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of information systema has led to the threshold of a wiiclly new developw

ment, in the organization and utilization of information systems, es=

peclally such systams as sre the basin of intelligence astivities and

military operations. We now sve ths possibility of introducing into

any system of information not only a method for the rapid and comrrew

hensive indexing of such information, but also 2 means of searching the

eretem from any point of entry for all the idess in it which ure fostually

essocisted with one another,

Tue signifisance of this possibility czan bsst be indicated by the

following s:atement taken from Dre Vranevar Bush's prophatic ar
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HAs We May Think's

Tho real heart of the mattsr of seleution, huwaver, poos
deeper than a lag in the adcption of macharisms by ldbraries,

Our ivne
optitude in getting at the rocord is largely caused by ihs

or & lack ol develiopment of devices for their use.
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ergiiflciel ity Systams §f

e

2] indsidinge When dsta of any soib
are rlaced in storage, they are filed alphabeiically or
mimerically, and information 1s found (whan it is) by trece
ing it down from subclass tc zubclasg. It can be in only
une place, unisss duplicates are used; one has tc have rulea
a3 to which path will lecete 1%, and the rulcs are cumborsome,
Having fouand one 146, woredver, Oue iiad to emergas from the
gystem and re-cnter on a riew path. The humen mind does nst
work that way. It operates by assoclation .ee Man cannot hope
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Bugh, V... As8.We May Think, Atlantis Monthiy - Sfulwy 1clh,
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fully to auplicate inia nenitsl process sriificlally, btul he
cartainly ought to be able to learn from ite In minor ways

he may evan improve, for his records have relative permansncye
The first idea, however, %o be drawn from ihs ansiogy concarns
seluuu;on. Selection by association, rathe- than by indexing,
133 yet s *nﬂhnnivaa. “Ora cannot. ho “thus 1o equal the spuaed

Toxibiliiy With which the mind Tollows an assoclabive trail,

":? ¥ 8hould be possible to Seat”Ehe mind dscisively In regard
o the permanerice and clarity cf the items rﬂaur"ecfbd Trom

sLora aga.

In organlzing a body of informatlion we nased be abla nct oniy e
recover material indexad w.der sny heading by szearching andsr thai head=
ing, but also to trace all the ideas assoclated with the hwading with
which we start through the tctal system. This invoives whai Charles
Bearnier has culled tha "coincidence of pertinent vocabuliaries® iHe saysi
®In my opinion, the problem of bringing pertinent vocabularios
3nto colncidence ie the ciucial oneé fer all documentaiion systexs
whether operated by classifisations, indexes, or machines. The
systam must display its vocabulary for selection. Fo¢r the field
of chemistry, thiz wocebulary irs so anormous ard is growiang so
rapidly that is impoaaible becausze of limitaiions cof time and

syasight to read aii of the terme for ihe purpsse of maldng

tha proper and complete selection. To facilitate seloction;

irndexes give ussrs c¢ross raferencis and display suggestive and
new Lernms in the modifications under headinga. The gearchess
aid in bringing their vocabularies inic coincidance by courzes

of study, textbuaks, reference works, reviews, moncgraphs,

dictionaries, current literatumn, indexes, and the like,
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At presant, the proceas of briaging vucubularies inic coincidence

for broad, rvneric gaarches is probably the siowest of 8il Dr(e

casses in the use of documentation saystems, The importent point

to note is that 211 documentation syztems, including mechantzed

ones, are faced with this problem of bringing pextinent vocabu-

laries into coincidencs and that iff colncidence is noi affe~ted

then siprificant information is certain Lo bé misged. Diffi.

culties with broad generic searchss, formerly attributed by some
of 18 interested in mechanization sclely to indexes, aras. in
reality, caused by the difficulties of brinsing wocabuleries

into coincidence."2

The %tracing of such "coincidences" or associstions 1s whil is
usually meant by browsinge In card catelogs and bcok indexes such
browsing is possible, but haphwmzarde In machine indexing sys ams aa
hitherto envisionad, it nas not ¢ 'en been possible.

Suprose in atudying a landing operaticii st Beuch X, w5 began vith
ideas relating to "lancing craft," "offeshore supcort,'" and "dintance
from bese," Tn an ordinary inidex wa could locl up informatichn under any
one or all of Liws5 headings in twrn; in a coordinatle index ag will be
explained iater, we couid go further and search for informaticn huving

- - o .
pecific reference 1o the cumbina

4]

it

hraa headf noa.

