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ABSTRACT

his paper discussee the principles of information retrieval, considers subject

and classification indexing, and describos elements of coding for mn.Tul and

machine applications. The implications of information rezrieval practices on

microfilm Information retrieval systems are discussed. Characteristics of in-

formation retrieval for mnual, semiautomated, and automated systems for aperture

cards, microfiche, roll film, and chip systems ae considered.

<U,
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FOREWORD

This paper was prepared for presentation at an American Management Association

Seminar on icrofim Information Retrieval Systems, held at the Ambassador

Hotel, Los Angeles, October 21-23, 1968.

As 5uch, it was designed to be delivered in approximately a one-hour session,

and to provide a frame of reference for the attendees to the role of micro-

film within the information retrieval world.

Consequently, discussions of the elements of the information retrieval char-

acteristics, and of microfilm systems has been simplified to permit some

consideration within that limited time period.

The author hopes that the availability of the paper in printed form will pro-

vide opportnities for evaluation of the use of microforms for active retrieval

applications, and will enable the reader to pursue areas of interest through

sources mentioned in the bibliography.
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1. INTRODUCTION

The use of microfilm as -he storage and dissemination medium for -n informa-

tion retrieval system does not change the essential requirements of that

system. 'The requirements remain constant, regardless of the storage medium.

Thus, paper, magnetic tape, or microfilm-based systems have similar character-

istics.

It is the purpose of this paper to discuss the characteristics of information

retrieval systems, to describe some of the principles of indexing and coding,

and to consider the implications of these characteristics and principles as

they apply to microfilm-based information systems.

Where applicable, references are made to specific pieces of equipment, by

brand name. Such references should not be construed as endorsement of the

product, nor of non-recomendation of products designed to do the same task.

Rather, the identification should be considered representative of a class of

equipment.

A more complete listing of available microfili equipment ..ay be found In th e

Annual Reference Guide of B3usiness AutOmation magazine I and other appropriate
p-;,1 at n6.2,3,?

DEFINITIONS

a. Info-nation. (1) Any facts or data which can, be used, trans'err',
5u: cor~unicated.

2) 'e ..e.aig f confent o any cox:un ca
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b. Retrieval. (1) Techniques of searching an index file or docu-

ment collection for information.

(2) The act of finding again, recovery, retrospective

searching and securing of documents.

3. CHARACTERISTICS OF INFORMATION RETRIEVAI*

Oie approach to evaluation of the characteristics of information retrieval sys-

tems is to group these systems into categories and to identify the functions per-

formed within these categories of retrieval systems. Naturally, different au-

thorities describe these groupings and elements in their own unique ways. How-

ever, two approaches appear representative of the majority of the authorities

cited in this paper.

1. Information retrieval may be classified into three groups 7 as follows:

a. Data Base Systems. The most widespread information retrieval

systems are those for data base file management, which process

records organized into fields, each containing a type of data

In the record. Other data base systems include management in-

formation systems, &ad data banks.

b. Referen, e Systems. Reference systems require thesauri and pro-

cess references, rather than data or context. A reference sys-

tem may bc useO as a document retrieval system. whic ' -ay utilize

Mictl-imaes.

c. Text Proces~ing Syster's. In this system, the fuli text oi ".he

publication is recorded in machine laruage for subsequent analy-

sis and processing.

*The author particuiarly commends and reco.'nends Methods of Ira'o'.raaatin
8

Handling, by Charles o. Bourne and Principles of Automated Information Retrieval,
by Walter F. Willians . 'tese books were the pri-Ary source 'or prepa-o

..te ciaterial in this section.
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2. InformTation storage and retrieval systems n ave the following

elements:

a. Input. This involves checking the material, cataloging and

indexing the material, and preparing it for input into the

storage medium.

b. Storage. T2his involves the conversion and housing of the

material itself, and the conversion and housing of thle surro-

gates used in the retrieval functions, such as title, abstract,

etc.

-*Announcemen t. Thic. Involves processin, of the surrogates such

that. potentially interested users may be made aware of the

existence of the material. 'Note that some announcement systems

include the- deliver-y of the n7aterial with tLhe announcement.

rather tlhiin Cdelivery of the substitutle "ocr thle material.

d._ Search. "7his Involves thngthe requestor's needs with

jthe cont.ents ofl 'he st,ored material, either t-hrough manaa.. or

automat'-d m- arch and-J compare of the surrugates, or -- Searo In

and compare metnods through t-he o-ri#ginal material.

e. 73etrieval. This involves locating,4 fn'1 eoctract~gru tn

store tane Jes..red origi4nal material cften In-3sted*-

i~ot utt'able :'rsub~sequent copy'ig oruse

f. Del1ve r:,. ths invo.-lv;es transmlieno thie oi.Iu - e~

Iusa>L-e :o i his (L'v Jo actual Rr~nls.:eil

pr~e rr;of heoiia, mc' 4 >& o'.creven a

~e~ev~sion ~'~a'. o:t.tc.aeo
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The task my &Iso be defined as for!lons

1. Preparing and using Indexes and abstrats.

2. Storing and retrieving documents and. Informetion.

--e balance of Section 3 is devoted to a disctazion oV indexing princlples.

and coding techniques. Abstracts will not be discussed. in Section 4, the

characteristics of microfilm information retrieval. ystems art- discusse' .

Oth--r storage methods are mentioned only briefly.

3.1 INDEXING

Indexing schemes are based or two appottachee:

1. Subject terms.

2. Classification 5ystems.

3.1.1 Subject Terms

Subject terms are derived from the document title, the abstrac., the full text

u: the document, or a fornally-prepare6 ind -r intained P.1st of alpiusbetic ter.lms.

The subject terms may be derived manually, or autoratically. 3lyplcal tech-

niques include the following:

1. Key-Word-In-Context (I1C) Index (See Figure 4. Usually, only

the title i- used and non-significant words sach as "and", "the

etc. are not listed as key words. The title is rotated (penrmted)

as required to list each significant n',rd in alphabetic order with-

in the lhat. The remaining words in the Uitle are listed in order

within the line. KWIC indexes may also be generated solely or partiy

from k:y words established by an indexer from the full text.

2. Key-Word-Out-Of-Context (KWOC) Index (See Figure 2'. KWOC is

essentially the same as KWdIC, except that the key word is isolated

to the left (or right) of the full title, or summary abstract ,sed

in place of the title. Addition of terms to the title (enrichment)

is also used to improve the relationship of the subject.



209 October 1968 5 SP-324~3/000/00

111D GEIRATIOU LOP RQUIEZNT Of ALTS3NATIVE CHEMICAL S 372
MLA, ERIC, ASD ?ME rUTUREs 512

WUNERN OF PUNCHING ERRORS 1N & CO-ORDINATR IVDIIG SY 56
33 AID DITZCTIOA OF 121IS 1N PRODUCTION DATA COTLECYIO 612
23105 AID INDUSTRY= EST&BLISMING AND USING2 1UFIRENCE NA 497
PUBLIC LIRRY Tlk ITABISIIT AND GiaVN OF TUE DAY 297
SOCliTIOIS PROPOSES ISTAILISHNENT OF I DATIONAL COUNCIL 135
1 & T23T PROGRAM TO IVALUATE THE DEMAND SEANCH PXRFORHA 468

;A WORLD SYSTIN 0f EVALUATED NUBERICAL DArl FOR SCIRIC 
683

3-AITa CIITEF'A FOR IVALUATING TIN EFFECTIVEISS Of LIIb 705
3a AN 1IPUIR~sNT IN IVALUATIUG THE QUALITY 0f TOANSLATI 105

ERlLY INFORMATION EVALUATION- 692
ST'TIR P21FORMAUCI lTALDATIONt SURVEY AID APPIAISALu 97
C163SIFICATION AND EVALUATION- ?SACS--TINE-SEAAD BOUT 600

