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THE PURPOSE OF THIS PROJECT HAS BEEN TWOFOL.D. FIRST, A 

THOROUGH L.ITERATURE SURVEY HAS BEEN CONDUCTED IN THE FIEL.D OF JNFOR

MATION STORAGE AND RETRIEVAL. WITH PRIMARY ATTENTION GIVEN TO COM

PUTER ORIENTED TECHNIQUES. THE SYSTEMS USED AND THE THEORY BEHIND 

THEM HAVE BEEN OF MORE CONCERN TO THE AUTHOR THAN THE ACTUAL. 

EQUIPMENT USED BECAUSE IT IS FEL.T THAT EQUIPMENT WIL.L. CHANGE VERY 

RAPIDL.Y AS IT HAS IN THE PAST WHEREAS THE BASIC SYSTEM, JN MOST 

CASES, WIL.L. PREVAIL.. 

THE SECOND PART OF THIS PROJECT HAS BEEN THE DESIGN OF AN 

OVERAL.L. AUTOMATED TRIAL. INFORMATION SYSTEM WITH THE NEEDS OF THE 

DESIGNER 	BEING OF PRIME IMPORTANCE. 
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TEXT 




t. INTRODUCTION 

MAN HAS AL.WAYS BEEN CONCERNED WITH UNCOVERING NEW KNOWLEDGE AND 

INFORMATION. HE HAS FOUND OVER THE YEA~S, ANP ESPECl~L.LY IN THE L.AST TWO 

CENTURIES, THAT KNOWLEDGE ANO ACTIO~S l;IASED ON THAT KNOWLEDGE WILL HELP 1-f!M 

CONSEQUENTLY, A GREAT MANY PEOPLE HAVE DEVOTED THEMSEL.VES TO STUDY ANO THE 

SEARCH FOR KNOWL.EOGE. As A RESULT, ONE OF THE MAJOR PROBLEMS FACING THE 

WORL.D TODAY IS THAT OF STORING AND MAKING ACCESSIBL.E THE GREAT WEAL.TH OF 

INFORMATION THAT HAS BEEN PRODUCED TO DATE AND AL.L. THAT WIL.L. BE PRODUCED IN 

THE FUTURE. THERE HAS BEEN A VIRTUAL EXPLOSION IN THE PRODUCTION OF L.ITERATURE 

IN THE SCIENCES AND TME HUMANITIES AND THERE IS NO INDICATION OF OECL.INE IN "(HE 

EVER INCREASING RATE OF SUCH PRODUCTION. 

RECENTLY, MAN HAS BECOME MORE AWARE OF THIS PROBLEM AND MANY HAVE 

TURNED THEIR ATTENTIONS TO SEARCH FOR A SOLUTION. MANY SUGGESTIONS HAVE BEEN 

ADVANCED INVOLVING INGENIOUS SYSTEMS OF FIL.ING, CROSS REFERENCING ANO CO-OR

DINATE INDEXING. THE GREAT SUCCESSES OF ELECTRONIC COMPUTERS ANO ASSOCIATED 

EQUIPMENT IN VARIOUS TYPES OF DATA PROCESSING HAVE GIVEN GREAT HOPE TO THOSE 

WORKING IN THE FIELD OF INFORMATION STORAGE ANO RETRIEVAL.. VARYING DEGREES OF 

SUCCESS HAVE BEEN ACHIEVED IN THE APPLICATION OF SUCH DATA PROCESSING EQUIP

MENT TO THE FIELD. MANY PHASES OF EXISTING SYSTEMS HAVE BEEN GREATL.Y SPEEDED 

UP THROUGH USE OF THE COMPUTER. NEW SYSTEMS HAVE BEEN PROPOSED THAT ARE 

http:ESPECl~L.LY
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BASED PRIMARIL.Y ON THE COMPUTER. THESE AND OTHERS WIL.L. BE PUT TO THE TEST AND 

IT IS HOPED THAT A PRACTICAL. AND WORKABL.E AUTOMATED SYSTEM Wll...L. EVOL.VE IN THE 

NEAR FUTURE. 



