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ABSTRACT

This paper discusses the principies of information retrieval, cousiders subject
and classification indexing, and descrites elements of coding for manual and

machine applications. The implications of informaticn reirieval practices on
microfilm information retrieval systems are discussed. Characteristics of in-
formation retrievel for mamual, semisutomated, and automeied systems for averiure
cards, microfiche, roll film, and chip systems ave considered.
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FOREWORD

This paper wau prepared for presentation at an American Management Assoclation
Seminar on Microfiim Information Retrieval Systems, held at the Ambassador
Hotel, los Augeles, October 21-23, 1968.

As such, 3%t vas designed to be delivered in epproximately a one-hour session,
ané to provide a {rame of reference for the attendees to the role of micro-
film within the infcrmation retrieval world.

Consequenily; discussions of the elements of the informaticn retrieval char-
acteristics, and of microfila systems has been simplified to permit some
consideration within that limited time pericd.

3y The author hopes that the availability of the paper in printed form will pro-
L vide opportinities 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 bibllography.
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1. INTRODUCTION

The use of microfilm as the storage and dissemination medium for en informa-
tion retrieval system does not change the essential requirements of that
sys.cm. The requirements remaic constant, regardless of the storage medium.
Thus, paper, magnetic tape, or microfilm-based systems have similar charscter-

istics.

It is the purpose of +*his 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-besed information systems.

Where applicable, references are made to specific pieces of equipment, by
orand name. Such references should not be construed as endorserent of the
product, nor of non-recommendation of precducts designed tn do the same task.
Rather, the identification should be considered representative of a class of

equipment.

A oore complete listing of avallable microfilm equipment way be found in the

oo - - 1
Annual Reference Gulde of Business Automation magazine  and cther appropriate
: . 2, 3, 4

pulications. ' 7

DEFINITIONS
a. Information. (1) Any facts or data which can e used, transierrs:

or comzunicated?

{2) The nmeaningful content of ary communicario:.
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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 RETRIEVAL*

One 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-

thoritles 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:

Data Base Systems. The most widespread information retrieval

systems are those for data base file management, which process
records organized into fields, each contalning a type of data
in the record. Other data base systems include management in-

formation systems, &1d data banks.

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

cess references, rather than data or context. A reference sys-
tem may bc used as a document retrieval system. which may u*tilize

W

micrc-images.

Text Processing Systers. In this system, the full text or the

publication is recorded in machine language for subsequer’ analy-

sils and processing.

*The author

E;
E:

by Walter . Wi

particularly commends and recommends Methods of Infourmation

8
, by Charles . Bourne and Principles sf Automated Informarion Retrieval.

N

1l{ams”. [hese books were the primary source for oreparation of

“re mAaterial in this section.
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10 wave the following

elements:

fo?)

Input. This involves checking the material, cataloging and
indexing the material, and preparing it for input into the

storage medium.

Storage. This involves the cenversion and housing of the
material itself, and the conversion and housing of the surro-
gates used in the retrieval functions, such as title, abstract,

etc.

Anpouncenient. This involves processing of the surrogates such

4

that potentially interested users may be made aware oI the
existence of the material. Note that some announcement systems
Iinclude the delivery of the raterial with the apnouncement,
rether than delivery of the substitute ror the material.
Search. This involves matehing the requestor's needs with

the contents of the stored material, elther through manual O

LB

automated search and compare of the surrugates, or Uy search

and compare metnods through the original material.

Retrieval. This involves locating and extracting trom the

B e et

store tne desired original material cften in 113 stored o

PN f oy Y RO Ll " S N PO — PRI,
17 micrefilm, or in its original Jorm. iU the stoveld o

R 4 . . B3N - -~ ard ey - N
Lot uitable Jor subsequent copying or use.

Ny Y A qegs v - 1 i gns T e oo AR N —1 - -~ e
Delivery, his {nvolves tmnsnd sion o Se oricine’l material

-4 » - ) . - b . . bl 3 B ™ e v -
printed copy of the original, & micreiilmed copy, or even a
televigion dirsplay 27 e materisad

it sl i
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The task may aisc be defined as forlovs:
1. Preparing and using indexes and abstresis.
2. Storing and retrieving documents ané ipformstion.

re balance of Sectlon 3 is devoted to a discussior of ipdexing priaciples.
and coding techniques. Abstracts wiil ot be discussed. Tn Section 4, the
characterietics of microfilm information retrieval zystems are discussed.
Oth-r storage methods are menticoed only briefly.

3.1 INDEXING
Indexing schemes are based or two spyroaches:
1. Subject terms.

2. C(Classification systems.

3.1.1 Subject Terms

Subject terms are derived from the document tltle, the abstrsc ., the Tull text
w. the document, or & formally-prepared wnd » intained Lfet of slpuabetic ferms.
The subject terms may be derived manually, or sutomatically. Sypical tech-

niques include the following:

1. Key-Word-In-Context {KWIC) Index {3ee Ffigure 1}. isually, only
the title i~ used and non-significant words such as "snd", "the”

2

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

as required to list each significant vord in aiphsbetic order with-
in the 1.st. The remalning words in the title are lizted in order
within the line. XWIC indexes may also be generated solely or partiy
from key words established bty an indexer from the full text.

