDB) ranges in value from zera (£ = 0} to 1 (i = B} and is easy to

calculate. As a useful measure of association, it has been considered
deficient by several investigators because it does not take into account the

number of co-cccurrences of 3& and QB which are to be expected on the basis

of chance. This evidently is a functicn of the magnitudes not only of A and
B, but also of N, which does not appear in (1) and {Z), To overcome this
objection. Maron and Kuhns introduce a third measure, a contingercy estimate,
which removes from f the magnitude t¢ be expected, en the basis of chance,
given the actual values of A, B, and N:

SiﬂA‘ DB) = f - N -
4H1




They then introduce an arbitrary coefficient of association, based upon §,
ranging in value from -1 ieo +1 und cqual to zero when § = 0. This ceefficient
is of the form

- SN ;
Dy, D) = e (3)

Stiles [11] also starts with the contingency table given above, and, using
the Yates correciion for & 2x2 table with one degree of freedom, adopts as
an "association factor™ (A.F.) the base 10 logarithm of the expression for
2
X s
. (i - a8) - 7N

= “ = i
A.F. = log o X7 = 100, "BINTHN BT 4

In use. all co-occurrences having A.F. > 1 are retained as having potentiial
usefulness, others being discarded. At this point, there is a probability
on the order of 0.001 that an observed frequency of ce-occurrence, I, ic

due to chance factors for the given values of A. B, and N. Associatien fic-
tors of 5 or mere (x2 > 100,000) sre not unusual in libraries of mere than
100,000 documents.

Doyle [12]} introduces another measure to indicate stvength of assccia-
tion:

N

= (5)

S5.A.

This has a wide range of values end, becsuse frequently N >> AB, may be
quite large for small f. It is, of course, zero when f = §, i.e., when the
pair DADB does not exist in any decument.

The expressions (1) to {3) all are based upsn the total population of
indexed documents, K, wnich is divided inte four subsets:

(1) Those containing the term DA'

{2) Those containing by,

(3) Those centaining both D, and By,

(4) Those contairing neither {erm.

They include narmalizing procedures to adjust the size: of tie group f to

remove the effect that may result from the iesdency of QA and ﬁg, considered

separately, to occdr freguently as index terms. Such normslization is re-
quired because, the more frequently an index term occurs, the more frequent iy
it is apt to be used with some other term simply or a chance basis,
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2. Usefulne:s of Associatjons Which Occur Cnily 2 Few Times.

In most cases, it is ex'remely dubious if any particular significance
can be attached to o unique Index term "associaztion." This is self-evident
if one of terms, A, appears in only one document. If it contaians ¢ terms,
A must form £ -1 single-occurreance pairs, regardiess of the "statisticai
ndds" against any particular pair AB, Similarly, terms used in only a few
documents tend ro form mestly unique pairs--over 95% in the DDC sample for
A= 2 te 5. Aithough the percentage of multiple occurrences increases with
& and B, even the 599 most common have 40% of their different pairs unique.
Theoratically, = frequency distribution of expected pair occurences, based
aon cihance, coufd be calcuiated for each of them. However, even if the
number 3f unique pairs for a given A differs significantly from the chance
expectation, in meny cases there is no way of determining whether or not 3
specific pair AB represenis a significant asseciaticn.

The cases where f is smzll--say 2 to S--may regaire more detailed
ansiysic than they have so far received. If A also is smai:, ihen P(DEfDA)

may be mesningtul. For example, ¥ = 2 and A = 3 give some reasos to bel:eve
that A. which co-occurs with B in two of iis three vses. may have a2 signifi-
cant association with B, The degree of conficence is strengihened if the
indexing of zdditional documents creates such ratios as 4/6 or 5/7 and de-
creased if they become, cay, 2/5 or 3/8. It is possibie, but considered
unlikeiy, that the limites amount of information in a singie occurrence in-
creases sharply, simply by adding another occurreace., In anyv event, it
appegdrs as if some atteation shouid be paid to these occurrences, with the
specific objective of ascertaining parametric criteria for distinguishing
the “meaningful™ from "nonmeaningrul."

However, if A and B are rolatively large, then small values of { may
indicate 3 significant "negative associaticn" between them. The theoretical
frequency or co-cccurrence, 3assuming independence, is

4B
f. =7

v N

and, if this value > 5, the difference between observed and theoretical
frequencies can be tested by standard statistical methads for significance.
In ithe DDC sample, fcor example, the two high-usage terms "Temperature" {6&th
ranked with 1,489 occurrences) and "Countermeazures™ (20th, with 846) occur
together in only one document. The difference between th2 theoretical fre-
guency of 33 co-occurrveaces and the one actually obrerved has a very small
probability of being explainabls by chance and it is concluded that the two
terms have a significani negative association. [In equstion (4) of Section
1, this occurs when fN - AB is negative.] In generzi, a sigrificant negztive
association can be eslablished statistically oaly when 8B > 3N, or 3 little
less if the case f = € (no co~ncenrrances) s considered. Because at least
one of the t<-rms mvs{ be used in +v3N or more documents, =nly a small per-
centage of possible or aciual pairs are susceptihje to this determination.