3TSTANSw' THE EVALUATION A5D ANALYSIS OF INDEXING 290
US- EVALUATION Of A 14GROWING11 THISAUR 541

ZOV, ORP3tATIO1, AID EVALUATION OF A C.OMPANY LIB3ARTw A 192
921IFEP 18 TRXT AND EVALUATION OF AN Ili'ORNATION RETRll 575
G FILE DUVELOPNENT. EVALUATION OF COORDINATE INDEX SYST 339

90 31RYICES= EVALUATION C? INFORMATICN SYSTIMS A 535
OCT APPROACH4 TO TI EVALUATION OF INFORNATION RETRXIAL 217
FOR MAA925EUNT - &I EVALUATION CF MANAGERIAL REQUIPREE 229

&!LIOZRAR9XY5v AN 3VALUATION OF REOLARS OUTPUT: DEBAN 285
S- fHE QURNTITATIVE SVALOATION OF REGIONAL UNION CATALO 90

DATA -- A CRITICAL EVALUATION OF RESULTS IN 100 CRSES 347
TATION ISDEYIBG AND tfALUATION OF SCIENTIFIC PAPERS* CI 420
LIST FOR *NVIER AND EVALUATION OF TECHNICAL LIZRABIESs 629
2 TAAOUGK SIKULATSO IVOLUTIONo ARTIFICIAL INTELLIGEUC 193
TB &9 IDb-7090/1604 39AMPLU- TRANSLATION BY XACT -- VI 498

I1FORHATION aICHaNGNs 304
099F OR C(XGPR4TIVE 11CHAR63 -- 00OO CATALOG PRODUCTI 573

42EUT J11NFRNATION 31CHANCE GROUP). DEATH Or At EXPIRI 236
RINT 0N INYOthtTION EXCHANGE GROUPSm INTERNATIONAL STAT 653
ADMINISTRATOI. THE EXECUTIVE AND THE INFORNATIOP EXPLO 334

DEED LITERATU24- 1N 11EIFLARY THEORY OF COMMUNICATION I 694
US ARID FOR CATALOG IZPANSIO~n PEEDICTIWO T 273

82DLIRS opElTINO 31PRIKINCE: ADDENDUM- 546
3SIT9 AIRYZ!7E: THE RX9ERZRNCE OIF ONE INSTITUTIONs COLL 448
DINCU ZIPTIZN EARLY l1rIRI VITH A TSCNIICIL CORRESP 120
0101I SYSTEM. 1211S RYPERIEVCE WITH ASrA -- A SELECTIVE 204
23VIEOS: A CONPUTER lXPEINENT. AN INDEX TO MEDICAL 300 31
TENCY IN TEXT -- AN RIPWRIRNT AID SONE SUGGESTIONS* 58 713
Of TRANSLATIONS- AN EFPIRNtOZT 10 EVALUATING TUB QUALIT 105
L PROCEDURES 7OR AN 11PERINENT IN TEXT PID EVALUATION 0 57S
ND PROJECT MARC; AVRIEPERI89VH IN THE DISTRIBUTION OF B 36
';ROUP!, DZATN OF AN lXPERIH2UTP (INFORMATION EXCHANGE 236

riigure 1. KWIC Index



29 October 1968 6 SP-32k3/O"O/00

"074-IBAOI 1AI EC AB#SORPTION OF 0-LCS SYer3415~ Of IRIEsTI 111C BLAC.ROUT FOLLOWING A HIGH ALTITUDE evC El

0 ~ N~iSO~d8RRAL ~ SSGVN iCV,~~i CILi 01 NUCEA ICiRT NILA "Fl 0130 ANAYE

1004-ISOTHERP0s.E AS100IA0TES..So-P

AlTILIETRG FAREOIRUDRiC YCATEEALS1 41C- RSEARCH AND OEVELOFF'tNT PROCRA4 A.,ARTRAI
A0-299 57ZI) iO.t0 L1.4? T OECREISS AEFCRT FOA THE FERIOD APRIL - JUNE

NOft-MITAILIC REELlIOCRAFR ANZ TAR~h.T ION CF DAMRiNIG PAOEET 11061 CVR-SLOI D 0034
IRS OP NION-RAEIALLIC RATERIALS NUCLEAR COMFUTER PROGRAMS FOR OFtIPoM START-VP CF NUL

AD-249 65619) 11.00 0502 EARk PROFUL SIC;: SYSTERS
NCT-EILITARY NOTES Ch NDN"RII.ITART PEASURSES IN4 C6UNTROL OF I TIO-IEO)D1KI 11.10 01?

'oAF*YA-?fl) Z37191 11.60 0636 NuvCLEAR DOSE-TIR"E-DIlS'ANCt CURt55 FC-1 riOSE-IN FALLOUT
Nom-MOVING 'UDO5MINTS OF VISUAL VELOCITY AS A FUNCTION OF FOR LOW YIELA CANS -SURFACE NUCLEiAR OETCNAlISON

TWA LiNDIM OF 06$0AY1EI" TIRE OF RnvING OR RIO % B OZ53K 26007
N-VIOVING STIRALI 96 142 4illET 01.40 1.3 NUCLtINA EATRUCED CERkAMIC NUCLEAR FUEL OVLFITF0

NON-RELATIFISTI T&ELIS OF MNELATIYIS7IC EvtCTFOR TRA.IDCTOAI RAN AiCNP-ANDOITI) 14.30 0392
IS FOR FIELo kMISSION CATHiCOAS NUCLE il FEASIBILITY DOtERNIAATlO. CF a NUCLEAR 1141310o

E60-IIA D-TIO 6964i S114.50 139NIC SPACE POWOR FLANT
NON-IMIAR ON-SIMILAR K-RCRICAL MIEINCOS OF SCIUTIOW FOE AD-Z9O OtTIET AZ2-. 0031

ECOCTROCE BOvhOAPY LAYERS IN A CROSSE0 FElDo A NUCLTA FR HIGH - ENERGY NUCLEAR PHYSICS RESEARCH PR054MM
CEt RATORi ADC)-2Ngo 52 5 () 5.40 O~l 01150-291 1401 1.007MNODATUIHI R0ONOESTRUCTIVE SYSTEM F01 INSPECTION OF FlER NUCLEAR HICII-kNERCY NUCLEAR REACT ICNS CFICRILM WI0.0TH"

GLASS1REINFOCA PLASTIC M4ISSILE CASES INCIDENT FAOTGNS AND M1 11TH IOINS
AO-28EN B2SIK1 11.60 0432 l2CRL-I0IIIRI 12,25 0*222

NtONDESTRUCTIVE 0R±IY IMACE 5YTTm FOE NONCESIRUCTIRE TESTINAG NUPCLEAR INVESTISATIONS ON TYE DIRcCT CONTERSION OF AOL

OF SOLID FROFEII1ASF MIJSSjLE CASE WALLS ANDOL LIAR F 15:034 ENERGY TO ELECTRICAL 641.300 ;N A
) MEN'S AC-E 89d; 1 13. 60 013 PRLA:A 01001D AD-Z9O 021K 13.10 055

NONOISSIFATIIE AE E YRONFCSTIDILITy Of RTtE OLOW - NUCLEAR NUCLEAR SUPERHEAT DEYELOPMETF FROGRAIM
A NtOkDISSIPATIRR, INCCMRBSSIBLE ANIALYSIS GN.C- 541KI 11N.C3P 0386

ORNL-TM-4022UI 13.60 0115 NUCLEAR PRODUCTION 0$ TRITIUM BY LCTWtAIN NUCLEAR ETP
NONEOAILI4IIM SCALE EFFECTS FOR NONCQR)LTIUPL~ CONVECTIV.E RE LAISIONS IN SALT. 1. LATORAMLAY STUDIES OF 1107

