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descriptors. In fact a question may be asked under one
term; and it is our experience that the great bulk of
questions involve 2 or 3 terms and that additional
terms are added only if the amocunt of information de-~
livered by a 2 or 3 termed question proves to be too
voluminoua, In cther words, iactual reference exper-
ience ang not muthematical ccosiderations alone must
infivence the design of a system. A system of coor-
dinaie indexing whick delivers too kigh 2 percentzge of
"noise" for one, two or three term gquestions is simply
not adequate for reference use.

In the Zatocoding system random numbers <orres-
pond to the ianguage eiements in the indexing system
we have described. Every termn or subject is repre-
sented by a random group 2f {cui numbers chosen frem
a field of forty numbers, ¢.g.: '

air 3 12 17 23
éucts 6 17 24 29
icing 1} 12 23 2%

We assume that for any item indexed, no more than

1/2 of ithe coding area is used. (This {igure corresponds

iv our use of 1/3 of the dedicated positions in our mach-
ine development. )

The formula (approx. ) given by Calvin Mooers for
the dropping fraction in any search iz /2" where n
equals the number of notches or holes used in a scarch.
For example, if we search a collectio:i: for everything
on Alr, n - 4 (3,12,17, 23); ior everything on Air Ducts,
n = 7 (3,12,17, 23, 6, 24, 28); for everything on Air Ducts
Icing, n - 8 (3,12,17, 23, 8, 24, 29,11, 27).

15



n 4 5 6 7 s ‘! 4 e o ¥ 11 > Y
1/271/16{1/32)/64)1/128]1/356{1/ 512]1/1024{1/2048[1/ 4006 |

It is only necessary to multipiy the droeping fraction by
the size of any collection to determine the approximate
average number of false drops per scarch. This table shows
the size of the dropping fraction {or varivus sizes of n.

SIZE OF COLLECTION

n 9 im" 1, 000 19, & | 0

0001 19,000 | 100,600 | 250,000
4 1,/15 £Z. 5 625.01 §,267 | 15,625
5 1/32 31.25 312.5§ 2,125 | 7,813
6 1/€4 15.63 156.3; 1,503 | 3,908
7 1/128 7,82 78.2 782 | 1,955
. /338 1.o; 1 30 t! 3% ) uvs
9 1 1/512 rae | 196 196 490
10 1/1024 I 2.3 “ R
1 1/ 2648 Y . v | 123 '
12 /4096 | ‘(3"’?{ 250 25 63 |

If, as is lhe case,; 21 .wcragc reference question

involves the coordinatsian - twp io three terms, the

average number of faize ¢ s in a Zatccoding system

containing 100, 0¢2 tiems v il range from 3, 125 itercs
(when n = 5, the minimum i\ atnter of notches used for

2 terms) to ¢35 items {whe:' 1 & 12, the maxir-um number

of noiches which can be us - for 3 t(':',.,'c'}

In the mechanized 5y3+ m we a~5 evelop .5, « 1 a
search by 2 ierms, wc Zre; lanning & dropping frction
of 17220, Thiz means that; r all 7 ctical purposes there
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TECHNICAL REPORT NO, €
THE MECHANIZATION CF COORDINATE INDEXING

In the summer of 1952, the Armed Services Techni-
cal Information Agency awarded a contract to Documenta-

tion Incorporated for an investigation and experimental in-
stallation of a then completely novel system for filing and

getricval of information, the Uniterm System oi Coordi-

nate Indexirng.
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This manual system of storage and retrieval ¢
dexing information as conceived by Documeniation Incor-
porated has since been developed and refined in a series
of test programs and has been adopted by numerous ¢ov-
ernment agencies and industrial organizations.

One of tne r2asons this system has {oiund such ready
acceptance is that it combines high eificiency and speci-
ficaty of information retrievz?!, compactness and low cost,
and mest important, the real possibility of mechanization.

Althougl, ior a system i limited gize, the manual Uni-
term System of Coordinate Indexing far exceeds any pres-
enily avaiiablc machine avatem in effxcxenCy, it was reai-
ized that iarger systems would still require a form of
mechanization.