2. Key-Word-Qut-Of-Context (KWOC) Index (See Figure 2). KWOC is
essentially the same as KWIC, except that the key word is isolated
to the left (or right) of the full title, or summary abstract used
in place of the title. Addition of terms to the title {enrichmeni)
is also used to improve the relationship of the subject.
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R0-290 I4B(R)  $1.80 242
A SARETY REVIEW OF YME DAK RIDGE CRITICAL EXkt
RIMENTS FACELITY ORNL-THM-349(K} 35,60 (ol”
ORAG OF OBJECTS IN PARTICLE ~ LADEN AQR FLGW ¢
MASE Y, BLUNT 8OCIES AND COMPRESSIBILITY EFiE
crs AD-291 178(K) $6.60 0152
TONTG FOREST SEISKULOGICAL DESFRVATGORY
AD-291 146(K)  $3.AQ 0815
A SAMPLE TESY EnvrOSURL TO EXAn . COKROSION AN
O FOULING OF EQUIPMELT INSTALLED N THF [0]
CEAN AD-291 049i{K) 81.6U 0582
OCEANDGRAPMIC CRUISE TO THE BLRING AND CMUKCHI
SEAS, SUMMER 1949. PART | Sta FLOOR STUDILS
PB 162 4261K)  $2.60 085
OCEANOGRAPHIL AND UNDERWATER ALCOUSTICS PESELR
CH AD-290 252(k)  32.¢0 0043
QCEANOGRAPHIC CRUTIL TG THE KLRING AND CMUYLH]
SEAS, SUMMER 1949, PART Iv. PHYSICAL OTFANOTK
APrIC SYUDIES. YOL. (., DESCRIPIINE REFOPT

P8 162 42C-14K) 33,60 €5.L¢
OCEANOGSRAPHIC CRULSE TGO TME BERING AND CMUNCHI]
SERS, SUMMER 1949, PART [v. PHYSICAL OCcAr(uk

APHIC STUDJES. YCL, [. DESCPIFIIVE RLPURY
PD 162 426-1(t) $3.¢9D 0€)4*
QCEANGGRAPMIC (RUISE TD THT BrING AND Lani(n
SEAS, SUMMIR 1948, PART IV £ S1CAL GOEANRLHA
PHIC STUDTES. VOL. 2. O/TA RLPORT
B 162 A20-2(K)  34.80 D50¢C
OCEANUCRATHIC CRUISE TO THE RCREIL AND Chua(ml
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(V3

Clue-Word Index (See Figure 3). Each index line is essentially
a summary abstract and is repeated in many locations throughout
the index. Descriptors are established by the indexer, and the
tbstract i8 repeated as often as 1s deemed appropriate. The Co-
gccurrence Indexll shovn in Flgure 3 is one approach to clue word
indexing. It uti.izes & controlled vocabulary of subject terms

and descriptors.

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 z document.
That document may be found by a subject search (not serial) of the
alphabetic listing. Each document is listed under the pertinzat
terme. All terms are considered equivelent in value...there is

no subordination in relationships.

Coordinate Indexing (See Fi re 5). Cocrdinate Indexing in any

of its several forms i1s the most common subject indexing technique.
The apprcach 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 1ightly-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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EQUIP(MENT) (SEE ALSO 'FAC' AND SPECIFIC TERMS).
BARRINGC TCin/KARDON, COMP+,FQUIP,~-SDC SM BY 4 NOV/67 05 05A
BARRINGTOR/KARDON REQ, SDC AID, BQUIP, INSTAL/ 67 09 OSA
HASKIK/SEAMD,MAR TROUB: ,#SKED SLIP,EQUIP,-SDC. 67 09 O7B <smemr——

GAZOTA KNOB(S).
RICH, -HASKIN/ BORAD, RFP RE, GAZOTA XWOB,-SDC/ 67 08 31A
HASKIN/MEET 4-5 SEP RE,SDC, PROP RE,GAZOTA KNOB/ 67 09 C7B =wmmmmmn
HASKIN/BORAD+, SEAMO OK, GAZOTA KNOB, DESIGE/ 67 09 7B <i——m——
HASKIN/BORAD JOB, GAZOTA KNOB,ACCEP, TEST PROCED/67 09 O7B =etfmrmmmmce—o

HASKIN R SIC.
GOLD/ MEET 12 AUG RE,COST REV,HASKIN=,SDC REP/ 67 08 20B
HASKIN, -RICH/MEET 4-5 SEP, BORAD+,SEAMD+,HASKIN/ 67 09 OTB e