In the GIC sample, only 50 terms occur more than ~5N = 438 times; only
17,900 pairs have AB > 5N,
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3. The Conditional Probability P(B,:D,) = f/B.

This is easy to calculate snd interpret: 1 5 given decunient contains
the tarm DB, it is the prodahility that it als. contains DA. {flowever, 1its

significance is difficult to measure. f/B is independen' of the actual
nagnitudes of f snd B; it do3s not involva A at all, except that by defini-
tion A > {; wrd without iniveduecing N, it cannot he determined whether or
noi § represeitts a sigmificant association.,

Despite these deficiencies, the conditional probsbility has one feature
considered deflinitely desirable: It is a measure of the association in the
direciion required by the search request. For most pairs, P(DA;DB) and

P(D,i3,) net only differ, but differ markedly. Whether or not a term should
he added tao the search request can well depend upon which one already is in
it. 1If, for example P(D,iD,) = 5/¢ and P(D5iD,) = $/200. it is not at all
obviocus that identicel actions should be taken regardless of which of the
two terms is in the original request. Additicrally, statisticai tests for
the siqrificance of { do not depend upon the individual values of A and B,
but oniy uper their product. The conditional probabilities definitely in-
crease our knowledge of the natare of the associatien.

The frequency distribution of Table A-4 (Apvendix A) gives P(Da§DB).

rournded to two decimal places, for 3!l pairs among the 599 most frequently

used DOC index terms. Note thac entries for {/B =.01 include the 40,436

peirs (D.0, # Djai} occurring only once. (The maxamum value of i/B is 1/72,
1

which rounds te .0l.) This “4ictributisn pruhably is roughly typical whea

bath QA and DB have fairly high uswyge. It wouid be quite different if all

index terms were included. ¥For exampie, incex terns used in from '-10
documenis form & quite iarge number of differert pairs for whicih f = 1 o1 &,
resulting in proncunced peaks at the values 1/B, B = 1 io 10.

4, Aszoaciation Facters sod Cocfficients,

Equstisns €3} and 14} of Sectim 1 are ®ypical of association coeffi-
cients designed to indicatz the prebatility that an cbserved frequency of
co-occurrence wili differ from the theoreiical rreguency by purely ckance
Taciors. The basic approaach uses the 2x2 csntingency table, wnosc cell
entries ¢°n he determined readaly from ike known values of £, A, B. and N.
The hypothesis (a2t A and R are independent is lested by tue xa statistic,
B2cause Stites’ 4ds-ociaiion {ucter is the logariinm of 3 cowmputational

«

. . 2 ., , . .
apy roximation to x , it is used Lere {or illustrative purposes:

se
1

AE. = o o = g, (LOV-AB] -0.5N)%
R 910 %« 9190 TARN-A(N-8B)
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observed {reguency is greater than the theoretical frequency. If f and N
are fixed, and A and B are relatively small compared witt N, then x2 (or A.F.)
varies inverseiy as the mayritude of tne pruduct AB. As AB decreases to its

- . > r) ~ ') » - -
winimum pessible value f<(A=B= (), x“ increases to its maximum value., An
idea of the range of values of A and B for which x2 will exceed any cesired
valve thus can be obtained once ?he product AB is known. The tables on the

next page give these values for ) 2 10,100 and 1,000--corresponding to
A.F. > 1, 2, and 3--and for several values of f and N. The three tables at
the left give the maximum value of B, which cccurs when A = f, ror example,

if N =50,000 and & =1 =5, then x2 > 10 for all B < 13,563; > 100 for

B {1,929, and¢ x2 2 1,000 for B { 201. The right-hand three tables give the
maximum value of the prouzuct AB; in the example. above, X‘ 2 10 for all

AB < 67,815.

If AB 1s considerably less tian N--say O.IN or less-—x2 is given
approximately by

2 (£-3%) ) N
Y == AB . (7

It is evident at once that the value of y  1s extremely sensitive to and
increases rapidly with f, particularly wienr f is cmall.
The A.F. provosed Ly Stiles compresses these wide variations by using
. 2 . 2
tne logarithm of y~ itself. AF = 1.00 when x~ = 10, for example, and
9
A.F. = 3 for x~ = 1006.

The appropriateness o9f using contingency tables, and specifically the

2 . . . . 2
2x2, and the x© statistic js questionable. Egquation (6) approximates the x

distribution orly when the theoretical [requencies in each cell are reasonable

in magnitude and in practice should not be used urless each such cell eatry
is at least 5. 1iIn the case of index term associations, the theoretical
frequencies A, 5, and N are taxen tu be the same as those observed, N always
being quite large. Many of the A and B are less than 5, the exact percentage
vacy:ing with library size, number of different indexing terms, depth of
indexing, etc. However. the theoretic3l frequency of co-ctcurrences,

_ 4B
t N
practically never is as great as 5. It will net be unless AB > SN and

s s . 2 . s .
typically is muack less tham :.0. The "y calculated in these cases is
difficult to interpret and iLs meaning hscomes pregressiveliy mere nebulous
as its magnitwde increases. In particuiar., there is no good reason to con-

c. . 2
clude that large differences in the magnitude of two y 's actually represent
any real difference in the “degree of association” of two pairs of index