In the early pari of 1853, certain pre-existing machine
designs for data retrieval were combined with the logic of
the Uniterm System of Coordinate Indexing, resulting in
the ccnception of the indexing machine described herein

s Tificiency” dehned as a combination of cost and
efifectivenese of information reirieval.
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Shortly after its conception, this system came to the
sttention of the Armed Services Technical Information
Agency, which requested Documentation Incorporated to
make an investigation of the logic of this machine and of
some of the proposed constructional fealures to determine
its suitabiliiy io Armed Services Technical Information
Agency's particular requirements. This investigation has
now been compieted, and we are pleased to report that
this system of instantaneous information filing and retrie-
val exceeds existing and contempilated inachine systems in
efficiency to such an €xtent a3 t¢ creaie an eniirely new
dimension in ¢ost rieval time

Until now, systems of sequential scanning of informa-
tion such as the 1. B. M. and Remington Rand systems,

have completely monopolized all miachine systems as well
ag 2ll thinking in the information field, While such mach-
ines are excellent for tabulaticns, computations, and, in
general, bookkeeping purposes in the widest sense of the
word, they are not especially suited for information stor-
age and retrieval.
Only a system o

of s
posed daia storage s;h.eets, corresnonding to natural langu
uage elements, as proposed, will provide low cost instan-
taneous filing as well as retrieval of information. It is
our conviction that this machine will bea major and
tory-making sten in tli' direction of adequate informatior
control.

Coordinate indeXing as a generic term covers all
forms of indexing in which the retrieval of specific items
of information involves the determination of the logical
product uf a number of classes. The Uniterm Sysiecm as

;
l




a epecies af epordinate indexing 1s a manual method of
determining ihe logical product ¢f iwo or more classes
through the device of "arithmetical” coordination. Tuae
discovery of a cecmmon number on two or more Uniterrn:
cards establishes that there is a class which is the
logical product of the classes denoted by the Uniterms
ana thar the class has members. The miembers are, of
course, the decuments or other items designated by the
common numbers.

One advantage cf the Uniterm System's device of
“arithmetical”™ coordination is that numbers can be written
on the card as the numbered 1items are received and in-
dexed. It is not necessary to dedicate in advance any por-
tion of the card to any number. There is, however, an-
other manual niethod of Coordinate Indexing, known as
the Batten svstem or the Peek-a-Boo svstem, which de-

iically numbered spaces rather than the mere iGentity
of numbers. In the Uniterm Syst~m, even though some
nse is ruade of geometry (the arrangement of numbers in
ten columns) a number at the head of a column on one
card may be identical with a number at the foai of a
column on another card. Bvt, as we can note on Exnibit
1 in the BRatien system, the position of each number must
be preassigned and must be in the same place on each
card. This preassignment of numbers todedicated posi-
tions gives the Batten system one important and cbvicus
advantage over the Uniterin Svstem, in that coordination
becomes a simple rapid process involving as many itens
r¢ fdesired; whereas in the Uniterm System unumbers
must be matched for any two terms vefore going on to a

LI m— —_-lmmn
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EXHIBIT 1

Batten Card
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third, or ifourth term, etc. On the other hand, the use
of cedicated positions limits drasticaliy the capacity of
the Batten system as ccmpared with the Uniterm Sys-
tem. As will be seen {ram Exhibit I, by the time item
101 enters cur systew1, we are beyond the capacity of our
Batten cards and must ¢et up an entire new sct.  And
chis may occur with only an average use of . 01% or less
of the dedicated positions on the {irst set.

The Office of Basic Instrumentation of the National
Dureau of Standards ie experimenting wilh Ruztten cards
having a capacity of 18, 000 positions. An interesting

(D)

recently, but this account deeg not reveai any informa-

and imporiant account f thic experiment has appeared

O

tion concerning {ne average.or me:n density pf use of the

dedicated positions. We, curselves, lacking the evidence,

which we hope will be forthcoming from additional repcrts

on the Office of Basic instrumentation project. feit that

imposed by the dﬂdlcated posmons of a Batten 5y€tcm
outweighed the apparent advantages of rapid couordination.
Thes: limitations can be expressed in .erms of certain

iczl considerations together with certain evidence

3¢
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which is now avaiiabie. We know, for exa:mple, that the
indexing of 18, C00 documents w1L involve a vecabulary
in the range of 5, 000 terms, We also know that the
average document can be indexed using 8 to 10 terms.

u’gl_)ocumentation in Instrumentation, National Bureau of
Standards Report 3276, by W. A. Wildhack, J. Stern,
and J. Smith, April 1854.