2. LITERATURE SURVEY 

2. 1 RECOGNITION OF NEED 

MucH HAS BEEN WRITTEN AND SAID ON THE TOPIC OF INFORMATION STORAGE 

AND RETRIEVAL.. MosT AUTHORS ARE GENERAL.L.Y CONCERNED THAT WITH INCREASED 

RATES OF POPUL.ATION EXPANSION, INCREASED PUBL.ISHING SKIL.L.S AND THE INCREASED 

RECOGNITION FOR RESEARCH, WE ARE APPROACHING A POINT WHERE WE WIL.L. NOT BE 

ASL.E TO STORE AND RETRIEVE AL.I... THE INFORMATION BEING PRODUCED US ING CURRENT 

METHODS. UsUAL.L.Y THIS IS ACCOMPANIED BY A SET OF FIGURES BEARING TESTIMONY 

TO THE RATE AT WHICH SCIENTIFIC AND TECHNICAL. WORKS ARE BEING TURNED OUT. IT IS 

FELT THAT UNL.ESS CURRENT TECHNIQUES OF INFORMATION STORAGE AND RETRIEVAL. ARE 

NOT GROSSL.Y IMPROVED, MUCH OF THE NEW L.ITERATURE WILL. BE STORED IN LIBRARIES 

AND WILL BECOME VIRTUAL.LY INACCESSIBL.E TO FUTURE RESEARCHERS AND DESIGNERS. 

(N FACT, IN SOME CIRCL.ES 1 IT HAS EVEN BEEN ADVOCATED THAT ONCE A LITERATURE 

SEARCH REACHES A CERTAIN SIZE, IT IS CHEAPER TO REPEAT ORIGINAL RESEARCH THAN 

IT IS TO DO A THOROUGH LITERATURE SURVEY. THIS MAY BE A TRIFL.E EXTREME BECAUSE 

ONE NEVER KNOWS THE TRUE VAL.UE OF A SEARCH UNTIL. IT HAS BEEN PERFORMED. NEVER

THELESS, THIS IS THE THINKING OF SOME TOP INDUSTRIAL. PEOPLE IN THE UNITED 

STATES. LITERATURE SEARCHING CAUSES MORE DEL.AV AMONG THEIR DESIGNERS AND 

RESEARCHERS THAN ANY OTHER SINGL.E ITEM. 

THE WORK THAT HAS BEEN DONE IN THIS FIELD HAS BEEN DIRECTED TOWARD 

RESEARCH MORE THAN TOWARD DESIGN. IT IS FELT THAT PERHAPS THE INFORMATION 

3 


http:CIRCL.ES
http:VIRTUAL.LY


4 

RETRIEVAL PROBLEM OF THE DESIGNER IS MORE CRITICAL TODAY THAN THAT OF THE 

RESEARCHER. MosT RESEARCH TODAY IS CARRIED ON BY TEAMS AND A SINGLE PIECE OF 

RESEARCH IS USUALLY EXTENDED OVER A LONG PERIOD OF TIME. WHEN A RESEARCH 

PROJECT IS BEGUN, THERE ARE INFORMATION RETRIEVAL PROBLEMS AND THE RESEARCH 

T .EAM MUST BE SURE THAT THEY HAVE EXAMINED EVERY BIT OF PERTINENT INFORMATION. 

THOROUGHNESS RATHER THAN TIME IS MOST IMPORTANT AT THIS STAGE. ONCE THE 

LITERATURE SEARCH HAS BEEN DONE AND THE DIRECTION OF RESEARCH DECIDED UPON, 

THE TEAM HAS APPROACHED THE 'LEADING EDGE' OF THE FIELD. WHATEVER FUTURE 

PROGRESS 15 MADE WILL BE MADJ:,: THROUGH THEIR OWN EFFORTS. 

THE DES IGNER 1 ON THE OTHER HAND, IS IN A SOMEWHAT DIFFERENT POSITION. 