MAR(NING) OR MANPOWER (SEE ALSO 'PERS(ONKEL)').
APRMOR, ~O3SWELL/KARDON REQ,SDC CONSID,*SITE,MAN/ 67 09 0lA
HASKIN/BORAD NT, MAN+,COST EST BY 1 DEC/ 6T 09 OTP e
HASKIN/SFAMO,MAR TROUB=,*SKED SLIP,EQUIP,-SDC. A7 09 O7B ~el-m-rameem

MEET(IRG).
GOLD/ MEET 12 AUG, BASCO+,SDC RE, ACCEP+,COST/ 67 08 20B
GOLD/ MEET 12 AUG RE,COST REV,HASKIN=,SDC REP/ 67 08 20RB
HASKIN, -RICH/MEET 4-5 SEP, BORAD+,SEAMD+,HASKIN/ 67 09 078 <tt—————
HASKIN/MEET 4-5 SEP RE,SDC, FROP RE,GAZOTA KNOB/ 67 09 O7B -tb—————

The first indexing line for the source item also appears under the recipient's
rame in the Author-Recipient Index, as shown:

RICH I SIC.
» RICH, -OSWELL/ BORAD,RFP RE,GAZOTA KNOB,-SDC. 67 08 31A
N HASKIN, -RICH/MEET 4-5 SEP, BORAD+,SEAMO+ JASKIN/ 67 09 O7B e

Figure 3. Cooccurrence Index iJ‘ 
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a:zsa@cooss 00236 Qrea% 01076 o 1T 00853 00149
02901 02483 00326 01855 0i188e GNZIT 0CHB8 004639 POISEVILLE FLOW
07651 05912 02953 01074 019%% T2494 01067 04i7;8 91739 * Q7131 01203
03291 08912 02573 0127% 03335 0Z%46 01247 0:003 27199 09871
03651 07972 0301 02494 03535 02566 0177 0294 G289
04231 11352 04063 02654 0es8% 02640 01397 G489 03189 POISSON
04451 05613 02714 04835 01536 02627 02530 04229 5361 02782 02783 02784
06941 05893 03154 05235 04136 06137 31158 ©4239 03362
04991 03913 03456 05285 05056 0423F 012006 04969
05301 76583 06056 06265 08536 D&S1T 44220 05249 . POISSONS RAVIO
05921 06743 04264 06405 06506 04BE7 C4338 05289 00320
0t54: 06843 05416 03783 07306 05507 04774 (5909 .
07141 07053 05614 0¥335 08966 05217 Da94B 06489 POLAR
07331 07143 GSOl4 Q7375 12526 09237 05968 06559 08186 L1675
07501 OTEIN 06764 09845 05237 0S26H 06549
07971 08103 08914 10125 05367 G5908 10209 POLAR GRR(VS
08031 08283 09844 01827 26548 10291 0662)
08131 10243 10104 10317 06588
09151 16353 10384 12127 06%9% POLAR REGIONS
10211 10443 12734 12317 10428 04240 03311 00302 01343 02144 00L6S 02437 01448
10381 L2353 12377 1i303 03671 07443 07834 06667 12008
10641 L1633 123478 10161 09z264 01517
11611 12723 123849
12301 PCLARINETERS
02240
PULARIES
02140 ownucn 05874 05235 05894 00568
" 02553 071506 09138
06493 09026 12308

NOTE

648, Personnel management poges ons of most criticel problems. p.26-. PERSOWMMEL -
MARAGEMENT

649, Meotals fastening kmow-how brings helicopter rotor blade-msking. .p.32-. HELICOPTERS -
ROTORS - BLADES -~ HANUFACTURE

a 1964

MISSILES & QOCKEXS Jan, AJ,
$50. Gemini moda) readiad for water recovery testing. p.16-. GEMINI - WODRLS -

MECOVERY - TESTING

651. DBafe decign of resctors is indicated, p.l7-, NUCLRAR -~ REACTORS - RBENTRY -
SATETY
Pronosed fourch-genaration Polsris would uge state-of-art tschnology. Lindeey, .
p.18-21 POLARIS - MIZSILES - REEWTRY

633, Astrolog - current status of U.8. missile end space programe, p.135+31 DIRECTORIES -
CONTRACTS , CONTRACTURS ,COMTRACTING - MISSILRS - ARTIFICIAL BATELLITRS -
SPACE VEHICLES

84, Cemini photos esy assist {n re-entcy wake resesrch. Hawkeo, R, p.3-, GEMINI -~
REENTRY - WAKES - PHOTOCRAPHY

635. Space tool for Apollc cen deliver 50 ft,-lbs. of work. p.)?-, TOOLS -
SPACE FLIGNKT - APOLLO - MANMED - SPACE VEHICLES - REPAIR - TORQUE -
LI SWrPORT SYSTEMS

836. Contractor gets stasdy chack on profite with new PERT-type system. Beller, W,
p.J-41 PEET - MANAGKMENT SYSTEMS -~ PROFITS - CONTRACTS,CONTRACTORS ,CONTRACTING

The example shown here is taken from the Pacific Aerospace Library's
Dual Dictionary. PAL 1s no longer using the dual dictionary, but it
remains an outstanding example of the Uaiterm avpro.ch.