N




Taking the higher figure, we obtain the tctal of 180, 000

postings for 18,000 documents or 5, 600 Batten cards.

This means an average utilization of 180, 200 or 36 holes

5, 066

on each card. Each Uniterm card (front and back) ifor a

manual systermn has a capacity of 520 numbers if ali col-

umns are equally utilized. In actual praciice, all col-

umns will not be equal, hut the percentage o difference

between the longest column and the choriest column will

decrease &5 Caids {ill up (Fxhikit II makes this clear).

It is, therefore, conservative toc assume that we can

¢get 400 numbers on a Uniterm card. With the same

size vocabulary, 5,000, and the same number of pus:-

ings per document, our 5,000 cards will previde for

2,000, 000 pusiings or 200, 000 documents. In 2 Batten

s73tem having 18,000 holes we would require 200, 000
18,000

or 10. 2 sets of 5, 000 cards for 2C0, {00 documents;

that is to say, 1l sets, since tnere can be no partial

sets in a Batten sysiem. Furiher, the advantage of

rapid coordination in a single se{, wuid be iust

through the necessity of selecting cards out of ji

scts and of performing 1l separate ccordinating

operations,

It is cbvioue that sne can cut down the number of
sets in a Batten system by increasing the size of the
card and the number of dedicated positions on each carg,
but such an increase in sizedces nof increase the rela-
tive efficiency of the system since the percentage of dedi-
cated positiona used will remain constant.

In spite of the above considerations, we never lost
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sight of the manifest advantages of geometric eoordira-
h tic coordinaticn, espec-

B
®

C

ially with respect in systems larg,e enough to make mech-
arization fcasible and desirable. For guite early in our
pregram it seemed clear thuat the mechanization of grith-
metic coordination (what is usually called collation(2)) is
not a promising technique in 1nformation storage and rec-
trieval. The machine comparison of two or more sets of
numbers in order to find any numixrs coramon tao the
sets, must in princip's, be a sequential process, whereas
the machine comparison of dedicatedpositions in two or
more Batten cards can be reiative.y insianiansous.

As was said above, one apparent soiution to the

o~
Lile

limitations of the Batten system involves increacing t
size of the card; and if the card ic to be positionead and
scanned mechanicaily, only the size of available mater-

lals, tne size vi holes, a.ad the problems of mechanizal
nositioning affect the decision on s matter. In a ser-
ies of tests we ascertained that a 3' by 3' metal or plas-
tic sheet between 0.15" and ¢. 20" thick, which is not
too big or too heavy for mechanicai handling, will pro-
vide dedicated positions 1/16' x 1/16' for 250, 000 items.
Having made tius determination, we were still faced
with three problems:
1. No. of sheets:
5,000 3" x 5" or 5" x 8" cards is & cormparative-

ly small file; but 5,000 3' x 3' metal sheetis each

(2)

"Machines and Classification irn the Organization of
Information', Technical Report No. 2, Documentation
Incornaorated, December 1853, . 10 to 27



of which is . 020" thick, represent 2 oube of
metial ' x 2' x 8.3'. This seenred to carry us

2
Aaa T e a W = -~

beyond the range of practicality.

2. Addition of New Sheets:
Even though the number of Uniterms in any svelem
remains fairly constant and new Uniterms are ada-

ed infrequently, we must provide for such addi-

tions. This means thut in addition to our iritial

cube of metal 3' x3' x 3. 3", we must have a stock

of exira 3' x 3’ sheets for ending and adding te
our basic set withiu the machine. This, too, we
determined was impractical.

