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dhcuoetng
the uc+e d the 101 it
tatm.
pertant that we consider why we w rneohtnm
at all. WUh the rtaptd Intermktgltng
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ov.er Mplng of subject disciplines,
espaetdty
ta soience, one might nay that ti the time ware availrend end
able some et w mlghb of mceealty,
digest all td the reaorded MomnetlmrnvaWbl&
U tile were poaslble, w itonce wh, we might
not be no concerned
with thte problem 04 eekotlon 0! information.
But W* do not have udimited
tlmth In&cd, the ttme kctor la proimbly
the essmtse of the problem. It ts, therefore,
necessary to speed up the prooess d sdeotton
by mecharkation.
I&a moot ot#er spp!lcattotm
of machines, we owe the machine to do ● task
we could do oureelves, but we have neither b
th=
the anergy to do it. W* we mecNnes
to facilitate operations we now do mwwatty.
n
ta motpmtinent to dtecum at thte ttme whether
wmchlnew ‘thtnks er nob bot it
AouM bementimed that bwomwe machinea are mere effiolmk?
than wmn tn repetltivo
oparattoos,
wk9 ftitd ttmt
parformtng numwoue t&&eJ eepe.
we are toky
ctall~ in tnformattoa analyata, Umt we vmuld
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information must be fed into the machine - {t
must have been there in some form in the first
place. But before uelng the machine the information wae uzeiees
and without the machine
wouid have remained dormmt.
Ifavtng established
why we we machines ●t
all, we must conalder some of the techniques
required for using machinee.
TMs subject in
sufficiently
broad as to require separate treatment eleewbere.
Deutach’ has analyzed the
fundamentals
of Uiis probiem admlrzbly.
Howbrtefty discuss the concept of
ever,
we shall
Coding.
In order to empioy machines efficiently it is
necessary
to tranaiate information into a form
more amenable to the mechanical operations
one wfehea to perform.
Tfde requiree that
eomewhere along the line an encoding process
take place. It may be possible to use a typewriter slmiiar to the cete preparing thin page to
reoord

4 nameona magnetic
tape.The

key-

the mtne se
my other keyboard.
However, the keya cause
patterns of magnetic apote to a~ear on the
tape. The typiet ia not aware that a coding proc ecs Is taking pface. The resultant tam can be
fed into zoother
machine which caueee typewriter keya or type bara to be activated, typing
the aamq name or item of information on a
piece of paper. Externatiy one is not aware
that ● coding operation hze taken piace. The
coding wan done mechanically,
but nsverthelesa
Ccdtng took place. In other, Iess sophisticated
machines it is necessary to prrform coding operations that are quite apparent to the obaemer.
For eaample,
one may represent a name by a
number.
Adzma may be coded ae 1125, Jones
as 3456 and Smith as 8698. Thie would enable
certain machines to manipiate
the information
more ezeily than in the “original’
form. This
ia true of punched-card machines which handle
beard

of thm mnohttwt

looks

ezsetiy

alphabetic information through numerical coding
or by coding the ietters of the alphabet into twohole pztterne.
Thus, in the case of the nzmea
above it wouid be posslbie to arrange the names
ziphabeticaliy
in two waye. One couid prepare
a fiie of cards where the individual names are
punched in letter codes on a card and then ar r~
the czrde by machine in alphabetical order. Or one couid mereiy punch the numerical
cede number on a card and arrange the czrde
in numericai order.
It can be eeen that
such a
numertcal arrangement of the carde eimultaneeualy alphabetizes
the cards becauee the code
numbers were assigned in increasing numerical
value starting at A on through the alphabet. An
added degree of machine efficiency 1s obtained
U one bee to deal witi a four digit number rather
than an eleven letter name. If one repeatedly
alphabetizes
the same file, the saving in time
can be quite large. Thie might aleo appiy in
hand sorting euch a ftle.
once
the codleg
operaone has Wablishod
ths
tion has bsen pwforntsd
for ,mechsnlsation.
Consequently,
theee
basis
techniques may appiy to the use of humane M
weli as machines.
bt this paper the problem of literature
searching shall be emphasized.
The prtnciplea
apply to information analysie of ail kinds. The
present work wae inltia~
however, with the
spectfic probiem of searching scientific
liters.
ture in mind. In literature searching probieme
there is, prior to the ccaiing operation mentioned
above, a most important etep necessary
to im piementlng searches,
mechanical and otherwtse.
We usually refer to this zz lndeaing or cataloging. In this operation we attempt to decide what
avenuee may lead to the par’thuiar document
involved. ● ●
Indexing deciaiom are usually based solely
on the contents of the document.
In certattt
specialized
indexing operation
tAe indeaing