Wha* 18 proposed hers is the construction cf a syzten of sascclatiore
wherevy starting with a few iueas there wilil be disclosed 1o Lthe scarcher
all other jdeas in the systenm assocla’ed wiil those with which he begins

hin asarch. That iz, beglnning with the three ldezs &bcvs, Wic syshom

“Charles pernler; "Organizing Absvract In

formation®, wnpubll
tead befors American Documentabilon Instit

ghed
ate, November 6, 1993,
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would disclose the associated idess of supply, Lids, meteorological
conditlisns, geolnpical formaiicn of beach, slope of beach, etce Tt
is balieved thal ULracing such asscciations through & system of icsan
can be machanized, and that this %1l: introduce a radically shortened
time dimensicn and assurance of compieteness in the analysis and evaluation
of any irnfurmaticn scarch or intellilgence or operational situaition.

The imporiance of this develcpment for operalions rssearch. which

has been defined as Mrelated rezearch", cannvt bve over=-emphasized. In

"i

more narrow and restrictcd fields of inawlry, the retrievel of storad

infermation by searching under specifisu discresi index hoadings may

U3 adsguaie; but the very nature of operational ressarch makes it “oih

te range freely znd rapidly through
In order Lo cliarify fuily the significance of this possil 4iy

and its promisa ol making posBADLE Ior tNe Jirad vime e Wuly SCOnSELG

end efficlent machine manipuletion of a total system of ldsas in intslli-

xénceé snd opsrational enalysis, it 1s nacessary tu present an zccount

of the developmenis in both theory &nd prectice which have led up to it

Uniterm System of voordinate Indexing

ina iinitarm system of coordinaie lndexdnyg =%3 developsd by Docu-—
mentation Incorporated under a contract with a DRepartmant of Dafon
agency, and applications of this system are row being used in & nunber
e the 0ffice of Naval

fessarch., Lt was the successiul appilcation of logical analyiicsal

- . A S BT AR D KL
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metaods to the prohlem of siz

o
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ompletenass, and afficiancy of any
index which indicatea the possihiiity of uling these mathcds tc go bayond
the indexing of information and into Lha ritherto unexplored {ield of

the mochanlcal associaticn of 1deas. No machins now availabie can

manipulate efficlently ths number of actual distinct items of information

in any large technical or intelligance library, But if logicel enalysis

(B

2 first smployed te reduce such items of infermation 40 the relatively
emall set of unit icdeas, their manipulation = thair aszseciatisn, dise
as3soclation and reaszociviion by machinss « becomaz 3 practicsl end
exclting possiiility.

The ususl indexing in pravious systems ies by means of = combinztion

of words which can be arrangsd intsrnaily many different wava and

A

0

(o3 41
ssquently, requiree listing in many different places. In priiciple, any
twoenord indox heading can be arranged and listed in two waysj any three-
word heading requires for corpleteness six zrrangements and six listinea:
any four-word heading, 24 permutationz; any five-word heading, 120. The
mathematical law which describes the total pcssidle arrengemente and
listings is "n factcriplt,

The most genernlly emplcyed method of limiting the eize of any

index is to limit by convoniion the perrutations (necma reafarancos o

el bdemV e SV =N 0 2
Tk

bt e o Hlo ol Yy o) fiv wurds 1n une neadings. HOWOVSr necessary as
practicsl mocusures, the conveantions or rules which 1imit ths size of

any given index aiso iimit its ussfulness, Hence, any indexer veing

-

gtendard methods must meck an scceptable compromise betwnen cost and utility,

et P
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“he Upiterm system of coordinate indexing resulves thds dallemma
by anslyzing the sublect materisl intu & bagidc vocabulery and providing
negna for coerdinabing b
combination desirede No term in the system is repesisd moge than cnce
regardless of the numbsr of obther werms with whichr it may bo combir
or the order of such cumbinationz, Through this matnod. the indexing
apparatus to aiy collection of reference materials can be raducad fros
5C to 90 per cent in bulk and made more sfficient &s Lilliograpnicel
and reference tools,

The technical acdvantages of the Uniterm system can be summarired

as follows:

1. Fvary term in the Uniterm system is a filing term or access
POITILe

2. OJince inere are a0 subdivisioms, zvery twaa in the Unlterm
zsatem i8 on 2qual footing with evary cthar and can be the
subject of a complste search, It is impossible in any
standard index Lo muke = oomplete search of reference material
under any heading which has been used 28 & sutdivisione

A1) "goog" references whnichi ars required in a standard
system by virtue of the order of words in index haudings
are eliminated.