Figure 4. Uniterm Coordinate Index
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REPT.-68/14
FATL-SAFE SYSTEMS
Fokrar £~28 trunaport afrcraft fatiguc test plon
to desonstirste user specifications and prove
safe 1ifs and fail-gafe requircments
ed2 NGB-29639

c24 N68-22843

FAILURE
i Stabjlization end control systcew sensitivity to
2 power—coff fallure rate studied by siwulated
: sispione ueing block power suitching ,
NASA-CR~- 86085 c3) NE8-30182
FAR INFRARED RADIATION
Electricsl proparties of materisio In far Infrared
region - vacuum sonochremetor davelopaent and
perforeancae testing
AFOSR-68-0468
PARADAY EF CY
Atles of lunar dats with plots of ifcnospherlic
Fareday rotation aind olectron content varsus
tioe
AD~669624
PASY MEUTRONS
Esperiaent for detersining solar reutrons in
stwosphere during solaor eciipse
2C-7-68-1518
FAST NUCLEAR NTACTORS

€14 NEB-29814

€30 N6O-308353

<29 N68-30710

. Meutronic effacts of ytiriuva hydride moderator
{nsertion {n fast spoctrum reactors

. NASA-TH-X-1814 €22 NE3-29950
[ Linear snelyticsl dynamic model developed for
stesm cooled fust pover resctors
At-3t6 €22 N68-30215
Experinental informstion from dilute piutonium
tveled critical saseablias used to fmprove fast
resctor design data and celculstion methods
GLAP--5271 c2Z N6B-30885
Msutron dosieciry and spectra used to detarmine
effectivensse of fast nuciesr reactor meutron
irrediations
BNWL-SA~1480 c22 N88-30703
Electron probe microanalywis ¢ radioactive
peteri{ale vsed in fast breeder reactors
GEAF-5344 cl]l N68-30714
Fest “lux Test Facility for liquid wetal fast
bre dor reactor materials and fuels
BWWL-SA-1750 c22 K88-30722
Resctivity and neutr - spsctra in Cest nuclsar
reactors, and sub. ~ftical time-of-fiight
spactrum facility
GA-8377 c22 N68-30728
Neuironic calculastions of fuel and vofiron drum
control of reiractory metal, fast spectrum space
. powar resciore
M NASA-TN-D~4709 c22 k68-30750
Parformance potentlal af U-Pu cearawic fuel: for
fast liquid metal coclad reactors
BNVWL-SA-1550
FATIGUC (MATCRIALS)
Eleztron fractogreaphy used to study fatigue crack
propagation resuiting from cycllec crach
exiension by alternating shear

c22 NGB-30785

pl-82-0708 232 H68-29710
Bupersonic transport fatigue design und teet
progree €32 N68-2991)

Structural acoustice problems In Concorde
suvperwcnic civil afrcraft daveoloyment
$ST/B74S-7/2988 €02 NG8-3037C

PATIGUE LtFE

Provab 1ity diatritution functions veed to find
fatigue 1ife, ¢nd [te vartablility, of Al ailoys
svbfiscted to cartilaver bending
TI0-NT-86 79 <17 NEB-3013%

Neutron Irvedietion =ffects on tensile, fmpact,
and fatlgue properting of stenle and valde in
Elt River Reacicr /ERR/ presaure vascel
BWRI~1228-P-9-15 €22 KGA-30302

Qua.ltative prediction pethceds for reliablitity,

r vear, and service Jife of eachine tools vith
tatigue rs life liwlting fuctoer

FID NT 67-22 e15 N(8-30446

F'lgure &,
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Supersonic trancport fetiguc dawign and test

progres c32 N68-29913
Fetigue teats and snalynie of pliston Provost

wings and progresred loading

S4T-HEND-5/67 €32 NG8-30298
Fatiguec tests resulte oand anelyzis of wing

loading In sscending and descending order for

piston Provost winge

8+ T-KEMO-1/68 32 Née-3020%
Structural accustics problems [a Concorde

euparsonic clivil alreraft development

881/B748-7/2966 c02 H68-303.
FEASRIBI.L.TY
Feasibiilty of pover by nuclesr fusion
ORNL-TM-2204 €25 N62-30162