‘Kari W. Deutmh, ‘Communication
Theory ●nd Social Science,”
The American Journal of
Orthepsychiatry
vel. XXL No. 3, JIIV :?~:, P. ●wY-U.
●OThi, .**P I. quit- ieeff:=i.mt b.=au.e
w. In&X ●very it.rn .ven thou#b ● iA r8e percentage
me y
to dacid- in ●dvance which
savor
b desired
or chlied for. However, lit has ●n yet b-en impossible
items wiii be dasirod or what criteria will ba required in makins ● search.
Therefor*,
we must
Perlups
we may tomeda y find now methods of handiing information
index ●vmythina - la ●dvance.
that
will obviate this very costly ●tcp. Until that time, however, indexing i mfundamental to ●ll
problams of ●ll
searcbipg
systems.
The iadexlng dilcmme
ha # its analoaue a in eommutrication
serto. If tba telqhone
compmy knew, la ●dvanc., those teltphonc numbers to b- a.archad
for in
directories,
it would be possibla to prapar8 much smeli-r diroctori~s.
It would be Intara ctinE te
laara tho munbor of name- that ● ra rmver conmdtcd in the directories.
A pr~liminary
#tatistic
would b. the number of uaiinte+ telephones.
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will ciao include considerations
of the users interests, e. g., a decument may concern the budget of a certain Industrial corporation.
A medi cai indeaing staff may decide that thin document
ms be of interest to members of the medical
~e.sion,
even though there is not theslightwt mention of medicine.. However, it is impoa slble to anticipate ali of the ~sible
avenues
~ ~pproach to a particular dcaiment.
To fa.
cilitate indexing, indexers select a numbex of
dwcriptors
which moat adequately cover the
mcbject materiai of the document.
These are
ref errad
to se subject headings,
terms, rubrics,
etc. It will be seen that these descriptors
taken
together often constitute the basic eubject matter
of a document. Thus, a study on the tme ef DDT
in agvicuiture may be adequately described by
&@ subject headings DfYT and AGRICULTURE.
In preparing documents for coding, the selection of these nubject headings la therefore
a
most important step. Once tbie haa been done
coding can proceed or perhaps indexing and
coding can be combined.
Coding obviowly cannot precede
indexing. fn the presen, study an
indexer selects a embject heading and a coder
assigns ● cede number to tbst heading once it
is selected.
Indexing wouid produce a &ta
sheet or marlw pn originaf copy. The code
mmhers would ueuaily b added to these data
sheets or originai copy by the coder. Once this
la dene it IS pwsible to prepare a punched card.
(U some other device than pinched card equipment were wed then the appropriate medium
would Ymprepared as e.g., a strip of magnetized
tape.) Once the punched card has bwn pre pared we have eetabiished the “machine Index.”
Efficient uee of the index depamta on the interventbm of ●.machine.
Tba use of punched-cards
in literature
searching is not new. Punched-card
instaliatiow of va rtow kinds have been in existence for
some tffne. However, the range of information
problems handled by punched-card machines
has bwn eeverely limited untfl recentiy becawe
of iimited flexibility.
(This does not mean tbnt
in certain specific applications ouch as accountancy theeo machitfea are not capabie of amazing
ftaodbiiity.)
It shxit be shown that with tbe we
of the 101 punched-card machine even greater
versatility
is possible if combined with well
@mad operations.
Itwill
beueedui to review the problem further end considerwhst have bawn the major dtf-
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ficulUes in using standard punched-card equiPment for the purpoeee of informaUon analyeis.
One difficulty in using the punched-card 10 the
physical limitation of the card itself,
A 3 x 5
file card has an amazing storage capacity.
Tbs
difficulty there is that printed mstter is as yet
impoaeible to .eearch mechahicaliy.
Tire etrmdard punched-card ie larger Uwm the 3 x 5 card
but actuxliy one is iimited tn the amount of information that can be piaced in 80 coiurnw or
SS0 different punching positlona, i.e., i2 to a
column. One must add to thin great pbyeicai
imitation the limitations im~ed
by the varieue punched-card machines in their ability to
manl pulate these carda. Thus, the etandard
eorting machine can only Omrate on one column
at a time. Tbia ie the equivalent of reading ona
letter on a printed page. With certain attachment one can increase the number of columns
that can be searched simuUaneoaely.
fn other
machines like the coilator tJiere is increased
searching abiiity. Suffice it to say that these
limitations of card capacity and machine fledbility have necessitated
many laborious techniques in preparing punched-card files. One oi
these in the technique of placing in a designated
area of the card a epecific category of information. Thin results in whet ix catted the fixed
field card. Thus, if one has specified that ail
chemical information ia to be pinched in the
first ten columne of the card it ia only necessary
to search one eighth of the card to locate certain
items of chemical interest.
One difficulty that
immediately arisee here is that there ia considerable waste of space. In a medical file per.
bape oniy ten to fifteen ~rcent of the information is of a chemicai nature. On the other hand,
those documents that do deai with chemical concepts may require several chemical descriptors.
U the card haa room for only one chemicei doScrimor it is necessary to prepare a card for
each such descriptor.
310tvever, one may ask
why uee the fixed field card? Tbia is reasonable. If this is not done one ioeee efficiency in
smploying the machines eince it wouid be nec ewary to search the entire card if punching
were random. ons efandard sorter this might
mean a fantastic inormse in sorting time. In
the present study we aeked the same queetion.
Would it be pwsibio to search a card which was
not of the fixad field type7 Tbix ia kaeicaily the
same a~roach wed in IBM’e Photeelecwic
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scanning punched card machlne.’Brtefly
then,
Rlatntendadt
oshewprlmarily
that It le poseible to prepare ● rather efficient pinched card
fllo, wfilchc
an besearchedwlfhthe
101 with
eatreme versatility.
This machine, Iftheee
nawtechniquee
are employ~
can ha ueeful In
extremely complicated Informtrtlon selection
probleme aa well aavarloue
other standcrd
searching problems.
The Welch Medical Indexing Project haa
SpeCifted Cetiht Criteria in approaching the
ttae of mechlnee for the searching of scientific
literature,’
It wae felt that elmpllcity wna paramotuk to our opaatlona.
Thle crppliee to punching es well as codfn~
Thie further applies to
searching.
Mnuchly hea etated that alnce coding mtd punching 1.s done only once this may ba
toohareh a requirement. [n principle he IS cor rect. But in terms of the immediately
practicnl
~oblome
@ indexing
medical
Iitorature it was