LWV}
L ]

Le A1l "see n18G" referencea from goneral to specific sub-
Jects 2ra oliminated.

5. 7The subjective cholze of the indexer between possible permu-~
tations of multiple-ierm doscrintions 18 eliminated.
e WInCcs overy itom inm the Unitorm sysitem is & f'li.g word &nd
cach Lerm in the eystem appears only once as f 3
eio
A

a
any recd for searchning for the "proper subdivis
proper phrase is ellmlhated.
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IT. The logic of Association of Ideay and jis ﬁcnhanxzataon
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wWhern a dorument s indexed under the Uniieswm Jystem the subject
metericl ie analyzed in the basic units of langusge whirch are required
to retrieve ihe subjecl conlent., Each Uniterm represenis oue of tha
ideas atovt which thera is positive infermation in the documente The
totsl numbsr of tesins by widch the document lg indexec reopresents the
positive agsociations I ihmse vadic ideas or in other terms “"the pesitive
Zoolean conjunctive functlons,”

A8 & large system of inf: on ig analyzed into Uniterme, there
will be many verms generated from ihe Gucumuinis of thie systeme Since

same of the reports or other documents will be on the same subjecis or

otherwiss rolated to ome another, their Uriterms or unii{ ideas will
themselves be associated. Howover, nct 2ll of the Uniterme Zn the

vocabulary of the sysiem will be related nor wili all the possicle
sombhinaticne of Inttarms vield rositive vaiid functions,
Suppove, {or example, that in a particular coordinate index, in-
formabion is stored under the {cllowing terms:
carriers
range
fire pr<ex

fvel
railroads

in such 2 =ystem, there might also be valid information unanr the
combination; "carriers = raage -~ fire power = fuel suppiy," and under

the conbinzution “railroads « fusl supply = range.? But it is no% Likely
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cupply = {lre power™ or "ecarriern w range - jiailroads.”  The combinotions -
or associations of ideas = which yicld velid informacion can be curnsldeved
trositive Pocleswn zonlun-tive functions," whereas these combinations rndeh
are peasiile in oany vtystem out which do not yleld information can be con=
gidered empty fuiciions.

In any system of "n" terms, the total number of conjunctive functiona

sosociaticns of ideas is enna) to 27w 1. I% can be seen that

(3]

or possibl
with a system of a thousanc terms or more the number of possible assoclations
or coniunctive functions is very, very large., On the other hand, the

number of asscciations which yield imtormation will only b» i tiny fractiaen
of the total number of poasiblz functions or associstions of ideas, For
xample, suppose in any system of a thousand ideas, no zssociation ylelde

ing information contained more than ten ldeass, it would follow that add-

ing the 1lth ides tc any combination of 10 would result in any smpiy
function or &n asscclation of ideas which would not leed to informatione

Therefora, the positivs associations are small fraction of the possible
assoclatione in ths system. This meana, {urtiher, that the machine search-
ing of sny system of ideas for the posiiive associaticns cen be a rapid

self=lipitine and gelf-convergliny process,

y
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Dictionary of Assceiations

Thers #re smeny ¥waye Lo recerd conimmelive functlons or assoclations

\
-

1]

of ideas ranging from aimple notched or punched cards to compiicatad

4y
1
4

elsctronite compuiing machines. faxt

econsist in dacidiing on the bast mechanism to trace eny asagclation of
ideas through 2 jiroperly crganised system of information. The instrument
for such a geasrch would be, 1p 2ffect, a machanlzaecd dictionary of as-
sociated idcas.

In order to see how such a dictionary might operate, ccnsider thne
£cllowing eimpie example taxen from Phiiip Morss'e "Methods of Cperstions
Research." Morss points cut that in discusslions of the dasirability of
providing merchant ships wilh antiasircraft guns. the decision secemed ¢
rest on the number of planes shot down by arwed merchant shipse Ace
cording to Moree, "It took an operations research worker to point out

that, even though the enemy planes were not eshot dcwm, the antiaircraft

guns were valuable hacause they decressad the accuracy of the encmy

LT}

planes sncugh 4o lessen tha chsaiics that the mercnant sessel be sunk.