. Use of Dedicated Area:

The recognition that ver iotal eoding spacce is a
>t

(V]

cube brings with it conclusive eviden

tions on a cara, 1s an inefficieni mech
staring intormatien. Of the metal cube,C. 2% wouid
be used for storing information, the remainder
would be potentiallv useful bu actually uvnused

snac
g 2

- T PR R

If w2 negleect, for a moment the problem of adding
sheeis, we can see that the problem of the nunber of
sheets and the problem of the percentage of space uscd
on each sheet arc two sides of the same coin. For the
same numuver of bits of information a higher density of
use of each sheel would involve fewer sheets. The solu-
tion to this prohiem which is expressible in the same
type of analysis as that which led to the ccucapt of Uni-
term, was first developed and patented by Dr. Frederick

Jonker, who, besides being a member of the staff of

[#e]
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Documentation Incorporated, has organized his own
business machine company. Dr. Jonker recognized that
jus! as the jdeas in any system of inforwmatiun could be
expressed as logicai ;rodu s of lerms, SO any Lerm
can be expressed as a logical pxoc(uct { simpier eie-
ments. Further jusi as Lhe number of ierins in any
system is much less than the number of ideas, so the
number of letters, as is obvious, is much less than
the number of terms,
it will be =zaid that

-

product cf ietiers, but

”m

u w
nor is dog the same word as Cod.  Buf suppose, insiead

of one alphabet of 25 letiers, we have an alphabet of three
times this numbecr or 78 Tn thie artificial alphabet we
wili have three "A's'--Al, AZ, A3; three “"B's'’--Bl, BZ,
B3; three “C's8"--C1, C2, C3, etc. With such an alphabet

e
~
]
=
%
(%}
1
-
e
3

it is clear we can éxpr-ess <hiy
ambiguity, 22 2 legical product of Ietters. For exnm-
zle: T1 A2 R3; R1 A2 T3; D1 O2 G3; G} O2 D3. I we ex-
tend the number nf letters in cur alphabet in this fashion,
or, whai is ihe same thing, exisnd ihe number of aiphabeis
in our system, we can express as logicai procucts, long-
er and longer words. With 260 letters or 10 alphabets,

for example, we can express every word up to 10 letters
long not only in the English language, but in any laguage

: tho Baman olnhohnf

AlAALIL ChLgriMmars .,

1.2t us examine, now, the manner in which this de-
velopment solves the three problems we have presented
above:



1. No. of Sheets. Instcad of 5 000 cards ar sheets,

that is, one for each Uniterm, we now need
oniy 26 times the number of alpiiabets. Tor
ease of muitiplication in what follows, suppose
we assume 10 alphabets and mumd off the size
of system at 300 sheeis (10 x 26 + 40 for sym-
bols, Greek letters, and other cevices).

2. Addition of New Sheets. It should be anparent,

that like the letters in the alphabet or the dig-
its 1n the number svstem. our swstem is coii-

stant and no new sheets will ever be required
Uecause Gf wthe addition of now ideas oo terns

3. Use of Dedicated Area. Or sample matheinzt-

ical grounds 1t is clear that the same amount
of informaiion, stcred in a smaiier number

of sheets must operaie iv jicrease the density
of use of each sheet. The exali nannor in

which this comes aboul cun e scen from a
comparison with the manner in wiich a man-
ual Uniterm system stores informaiion, which
is dispersed in a siandard library system.

Suppose that in & standard index'ng system there
are three headings:
air ducts
air hlowers
&4ir cieaners
In the Uniterm System all items on air ducts, ali
jitems on air blowers aad all ilems on air cleancrs, are
entered on the Air Uniterm card.

1



12

Similarlv in the letter systei, all items on accurucy,

arrpiane, wcid, acceleroinelers, ete, will ve entered on

the Al card or sheetl: all items on acid

accelerometers, etc., will be entered oi; the C2 sheet;

accuracy and acceleromete. will be entered on the C2

it
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, the uverage use of doedicated nositions

5
of ! percent. Four a svstem of i8, 000 items or i3, 000

-+

dedicated positions,0. 2 percent would be 36 ner sheet.
For our 3" x 3' sheets with dedicated positions for
250, 000 items, 0. 2 percent would be 500,

With the letter sysiem, U we assume an equal or
randow use of all letters, and the same depth of in-
dexing. we would use one-third of the dedicated positions
on each sheetl. There are three ways in which we
arrive at this figure;

1. Tor the same number of items iniormati -

of i

and the same depin of indexing, tiie d=nsitv of npsi-

ings varies inversely as the number of sheets, thu

9,000 sheets = x postings - 25,000. Multipiying this
300 sheets o002 postings 3

figure by 10, G provide for i0 postiags per term in the
000= 3% 1/2 of the possikle
positions posted on each sheet.