2
terms, or that the tws x~ values can be used as measures of the degrees of

e

L TR

e o Lt N

NS e
. O

Ere <oy =t r
N Moo, — ey NG N T

[




oL € X Joy gY ummyxey

0001 Pue ‘001 ‘O < p* YOTuM X0J gy pue g
{§10708B4 UOILBIIOSSY

¢ a1qe},

T P AT N n AL Al a?.w.,u | s

AT RIS D AR ONALL o A D LIS a e I

Z

JO sanlep wnwixXey

PRI T I

£ ——

0BL CiE  JOSE 68 JOGL'0e  |Eic'e [2ve'e |67e D00°000'L| [BEQ'8L [5e6°8 JOE07 T110'¢ JiZL'L 1678 f000°000°L
08¢ "ot OLo™77 _JcLOTOL _T¥il'e Joet't V0L Jp00T00% 6LE 6 |L97'T [5L0°2 |1 8EO'L 096 |70L 000°00% |
092°LE 0£6°8 “10'g i1te9 2e e [poc 001 £G8 L €68 £Q7 LOZ cLL 1 000°00¢
029'8L Q77 g0G . 160¢ __[eit oL 607 0% LE6 o7 o £oL 95 oL 000'0%
02t 7. 0L7° ¢ OLL LEe 8 6 *Wwwﬁmm GLL €7e e 6L, % A 207 8%
2Lt 063 (¢ 09 22 Fd 01 931 68 i 0 Ly z 000°0L
098° L oy COL Ot oL 1 I600°G €6 ko V73 Ot 4 L 000°¢
- === i s == === [p00" ¢ === - — === === | =-= F000°L
= — < N N
oz ol £ c 4 L S 02 oL G € z L =
000°T < X 103 gY umuyxey i
DC3T0%E (0567261 1624 U9 19022 .,&.\”N 7000
ozE'oLy [sL¥f96  lggt‘of l2¥otit 1o%2tl 0°00¢
G028 16626l [2L0°9  [soz‘z Vo 00L
CoLY s%9¢6 2c0'¢  |70L¢L (77t 00°05
. OLG LE A LzL'z 1978 13 mﬁqm"m
0pofLy  looz‘s 626ty 909 nze 2 000‘0!
gCL 0oLy 096 £0¢ 01l Zi 002 *s
oze g L 0z8 0bl ) 2z Z 000"t
0z oL 4 4 2 ! /Z vz oL ¢ ¢ z L Tee—
00t < X 203 GV unUTX®N 0oL X % 103 g UNWTXSH
07 630 C L] 078 225 71602 '95E 'L [ELT 787 1279 6BL 89z £~ [000' 000 Y [LL7 7ealv8e ea7|Lve  LLe [L67 L9l |1Z8 76 8§92 €2 0007000 L |
028 V76'G (087 L9z 2 |00L 8.9 |Gt eve 778 76 |09 LL 000 009 192 LI 71922 029 06 L |GV2T08 227 L7 069 Ll 000° 005
020692 L |O0E 297 |29 56t  (L77°87 |896°8L |92t ¢ {000 00t [C7 20 1062°G7 16et°LZ 167L'9L [787'6 |92 < | 000001
UL L9 001022 1618°L9  i2ce e |78 56 |e9LTt [|000°0% [ZLYTE |919'2¢ 160G et |720°8  [27L°7 [e9L L || 000 0%
008 LY |OOL eLL  |680°2G 48.9 Vge L | ebs  |I207 8% 9L Y2 |0LE Ll |L'7°0L [102'9 [e79°¢ |e68 | 07 '8¢
086%071  1072°¢Y  |G9C¢ kL |278'7 |96e'L |ete  )l000" 0! e g |26 7 (eiL'z (TGl 876 Jeee 000" 0L
029 €9 0t9°2Z _ |98L'9 (ig7'c__|876 gLl ||Ico0'% A AR AR AABRE 000°%
0oL 2. 6757 {09t L 1687 061 4 000°' L 869 R74) ZL2 9L 43 £ 000"t
¥ ]
0z o] 1 ¢ 4 L oz oL 4 £ 2 L 3=
oL X X J03 g unwyxey

66

e

M




=
3 . - - - . - P P s
BT ; ¥ Y SV St AUt 0O S SO U U T A - - - B U o IS~ =L~ i S

association. Consequently, the ordering into sequence of all terms associated
2
in usec with a givea B,, based upon the value of x~, does not give any assurance

that the resultant order of the 9, is even approximately correct. The un-

L))
. . .2
certainty probably is grestest for the larger values of x . Because these
valires, averaged and/or normalized, ultimateiy beceme document “relevance
numbers,”™ a similar uncertainty exists in them.

It must be observed that the use ni association measures based upon the
2x2 contingency tabie has produced anparently useful resuits, even though the
approach itself is open to theoretical question. Usefulness of resu,.ts, of
course, is the ultimate test of any measure of association and the 2
statistic mav well be usefui. Certainly oue obhjective of a retrieval system
can be to order documents acccrding to their probable relevance to the
request and this ordering possibly need be only approximately correct. As
a matter of note, so long as the determination of “degree of relevancy" is
subjeclive and not assigned an empiric value, the evaluriion of the “relevance
numbers"” by which documents aré ordered is itself subje:tive. The importont
factor may not be the relevance number itself, but the iact! that the documents
most likely to be pertinent are grouped roughly at the tup «f the list.