AT t RANSFkA W:TH SIMULLTANEOUS CAT FRASE AND SU OPIC AICHANGE OF IR!IU M IN IC HYDEOCL'l-AATER
APAC CRCL RALCTIONS. AFPFI ICRAION To MPeER SYSTIEM N NL -3T1NIE 5.55 061

SIC FLIH AT NI ,GH ALYIT'UOEiS NU CLEAR STRIKTNG EFFECT OF NUCLEAR EXPLO S.O
60-291 0321K) A1.1O 0025 AD-290 6241K) $21.00 0085

RONLINE0AA AF. CATION OF VAT1ATIONAL OCUATION OF PO11(3 NUCLEAR THE NUCLEAR PEOFERTIES OF RtmhNIM
TO THE NONLINEAR MIFRkATION ANALYSIS OF HOTIODEN A 0-291 iRDIRI 11.60 0310E0 S AND L AYEEC PtiD LATIES ANDC S HELL S NUCLEAR VARIATIONS IN THE TOTAL ELALTEDS CONTEN O F TM

AD-Zen EER(I 10.10 0s67 E IONDSPMEAE AFTER THE 141GR ALT ITUDE NUCLEAR E
NONLINEAR IXTENSIONS IN THE SYNT1HES IS O F TIME O PTIMAL OH ' ECCION NASA N67-1154E6)RI 1 1.10 014'2BANG-EA43 NLINEAR CONTRO;L SYSTEMS. PART I. Nh$CLEAR 430A AEtITIME NIJOLEA S TEAM CtETRATOlT

THEU RTTMAI OF IIS-OA IONE IF.IUN E.3NL ARR$-160I1 1E. 10 03
tHEIR CVNTIOL SYSTOP NULL-ZONE THE 6STIRA,I104 PROBLEM IN NULL -ZN 0 CETI C 7

NONLINEAR RIESDSI1~T P 6.? 5471K) 14.60 L)2)5 FEECIACA SYSTEMS AD-030 325 1 111.00 0599
AJOL IME lt XTNSINS N T4 SYNTHESIS OF TIRE OFTIRAL OR FIUMIERS FU.NDAMENTAL SOLUTION ItO TIE DIFrUSION ROUNOATY

BANG-BANII RONLTEAR COJNTROL O1YSTERS. PART I' LATER EAAATICN FOR NEARLY SEPAATED FLOA OVER
TE SYNr THES5is OF OU'SI. STATIONARY O PT ,U il O;L SOLID SASFACkS At VERY LAR(OL PRANOTI 'AMLfPS
MNEA CTONTAI SYSTEM A0-291 0311KI 1..& 0-13

FR12 5471K 1.0 0215 NUMBERS LOCAL PRESSURA DISTRIRUTILFI UN A PCUNT DELTA IF
NOLIENONLINEA R FLEXUNAL RIB.ION Dr SA40W CM FLAT ING FOR ANGLES OP ATTACE UP TO 35-DEGREE5 AT M

ES AD-ZEN 871101 AZ.AO OMA9 ACH NUMBERS OF 7.4 AN0 4.1
NONLINEAR OPTIMUM NON4LINEAR CON4TROL POE AREITRAE DISTUT NASAN3IADR .%0h

lANCES NASA R12-SSE9OTEI 12.40 031 2 MNRRAILAL A RAINTONANCE PROGA P0 F'MCRICALCOTDLS
RONRECURAEIT A TECHNIQUE FLA. NRROW-RIND TELEMETRY OF NOISE STOE014O MACHINE TOOLS

CURRENT ; LSES AD-29O 6971Kl E2.60 0577 TID-17T7A1R1 12.6I ERT9
N'3H4UNIFDRH EiECTE0MMLNOTIC SCATTERING FROM A SPHERICAL RIO NUNORICAL A FRIOR1 ROUNDS ON; THO SISCkETIZATIUN (060111 IN

NU4IFO'tl 710109. FART THE71 RADIIR CROSS SECT THE NUMERICAL SOLUTION COf TI. DRICLET 00.0L
ION OfFA IAe TAZ-IEN 6 15 (r) EZ.RO 0747 , M AD-20 322191 14.60 L1.64

NONUNIFORM ELECTROMALNOTIC SLATTERING FROM ASPRERICAL NON NUMERICAL N4ON-SIMILARk NURFTICAL M ThObS OF SOLUTIDY FOR
AINIUR PEDIUM, PART 1. C.ENERAL THEORY ELC IT EOUNDART LAYERS IN A CEDSSED) FIELD A

AC-ZEN OI4IRI 12.60 0OSIE CLELERATOP 40-2930 SU%;) 15.60 CT16A
WOARAL F'OBAPILITY INTEGRALS CF 01ULTIAARIMTF NORMAL A NYSTASRUS MANIFALATION CF AELIUSAL AND ITS LFFECTS SN peM

No RULTIAARIATE-T AD-290 i4flIRI *8.60 OTO0 AN4 VESTIEALAR NYSTWOMUS INDUCED by CALORIC IT'.
MRI AL REISfONANCE ABSORPTION CF GARRIA-AATS IN NORMAL A ICALTION 11.0 INCULAN ACLOLEEATIDNS

NO) SUPERCONDUCTING TIN A0-290 3IRIKI 11.63 02S2

A10-29 141K) 13.40 0826 OAK A SAFETY REVIEW Or THE OAE RICA CRITILAL RISE
WRKS NORMS FOR ARTIFICIAL IGHTN R '6It"E NIS FACILITY ORNL.-TM-34T(iE IsRD ('IAD-Z9O MiRR £1.70 0704 ORIECTS DRAG il or CAJECS IN P ATITICLI, - LACN AIR LOUbiP
WOATH FACTORS INFLUTNCINC MASCUICA FLINTI ZONATION IN WISE IM. BLUNT SDEIES lND LENMPTTSSIRILITY EFIE

MAORTN CAROLINA SILTRAAiRSHS CTS AO-Z91 17M(K) 16.60 0152
AD-2N0 111K) 67.60 0&03 OBSERRITORY TONTO FOREST SEISKDLD2 ICAL CES'RAATOEY

NORTH S0NAM SIVDIRS Of ElF DEEP SClTERINsa LAYER Ito 17-2311 146(K1 £3.10 0815
THE NOSTIT PACIFIC IA AIIE 4 12' .6o05CO OCEAN A SAMPLE TEST tx.050CC To ETYNI .E CO6ROSTON# AN

NoRtH THE EOfRN OF RESC11UE AND SLIARIFAL TEC.NIA 0 P0011I OF E AINT IFASTAILI- .N TH AD1 0
%,i5 IN THE( NUIl-I AMEFRICAN ARGt.lC CEAN AD-29l 0491E) 61.6C, 0552

'B ' 541 NII 111.00 OTIS OCEANOGRAPHIC OCEANDUFPAPHIC CRUIST TO THE EL2INC AND CHUKCHI
NfOOF THE FLORA Of HEALTHY DCCI'. I . BATRA ANID FAAN SEAS, SAMMER 1343. FART I SEA FLOOR STUDIES

61 OP IEI NOSE, THIDAT, AN0 E0WER INTESTINE FO 162 4261K) A2.F0 05R5
LIP-ZIEI 6J.60 0351 OCEANOGRAPHIIC OCEANOCRAIITO EAD UNOEAWTMR ACCO(ISYICS FIESTOR

NUZZLE FABRICATION OF PrEOLATIC AROFIIIE EDOATi NOZ2.L CH AD-ZOO 232161 12.10 00.4s
LOAC0NTN1S 111 St 31 1Tix 1.10 0301 OCEANOGAPHIC OCEANOGRAFHIC CR0I1 10 THTE ELT.RN5 A-4D (bRAY)

NOJL PAR ICTN OF PYILLYTIL GEAFRIT ROCKET M0*21 SEAS. SURJfFER 1949. PAET IT. PHNSICAL OKPUNUCR

1 COPNEI PB 1 Ill ITUIK 11.10 0393 APHI1C STADTES. VOL. k. DESCRIPIIIF 111011
NOZALE FABRICAT I OF .TOLTI GRAPH 1 ' ITE ROCKIT ,~u .. SII" E', 42C-1 I'I 1.60 CS."