WHEREAS THE RESEARCHER IS USUALLY A SPECIALIST IN ONE FIELD, THE DESIGNER 

IS USUALLY EXPECTED TO BE A GENERALIST OF POSSIBLY SEVERAL FIELDS. HE MAY BE 

CALLED ON TO DESIGN SOMETHING THAT ONLY BORDERS ON HIS OWN FIELD. JN SUCH 

CASES, ACCESS TO PERTINENT INFORMATION IS CRITICAL. AT THIS STAGE, HIS PROBLEM 

1s SIMILAR To THE RESEARCHER. HE MUST EXAMINE THE STATE oF THE ART. To HIM, 

THIS WILL MEAN A SURVEY OF GENERALLY ACCEPTED ENGINEERING INFORMATION IN THE 

FIELD IF HE IS NOT COMPLETELY FAMILIAR WITH IT. HE WILL ALSO EXAMINE OTHER 

DESIGNS AND PATENTS IN THE SAME LINE. HE IS THEN READY TO PROCEED WITH THE 

DESIGN STAGE. WHILE DESIGNING, HE MUST HAVE CONSTANT ACCESS TO INFORMATION 

PERTAINING TO SUCH THINGS AS STANDARDS, ENGINEERING CODES AND EQUIPMENT 

OF MANY SUPPLIERS. THESE ARE AL.L ESSENTIAL TO THE DESIGN PROCESS. THERE

1
FORE, IT IS FELT THAT THE DESIGNER S INFORMATION PROBLEM IS SOMEWHAT MORE 

CRITICAL. THAN THAT OF THE RESEARCHER AND IN ADDITION BECAUSE OF THE FACT 
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THAT MOST OF THE PROGRESS IN THE FIELD HAS BEEN WITH THE RESEARCHER IN MIND. 

2. 2 CLASSICAL LIBRARIANSHIP 

MANY PARTIAL SOLUTIONS ANO HELPFUL AIDS HAVE BEEN PROPOSED BY PEOPLE 

OF VARIOUS BACKGROUNDS. THESE HAVE BEEN FOR THE MOST PART SUMMARIZED IN A 

TEXTBOOK BY BECKER AND HAVES (1 ). THEIR BOOK BEGINS WITH A HISTORY OF THE 

LIBRARIAN WHO HAS OVER THE YEARS DEVEL.OPED TECHNIQUES AND SYSTEMS THAT HAVE 

TO THIS DAV SERVED THE PURPOSES OF INFORMATION STORAGE ANO RETRIEVAL. THEIR 

TASK HAS BEEN LIGHTENED BECAUSE OF THE SPIRIT OF CO-OPERATION AND BENEFICIAL 

STANDA~DIZ:ATION BETWE:t:;"'4 ALL. L.16RARIES. THE PRIMARY TOOLS OF THE LIBRARIAN 

ARE THE CATALOG OR INDEX CARDS. THESE ARE USED WITH STANDARDIZED FORMAT AND 

CONTENT ACCORDING To THE DEWEY DEc1 MAL. SvsTEM oR THE L1BRARV oF CoNGREss 

IN THE UNITED STATES. A BRIEF DISCUSSION IS GIVEN ON THESE CLASSIFICATION 

SYSTEMS. THESE ARE RATHER BASIC AND ARE FOUNDED ON THE ATTEMPT TO CLASSIFY 

ALL KNOWLEDGE INTO TEN GENERAL CATEGORIES AND THEN FURTHER SUB-CATEGORIES 

ARE MADE AS NECESSARY. THESE TECHNIQUES ARE VERY WELL KNOWN ANO CAN BE 

FOUND IN ANY BOOK ON LIBRARY SCIENCE. IT MUST BE NOTED, HOWEVER, THAT THESE 

CLASSIFICATION SYSTEMS REQUIRE THAT AN INDEXER ARBITRARILY PICK THE HEADINGS 

TO BE USED ON THE INDEX CARDS. 'SEE' AND 'sEE AL.so' REFERENCES HELP A GREAT 

DEAL.. 