D. THESAURUS STRUCTURE, INDEXING STANDARDS AND ASSOCIATION FACTORS

The study of association factors and their possible uses involves con-
sideration of many facters; of greav importance--and t»7o often neglected in
analyses--is the data base of document de criptions from which the asscciation
factors are calculated; they car be no better than the index terms assigned
to documents, This section discusses the large class of associations implicit
in the organization and structure of the thesaurus and suggests a general
method in which they caan be hardled efficiently.

1. Hierarchal Natvre of a Thesaurus.

The index terms in the thesaurus form a hierarchy, or tree-iike struc-
ture, branching out from 2 reictively few major divisions at the top through
a varying wumber of branch points or nodes down to .he most deiailed terms
at the bottom of the inverted tree. The number of levels or Lranches varies
in different parts of the tree, as does the number of terms at any one Jevel.

Unce the tree structure has been established and the relationships of
index terms defined by "tinks" from one node to that above or th(se below,
it is possible to enter the tree at any index term and traverse it in either
directicn using only the link data. This can be done by a computer. provided
the linkuge data are included in the thesaurus made available to it. This
possibility has severai important implications on the overall design and
operation of the retrieval system, in addition to its effects or index term
associations.

e o

a. Implicit Index Term Associations. The thesaurus tree immediately
specifies the members of a set cf significani index term associations. A :
term Dn at level n always is a subset of the next higher term Um at level m. -

Furthermore, PtDm_ﬂn) = 1. Corversely, Dm always includes as subsets all the

67

£




ity ) Ao vy

IRl ol 7 T TR TN P

Dni linked directly to it but usua'ly p(Dnian) < 1. In a similar maener,
the term Dm bidirectionally linked through Dn with index terms at still
higher levels. All of these index term associations derived frem the the-

saurus tree are significant, whether or not any particular pair meets tasts
for statistical significance.

b, Lowest Level Indexing. Only the lowest level or mosi detailed term
applicable in any one branch need be assigned to a document. All higher
level terms of more general meaninyg can be assigned automatically. With
manugl indexing, this not only saves some indexing effort and input data
preparation, but also--and more important--assures that these higher-level
terms are assigned.

¢. Current Indexing Practices and Facior Association Studies. JAutomatic
ass:gnment of tree-related terms assures a degree of uniformity and complete-
ness missing in every operaitive document retrieval system which has bLeen
examined. For a number of perfectly normal reasons, the assignment of tree-
related terms to documents is quite variable. Sometimes several levels of
terms in one branch are assiqrned; at others, only the (presumably) lowest
level ierm applicable. Spot-checks of document descriptions in several appli-
cations against the thesaurus indicate that this variability is commonplace.

Although these spot-checks are fairly few in number, they all tend to
indicate tiat existing files of document descriptions are wissing an unknown,
but possibly quite iarye, number of implicit term associations. Consequently,
association factor studies based upon an existing file have utilized a data
base kaown to be (or almost certainly) incomplete in a critical area of
interert--the associaticns of index terms in a given small subset of the
thesaurus. This known lack of coverage casts doubt upon the validity of all
asscciation measures calculated from the term pairs actually present.

2. Synonymous Index Terms.

It wonld appear that the principal cause of svnonymous indexing terms
is failure io recognize that a new term already is included .n the d~finition
of another. This in turn may be more common when the thesaurus does not
define the precise meaning or scope of cach term, but leaves the definition
to variable human interpretation. Although it is possible that two synony-
mous terms can be matched because of significant associations with a common
third term or set of terms, it is believed that the feasibility of the
method has not been established. The NDC sumple contains several hundred
thousand matchings of two terms with a third, few of which are synonyms, and
there is no obvious method by which they cuan be segregated. I+ is considered
that the potential use of association measures as a means of identifying
synonyms requires more justification than it has had so far.

3. "General" Indexing Terms.

Every thesaurus contains a number of indexing terms comparable to those
in DOC Group 292, "General Concepts"--Analysis, Design, Errors, Measurement,
Reliability, Standards, Tests, Theory, etc. In additien, ther¢ exist a
number of other terms of very general meaning and wide applicability, of
which examples are Mechanical Preperties, Physical Properties, Producticn,
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Bibliography, and many indexing entries in the field of mathematics.
Finally, terms in the first two or three levels at the "top of the tree" in
a major division or Sield of interest usually are fairly broad in meaning.

Al of these are widely used in indexing documents. In the DDC sample,
9G¢% of the documents include 3t Jeast one term used 40 times or more and over
half include terms with total usages of over 1,000. (There are only 13 of
the latier.) These pe-centages would be even greater if the indexing uni-
formly included higher-level terms in the thesaurus tree. Their very popu-
lerity of usage generates a large number of pair associations of which they
are one member and a high percentage of the pairs occur often enough--which
may be three times or less--to have "statistical significance." It seems
doubtful that many of th=m have any practical utility in a document retrieval
system,

The "profiie™ of almost every index term used more than 3-4 times con-
tains several of these generai terms. The chances then are quite good that
most or all of the terms in a search request have a significant association
factor with some ¢f them, which may be used to expand the list of terms upon
which the search is made. The final 1list of document numbers may include
many which are completely extraneous. It is not immediately apparent that
an article cn "Penicillin™ is germane to a request on "Copper Pipe" merely
becanse hoth have a2 high degree of association to each of the terms "Test
Equipment," "Quality Control," "Standards" and "Production." Conversely,
an article on "Lead Pipe" or "Steel Pipe"™ well could be relevant.