COMD"P ONENTiIS PBt is, 372101 12.'60 083?W DCEANOCRAPHIC OCEIANOCSA&PHIC CRUISE TO T1. bTdlpL, IND CH I CI
NOZZLE THRD SYVMPOSIUN ON ADSANCE HROFUtLSOm CONCEPT SEAS, WINER 1949. PART IA. Pi.YTCI ( t.'>.

I STON4SEOTO BtY UN ITED SYATiS .ill f(RCE OFFICE ATHIC STUDIES. EEL. I. OESLFIPIIAE OLEQETv
oP SLIE"T.II'IC A...EA.C I. AND TIE4 C, NlRA L ELECTI FEP 162 42ft-III.I 03.t1 5'
C COMP1ANY FLIGAY IRALPQUSIOlv EIRI CINCISNAT OCAANOCEAPMIC OCETTYCGRAPHIC CRUI SE To I: PH IN AND L C "II, OHI ECOE -,14.PAP LAI ASA, UMR1..FR,7I ~l LA..1
.NETI C ARC NZT Al 2ND 011Y10, 1 2.68 01'' PRIG STUDIES. ROL. 2. ETA PtPOI71

NOZZLES HEAT TRAINSFER INS PARTICLE TRAJICCIOEIES IN SLCO1Z4eZIIS.10J
IE.-EDCRRT NOZZLES AtD-10N 6? IT A5.60 0200 OCEANODRAPHIL, ZCEANSJCNArI1C FRIS O ~ 16* A A2-1 14.6 0, .]

Figure 2. KWOC Index
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3. Clue-Word Index (See Figure 3). Each index line is essentially

a sumry abstract and is repeated in many locations throughout

the index. Descriptors are estAblished by the indexer, and the

abstract is repeated as often as is deemed appropriate. The Co-

occurrence Indexll. shown in Figure 3 is one approach to clue word

indexing, It uti.~.zes a controlled vocabulary of subject terms

and descriptors.

4. Uniterm Coordinate Indexing (See Figure 4). This is an alphabetic

file of single-word subject terms assigned to each document. Any

number of terms may be used (theoretically) to describe a document.

That document may be found by a subject search (not serial) of the

alphabetic listing. Each document is listed under the pertinent

terms. All terms are cosidee-d equivalent in value... there is

no subordination in relationships.

5. Coordinat- Indexing (See Fi re 5). Coordinate Indexing in any

of its several forms is the most common subject indexing technique.

The approach is based on the Uniterm concept of unique identifiers

for each document, but frequently utilizes such concepts as roles,

links, modifiers, and subject term enrichment. Use of these ele-

ments tends to reduce false drops, to provide for more uniformity

in terms, and to enhance the effectiveness of the index..,they say.

Coordinate indexing tends to have a relatively smaller size index

in comparison to collections than many other indexing approaches.

A 1 'ghtly-indexed file may use an average of 5 terms per document,

up to 15 terms. A heavily-indexed file, utilizing links, roles,

and modifiers may use 65-100 entries, or even higher. Typical

relationships of terms to collections are as follows:
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EWJIP(MENT) (SEE ALSO0 'FAC' AND SPECIFIC WW)
BAUMMlMCt~/KAMEON, C0HP+,FQUIP,-SXC SM BY 4 Nov/67 09 05A
BARNGN/KARON REQ, SDC AID, EQUIP, INSTAL/ 67 09 05A
RASEIN/SEAW),MAN 7MUB,*SD SLIP,EW.IP,-SlC. 67 09 0Th

GAZOTA KIoB(S).
RICH, -MAMIN/ BORAD, RP BE, GAZOTA KNOB, -SDC/l 67 08 31A
KASKIN/MEET 4-5 SEP RE, SDC, PROP RE,GAZOTA~ INOB/ 67 09 CTB -6 -
HASKIN/BORAD4., SEW~ OK, GAZOTA KNOB, DESIGN/ 67 09 -' B
HASKIN/BO0RAD JOB, GAZOTA KNOB, ACCEP, 7EST PR~cED/67 09 07B ~

HASKIN R SDC.
GOLD/ MEET 12 AUG RE,COST REV,HA.SKIN=,SDC REP/ 67 08 20
HASKIN,-RICH/MMT 4-5 SEP, B0RAD+,SEAD+,HASKIN/ 67 09 07B '

MAN(NING) OR MANPOWER (SEE ALSO 'PERS(oNNEL)').
AFMR, -.O3w~zL/hARDff REQ, SDC CONS ID, *SITE, MAN/ 67 09 OlA
HASKIN/BORAD NT, MAN+,COST EST BY 1 DEC/ 67 09 0Th B

MSKIN/SFAMe,MAN TJROUB-,*SInD SLIP,EWJIP, -SDC. 67 09 07B

l4EET(ING)4
GOLD/ MEET 12 AUG, BASCO+,SDC RE, ACCEP+,COST/ 67 08 20B
GOLD! MEET 12 AUG RE, COST REV, HASKI, SDC REP/ 67 08 20B
HASKIN,-RICII/ME:ET 4-5 SEP,BOR.AD+,SEAI4+,HA.SKIN/ 67 09 07----
HASKIN/MET 4- 5 SEMP RE, SDC, PROP BE, GAZOTA KNOB/ 67 09 07,B---

The first indexing line for the source item also appears under the recipient 2 a
rawe in the Author-Recipient Index, as shown:

RICH I SDC.
RICH, -OSWELL/ BORAD,RFP RE,GAZOTA KNOB,-SDC. 67 08 31A
XASIN, -RICH/MEET 4- 5 SEP, BORAD+, SEA.V- IASIN/ 67 09 0Th -0-

Figure 3. Cooccurrence Index
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MISSILES

00020 01351 00651 00234 04445 01076 '11 006 S 00149
o 080 02soi 02T52 02441 00824 55 5 0186 0211 00688 0 POISFUILLE FLO

011:0 0i6
5 1 

05912 02553 01014 01995 02496 01087 00738 01739 07191 01283 088?9

02200 03291 06912 02573 01274 03 335 02546 01247 0;003Q ?199 09871

•l1900 0351 0797Z U30?3 02494 03515 02586 01797 01216 0235'.
U4240 04231 113 2 04063 02614 04665 02616 01997 0246d 03189 POaSSON

04250 04451 05613 02714 04895 03536 02621 025qu 04229 OS361 02782 02783 02784 10199

C4890 04941 15893 0M154 05215 Ct136 04137 3 ,15 04 239 05362

05910 04991 05913 03454 05285 05056 042.37 0206 04969

VF6 0 0 U5301 06553 04054 06265 06536 04517 0'4221 05249 , POISSONS RATIO

01780 05921 06763 04244 06*05 06586 0*881 04338 05089 00380

11160 0f54 06843 05414 06783 07506 05107 04710 05909

1110 01141 07053 0561 01335 04966 05217 34948 06489 POLAR

11810 07331 07143 05914 07315 12526 05217 04960 06559 06184 11675

12220 01501 01901 06764 0984S 05T3? 05246 06569

0191 08103 06914 10125 05167 05908 40209 POLAR ORStaS

08031 08283 09864 07827 06568 10291 06623

08131 10243 10104 10317 06568

09151 Lu)53 10384 1212? 06596 POLAR REGIONS

10211 104+3 12134 12317 10428 04840 03311 00302 0134) 02144 00165 02437 01468 21S9

10181 h1353 12317 iZ303 01671 07443 07834 0464? 12008 06019

10441 116)3 12341B 10161 09264 07517

11611 12 12 12164
12301 Pv&Ai NIeFERS

02240

PULARIS

02140 0351 Ogbwb 1193 05874 05235 05996 O058 02('01
02553 0M506 0q1 18 10..')
06493 09026 12308