2. 3 CO-ORDINATE INDEXING AND THE UNITERM SYSTEM 

NEXT, BECKER ANO HAVES (1) GIVE A CONCISE DESCRIPTION OF THE UNITERM 

SvsTEM As PUT FORWARD BY MooERS AND TAUBE. TH1s METHOD OF INDEXING REQUIRES 

AN INDEXER, WHO WOULD HAVE TO BE QUALIFIED ENOUGH TO READ THE BOOK, SELECT A 
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SINGLE WORD (UNITERM) OR A SET OF SINGLE WORDS THAT IN HIS ESTIMATION DESCRIBE 

THE BOOK OR PAPER THAT IS TO BE INDEXED. KEY WORDS ARE SELECTED FOR EACH 

ARTICLE OR BOOK IN THE LIBRARY AND THEN ALL KEY WORDS ARE KEPT IN A FILE. IN 

THIS SYSTEM, EACH BOOK OR ARTICLE IS GIVEN AN ACCESSION NUMBER. THESE ARE 

USUALLY GIVEN IN THE ORDER THAT THE BOOKS ARE READ. IN OTHER WORDS, THE ORDER 

1
ISN T REALLY IMPORTANT AS LONG AS EACH BOOK HAS ONE AND ONLY ONE NUMBER. THE 

KEY WORD FILE IS COMPRISED OF A CARD FOR EACH KEY WORD. 0N THIS CARD IS LISTED 

EACH ACCESSION NUMBER OF THE BOOKS FROM WHICH THE KEY WORD HAS BEEN SELECTED. 

THUS THE FIL.E HAS BEEN INVERTED FROM HAVING EACH BOOK WITH A SET OF KEY WORDS 

TO EACH KEY WORD HAVING REFERENCE TO MANY BOOKS. IN A WAY, THIS METHOD IS 

VERY SIMILAR TO SIMPLE SUBJECT CLASSIFICATION WHERE ALL THE BOOKS OF THE 

SAME SUBJECT HEADING ARE LISTED TOGETHER. THIS TECHNIQUE HAS BEEN CALLED 

co-ORDINATE INDEXING. IT 1s ALSO COVERED BY P. LoGUE (2), R. MoRSE (3), B. E. 

HoLM (4), AND R. A. JACOBSON (5) WITH MINOR VARIATIONS. F1GuRE (1) sHows A 

SIMPLE EXAMPLE OF CARDS IN A KEY WORD FILE AND HOW THEY MAY BE USED TO 

LOCATE INFORMATION. 

Now, RETRIEVAL IN THIS SYSTEM CONSISTS OF MATCHING FOR KEY WORDS. 

FoR EXAMPLE, A PERSON MAY DESIRE INFORMATION ON A CERTAIN TOPIC THAT CAN BE 

DESCRIBED BY FIVE OR SIX UNITERMS OR KEY WORDS. THEN THE KEY WORD FILE IS 

CONSULTED AND THE ACCESSION NUMBERS FOUND THEREON ARE EXAMINED. WHENEVER 

WE HAVE AN ACCESSION NUMBER THAT IS COMMON TO ALL THE CARDS OR AT LEAST TO 

SEVERAL OF THEM, WE ARE REASONABLY SURE THAT THIS BOOK CONCERNS THE TOPIC 

OF SEARCH. THE FILE SEARCH AND COMPARISON CAN BE DONE EITHER MANUALLY OR 
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BY MACHINE. WHEN A MATCH HAS BEEN MADE, THE SEARCHER IS PROBABLY REFERRED 

TO AN ABSTRACT FILE. HE CAN THEN READ THE ABSTRACT ANO DECIDE WHETHER OR NOT 

TO READ THE COMPLETE ARTICLE. THE BIGGEST PROBLEM WITH THIS SYSTEM HAS BEEN 

THAT OF FALSE DROPS. THIS OCCURS WHEN A GROUP OF CERTAIN TERMS ARE CHOSEN 

SO THAT A MATCH IS MADE ON A CERTAIN ARTICL.E THAT HAS NOTHING TO 00 AT ALL 

WITH THE RE;:QUEST FOR INFORMATION. T1-ns HAPPENS MORE OFTEN THAN MIGHT BE 

1N1'r1AL1...V r::xP1::cT1::0. Moo~~s ANo TAusE HAVE AT-rE:MF'i'ED MANY WAVS OF TttYING TO 