It appeaers, then, that these common terms either should be eliminated
as generators of additional terms or their use should be carefully circum-
scribed. As an example, the terms added could be limited to those contained
in the same divisional thesaurus tree, or a part of it, that has one of the
narrower-meaning terms of the request. This procedure requires identifying
and earmarking all the commen terms to be restricted in usage, as well as
indicuting for all other terms the thesaurus tree or subtree to which they
belong. The precise method of making these identifications needs to be es-
tablished. )

E. TIME-INTERVAL SUBDIVISION OF ASSOCIATION FACTORS

The principal cperative use of measure of association is to expand an
original search request by adding to it other terms which have a significant
number of co-cccurrences with terms in the request or its first-order expan-
sion. The presumption is that these terms will isolate otherwise unobtain-
able documents which may be relevant to the request. Insofar as retrieval
is concerned, this is considered to be the most important potential use of
association factors.

A document file is a dynamic organism and, by direct extension, so is
tie set of indexing terms and their associations. New terms are added to the
thesaurus as new meanings or definitions are introduced into the fields of
interest coverad; existing terms may be combined or subdivided into several
sew ones to reflect the changing nature of documents. New associations of
tevms are generated as previously separated areas of endeavor become wedded.
These changes are inheivent in the basic data upon which the retrieval system
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operates. In addition to these, procedure-dependent changes in these param-
eters are intrcoduced by the normal effort to improve ihe system's efteciive-
ness and responsiveness. These effects probably are most significant during
the early years of operation, when revisions and modifications to the thesau-
rus, depth and type of irdexing, and similar factors may be quite extemsive.

This question arises naturally: Should the time parameter be ir@roduced
as a variable in analyses having to do with index term usage? Theve 1s
considerable indirect evidence that this is highly desirable if not aecessary.
Although it is generally considered that reports and journal articles lose
a geod deal of their value after five years, it appears that most information
centers will retain them.in an active status for a longer period of time,
possibly ten vears. If the time parameter is not introduced, the values A,

B, N, and f then simply are tctals for some fairly leng period and often will
not reflect short-term changes. There may be nothing particularly significant
for f = i0 if A = 200 and B = 300. The relationship couid be quite signifi-

cant if the co-occurrences took place within a 10% time range of DA and DB.

It is precisely this sort of relationship that would be isolated by the time
parameter.

Subdividing the file of index term usage into time intervals reduces the
values A, B, and N, and the theoretical frequency f. Because the latter
already is very small for most pairs of index terms, its further diminution
places additional pressure on develeping meaningful measures of association.
File storage also increases, because now it is necessary to accumulate A, B,
and f within each time interval. It is concluded that a complete evaluation
of the use of index term associations requires analysis of the effects of the
time parameter, So far as known, this has not yet beea considered.

F. SIZE OF DOCUMENT SAMPL.S FGR ASSO(IATION FACTOR STUDIES

Several of the published results on investigations into the derivation
and use of association factc.s have been based upon fzirly smail samples of
documents, usually less than about 500 and limited to one major subject
classification of the library used. There is a good deal of doubt as to the
general validity of these small-sample studies, particularly when results
are io be exirapolated to an entire library. At least taree different factors
contribute to this uncertainty.

The first is that the complete file of document descriptions generates
a multitude of small-magnitude statistics. Estimates, based upor sample
data. ¢f anything more thanm general characteristics are subject to quite
large standard errors. Experience with two different random 10% samples
(each of about 3,800 descriptions) from the 38,402-document DDC file probabiy
are representative of these uncertainties. Estimating the number of differcnt
index terms in the fuli file from a sample is subject tc an error of about
20%. Attempts to estimate the frequency distribution of their total usage,
based upon ‘he usages of terms included in the sample, have been largely
unsuccessful, except for the 15% most commonly used. Because most term
associations in the full file occur fewer than ten times, the samplec have
been of little value in studying them. Statistics based upon only 3 few
hundred documents seldom will be representative of the full file.
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Second, most small samples have been comprised of documents indexed
over 2 cshort time interval and zr2 net randem, At bhest, they can renresent
only the documents described during the period the indexing standards of the
sampl.: were followed. They almost certainly are not typical of earlier
dgruments,

Finally--.nd most important--samples limited tc documents in one sub-
ject classification do not reflect the interactions of term associations
introduced by documents in other classifications. Again referring to the
DDC data, 90% of the different pairs and 85% of their occurrences involve
terms in two different fields of interest. The typical document uses terms
from several groups and fields and the existence of a given interfield pair
usus1ly gives no useful clue as to the subject classification of the docu-
ment. It is considered virtually certain that association factor studies
based upon single-subject document data have a definite bias in favor of
the usefulness of the resuits. By the nature of the sample, all terms added
in the first and second-order cycles must lead to documents periaining to
the one subject area. One would expect these to have a much higher average
chance of being relevart to a request than documents classified under other
subjects. Actual operating conditions are quite different. Here the values
of factors used in the term association formula employed are determined by
total library usage, as is the calculated measure of association, and the
list of retrieved documents, with or without relevance numbers. is not con-
fined to those pertaining to a single subject. Ary proposed use c{ associa-
tion factors must be adaptable to the entire library. Thke evaluation of
their usefulness in retrieving documenis likewise must be based upon the
total operating enviornment, and not upon a nonrepresentative subset of it.