648. Personnel maneewan; poses one of most critical problems. p,26-. PERSO L -

HAA U1I
649. Mrtals fastening know-how brings helicopter rotor blade-inking. p.32-. IZALCOPMOt

ROTOR$ - SAWES - MAWTACTURE

ISSILES & IOCKET Jan. U1964
650. Gemini modal readied for water recovery testing. p.16-. GIMNI - NI3EL -

631. Safe deeLgn of reactors is indicated. p.17-. NUCLEAR - REACTORS8 IUMMiY
SAFETY

2. PFrnosed fourch-gearation Polaris vowld use state-of-art tachnololy. Lindsey, A.
p.10-21 POLARIS - MISSILAS - 199MY

653. Astrolog - current status of U.S. olsile and space progras. p.25-31 0hRICIGSXE
CONTRACTS,ClIXACTWS ,CONITRACTIM - MISSEi11 - ARTIVICIAL SATELLITES -

SPACE VMECLES
6o4, Gemini photese say assist in re-entry wakt research. Hawks@, S. p.34-. GEZNI -

RE NTRY - WAKES - PHOTOU.AFIY
633. Space tool for Apollo can deliver 50 ft.-lbs. of work. p.37-. TOOLS -

SPACE PLIWT - APOLLO - HM D - SPACE VZH1IC;S - REPAIR - TOWU -
LIE gWWORT SYMMS

656. Contractor gets steady check on profit* with new PfRT-type system. Seller, W.
p.38-4 1 PART - kN* WNT SISTEIM - PROFITS - CONTRACTS ,COMTACTORS,COMTACTING

NOTE: The example shown here is taken from the Pacific Aerospace Library's
Dual Dictionary. PAL is no longer using the dual dictionary, but it
remains an outstanding example of the Uaiterm Reproa.ch.

Figure 4. Uniterm Coordinate Index
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theory Supersonic transport !stiguc design and tit
ET.-Ga/14 C24 F68-29e43 program C32 N168-22913

rAI -ArE SYSTEMS Fatigue tests and snalynis of piston Provost
Fokkar f-28 transport aircraft fatigut test plan wings end Progressed loa.;ng

to demonstrate user sp-clfications and prove , S*T-MENO-5/67 C32 1166-30298
saelife and tail-safe requirements Ftigque tests results and anclyais of wing

c32 168-29699 loading In ascending andi descending order for
rAILUREo piston Provost wings

Stabilization and control system sensitivity to S4-MEMO-1/458 32 1168-30299
power-off failure rate studied by simulated Structural acoustics probles In Concorde
missions using block power switching supersonic civil aircraft development

A SA-CR-b8085 c~l 1188-30102 831/8743-7/2966 c02 N68-303,,

FAR INRARED RAIATION FEAF!%-l~ Y
, ecrlfee properties of materials In far Infrared eaI bility of power by nuclear fusion

region - vecuum monochrroaator development and ORML-TH-2204 c25 1169-30162
perfnrmane testing FZEDIACK COMYRZ.
AFOSR-68-0465 t14 1188-29814 Void fraction distributions In vertical co-current

FAMADAY EF CT gas-Iliquid flow In closed loop system
Atlas of lunar date with~ plot* of ionospheric C12 166-29709
Faraday rotation and electron content verses Performance testing of NERVA XE-I control drum

lee act~uatordto aai.it bility:. In function
AiI-669624 c30 168-30833 in e ae l o pstioning se

FAST NEUTRONS MASA-TM-X-62465 c22 iXo5-29973
Experiment for determining solar neutrons In Energy flow equilibrium, heat transfer, and closed

a tmosphore during solor eclipse loop feedback In bet-wire anemomoters
SC-7-68-I51S .29 1188-30710 TR-2 c14 N188-30054

FAST NUCLEAR RECACTORS Design of nonlinear control systes using state
11ecitronic effects of yttrius hydride moderator variable feedback dIO 11611-30157

Inseertion In faet spectrum reactors Signal transmission In linear or nonlinear syiatnem
NJLIA-TM-1-15184 c2Z 1188-29950 with end without feedback related to raJia

L inea r analytical dynamic model developed for engineering, electronics, and automation
steam cooled fait poster reectora FTO-H-6-7-1gl cC? M168-30303
AL-SID31 c2Z 1166-30215 Cybernetice textbook expounding theory of adartive

Experimtental information from dusmt. plutonium control eysems combining open 1,sop disturbance
fueed critical assmblis uaed to Improve fast coupling end feedback control
reactor design data and calculation methods rTE-*il-23-578-67 CIO 11641-30562
GLAP--5271 c22 0168-306415 FERMI IUROACES

Neutron dosieoit-y and spectre used to determine two spin deviate problem for exact enaltrs of

e ftectivensas of fast nuclear reactor neutron Interacting Fermi gas c24 W458-29642
Irr dial ios EPRITES
SNWIL -$a-1488 c22 N686-30703 T heoretical analysis of digital circuits basad on

Electron probe aicroanalymis cf radioactive principle of current distribution and methods
mteriaols used in fast breeder reactors for circuit calculations of transintorired and
, A - 34 ell 168-30714 ferrite-core containing units

Fast .lux Test Facility for liquid voe] fast FTD-11T-24-123-67 CIO PWe-2994
bra 1-r reectoc materials and fuels Feasibility study of random sects. laminated

ptNuL-SA--1750 c22 N11-30722 ferrite memory system for spseccraft ase
ceaItivityi end neatr -spictra In fast nucliar NASA -CR-666Jt6 COS N68 3008

re actors, and sub f-tical tire-of-flight Operation of external access ferrite rcciangule
spectrum facility hysteresis loop storage devices
CA-8377 c22 N68-30725 FiTD-IIT-23-915-67 rOB N168-30100

Uvutronic calculations of furl and coloti drum Illting ferrite decomposition and associaed
control of rrctory metal, foot spectritm spae precipitates In stainlesn steel to iti conunilon
power reactor* aol iens.t
PASA-TN-0-4709 c22 W6*8-30750 r -H-67- 3  417 1168-304a04

Paeformenco potential of U-Pu ceramic fuel for rEN40,,NBS
fast liquid octai cooled reactors X ray absorption spectra end Calculated L.rgC-T Of
SOWU-SA-1550 c22 N68-30785 Irom 4 oms In polyferrocene

FATlCtlZ (ItATCRIALS) ruf-11-eii-i1 406 1184-30178
Electron fractograply used to stiody fatigue crack FEMPOELECTRkC.TY

prpson ' rsling from cyclic crack Electrical resistivity measures In rtarge transfer
es'te onson by alte'rnatintg cher analysis In lead sirconats titetteto
01-02-0708 c32 168-29110 REPT.Z c2G N65-29564

SuporsonIc transport fatigue design and test Delsyed coincidence Mososuer affect studied to,
progror 032 N68-29913t iron t-- ounds

Struclutal acoustics problems In Concorde AR~v-6338.10-1 c26 0168-30049

;;perscnic clvi aircraft devslot,ment FRtROMAGNETIC HATGRIALS
ST/ B74 -7 290 .0 c2 168-30370 Nonuniform oejnettc field effect on ferromagnetlc

FATIGUE WIE collildal solutions
P~roeblity diit-tloo functIons used to find 11ASA-TN--46/~6 cOO 1188-30644

fatigue life, -~d Its variability, of Al alltoy. FERPiHAGNiITISM

subjected to catlever bending Interstectron inturactlonst energy bands, end tph,
OFTO-r-6 79 c17 068-3013'~ , ngular ov.tntum studied to explain forror-~ovtl-