REDUCE OR ELIMINATE THE NUMBER OF FALSE DROPS. THESE USUALLY CONSIST OF -!-INKS 

OR ROLE lNOICATO,RS THAT ARE USED TO GIVE FURTHER QUAL.IFICATION TO THE KEY WORDS 

USED. THE ADDITION OF THESE l..INKS GREATLY INCREASES THE COMPL.EXITY OF THE 

SYSTEM BUT DOES HEL.P WHEN THERE ARE A GREAT MANY FALSE DROPS. THE NUMBER 

OF FALSE DROPS DEPENDS TO A GREAT EXTENT ON THE INITIAL. INDEXING. f F, OF 

COURSE, EVERY BOOK HAO THE EXACT NUMBER OF KEY WORDS REQUIRED TO DESCRIBE 

IT UNIQUELY, WE MIGHT HAVE A SYSTEM WITH NO FALSE DROPS. THEREFORE, WE SEE 

THAT THE QUALITY OF THE INDEXING IS OF GREAT IMPORTANCE TO THE ENO RESUL.TS. 

MucH CONTROVERSY HAS RESULTED OVER THE COST ANO DEPTH OF THE INDEXING AND 

THE TIME AVAIL.ABLE FOR THE SEARCH. A COMPL.ETE SYSTEM WOUL.D HAVE HIGHL.Y 

TRAINED AND COMPETENT PEOPLE DOING THE INDEXING IN THEIR PARTICUL.AR FIELDS 

AND HIGHLY TRAINED PEOPL.E FAMILIAR WITH THE WHOLE SYSTEM OO!NG THE SEARCH. 

THIS USUALLY TURNS OUT TO BE QUITE EXPENSIVE. IT IS FELT THAT ANY AID IN THIS 

RESPECT THAT CAN BE OBTAINED BY USING COMPUTER TECHNIQUES WILL CERTAINLY 

HELP. THERE 1s AL.so CONTROVERSY WITH RESPECT To THE TIME oF SEARCH. SoME 

PEOPLE FEEL THAT A RESEARCHER MAY NOT BE PARTICUL.ARL..Y RUSHED TO FINO THE 

http:PARTICUL.AR
http:RESUL.TS
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INFORMATION REQUESTED. Tails 1s THE ATTITUDE TAKEN BY SAR-HILLEL (6). HowEVER, 

A DESIGN ENGINEER WORKING TO A SCHEDULE MAY BE VERY CONCERNED WITH TIME. HE 

MAY BE WILLING TO ACCEPT MORE FALSE DROPS AS L.ONG AS THE REFERENCES ARE IN 

HIS HANDS SOONER. HE MAY FEEL THAT HE CAN WEED OUT THE FALSE DROPS BY QUICK 

EXAMINATION OF THE ABSTRACTS AND THEREBY SAVE HIMSELF CONSIDERABLE WAITING 

TIME. 

fh:J!'l!lll!:NCH (2.), (3) AND (4) AN~ Rl!:fl'ORTS FROM !IUCH COMPJANIES AS TH!: 