FEEDRACK CONYRCL
Votd fraction distributions {n vertical co~current
gas-liquid flow in closed loop systenm
€12 NGE-29709
Pertcrmance tosting of NERVA XE-1 control drum
actuetor to netersine ite edility to functior
in elosed Joop positioning systes
NASA-TH-X-52485 €22 Ro6B-28973
Encrgy flow equilibriun, heat tranafer, and closed
leop feadback In hot-wire anemomctere
TR-2 cl4 N6B-30054
Besign of noniinesr control systess using stete
verlabtlie feedback €10 N6B-30157
Signal transmission In linesr or moniinesr asyatces
with and without feedback related to radio
enginssring, electronics, and sutosation
FTD-HT-87-191 €07 NG8-303¢63
Cybernstics taxtbook expounding thesry of adaptive
control systaws combining open !'-op disturbance
coupling end feedback controi
FTC-HT-23-578-67
FERNI BURFACES
Two spin deviate prodlee for exect analyris of
Interecting Feral gas €24 NBB-29642
FERRITES
Theoreticsl analysis of digital clrcults based on
principie of currant distribution and sethods
for circwlt salculations of transintorized and
ferrite-cors contalning unite
FID-NT-24-123-67 e10 NEA-295945
Feasibility atuedy of rendom acctess laminsted
farrite memory system for spsececraft use
NASA-CR-686636 €08 N6B 3088
Operation of external sccase farrite recctanguler
hysiaresis luop storage devices
FTD-HT-23-918-67 ¢08 N68-3010¢C
Relating ferr{te decomposition and associated
preclipitatas In etainiess viee! to ity corrosien
resistanee
FID~HT-67-223
FERAOL.NBS
X ray absorption specirs and celculsted ¢ argcy of
tron siome In polyferrocency
FID-MT-86-112
FERROELECTRIC.TY
Electricel rasistivity meascres In charge trensfer
analynis in lead girconate titanate
REPT.-2 ¢26 NGS-29564
Delayed colncldence Moesbauer effect studied fo:
iron ¢~ _ounds
ARCU-6338.10~P
PERROMAGNETEC NATERIALS
Konunifora sagnetic fluld effuct on ferromagnatic
tolleidal selutions
NASA~TN-D-4876
FERROMAGNBTISN
Interelectron inturactions, energy banda, end spln

€10 N6B-30562

17 NEB-304084

c06 N6%-390178

€26 N6B-30648

€00 NS8-YOCA4

angular wouentus studled to explaln ferrovagneti-

in trensition metels
FERTILIZATION

Conparative worphological and tevatological study
un salfors~d frog eggs
WABA-TT-F-11683

Fertiltizetlion of overmaturs frog aegg>
NASA-TT-F- 1176 €04 N6A-30N0"

Sexual diffcrantetion of daphnidy and fregs

€2C NGB-23797

c04 N68-30001

Coordinate Index
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Collection Size Terms
100 %0

1,000 2,000
5,000 5,000
25,000 6, 500
100,000 10,000

3.1.2 Classification Systems

(lassification systems employ the principle of classes of information, which
permits hierarchicel relationships to be shown. Typical ¢f the classificetion
schemes are the familiar Library of Congress, Dewey Decimal, and Universal
Decimal 1ibrary systems.

Classification systems are the most complex to establish, and are difficult
to automate. They do provide a means of handling very large collections.

Some of the better-known systems aad associated names include:

1. Dewey Decimal System - Melvin Dewey

2. Library of Congress System - Charles Cutter

3. Colon Class! .cotion System - S. R. Ranganathan and T. Tyaganatarajan
4. Blise Classification System - H. E. Bliss

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

6., Universal Decimal Classification System - Jean Perrault

It is of interest in these llsts to sec some of the lineal relationships. For
example, the UDC system 1s a direct descendent of the Dewey system, Foskett

took on the Colon (Classification scheme, and made modificaticns to it.

3.2 CODING

Coding is the technique by which the amount of data to be processed by hand or
by machine 1s reduced to tolerable limits. The coding method:s ermployed rust
be compatible with the storage and retrieval methods used. lary lengthy
studies have been done on coding requirements and methods. These studies are
peyond the scope of thls discussion. However, some of the coding techniques

developed as a result of the study are listed in paragin,.a 3.2.1.
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Machine codes are restricted by the equipment used in entering and transmitting
the informstion for machine processing. Manual coding methcds for redur~ing
the smount of data are applicable to machine methods. The machine codes,
which ere vased on the available bits in which to mark the existence or non-
existence) of a condition, are carri.rs of the manusl codes. Machine codes
are listed in paragraph 3.2.2.

3.2.1 Manmwi Codes
Manual codes are used for abbreviations of names and English-langusge words.
these codes may be either of the following types:

l. 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 terums.
For example: Am.apolis may be expressed as Annpls, Anpls, Anna.

2. Assigned. Assigned codes have meaniug only within a particular
frame of reference, and are completely arbitrary as to meaning.
for example: 1 = dollars, 2 = 1lira, 3 = pounds.

3.2.1.1 Derived Coding Metnods

1. Truncation

2. Elimination of Vowels

3. Seclective Drovout

L. Check Digit

Arithmetic Manipulaticn
Others

N

[ogN

3.2.1.2 Ass'uned Coding Methods
i. Arbitrary

J. Notaticnel
3. Prime lunter
4. Dthers
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3.2.2 Machine Ccdes

1. 5-31it Code (for example, Baudot) - § bits. Provides for 32 char-
acters, expandable to 58 charscters. Used for teletype, etc.