0osf-en irnediticon nfffcts on tensile, Impact, In transition metals .76 N68-29797

en d fatigue properties of steel* and maids In FERTILIZATION
Elk Aiveasuot(s /ERRi/ pressure vessel C-onpastive sorpitniogical and tat~stologtc.l studg
SRl*-1?28 P-2--15 1122 IiOA-30302 (,n maifnrm-0 frog eggs

0',Itoat1- prodictIon mothos 'or relia bil 1i, WAbA-TT---1168 c04 Na-JOJ7-l
asnd sab ieo eiatools ,*ith Fri Iztonofoeatrfoggg

ittige c ife omiolgreat"" fArog- 1wig'c04 N160-30.10
fl~nHTt 67-:2 rIS 168-30446 Sexual diffcrantoi,, of dapfoijd. and frogs

FVgure ~.Coordinate Index



29 October 1968 11 SP-3243/000/00

Collection Size Terms

100 500

1,000 2,000

5,000 5,000

25,000 6,500

100,000 10,000

3.1.2 Classification Systems

Classification systems employ the principle of classes of information, which

permits hierarchical relationships to be shown. Typical of the classification

schemes are the familiar Library of Congress, Dewey Decimal, and Universal

Decimal library systems.

Classification systems are the 7jst complex to establish, and are difficu.t

to automate. They do provide a means of handling very large collections.

Some of the better-known systems a.id associated names include:

1. Dewey Decimal System - Melvin Dewey

2. Library of Cong#fress System - Charles Cutter

3. Colon Class,' -,otion System- S. R. Ranganathan and T. Tyaganatarajan

4. Bliss Classification System - H. E. Bliss

5. Faceted Classification System - B. r. Vickery and D. J. Foskett

6. Universal Decirnal Classification System - Jean Perrault

It is of interest in these lists to se( some of the lineal relationships. For

example, the UDC system is a direct descendent of tie Dewey system, Foskett

took on the Colon Classilication scheme, and made m odifications to it.

3.2 CODING

Coding is the technique 0 y which the amount of data to be processed ,y hand or

by machine is reduced to tolerable limits. 'he codir method.: e.ployed rmst

be compatible with the storage and retrieval metlods used. Mary lengthy

studies have been done on coding requirements and metlods. These studies are

beyond the scope of this discussion. However, some of the coding techniques

developed as a result of the study are listed in paragra,.i 3.2.1.



29 October 1968 12 SP- 324 3/ooo/oo

Machine codes are restricted by the equipment used in entering and transmitting

the information for machine processing. Manual coding methods for redu-ing

the amount of data are applicable to machine methods. 1he machine codes,

which ,tre based on the available bits in which to mark the existence or non-

existence) of a condition, are carri-rs of the manual codes. Machine codes

are listed in paragraph 3.2.2.

3.21 Mamua Code,3

Manual codes are used for abbreviations of names and Engl!sh-language words.

-hese codes may be either of the following types:

1. Derived. Derived codes are obtained from manipulation of the

term to be encoded, so as to reduce the numbers of letters or

terms required to express the full range of values of the terms.

For example: Anpolis may be expressed as Annpls, Anpls, Arma.

2. Assigne'. Assigned codes have meaning only within a particular

frame of reference, and are completely arbitrary as to meaning.

For example: 1 = dollars, 2 lira, 3 pounds.

3.2.1.1 Derived CodIng Metnods

i. Truncation

2. Elimination of Vowels

3. Selective Dro-out

4. Check Digit

5. Arithmetic Manipulation

U OtIlers

3.2 1.2 Asstned Coding Methods

i. Arbitrary
D. No ta tlen.

3. Prime N ulrer

4. Others
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3.2.2 ,achine Codecs

1. 5-31t Code (for example, Baudot) - 5 bits. Provides for 32 char-

acters, expandable to 58 characters. Used -or teletype, etc.

2. Binary-Coded Decimal (BCD) Interchange Code - 6 bits. Provides

for up to 64 characters. Used in machine data processing, fac-

sirnii. trensmssion, etc.

3. Ui .cd States of America Standard Code for Information Interchange

(USASCII) - 7 bits. Provides for up te 128 characters.

*. Extended Einary'-Coded Dec.,mE~l (EBCD) Interchange Code - 8 bits.

Provides for up to 256 characters.

Others

.ARAC!FRIS:CS OF M.CROFIUJ, RETRIEVAL SYS-M-LS

"icri i retrieval systems nave t-qe .'ollowing elements in cocmxn:

1. The individual pagcs nave been photog ra'ically reduced.

. The ,e d -I,.-ra fishousede

. ee orIe o tter container.

lie nu:-, ers, indx ,i,6. or codig !nforztion sa r'c t

ni? :"?- innO~. l ize," le . .riev al i-s esserttl i, : l:

cr _n rziu:' , size whe., _etri-,val is autoc .c.

indivlidual s',.ste:r..s mA',' be 7-easured Ic :er-c .' ,:" :'ectienesc 'icc cm t-e

c ol:owI cnsi Iora"s:
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1 Completeness of file.

2. Availability of information to multiple users.

3. Desirability of centralized files and/or satellite files.

4. 'ime required to cbtain information from files.

5. Secrity of information, including file integrity.

6. Cost of system, including indexing, coding, storing, retrieving,

and distributing.

7.Reliability of syste... accuracy of searching, completeness of

retrieval, use4fuless of deliverable documents.

8. Ease of use.

,Cos olf alterna 17e syt-ns vs. cost of this system.

10. 3rowth capabilities,... icreased voie, increased n'tmcbers of users,

tCC,23-Ic&1 lchanees.

bc relationship of the .icroform to the docuent nu't aiso be coosidered.

£e oi' eh elements of prticuilar significance include:

Un~~zalo - ~ rcfoin ,,: one ouetun.

2. Color requirerents - 'iack and white, other.

. {. SIZO .:ons ir7ts...reu-tIon requirc,::ents .. reater. tnax. r'esoivi,.~

ca Z.3cit: C
t s-'ste...
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4. Number of copies required.

5. Equipment rquiremens.

The folloving microforms (See Figure 6) may be consid-red for use in infor-

mation retrieval systems:

1. A-erture Cards. These are unitized tab cards, containing both

machine codes and microfilm images. ormally, a sini±e frame

of 35m film is used, but many variations are used.

2. Microfiche. MIvcrofiche are film sheets, usually 105 x 148

millimeters (4 x 6 inches), with a norma reading title block,

and rows of reduced page images. Several reduction ratios are

coonly used, including

a. CU&ATI - :l with o, images

b. VA - 24:1 with 96 imges.

c. ltrafiahe - _!C:l with approximately I,cOC pages.

The author hias advocated the use o+ microfiche for book appiica-
12tions. 3ook Fiche (also called Library Fiche) uses a singie-stazge

reduction ratio of ',0:1, wh1ch provides a capacity of 3-:c pages per

ficne (See Figure 7), in addition to th. , Je block. as uied on

COSAT iche. his is not the place to cue the nerlts of" 3ook

Fiche. However. the slgn-Ificant advantages of -he rtI-roforr. should

at leas be men:ioned:

a. Libraries can function as distribution libraries. rather u~a:-

Arcui t~ng librries.
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REDUCTION IMAGES

AMRURE 16:1 1

COSATI FICHE 20:1 60

NMA COMMERCIAL 24:1 98

BOOK FIrHE 50:l 390

-I -ULTRA FICHE a:1 2,100

III~i~~,~1ztz 1150,1 3,20

ROLL & CARTRIDGE 24
(16=m or 35amn) :1 2,00

• . . .:'':: '::: '':'::FILM CHIP

35mm Chip 10:1 1
.. ........: to

:: : n70am Chip 40:1 1

Figure 6. Representative Microform

.A-
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LF 12345 TITLE OF BOOK, AUTHOR, PULi$.ER, NO. OF PAGES, DATE OF

13

30-- - __________

Figure 7. book Fiche

b Books, in fiche form, could be available at a cost of 15 to 20
rents, including royalties, instead of present costs ranging
upward from an average of $7.50 for tehnical books.

c. Retrieval problems are reduced because of the one-to-one re-
lationship of Book Fiche to the book.