MoNSANTO CHEMICAL Co., PHILIP MoRR1s, INc., AND THE DuPoNT Co., ON SYSTEMS 

THAT THEY HAVE ACTUALLY PUT INTO PRACTICE WITH CONSIDERABLE SUCCESS. GROUPS 

SUCH AS THE AMERICAN INSTITUTE OF CHEMICAL ENGINEERS AND THE ENGINEERS 

Jo INT CouNCIL HAVE FAVOURED THE CO-ORDINATE INDEXING TECHNIQUE AND EACH HAS 

PREPARED A THESAURUS TO BE USED IN CONJUNCTION WITH THIS SYSTEM. THE AICHE 

THESAURUS IS MADE UP· PRIMARILY FROM THE FIELD OF CHEMICAL ENGINEERING. THE 

EJC HAVE TRIED TO EXPAND ON THIS AND CREATE A THESAURUS OF ENGINEERING 

TERMINOLOGY. A THESAURUS IS OF CONSIDERABLE AID WHEN SEARCHING FOR INFOR

MATION WITH RESPECT TO THE PROBLEM OF SYNONYMS. IT IS CHARACTERISTIC, HOWEVER 

THAT NOWHERE IN THE LITERATURE CAN ONE FIND DETAILED INFORMATION ON COMPUTER 

SYSTEMS AND/OR LANGUAGES USEDo 

2. 4 THE WESTERN RESERVE UNIVERSITY CONCEPT SYSTEM 

BECKER AND HAYES (1) ALSO DISCUSS THE WESTERN RESERVE UNIVERSITY 

SYSTEM. (Ts CHIEF ADVOCATES ARE J. W. PERRY ANO A. KENT WHO EXPLAIN THE 

SYSTEM IN GREAT DETAIL. IN REFERENCES (7) AND (8). PERRY ANO KENT SEEM TO 

BELIEVE IN MACHINE AIDED LITERATURE SEARCHING. l<T APPEARS TO BE THEIR FEELING 
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THAT SOME PARTS OF THE INFORMATION STORAGE AND RETRIEVAL PROCESS CANNOT BE 

REPL.ACED BY MACHINE. IN PARTICULAR, THEY SEEM TO FEEL THAT INDEXING AND ALSO 

ABSTRACTING MUST ALWAYS BE DONE BY PEOPLE. 

MucH OF THEIR WORK IN RETRIEVAL 1s BASED ON CL.Ass DEFINITION. UsED IN 

CONJUNCTION WITH THIS 1s BooLEAN ALGEBRA WHICH 1s PRIMARILY AN ALGEBRA OF 

LOGIC. FoR EXAMPLE, SUPPOSE THAT A, 8, AND C REPRESENT WORDS OR CONCEPTS. 

THEN A SEARCH QUESTION USING (A. 8-C) WOUL.D SEARCH P"OR AN ARTICL..E CONTAINING 

BOTH A AND 8 BUT NOT C. A COMPLETE ALGEBRA THAT CAN COMBINE WORDS AND/OR 

CONCEPTS IN ANY LOGICAL FASHION HAS BEEN ESTABLISHED. 

PERRY AND KENT (7) GO ON TO DISCUSS OPERATION CRITERIA ON INFORMATION 

SYSTEMS THAT CAN BE USED TO COMPARE DIFFERENT SYSTEMS. THIS IS DONE MAINLY 

BY COMPARING RATIOS. IF N IS THE TOTAL NUMBER OF DOCUMENTS EMBRACED BY A 

CERTAIN SYSTEM AND M• IS THE NUMBER OF DOCUMENTS WHICH USE OF THE SYSTEM 

INDICATES TO BE OF POSSIBLE PERTINENT INTEREST AND W IS THE NUMBER OF DOCUMENTS 

THAT ARE FOUND TO BE OF ACTUAL PERTINENT INTEREST BY PERSONAL INSPECTION OF THE 

M SELECTED DOCUMENTS, THEN WE CAN DEFINE FRACTION SUCH AS M/N WHICH IS THE 

FRACTION OF TOTAL DOCUMENTS TO WHICH ATTENTION IS DIRECTED. THIS FRACTION IS 

ALSO CALLED THE RESOLUTION FACTOR. WE HAVE ALSO THE FRACTION (N-M)/N, WHICH 

IS THE FRACTION OF TOTAL DOCUMENTS FROM WHICH ATTENTION IS DIVERTED AND IS 

JUSTLY CALLED THE ELIMINATION FACTOR. 8Y COMPARING VARIOUS .RATIOS BETWEEN 

TWO SYSTEMS MAKING AN IDENTICAL SEARCH, WE CAN EVALUATE ONE SYSTEM AGAINST 

THE OTHER. THIS IS RATHER THEORETICAL AS YET BECAUSE THE AUTHOR KNOWS OF NO 

CASE WHERE TWO OR MORE SYSTEMS HAVE BEEN USED ON A GIVEN SET OF DOCUMENTS 
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FOR COMPARISON PURPOSES. HowEVER, IT IS THOUGHT THAT IN THE FUTURE WHEN 

SYSTEMS ARE BEYONO THE EXPERIMENTAL.. STAGES OF TOOAY, THAT THESE CRITERIA 

WILL PROBABLY BECOME OF USE. 