One woula expect that if ths relavan®t infcrmetion had been propsvly in-

dexed or amesociated in tha diciionary, a Bsareh of the dictionary would

ttisnal paramaters or desociated idsas -

and specific sasociations. Yor example, beginning with the teijms "AR wpn,

e Y RS y ;
“{Horse, Philip M. and Kimballi, Goorger Methods of Uperations Researcr,
1951 . r,,(,._.

3z
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ADORSTU

P

K" is a partial associetinn

<l

It ¢=n De swen iruid Lus exmaple above ihe "4
of the two more compluts functlons or asaociations "A DM N P", "A DM O R
8y using ths relatlon of logical alteruaiion in the Unltsrm sysiem, we can
Sresie tho association "A D M ard (N? or ORS)", Qoing still further, by
using negative relations, e.g., the requirement that "R" noi be associated
in the dssired complex, we eliminate "A I' i O R S™ and are lefi with a

- .agle assoclation "A D M N Pt,

In itne exaaple used sbove, the ideas associsted with AD are presented

in tabular form as might be ths casc with a printed dicilconary. Howaver,

y3tem of

it}

a printed dictionary ci .ossoclations for eoven & medium sized
information would be too large and toc complicated for convenient use.

For sxample, & system of 5000 terms used to analyze 50,00G documents

}

mlgat generste close %o 5@0,000‘ different positiva associations.

il

Whereze thia 13 e small rumber as compsred with the biidiocns and billions

I 32 ..

of ~ssible functions, i1t is @itiil tuo large Lo oo displaysd in a standard

printed booke What ia required is a method of showing cnly the basic

of the basie vocabuiury on demand.

Our next repert will contsln an account of our method of arriving et =
- mesmem e
AJ.L‘\AJ" ER Y

aystan of Informatiorn,

™ - - - o= -y - Lot - - - T
mexieum and minlmum number of paailive funchione in eny

VI Iadcactisvadie  dadiia  srecdeemcfiiiin

SER
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Thus; tha hasie concapt préseniaed heis 1= thui of an sxternaliized

permanent wemcry in the for: ¢f a mechaniszed gisticrary of assoclaticns
or “periinend colncidonces” of 211 the irails of ldee= walch have baan

Put

lube

o the system hy many peovla. Thisz s3sostiative memory then does

o

not depand on having these scople evellahle Zor & problem and doss nol
lose informaticn when personnel leave. 0f course putting the idsas into
the machine propsrly pregenis many problems which will bs studied.

Tho Machanizel Diectionary viil not creats associaticns which have

not been previously recorded any more than browsing in an index results

= >

in the discovery of unindexsd soablnations. bu it will, se Dirs Bush

“

suzgssts Tbeat the mind decimivaly in regard to the permanence and

claciby of the itemsz rosaursctad from sLoragoe”

AT TS 5 BN P R e P K S i (L TS ey A



Til. Prorrem to be Followsd

In order to gat sn ddes of il magnitude of the problem of generating
the Diclionary ol Assoclscions, we are currently examining the second

leval associatlons in & Unlterm Index tc & psrt of the Armed Servicea

rohnical Informaticn Agency collection. Wi wt '2ction which eme
braces sli fislds of ischnolegy end 1s representative of a breoad range

of assoclavionr. We ars alac savudylng the second levsl assocltetions in

a cciler

e

A stmplled undor the ONR-puher program for aircrafi ine
strumentation, This includa= ine relacively narrow fieid eof instrumene
taticon, data prssentatisn and nunan enginesring as applied to alrborune
equipment. Thus, the idewss in tnie collection should be inhersntly
associated. The results o thess inveasiigaticus will be presentcd in
the next reapcrt,

From the empiricsei studies of an sctusl set of essociations in thess

S

fields, it scemns possible to dsiermine the upper and lower limits for
)
the number of positive furc-tions in en actual system.
When the number of sziociaticrs has heen establizhed, 1t wiil be

possible 46 sLudy the problems involved in setting such a ayastem into

operation in any given collections It will aisc be posuibls o dster-

nins the magnitude of the probiems of mechanization and preaentation of

the assccliations,
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