It is considered that representative studies into index term associa-
tions and their use must be based upon fairly large samples selected as a
rougkly random cross-section of a complete document library. The actual
minimum number of documents required is rather difficuli to stipulate aad
may vary somewhai depending upon the number of different index terms end
average number of different index terms which have been assiyned per docu-
ment. A suggested minimum is in the 5-12,000 document range, wich the entire
file vsed if it is less tham about 20,000. For larger files, the sample may
range from around S0Z of the documents down to pessibly 20% for files of
over 100,000. Admittedly, samples of this size involive quite large volumes
of data which are rather expensive to process and this cost may create a
severe strain on limited-budget research studies., On the other hand, unless
the cample is large enocugh te generate a fairly good array of term associa-
tions, test results may have limited applicability, and perhaps none, to an
eperative system,

G. CONCLUSIONS

Although it is considered that index term associations may improve the
operation of a document retrieval system, it is concludol that further
research is necessary to esiabiish the degree of improvemsznt which may he
expected. In addition, such siudies should take into account the file
sicrage and daia processing aspects of their use.
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It is considered desirable to distinguish between associations implicit
in the thesaurus structure and term definitions or the one hand and those
based simpl upon co-occurrsace in usage on the other. Experimental studies
must be based upon large samples representing a full cross-section of a
library's coverage and the document descriptions must form a complete data
base within the structure of the thesaurus, correcting the deficiencies
which have existed in an unknown degree in almost all studies so far con-
ducted. Investigation into meaningful measures ol statistical significance
of associations should be pursued and the usefulness of co-cccurrences
present only a few times established.
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APPENDIX A
Table A-1A
599 Most Jommon DDC Descriptorz with Field
(In Sequenze by Freguency
Rana BYTe Pla/nip  pescriptor, Banx ?‘:
— Pairs ! —— Puirs
3OS71 13292 Design 7% s
Z2 579 13 292 Tests 7 {d
3509 15147 Hatsematlcal Asalyals 78 283
LS 13 292 Measuresent 75 s
5 444, 01 114 Guided Micsiles 8 20
¢ 491 15117 Temperature & i
7 335 06 02? Airborne 82 222
& 418 09 217 Production 83 23
3 492 13 262 Theory & a3
20 433 IC 145 Materials 8 25
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Taktle A-3
Pair Associations Among the 399 Most Common DDC Descriptors,
Classified by Number of Different Pairs and Total Occurrences

I

g

I

= No. of Dilferent Peirs
g Decurrences| 4 AL dl Al gl 91 &1 0 glalal 2iglglal vlg & Q
g ]l O ] Al A A oAl Al Q] A e ] 3] < u
g 100-199 11§ 1l 7] 3
: 200-299 | 74 | 2| 10| 30| 22| 10
§ 300-399  §123 4| 28} 47 31| 12| 1
E 4G0-499 82 15| 19 27| 13} 6| 2
500-599 58 ﬁ 1] 16| 12| 10| 15| 4
600-699 52 “ 4 61 17{17| 5| 3
; 700799 41H W o) ol 44
§ 800-899 | 28 3 4 6| 5 6|3 1
§ 900-999 | 16 2| 2| 5| 2| 2|1
§ 1000-1099 | 10 1l 1 sl 1j1y1 )
% 1100-1199 | 20 | 1| 1} 4| 5133521
{ 1200-1299 | 10 2] 2|1 1] 2] 2
% 1300-1399 9 1} 1] 2 2| 1} 2
: 1400-1499 5 H 1 11! 2
1500-1749 | 16 " 2| 2] 2f1f 21 272|121 1
1750-1999 6 1] 2{1{1|1
20002249 6 1 1|3 3
2250~2499 7 31 1] 3
2500-2749 3 1 1 1
—
c T 2750-2%99 2 1 1
2 3000-3439 5& 2|22
350013999 4 1 2 1
4000-4999 3 1 1 1
-z 5000 & Overy 7 111113212
- Totals 599 § 31 21§ 771115]103 | 781 72i32l2el15l1s112] 3151 3] 71513 ]2
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Pair Occurrerices as a Percentage of Total i. ui\idual Bescriptor Usage,