3. Roll and Cartridge Film. Roll film is usually 35m film, car-
tridge film is usually 16mm film. Roll film often has a reduction
ratio of 16:1, providing about 1,800 pages per 100 foot roll. Car-
tridge film uses a reduction ratio of 28:1, with 2,000 to 3,000



Ii
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images per roll. Other film and reduction sizes are common, as

well, including 70m, and lO5mm at "aductions of 5-8:1 and 8-,

film at a reduction ratio of _8:1.

4. Chip Systems. Film chips are often used in highly mecharIzed sys-

tems, and are usually 35mm or larger in size. These are unique

systems, with reduction ratios, coding, and capacities adapt'd to

the individual systems.

5. Others. Other microimaging systems are found, in which the char-

acteristics are those of microfilm, but the carries is unique.

Videotape, using 'Agnetic tape, rather than microfilm is one ex-

ample. Filmstrips, as used in the Microstrip system of Eastman

Kodak may be considered a special system, or may be considered as

a variation of roll film or microfiche.

4.1 APERTURE CARD RETRIEVAL SYSTES

4.1.1 Maxatal Systems

Several possibilities exist for retrieval of aperture cards, based on straight-

forward retrieval methods, and not using automated handling methods for the

aperture card itself. These include:

1. Sequential Filing - Hand-Posted Accession Numbers. The aperture

cards are stored in a file, with dividers. Each Lard has the

appropriate accession number written on it, with other identifying

iiformation, as appropriate. This method is particularly usable

for small files, or when using such aperture card prodrction sys-

tems as the 3M Filmsort Camera Processor.
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2. Sequential Filihg - Machine-Punched Accession Numbers. The aper-

ture cards are stored in a file, with dividers. Each card is

punched with the appropriate identifying information, and a slave

deck is created, for subsequent machine processing and searching.

Collections of up to 1 million cards are beiig successfully handled

on this basis. Requirements include: (1) the files must not be

open to the users, and (2) sequential searching and filing methods

should be usable.

3. Random r'tling. The aperture cards re stored in a file, with

subJect-type dividers. Duplicate cards may be used, such that a

card appears behind each appropriate subject heading. Or, if de-

sired, only a reference card is filed under alternative subject

headings, cross-referencing the location of the aperture card.

This approach is very effective for personal files of magazine

articles, vendor information, etc.

In the first two cases (which are used by the majority of aperture card users),

browsing through the files is not feasible. An external index must be used.

Usually, an externally-generated list of cards to be pulled is used, and is

ordered in the same sequence as the files.

4.1.2 Semiautomated Systems

cemiautomate& systems can be used for aperture cards. These systems have the

following characteristics:

1. Files are usually randomly ordered.

2. .e aperture cards are modified so as to nrc,-",4- -dge-riotched

codes, rather than internally-punched codes.

3. A keyboard device of some kind is used.
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Two systems are typical of this kind of retrieval system:

1. Needlesort .... McBee or equivalent.

2. Joggers ... Ace Visifile/Remington Pomer Files, or equivalent.

'Ine essential difference between the two systems is that in one case, all un-

wanted cards are discarded, and the desired cards are left handing on the needle;

in the other, the wanted cards are shoved out of the pack of unwanted cards.

These systems require that the aperture card be edged with a metal strip, or

the film image mounted in a properly-cut card to permit use of the retrieval

technique.

Jogging devices are becoming more cc'tmon, partly because there is less manip-

ulation required of the cards; hence less damage is likely to the film.

Joggers cost on the order of $1,200 for one tray, holding 750 cards and one

keyboard unit. Additional trays can be obtained for about $600-800 per tray.

Approximately 25 discrete code positions are available on the strip, but only

12 codes are feasible, because 2 code positions are used for each discrete

entity.

4.1.3 Fully-Automated Systems

There have been several fully-automated aperture card systems developed, at

large costs, that have not proven to be, commercially feasib"le, at least to date.

This does not mean the concept of these systems cannot be utilized at some fu-

ture date. However, consideration will be given only to the Mosler Selectriever

System.

The Mosler system is the most widely used large-scale random access, multi-

purpose ape.oture card system. 'le basic premise is a vertical file of 200,000
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aperture cards, each encoded with its own special accession number. When the
keyboard is activated, a picker tracks to the proper tray, the card is located,
pulled out of th-. tray and ejected from an output port. The keyboard may be
at the file location, or may be located anywhere, including on a touch telephone.

Several output options are possible. For example, closed curcuit TV can be
employed. The aperture card is positioned where it can be scanned by a tele-
vision camera, equipped with a zoom lens. At the user's discretion, the entire

35mm frame may be viewed or a detailed section may be scanned.

Other output options are provided, including automatic card duplication, or
hard copy generation at the central file location. Or, the aperture card can
be ejected, for subsequent manual processing. Regradless of the purpose for
which the card is extracted from its stored location, refiling Is to the original
location of the card. The original locaticn is random, but subsequent filing

is to that specific location.

Retrieval times are 3-6 seconds, cost is $30,000 and up.

Reexamining some of the past systems designs that have not been commercially
successful is profitable in that the direction of interest can be clearly
established. When the technological Oevelopments have reached a sufficient
maturation point, the basic approach may prove to be economically so'und after

all.

Rather than to cite specific systems, it would be better to der:ribe the char-
acteristics 1 3 of such a system. That way, we can save time, and still permit

consideration of the basic elements.

These systems provide as an output, an aperture card containiug the desired
image, say an engineering drawing.
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The aperture card is not store(. but rather is created from the microform stored

originally. This microform may be 35mm roll film, or film chip, 16mm roll film,

microfiche, .ideotape, or any other storage medium, such as binary digits.

When a particular image is required, the search mechanism is initiated. This

may involve full search capabilities, on-line crowsing, or transferrence of a

reference number. Regardless, the computer-based system searches out the par-

ticular image, and creates an aperture card for that stored image. The image

may be projected, as for example, onto a cathode ray tube, or onto film, or

may be contact-printed onto film. he basic reasons why the systems were

unsuccessful ranged from the cost of the hardware and software itself, through

the complexities of handling film at high speeds, and included the difficulties

of making the aperture card image itself.

Incidentally, some systems today utilize most of the principles of operatioi.

we have discussed, except that output from the filee is not aperture cards,

buc roll fi3mi or herd copy, tc.

!'urther, the implications of high-reduction storage, at perhaps, 10,000 full

page images per inch, using laser teclhnology suggests that the need for gen-

eration o microfilm output from stored images continues to exist.

Some of yc, me be wondering whiy machine searching of aperture card files is

not more common. Certainiv, there's been considerable effort made to punch in-

formation into these aperture cards. The fact is that it is not advisable to run

aperture cards through machines because the film may become damaged, and be-

cause the card, itself, may become dunaged. Further, the primary problem is

not the 6election of the apertiire card when the accession number is known, but

rather establishing the accession number.

That problJem, establishing the accession number, is in fact the primary diffi-

culty in all information retrieval systems.
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4.2 MICPOFICIE ETRIEVAL SYSTMS

Microfiche retrieval systems add another dimension to the problems of searching

and locating information within the files. In aperture cards, we need find

only one thing...a specific aperture card. In iicrofiche systems, wc need to

find not only the individual fiche, but sometimes we must also find an indi-

vidual image within that fiche. We will eonsider both problems in terms of

manual, semiautcmated, and automated systems.