felt thrtt
this rtrutihwrn-antodd

not be over -

avenues that brought us to
the tecnhlques employed will not be discu%wl.
the capabi 11tJr9
It merely remaine to describ
of ihe system, es well aa some of Its opernhng

bekad.
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and eupply files where items are described ●Ccording to dozens of criteria ae in etemnahlp
parts. Chemical documents may contain irdormation on hundreda of compounds.
The code
numbere which are empioyed by the Indexing
ProJect are the came an the eeriaJ numbers
used in connection with punched card operntione
intended for the preparation of printed indexee’
ae contracted with the present operatimt involvtng machine eearching.
The dctalle of the actual 10i mw!hine funetlone wI)I be explained elsewhei e, a I weli M
certain mathematical cmtaideratione pertinent
to oqr use of the machine, The important
pelnt
now 1.9 - what ie the 101 capable of?
lt Ie possible to search the punched-card
file for any code number desired on s single
pass of the carde. Since the card doee nnt use
fixed fields It is not neceeeary to specify that
the code number will be found In a certain loentlon, TltltJ httfi beds obviated
ky apcaial
wlrtng
pahel~
otthe 101. ‘l’hattbtlltyto
of the control
search for any particular code number is Im portant. However, what dose thie mean in praotical terms? In cenducthrg a literatureeearch

features.

oneestablishescertaincrlterie for makingthat

punched-card ie divhfed tnto areas 01 a
SWOified ItUMberof columns.
Thus, In @rt.
1
siateen five columnareae are ehown. Ftve —
dfglt code numbers are punched In each of these
e.reae. These numbere are pinched without any
reference to category co Ie necessary on the
Ae many M elxtean code num fixed field card.
bera could be ptmched on the card. lmkod, all
efateen could be from the same d$sclpflne such
ac sixteen symptoms In a medical case history.
The code numbers preeently used are numerleai. However, thy couid be alphabetical or n
combination of the two. U a document requlrem
N Is
more than eiateen five digit descrlptore
Poeaible to use 55 many additional carde as required. Thie might@ the case in purchasing