‘\‘o A 4
200 M. Cn N Naionawin
o/ mGst Ltmmon wLo Ub‘\.LlyL\olO

f = Number of Pair Occurrencss,

F = Telal Usages of Descriptlor

No. i Cum,} Cum. No. Cum, | Cum,
£/F| Pairs % Fairs A £/ |Patrs] % Pairs q
F:*"-'—?:'_A = = = ————rﬁ
.01 63,5181 €4.71§ 63,518 64.42 .36 22 § .02 92,3851 99.77
021 12,508) 12,681 76,0261 77.10 .37 17 1 .02] 98,402 99.79
v.o3l 6,811 6.97] 82,3971 84.06 .33 17 | .02] 98,4191 95.80
c 04 4,195 4.251 87,0921 88.32 .39 10 | .01 93,4261 99.31
L0510 2,630 2.67( 89,7221 90.93 40 12 | ,02] 93,4471 99.33
.06 1,¢0< 1.331 91,5244 92.31 A 13 | .011 92,4601 99.85
071 1,2471 1.261 92,771} 94.08 A2 12 | .01} 93,473 ] 99.36
.03 1,012 1.03| 93,783} 95.10 .43 12 1 .01 93,4361 99.37
.09 724 2731 94,507 95.84 Ak g2 | .01] 98,4541 99.88
.10 €15 .62] 95,1221 96.46 45 12 | .01] 93,5061 95.85
.11 499 .51} 95,621 96.97 L6 2 ! ,01]93,54] 99.9C
12 411 42| 96,032 97.38 71 1 .02l 98,5051 w9,
.13 346 .351 96,373} 97.73 .48 | 14 3 W01 98,519 99,43
.14 262 .27] 96,5401 98.00 A9 P 32 f J011 93,3511 99.94
15 238 41 96,878 68,24 ) 7] .01 9%,558] 99.95
.16 223 .231 97,001 93.47 .51 2 | .Ci{ 98,566 95.95
17 147 A5 ,,,141 91,62 .52 6 1 .011 98,5721 95,96
.18 14 J41 97,3891 93.76 .52 3 #* ,~,>7J 99.96
.19 147 A5 97,536 98.91 .54 5 1 .011 68,580 99.97
.20 126 A3 97,6621 99.04 .55 2 * {98,582 99,97
.21 Q3 ,091 97,7551 99.13 .56 5 01] 68,5871 99.97
.22 90 L091 97,8451 99.22 57 3 # 1 58,5901 99,93
L) 2.3 73 3 07 (:7 y 918 99030 . 58 - - - 99 . 98
IA 68 .071 97,986} 99.37 - 59 4 ¥ 1 Qs 5941 99,98
.25 54, .051 98,040 99.42 0 2 * 198,506} 99,98
.26 55 .06] 98,095 99.48 61 2 # 1 98,598 99.99
o 27 40 (4] 98,1354 99,52 LE2 2 % 1 93,600 99.95
.28 38 041 98,1731 99.55 .63 4 * 1 98,6041 95.99
.29 31 031 98,2041 92.59 64 3 1 98,4607 { 995.99
.30 35 041 98,239} 99.52
.31 30 031 98,269] 99.65 .71 1 * | 98,608 § 62.9G
.32 29 .03] 98,2981 99.68 .72 1 %= 198,609 99.99
32 31 03] 93,329} 99.71 .73 1 * 1 33,6101 99.99
.34 20 .0z 98,349} 99.73 .75 1| * 98,611} 99.99
.35 141 .01] 98,363| 99.75 .86 1 * 193,612 100,00
¥ - Less than 0.005%
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Table A-5
Fair Hccurrences of the 50 Most Frequently Used DDC descriptors
(Selected Summary Data)

g ef 599 Most Common Descr. jRemaining 494) Descriptors

bescriptor \ { Pai vescr.! No. i Rverage; No. ¢ laverage

tkrrgquency of Usage No. of |0 ®F PBIYS 1 yeed | Used| fotal jUsed | Pair | Used |Tetal | Used| Pair