2. Binary-Coded Decimal (BCD) Interchange Ccde - 5 bits. Provides
for up to ok characters. Used in machine data processing, fac-

simiv= trensmission, etc.

3. Undi:ted Statec of America Standard Code for Information Interchange
(USASCII) - 7 »its. Provides for up to 128 characters.

4%, Extended 3inary-Coded Dec'mel (E3CD) Interchange Code - 3 bits.

Provides for up to 256 characters.
%, {Qthers

. CHARACTERISTICS OF MICROFILM RETRIEVAL SYSTEMS

Mieroliln retrieval systems have the following elements In common:
1. The individuel pages nave been photographically reduced. N -

2. The rdcerctorm is housed in & {ile or other container.

+ “ - - ; v - ~ & +
3. Flle nunmters, indexing. or codirg information 13 rar<ea (- the
- - { ~ b - AR e Y
microlr 1 normal size, when re<rieval is essentially manual,
o ey - 3 s ~ s o N o i
or ln redureld size when reirieval (s automstic.
Individual systems may te meesured In Termis of ollcctliveness. tased on o the

cozdowlng couasilerations:
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l. Completeness of file.

2. Availsbility of informatiorn to multiple users.

3. Desirsbility of centralized files and/or satellite files.
L. Time required tc cbtain information from files.

S. Security of information, includipg file integrity.

6. Coet of system, including indexing, coding, storing, retrieving,
and distributing.

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

retrieva’l, usefuluess of deliverable documents,
8. Ease of use.
Lol alterna ive syslens vs. cost of this system.

10. Growth capabilities...increased veiume, increased oumbders of users,

technological changes.

-

e relationship of the rdoroform to the document must also be coasidered,

4

~ By P ~ ] . 3o pe vy 4 o - * e - 5 {
3o Slze censiralints...reductlon requirerents Jreater than resolving
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L, Number of copies required.
5. Equipment r~quiremen.s.

The following microforms (See Figure 6) may be consid-~red for use in infor-
maticn retrieval systems:

1. Arerture Cards. These are unitized tab cards, containing both
machine codes and microfilm images. Wormally, a single frane

of 35xm Tilm is used, but many variations are used.

2. Microfiche. Microfiche are film sheets, usually 105 x 1ui8
millimeters (4 x © inches), with a norma’ reading title olock,
and rows of reduced page images. Several reduction ratics are

commonly used, including

a. CUSATI - 20:1 with o0 images
o, NMMA - 24:1 with @8 images.

c. Ultrafiche - 1°0:1 with approximately 1,50C pages.

The auther nas advocated the use o microfiche lor book applica-
tiona.*e Book Fiche (also called Library Fiche) uses a single-stage
reduction ratio of %0:1, which provides a capacity oI 3 pages per
ficne (See Figure 7), in addition to the u:ile bloek. as used on
COSATI fiche. This is5 not the place ¢ arsue *he merits o Book
fiche. Hovever. the significant advantages of the microform should

at leas’ Ue mentioned:

a. Libmaries can fupction as distridution libraries, rather war

circwlating itmmries.
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Figure 6.

AFERTURE

COSATI FICHE
NMA COMMERCIAL
BOOK FICHE

ULTRA FICHE

ROLL % CARTRIDGE
(16mm or 35mm)

FI1M CHIP

35mm Chip
to
T0um Chip

Representative Microforms

SP-3243/000/00

REDUCTION IMAGES

15:1 1
20:1 A0
241 98
0:1 390
120:1 2,100
150:1 3,20
2h:1 2,000
10:1 1
4o:1 1
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LF 12345 TITLE OF BOOK, AUTHOR, PUBLISHER, NO. OF PAGES. DATE OF

- 30 - -
Flgure 7. Book Fiche

b Books, in fiche form, could be available at a cost of 1% to 20

cents, including royalties, instead of present costs ranging
upward from an average of $7.50 for technical books.

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

3. Roll and Cartridge Film. Roll Tilm is usually 35mm film, car-
tridge film is usually 16mm fiim. Roll film often has a reduction
ratio of 16:1, providing abcut 1,800 pages per 100 foot roll. Car-

v tridge film uses & reduction ratio of 28:1, wita 2,000 to 3,000
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images per roll. Other film and reduction sizes are common, as
well, including 70mm, and 105mm at “2ductions of 5-8:1 and Smm
film at a reduction ratio of 38:1.

k. Chip Systems. Film chips are often used in highly mechar!zed sys-
tems, and are usually 35mm or largexr in size. These are unique
systems, with reduction ratios, coding, and capaclties adapicd to
the individual systems.

Others. Other microimaging systems are found, in which the char-
acteristics are those of microfilm, but the carries is unique.
Videotape, using magnetic tape., rather than microfilm is one ex-
ample. Filmstrips, &8 used in the Microstrip sysiem of Eastman
Kodak may be considered a speclal system, or may be considered as
a variation of roll film or microfiche.