2. If there are 200 sheetls in the system and each
sheet coataing 250, 000 positions, we have a total num-

Wb coeratnrn
e L S LL AL,

s

ber of 75, 000, 000 storage positions, in



i each item is indexsd by ten terms, each term bheing 0
ietiers iong, this would involve using 100 holes per item.
Thus, the indexig of 250, 800 items will utilize 100 x
250. 000 or 25, 000, 00 positivns, which again is one-
third of the possible posmons in the total system.

3. Suppose our 300 cards represent 10 alphabets ol
30 letters. Then any document indexed by 10 terms will
utilize under random distribution, one-third of the

letters in ziach alphabet for cach document ar dedicated

It should now be clear that the use of language ele-
ments rather than Uniierians solves the three problems
of mechanization, nainely, the size of the file, the per-
maneiice of the file and the efficient nse of coding aren
or dedicated positions. We have, as wc shall see below,
introduaced a new probiem which is not present in the
Uniterm System or the Batten system,

The logical product achieved in a Uniterm or Bafien
system may be ambiguous. Thus, if we combine fish

and focd, we will get information m food for fishes and

fish as a fnnd. This tvpe of ambigii

resolved by adding ano*her term as fellows: fish-iovd-

vitamin or fish-food-plangton. '"Noise' or irformation

¥ avinaasas =

which has no relevence to the terms coordinated can
never appear in the logical product przsented by a
Uniterm or Batten sysiem. But when wa go {rom Uni-
terms to language eliements, we, in effect; go from

a sysiem of direci coding to superimpossd coding and
this introduces the prablem of "uoise' or taise aropc



in the infor:mation system,

We have efiectively solved this problest in our mach-
ine devclopment s¢ that noise or irrelgvant information
delivered by the machine in answering anyv question, ai-
though possible in principle, is for all practical purposes
elizminated. The ezact nature of our solution involves
cerlain mathematical and mechanical congideraiioas
which we will not present at this time. But we can
illustraie the problem as it vccurs in a4 simpler sys-
tem, the well known Zatocoding system, developed hy
Caivin Mooers.

in any indexing system we must maie a4 wisiinciion
between the number of headings or entries by whid: an
itern is indexed and the number cf headings used either
singly or in combination to retrieve any item of iniur-
raation. In 2 standard subject-cataloging system, or a
system cf indexing like the Index to Chemical Abstracts,

we may enter items under a number of different head-
ings. But we always search for information under one
heading at a time. I the material we ieliieve vuaer any
heading is nct suiniicient or adequate to our purposss, we
may try another heading, which may be broader, narrow-
er, or just different from the heading flirst used. But

in no sense is suchla search a search for material in-
dexed under a combination of headings. Zatocoding is

a species of coordinate indexing. This means that in
Zatocoding items are indexed under a group o headings
and searched for under any heading or any combination
of headings“ Bat the fact that an item is indexed under
10 terimns or aqeccriptors does not mean that questions

put to the sysatein should or do consist of 10 terms or



descriptors, In fact a4 question mnay be asked under one

d
he great buli f

Smmmvere imed 32 P i GmmieSitieiiiis &
LCI I, diild 2 12 vl SRpBEIIENLY that

-\

questions invelve 2 or 3 terms und that aaditional
terms are added only if the amount of information de-
livered by a 2 or 3 termed quesiion proves te be tos
voluminous. In other words, actual reference exper-
ience and not muthematical considerations alone must
im'luence the design of a system. A system of coor-
dinate indexing which delivers toc nigh a perceatage of
“naige" for ong, two or three term i

not adequaie ior reference use.

In the Zatccoding sysiem random numbers corres-

pond io the language elements in the indexing sysiem
e bave described. Every terin or subject is repre-
sented by a random group of {our numbers chosen from
a fieid of iorty numbers, e. g.:
iz o 12 17 23
ducts 6 ' 24 A
icing i 12 23 27

3 2=0u

1/2 of the coding arca is used. (This figure corresponds
to our use of 1/3 of the dedicated positions in our mach-

ine development. }
The formula (approx.) given by Calvin Moaers for
the dropping fraction in any search is 1/2" where n

equals the number of noiches or hnles used in a search.