search,
Thus, in searching for all documents
on antibiotics one muet aaeume that in the index.
Ing procedure all pertimamt dooumente were in.
dexed under antiirfotice and that the code number for antibiotics appears in any card that wU1
be selected by the machine.*
Xrtthe language cd
symbolic logic the ability to eearch for ● single
code number may be stated ee meeting the re-
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epaeify in ● eearch that aft
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that any document coded for antihieta.
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●t this point that usirq a machine of this typ dmuid probably not
for ● n atticlc written by John Jones in i952.
on- should not confum
bc conoidared
if one IS ●aarchina
to croaa
tie problems invoived in printed indexa~ and ‘machine mdexeu. - You do not mod ● Csdillac
(6) was not *urprlmin#, .i!re. em
the ●treot. The failure of the puriched card ●quipment at H~rwell
Aeuld eaiy crmtemplato using machines for taskt which are too diIflcult if not
Imposoibia to parferm
by ●riatias tdmiqucc.
to mention
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This Is a logical awn, Le., A + B. One may
Chat decumenta
coded for A are desired
but only if they do not contain B. ThIa is a logf cai difference, L e., A - B. One may finally,
epecify that selected documents be coded for
both A and B. This 1.s a logical preduct, 1. e.,
AB. Thase e%smples are second order sesrchws,
L e., they involve two descriptors.
Using our
101 fechniquea it is poasihle to meke all of the
above searches.
Furthermore,
it is possible to
omke searohes theoretically
of the 50th order.* ●
A fifth order search
might be A + BC - (D + E).
Tbo requirements
of thta march ere that
if
either D or E appear, the document is net desir~,
if B afrd C occur In the same decument
or U A appeara then the document IS desired
providing D or E do not appear. In ihe ianguage
of the 101 one would first lest” for D or E. If
eitham were present the card would uot be selected. ff neither D uor E were present the 101
wowid then %e@t” for A. U it were present the
card would be selected.
U A were net present
tfw 101 would then nest” for the presence of B
sad C and only If both werw present wotdd the
card be aeleete&
Of eouiwa, all of the %etas
would be performed airnultsneouzly.
This type of versatility
IS not available in
most ~chsd-card
seiection systems.
However, this is M the limit of one’s abilities to
make searches
with the 101. Careful consideration wee given to ihe fact thst in making searches
by machine it is unfortunately necesssry to scan
every card in the file, uniesa spscial prefiiing
ix done, Without specifying prefiling this
(searching the entire file) is a mest tnefflcient
feature of rneciumized searching.
This is the
case in the Rapid Selector’ where thousands of
may be scanoed in order to
frames
cd microfilm
find one or a few desii’ed documents.
It was
felt that this shortcoming could in part be mtni mtsed if it were possible to perform several
searches almukaneouzly,
fn the case of the
Harwell exparlment the complaint was that
severaf eearches could wot be made simultane OUSIY. Notwithstanding the fact that they were
iMtem@ng to make searcha.c tbst are more
WSCtfY

11

properly made with printed indexes or files of
S x 5 cards, they erroneously
concluded that
simultaneous
eearches are UOCposeible with
punched -card equipment.
Using the 101 it {e
pcsslble to make simultaneous
searches.
brdeed it is pnible
to make es many M nine or
ten fifth order searches at one time. The significance cd this feature should uet be overleoked, since it increases the effective speed of
the machine se much as ten fold. T us a search
ef one miiliom cards that requires eleut 40 bra
work is made considerably
more practical when
the same time is required to do ten searchei!
simultxneeusly.
U we now take into consideration
the possibilities C4prefilbrg the puuched card file it may
be possibie to speed up aearchea coneiderxbly.
Several possibilities
exist here. However, we
shall at present only consider appreschee which
do not require dupiicaticm of cards, because this
is one of the defects we sre trying to remove by
introducing more versatile equipment.
(U in
common practice in many centers te prepsre a
csrd for each descriptor used in indexing decurnenta mid by auital?la preftlirtg it 1s Peuoible to
reduce the number of cards required tor search.
Ieg to a small number~
However, ultimately
mte
rune into a epace problem.
M one has a million
case histories with an average of ten sym@cmte
per csze one hes to deal with ten million cerde,
Nevertheless,
if one has eatremeiy large files
it is possible 10 visoalize that even such dupli.
cation of csrds would net obviate the need for
described here, since
the eeruching systems
one may stiil sesrch for combinations of criteria that appear many thousands of times in
the file. Such is the case, e. g., in searchteg
for ali materiai on antibiotics in respiratory
infections, or any other combination of generia
terms.
Possibiy the right combination of prefiltng and judicious programming will prwide
the most economical solution.
In dealing with a singla cxrd per dmument
it is still ~sible
to prefile cards in oucha way

es to makesearchingmore efficient. one approech is to take into consideration

the number

‘W D. Ashthorpe, “The Punched Card Indexing Experiment at the Library cd the Atomic Energy
ICecaarchf5ctabiiohment, Harwell, - ASLIB Proceeding-,
vol. 4, May 1952, p. 101-104.
fR ●lph IL. Sbaw, ‘Machine. and the Bibliographical
Problems of tlm Twentieth Century, - Bibiiog.
raphy in ● n Age of Science, U, of Illinois Preta, ‘Urbana, 1951, p. 58-62.
●*TbC ●y.rag. document rarelv require. mm. than a dozen descriptors.
It 18 tberefc. re urmace*●ary to ma.tma #aarcb of higher order then the masimum number of doccriptors
aasigned
to any one
doe-em.
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