]

L1 APERTURE CARD RETRIEVAL SYSTEMS

4.1.1 Manus) Systems

Several possibllitlies exist for retrieval of aperture cards, based on straight-
forward retrieval methods, and not using sutomated 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. Kach <ard has the
appropriate accession number written on it, with other identifying
iuJormation, as appropriate. This method is particularly usable
for small files, or when using such aperture card prodrction sys-
tems a&s the 3IM Filmsort Camere Processor.
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fo

Sequential Filing - Machine-Punched Accession Numbers. The aper-
ture cards are stored in a file, with dividers. Each card is
punched with the appropriate identifying inlormation, and a slave
deck is created, for subsequent machine processing and searching.
Collecticns of up to 1 miliion carde are being successfully handled
on this basis. Reguirements include: (1) the files must not be
open to the users, and (2) sequential searching and filing methods
should be usable.

3. Random riling. The aperture cards «re stored in a file, with
subject-type dividers. Duplicate cards may be used, such that a
card appears behind each sppropriate subject heading. Or, if de-
sired, only & reference card is filed under altermative subject
headings, cross-referencing the location of the aperture card.
Thir epproach is very effective for personal files of magazine
articles, vendor information, etc.

In the first two cases {vhich are used by the majority of aperture card users),
browsing through the Files is not feasible. An exterpal index must be used.
Usually, an externally-generated list of cards to be pulled is used, and is

ordered in the same scquence as the files.

h,1.2 Semlautomated Systems

Semiautomate’ 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 nre-ide adge-notched

codes, rather than internally-punched codes.

3. A keyboard device of some kind s used.
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™o systems are typical of this kind of retrieval system:

1. Needlesort....NMcBee or equivalent.

2. Joggers....Acme Visifile/Remington Pover Files, or equivslent.

Ine essential difference between the two systemse ig that in one case, &1l un-
wanted cards are discarded, and the desired cards are left handing on the needle;
in the othew, 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 f£1lm image mounted in a properly-cut card to permit use ¢f the retrieval
technique.

Jogging devices are becoming more c¢rwmumon, partly because there 1s less manip-
ulation required of the cards; hence less damege 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-Autometed Systems

There have been several fully-automated aperture card systems developed, at
large costs, that have not proven to br commercially feasiltliz, 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 lhe most widely used large-scale random access, multi-
purpose ape.ture card system. 'The tasic premise 1s a vertical file of 200,000

3
A
.
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aperture cards, each encoded with its own special accession number. When the
keyboard 1s activated, a picker tracks to the proper tray, the card is located,
pulled out of the tray and ejected from an ocutput port. The keyboard may be

at the file location, or may be located anywhere, including on & 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 lemns. At the user's discretion, the entire

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

Other output optlons 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 locetic- is random, but subsequent filing

is to that specific location.

Retrieval times are 3-6 seconds, cost 1s $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 developments have reached s sufficient
maturation point, the basic approach may prove to be economically sound after
all.

Rather than to cite specific systems, 1t would be better to der-ribe the char-
&cteristic513 of such a system. That way, we can save time, and still permit

consideraticn of the basic elements.

These systems provide as an output, an aperture card containing the desired

image, say an engineerinyg drawing.
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The aperture card is not stored. but rather is created from the microform stored
originally. This microform may be 35mm roll film, or film chip, 16mm roll film,
microfiche. rideotape, or any other storage medium, such as binary digits.

When & particular imege 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 cut the par-
ticular imege, and creates an aperture card for that stored image. The image
may be projected, as for example, onto e cathode ray tube, or onto film, or
may be contact-printed onto film. 'The basic reasons why the systems were
unsuccessfil 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.

Incidentalliy, some systems today utilize most of the principles of operatiou
we have discussed, except that output from the filleg 1s not aperture cards,

but roll film or herd copy, >tc.

lurther, the implications of high-reduction storage, at perhaps, 10,000 full
page images per inch, using laser technolegy suggests that the need for gen-

eration o1 microfilm output from stored images continues to exist.

Some of yco me  be wondering why machine searching of aperture card files is

not more common. Certainl, there's been considersble effort made to punch in-
formation into these eperturs cards. The fact is that it is not advisable to run
aperture cards through machines because the tilm may become damaged, and be-
cause the card, itself, may become dsmaged. Further, the primary problem 1ig

not the gelection of the apertire card when the accession number 1s known, buu

rather establlshing the accession number.

That protlem, estabiishing the accession number, 1is in fact the primar, diffi-

culty in all information retrieval systems.
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L.2 MICPOFICHE RETRIEVAL SYSTEMS

Microfiche retrieval systems add another dimension to the problems of searching
and locating information within the files. In aperture cards, we need find
only ore thing,..a specific aperture card. In wicrofiche 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 consider both problems in terms of

maaual, semiautomated, and automated systems.

L,2.1 Manual Systenms

Microficike retrieval systems embody the same principles of filing for manual
retrieval as do aperture card systems. Manual systems usually do not locate
individusl images, they only locate ile 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 po Airectly to the preselected image.