For example, if we search a collection for everything
on Air, n - 4 (3,12,17, 23); ior everything on Air Ducts,

n=7(3,12,17, 23, 6, 24, 29); for everything on Air Ducts

——— ————— T

Icing, n - 9 (3,12,17, 43, 6, 24, 2y, 11, 27),

We assume that for any item indexed, nn more than
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It is only necessary (o multiply the dropping fra-tion by
the size of any coliection to determine the approximate
average numnber of false dropa per cearch. This tubie shows

the size of the dropping fraction for various sizes of n.

SIZE OF COLLIEECTION |

Dropping ) . 5
i Fracliof | 1,000 16, 000 | 100, 060 | 250, 000
4 1/i6 62.5 625.01 6,250 | 15,625
5 1/32 31.25 312.5] 3,125 | 7,813
6 1/64 5. 63 156.3 | 1,563 | 3,598
7 1/128 7 12 78. 2 702 | 1,855
Y 1/256 591 39. 1 391 978
G /512 1,46 i9. 3 198 150
10 1/1024 0. 98 9.8 98 245
il 1/2048 0. 49 4.9 4% i23
12 /4096 0. 25 2.9 25 63

1f. as is the case, the average reference question
invulves the coordination of twu to three terms, the

averape number of false drops in 2 Zatocoding system

containing 100, 00U items will range froem 3, 125 items
{(when n = 5, the minimum number of notches used for

2 terms) to Z5 items (when n = 12, the maximum number
of notches which can be used for 3 terms).

In the mechanized system we are developing, {or a
search by 2 terms, we are planning & dropoing fraction
of 1/328. This mecans that for all praciical purposes there



will be no false drops or noise in a system «f 250, 000
viems,

We present in the following, a summary sti.tement
of the characteristics of the machine deveiopment which
are presumed to be of general interest:

Nature of the Developmenti: The proposed machine is

based on proven and tested principles and does not
contain any epeculative elements.
Operation of the Machine: In entering informatica -

merely ivping cut the indexing terms or phrases on
a keyboard; in searciiing infcrmation - merely
typing out the search werds or phrases on tius same
keyboard. The document number of the relevernt
documents* will he printed on u paper tape.
Proposed Documert* Storage Capaciiy Per Maching:

250, 000 documents per wiit. However, units of
double this capacity are feacible,
Ultirnate Total Document* Storage Capacity: Unlimited

A number of machines can be operated simultaneous-
ly from 2 single control console,
Information Caparcity Per Document® About 10 descriptive

words or phrases per ducumeniis &i present contem-
piated. This is equivaleni tuv approximately 2 x 108
digital units of infcrmation., This number can be in-
creased if necrasarv,

*'"Document' should be wnderstood as an article or item
on which information iz *~ be vtored. *'Documents™ can
¢ books, reports, wmedical case records, persons
criminale, patents:; court decisions, articles of a

o2

suppiy catalcg, stc.
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YVocabuls ety Af tho Coctom T o .
poten . .. nlinred capacity of words -
elc., in i lanmuage and using any type of 7 | °

- - Al . !“

such as - bie 2nd Rowun nuinerals, Green * *
etc,

Coding Requi; ¢ ments: None; actual language ei #

usec as .. idne code. No code conversic

SLorage Spet a. LU ividemar €0 L1575 r i v 10

fving information ¢n 2 keyboard. Followi.

storage s virtually instantaneous.
Searching Speed:  Following typing of search

matter of 2 few scconds per document yie

Hature of Storage Elements: Large metal she

most permanent, durable tvpe of storage.

v achine Dimernsions: Approximately 7' x 4' x
is about 1720 of volumetric space occupied
valent conventional catalog card drawers.

Sesembied Weight: 1, 0060 1bs, grving approxim

-

A0 ins. per sq. {t. floorloading.

Jv vure of Techniques Used: Entirely mechanic
ele~tromechanical. No electronic elevn.en!
el Ui 07 iDewasis Teliability.

Re r>duction anu .. aplice®ivin 0 Sored ¥for

L m—— N R v e e S

“tored information can be repr. uuccd wi

cconomically by . 2ano o pnoll catehis T

Cog! «: the Machine " ‘i1en Man factured in 5.
“'nx 1,000,000 ¢ - uments whe cost of the
i as low as the -ost of tbe filing cabine
iyex cards plv. . he index cards, requis
vi otional cardé - talog system.

2
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