4.2.1 Manual Systems

Microfiche retrieval systems embody the same principles of filing for manual

retrieval as do aperture care systems. Manual systems usually do not locate

individual images, they only locate ti-e fiche. The individual page must be

located by putting the fiche into a viewer and searching through the fiche, or

by using the viewer coordinate display scheme to match that of the fiche, and

to go I ir,tly to the preselected image.

Fiche contain a normal-reading accession number (and usually a title block, as

well). Dividers are used to 'eparate the fiche into related subsets by the

eccessIon number, title, or other classification. These subsets can be searched

quiclY y visual inspection. External inoexes and surrogates are used to lo-

c<ac the cc-ssion number, The file is searched:

a. By subset(-, marked by file, drawer, divider

Iby Accz:sion Number

Aother :'requentl.-ised technique is to place a self-contained index (in re-

.iuc d size) ,_n the fir3t f-che of ,each file. Thus, the first fiche o'f the "Ile,

or subset, contains sn index to the individual images within thav file.,

or convenience in ili, an to aid in locating misfiled fiche, Juplice

fiche are often color- 1. Ple iiicne is J.uplicated using the appropriate

film in one of %-ny aSvai~h ae clors, such a-7 red, for classified in:'ora'. io-n.
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4.2.2 Semiautomatea :-ystems

Random access to files of microfiche can be accomplished by the same methods

as for aperture cards.. ,use of power files, joggers, and needlesort techniques.

Retrieval is of the fiche, and iq not to the image level.

4.2.3 Automated Systems

Presently, only one system is widely used for automated search of' microfiche

files, to the individual image level. That meth'od is the Houeton Fearless

CARD system (Compact Automatic Retrieval Displaf). The CARD system is a desk

top, self-contained file-reader. Pushbccton selection from thr control panel

provides 4- corn access to any desired image in the file. The file contains

up to 750 fiche, and utilizes a 12-bit code, similar to the power file jogger

devi-es mentioned previously. The image is positioned so as to be readable on

the screen, or to be copies on hard copy, etc. The unit may be controlled

manually, or by computer.

Cost of one unit is about $3,150.00, without computer control, The fiche 7kay

be removed and replaced with other fiche. It may be fea&itle 'o hookup sevral

retrieving units to a centra] display console to increase the capacity p'rr unit.

'!he Sanders-Diebold SD-500 system was announced in the spring oi ],D68. The

;vster: utilizes Diebold power files, matched with remote viewing termh, .s,

utilizing Sanders display units. The entire system. is computer-controlled,

and proviues access to up to 5,000,000 images at a claimed average retrieval

time of 8 seconds. Many different ml croforns can be mixed witln the system,

inciuding chips, COATI and INTMA microfiche, film strips or individual fnes o:

8, 1 , 3,r. fil. Hard copy printout capa-ility for individuaI images can be

nrovided at the terminal, or at the central power file. Costs vary, conslderbl-:o

with thc nu rer o' terminals, and other -xtential system di:'ferecer.

The Mos'Ler Sele-triever provides access to 200,000 fiche (or mzr), whet -'!e

are mounted in the unit in placc of aperture car i.s Presently, access is to

the fiche, an not to the individual frame.
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Considerable effort, particularly in Project MAC at MIT is goint into computer-

retrieval of the individual fiche, and subsequent scanning and browsing of the

individual pages on the fiche from removed locations. Much remains to be done

in this area to wake such a system economically feasible. The biggest problems

in this area are transmission of the image through conventional telephone lines

(very slow), and multiple access capbility, which requires a separate buffer.

Buffers are expensive.

4.3 ROLL AND CARtrIDGE SYSTEMS

Cartridge systems are rapidly superseding roll film applications, because car-

tridges are easier to handle, .and protect the film better. Roll film has been

mostly 35- m film, cartridges tend to be mostly 16mm. film. Newer systems, such

as VSMF using 8nmm film at a 38x reduction ratio appear very promising.

Cartridges are often color-coded to speed up identification and retrieval. They

are marked with an accession number. They are dated, time-orderei, or subject

ordered in filing. Most systems employ an external index for the cartridge and

frame identification, although some systems do employ an internal index to lo-

cate the desired frame. Locating the cartridge is a problem similar to that

for aperture cards and microfiche, except that the cartridges must be stored in

racks, rather than in files.

The internal indexing techniques range in sophistication from simple frame

counters to multi-faceted marks which can be used with a keyboard, providing

basic Boolian logic...either/or, and/or, neither, nor, etc. Costs for viewing

equipment only ranges from about $4OO to $40O,000, depending on the indexing

and retrieval techniques used. Some of the techniques include:

1. Frame counter. The counter is related to the footage, and provides

a zone of interest. Fast search speeds are used, until the counter

indicates that the desired image is nearly reached. Ihen individual

frame inspection is conducted by the user.
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2. Leader Technique. instead of using a frame counter, a white leader

is introdu.!d every 100 to 500 images. The leader can be quickly

spotted.

3. Line Marker. This technique employs a black marzfer on the individual

page. The marker is shifted every 100 frames. When the user ad-

vances the film, the marker appears as a black line on the viewing

screen, and can thus be used to establish the zone of interest.

4. Image Counter. Each frame of the film has a marker, which can be

counted by an electronic counter. The image number is entered

through a keyboard, and the film is advanced as required to locate

the matching number. The desired frame is then displayed on the

viewing screen.

5. Blip Coding. This technique employs binary, or binary-coded decimal

codes incorporated into the film, usually preceding the image being

identified. The equipment permits identification of one or more

of the characteristics described in the code to be entered into a

keyboard, and subsequently used as a scan comparison, by which the

desired image (specifically known or not) is located.

4.4 CHIP SYSTWS

Several of the larger and more sophisticated retrieval systems-use film chips,

rather than roll film, aperture card, or fiche. Costs of these systems vary

considerably. Costs may range from under $5,000 to over $2,000,000. These

systems are unique, but contain some features in coron:

1. File integrity is preserved. The 3ystems do not permit direct

access to individual chips (except when updating/adding to the

files).
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2. Output tends to bc a conventional microform, such as roll film or

aperture card.

3. The system incorporates the necessary coding for search logic with

the individual chip. Accession numbers, per se, are not used.

4. The system services an organization where the value of the informa-

tion is extremely high, the amount of information is substantial,

and the economic Justification for the system is less important

than the availability of the information.

4.5 VIDEOFILE

The Ampex Videofile system is not a microfilm system, but rather employs tele-

vision and computer technologies to provide for document storage and retrieval.

The document is stored on magnetic tape in binary language, and has a unique

accession number to provide for retrieval. On command, the tape is searched

for the desired image, the record is located, and the document is converted

from binary language to a display on a television tube. The magnetic recording

of the document is erasable.

Capacity of the system is high (unlimited numbers of tapes can be used). Each

7,200 foot tape can store 135,000 standard pages, or 350,000 standard television-

sized frames.

Costs vary with the number of tape units, buffers, terminals hooked into one

system, but minimum configuration costs would bc i4500,000 up to approximately

42, 0,000•

5. SUMMARY

Microfilm information retrieval systems incorporate the principles of informa-

tion retrieval used in hard copy systems, in manual, or automated systems.
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There are two basic ty-pes of systems:

1. Those systems in which the microfilm file is addressable, but lo-

cating the address is a TInction of an external process.

2. Those systems in which s,arch capabilities are a function of the

microfilm records themselves, in ths- the images are identified

.ith search information.

The proper system for a particular appliction can only be determined by looking

at +he requirements for retrieval, and identifing the coding and storage re-

quirements to permit retrieval. Lhe i.,-rtant thing is to make sure that the

user of the information Qrn quickly find what he wants, and that tie cst of

making that informatior available to him is less than the cost off not having

tUhe information at all.

For 2urther information on infcrmatl;on retrieval and microfilm systems, reer

to reference numbers 1 through 39 in the bibliography.
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