Fiche contain & normal-reeding accession number (and usually a title block, as
well). Dividers are used to -eparate the fiche into relatcod subsets by the
accession number, title, or other classificetion. These subsets can be searched
quickly by visual inspecticn. External indexes and surrogates are used to lo-

cane the accession number., The file is searched:

a. 3y subset, marked oy file, drawer, dlvider

Hy Accession Number

Another [requently-used technique is to place a self-contained index (in re-
duced size) wn the [irst C'che of cach file. Thus, the first fiche of the tile,

or subset, contains an index to the individual images within that file.

Jor convenience in tiling, and to ald in locating misfiled tiche, duplicr'.
Uiche are often ceolor-zcded.  The Ujche {s duplicated using the appropriate

f'ilm in one of many avallaile colors, such #s red, for classified inrormiicn.
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4,2.2 Semisutomstea Cystems
Random access to files of microfiche can be accomplished by the same methods
as for aperture cards...use of power flles, joggers, and reedlesort techniques.

Retrieval 1s of the fiche, and is 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 method 1s the Houetcn Fearless
CARD system (Compact Automatic Retrieval Display). The CARD system is a desk
top, self-contained rile-reader. Pushbccoton selection from the control panel
provides U4-.cond access to any desired image in the file. The file contains
up to 750 fiche, and utilizes a 12-blt 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 ve copies on hard copy, etc. The unlt may te controlled

manually, or by computer.

Cost of one unit is about $3,150.00, withcut computer control. The fiche may

be removed and replaced with other fiche. It may be feasibtle *o hookup several

retrieving units to & central display consule to increase the capacity per unit.

‘The Sanders-Diebold SD~500 system was gnnounced in the spring ot 1luo8, 'The
system utilizes Diebold power files, matched with remcle viewing terminuls,
utilizing Sanders display units. The entire system is computer-controlled,

and proviues access to up to 5,000,000 images at a ciaimed average retrievel
tine ol 3 seconds. Many di:ferent microforms can be mixed withla the sys:enm,
inciuding chips, COSATI and NMA microfiche, film strips or individual rumes o

8, 1., 35mm film. Hard copy printout capability for individual images can be

nrovided at the terminal, or at the central power file. Costs vary considermbly

-

with the number of teminals, and other potentisl gystem di:ferences.

The Mosler Scle~triever provides access to 200,000 fiche {or more), when Jiche
are mounted in the unit in placec of aperture caris. Presently, access is to

the {iche, acd not o 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 make such a system economically feasible. The biggest problems
in this area are transmission of the imsge through conventional telephone lines
(very slow), and multiple access cazability, 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 35mm f£ilm, cartridges tend to be mostly 16mm film. Newer systems, such
as VSMF using Smm 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-ordered, 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 1s a problem similer 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 vhich 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 $400 to $40,000, 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. Then individual
frame inspection is conducted by the user.
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Leader Techalque. 1Instead of using a frame counter, a white leader

is introduc2d every 100 to 500 images. The leader can be quickly
spotted.

Line Marker. This technique employs a black mariier 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.

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.

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.

CHIP SYSTEMS

Several of the larger and more sophisticated retrieval systems-use fiim chips,
rather than roll film, aperture card, or fiche. Costs of these systems vary
cocnsiderably. Costs may range from under $5,000 to over $2,000,000. These
systems are unique, but contain some features in common:

1.

File integrity 1s preserved. The systems do not permit direct
access to individual chips (except when updating/adding to the
files).




&

29 October 1968 27 SP-3243/000,/00

2. Output tends to be a conventional microform, such as roll film or
aperture card.

3. The system incorporates the necessary coding for search logic with
the individual chip. Accesslon numbers, per se, are not used.

k., 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

fram binary language to a display on & 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 standerd television-
sized frames.

Costs vary with the number of tape units, buffers, terminals hooked into one
system, but minimum configuration coste would be 500,000 up to approximately
$2,000,000.

5 SUMMARY
Microfilm information retrieval systems incorporate the principles of informa-
ticn retrieval used in hard copy systems, in manual, or automated systems.
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There are two basic types of systems:

¥ 1. Those systems in which the mlicrofilm file is addressaedle, but lo-

cating the address 1s a function ¢f an external process.

2. 'Those systems in which scarch capabilities are a function ol the
microfilm records themselives, in tha~ the images are identified

«ith search information.

The proper system for g particular applic.iion can only be determined by locking
1 the requirements for retrieval, and ldentilying the coding snd storsge re-
quirements to permit retrieval. ‘[he ilu, >rtant thing 135 to mske sure that the

user of the informatlon rcan guickly find what he wants, and that the crst of

g making that irformsticr available to him is less then the cost of no* having
" he information at all.

For Jurther informstion on infermation retrieval and microfilm systens, ref-r

to reference numbers 1 *hrough 39 in the bibliography.
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