__Stquence) Goc, |Dif{f.]| Total | With | Withi Pairs | With {Oceur,}] With |Pairs | With] Occu-.
Design 6133 26691 26364 | 46.2% 71) 18117 21.4% 31.71 2098 | 8247 | 42.5] 3.0
Test 5237 2042¢ 22209y 47.7 379§ 149701 21,9 | 25.9 1 7063 | 7319 | 41.8| 3.5
Mathematical Analysis 2474 14721 11424 30.2Z 509 8286 | 30.41 16,31 1163 | 3144 23.5| 2.7
Measurement 1778 1846 9205 | 33.3 542 00311 2.4 11,1 ] 1304 3171 { 26.4) 2.4
Guideo Missiles 1701 1125) 10457 | 20.3 4441 85991 39.5| 19.4 681 | 1858 | 13.8 2.7
Temperature 1489 15681 784851 28.3 491 S0} 31.3 | 11,0 1077 | 2475 21.6§ 2.3
Airborne 1380 901 6978 | 17.9 385] 33%133.9 ) 14.0 005 | 1567 1 12,2 2.6
Pr- .action 1z 13391 5100 | 22.4 418 | 3366t 33.7 8.1 821 ;7 1732 [ 10,0} 2.1
ineory 1300 1427 5839 { 25.8 4921 4033 | 34.5 3.2 035 | 16056 18.91 1.9
Materiels 1155 1211} 5790 | 23.7 4431 3891 { 34.1 8.8 868 | i8G9 |17 6 2.2
Analysis i1t3 1412] 5035 25.5 505 3305} 35.8 6.9 635 | 1530 | 18.3) 1.7
Surface-io-Surface 1084 715§ 5357 12.0 362 47661 50.6 | 13.2 353 7911 7.1 2.2
Great Britain 1075 12406 4704 | 22.4 466 ; 3358 | 37.6 7.2 774 | 1346 1 15,7} 1.7
Stabiiity 104i 1iT6} 5484 7 21.2 437 339C | 37.2 9.1 739 | 1494 | 15.6] 2.v
Effectiveness 1040 1305 4302} 23.6 450§ 3335 34.5 7.4 855 | 1567 | 17.3| 1.8
Fiight Testing 029 7081 47268 % 12.8 313 37461 44.2 1 12.0 3935 982 | 8.0 2.5
kadar Equipment 213 658§ 5582 | 1.0 2791 4409 | 42.4 | 15.8 376 | 1173 ¢ 7.7 3.1
Instrumentation 908 1IT4] 4741 ) 21.2 445} 3328 37.° 7.3 720 | 1413 ]114.81 1.¢
Test Methods 868 1219 4045 | 22.0 4641 2799 | 38,1 6.0 755 | 1244 115.3| 1.7
Countermeosures 846 985] 4528 | 17.8 3081 32511 30.4 8.2 587 1 1264 1 11.9) 2.2
Pressuare g7 1016 4618 | 18.3 383 | 5300} 37.7 8.6 633 | 1309 | :2.8) 2.1
Detection 785 | 982 4188 | 17.7 3681 2870 37.5 7.8 614 | 1318 | i2.4f 2.1
Machanical Properties 602 | 690 3485 ] 12.5 27y 23094 29,3 8,9 419 | 1680 ; 8.8; 2.0
Test Equipment 081 10221 3485 | 18.4 436] 2554 ] 42.7 5.¢ 586 90 } 11.9} 1.5
Contro! Systems 673 753§ 35071 13.6 3381 2637 ) 44,0 7.8 415 870 | 8.4 2.1
Processing 015 TT1} 2894 1 14.0 3261 19621 42,1 6.1 448 902§ 0.1} 2.C
Synthesis 622 7741 33201 14.0 2741 1994 | 35.4 7.3 500§ 1332 110.1] 2.7
Physical Propertiies 601 1002} 3239 18.i 3627 20704 30.1 5.7 640 § 1163 113.0| 1.b
Physioleqy 594 755 280 | 13.6 1961 11621 26.0 &.1 559 | 1615 §11.3] 2.¢©
Heat Transfer 591 731 3019 | i3.2 3201 22301 43.8 7.0 411 780 ] 8.3] 1.9
Circuits 560 0281 2096 | 12.6 2751 2147} 3°.4 7.8 423 849 | 3.6] 2.0
Netermination 70 10711 2845 19.3 1101 1744 36.3 4,2 661 | 1101 {13.41 1.7
Chemical Reactions 373 7437 2844 1 13.4 251 16691 33.8 6.6 492 | 1175 110.07 2.4
Surface-to-Air 561) 106{ 2770 7.3 2321 23T2157.1 | 10.2 174 398, 3.5) 2.3
Stresses 3N 619y 2707 ¢ 11.2 2821 1989 | 45.6 7.1 337 718 | 0.8] 2.1
Polymers 560 752f 3327 13.2 3831 2206 | 38.7 8.0 449 | 1061 | 9.1} 2.4
Projectiles 533 306 2937 9.1 2451 2069 | 46.4 8.4 2601 868 ¢ 5.3¢1 3.3
Aerodynamics 532 014! 307 11.1 2851 2326 | 6.4 8.2 320 741 | 6.7 2.3
Compustion 523 5644 2844 3 1iG.3 225Gy 1998 | 42.8 8.0 334 846 | 6.6 2.5
Jet Planes 514 484! 3072 8.7 2391 2417 [ 47.2 | 10.2 246 6535 5.0} 2.7

¥
Radiation Effects 515 840° 2744 | 5.2 318! 1735 | 37.9 5.3 522 § 1009 |10.6, 1.9
Rocket Matovs qag 3004{ 3082 | 10.6 2984 2393 | 50.5 8.0 202 684 | 3.9} 2.3
Guidance 490 4021 214 3.9 2601 2585 154.7 6.6 223 556 | 4.3) 2.5
Reliabiliry 162 83,1 2721 | 1.5 3071 2177 148.3 7.1 32¢ 544 ] 6.7 1.7
Propagation 379 SU2| 3600 9.1 2275 232: 145.2 ] 10.2 275 679 | 5.6 2.5
Sclid Rocket Prcpellanis 470 3094 2617 § 10.8 3C2| 2004 ;50.4 6.0 207 613 1 6.0} 2.%
Scattering 432 03! 245 ¢ 11.5 2931 16301 45,9 5.6 345 7131 7.0 2.1
< Mode! Tests 453 565 230 Gl 371 1739 | 46.0 7.4 268 640 | 5.4 2.4
Statisticai Analvsis 844 Tt 1882 1 3.0 3091 1197 | 42.9 3.0 412 665 1 8.3 | 1.7
13 Vibration 442 QM| 2155 ¢ 12.4 331 1524 147.4 1.6 27 631 | 7.4 .7
Totals - 48256 12350686 - 1709178193 9.9 130347 |72407 _ 2.4
e Source: Sampie c¢f 38,407 20T Documents
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