1 1
PERRY ANO KENT CLAIM THAT THERE IS NO NATURAL.. LOGIC IN THE ENGLISH 

LANGUAGE OR IN ANY OTHER NATURAL LANGUAGE. E'.AcH LANGUAGE IS BASEO ON CERTAIN 

POSTULATES AS TO WHICH TYPES OF OBSERVATIONS AND CORRELATIONS ARE IMPORTANT. 

5 ISTER LANGUAGES WOULO TENO TO CONTAIN THE SAME BASIC POSTULATES BUT WOULO 

BE COMPLETELY DIFFERENT FROM OTHERS. THE BASIC POSTULATES OF EACH LANGUAGE 

ARE RATHER ARBITRARY AS ARE MANY OF THE CONVENTIONS IN SENTENCE STRUCTURE. 

AN ATTEMPT TO USE A NATURAL. LANGUAGE WOULD, AT BEST, LEAD TO FORMALIZATION 

OF THE BASIC POSTULATES OF THE LANGUAGE. THE BASIC THEORETICAL.. STRUCTURE OF 

CHEMISTRY, PHYSICS OR ANY OTHER BRANCH OF SCIENCE WOULD NEITHER BE REVEAL.EC 

NOT TAKEN INTO ACCOUNT IN SUCH A STUOY OF A NATURAL LANGUAGE. 

IN THEIR ESTIMATION, IT IS NECESSARY TO HAVE A COMPLETELY DIFFERENT 

MACHINE LANGUAGE BASEO ON AN ALGEBRA OF LOGIC• .REFERENCES GIVE(1) AND (7) 

A GOOO DESCRIPTION OF THE SYSTEM BUT IT IS THOUGHT THAT A BRIEF DESCRIPTION OF 

THE L.ANGUAGE SHOULO BE INCLUDED HERE FOR COMPLETENESS. THE LANGUAGE ADOPTED 

BY THE WESTERN RESERVE UNIVERSITY GROUP IS ONE BASED ON CONCEPTS, so THAT IN 

A SEARCH, RETRIEVAL IS BASED ON MATCHING OF CONCEPTS RATHER THAN WORDS. THEY 

STATE THAT A SYSTEM CANNOT BE BASED MERELY ON WORDS BECAUSE WORDS ARE ONLY 

SYMBOLS OF CONCEPTS. THEY DO RECOGNIZE, HOWEVER, DIFFERENCES IN CONCEPTUAL

IZATION IN DIFFERENT LANGUAGES AND EVEN GEOGRAPHICAL.LY WITHIN THE SAME LANG

UAGE. THEIR LANGUAGE IS BASED ON A SET OF CAREFUL.LY SELECTED ANO DESIGNED 

http:CAREFUL.LY
http:GEOGRAPHICAL.LY
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I 

GENERIC CONCEPTS WITH SOME AL.LOWANCE FOR CL.ASS INCL.USION. FoR EXAMPL.E, . THE 

WORD THERMOMETER IS IN THE CL.ASS OF MEASURING DEVICE. 

THE L.ETTERS (GROUP 1) 8, c, D, F, G, H, L, M, N, P, R, s, TARE USED IN 

GROUPS OF THREE AT A Tl ME WITH A SPACE IN BETWEEN, TO DEFINE A CONCEPT. FoR 

EXAMPL.E, B-CT MEANS BACTERIA, B-LD MEANS BUil.DiNG OR HOUSE, C-PT MEANS 

TO COMPUTE, COUNT OR CAL.CUL.ATE AND M-CH MEANS MACHINE, DEVICE OR TOOL. THE 

LETTERS (GROUP 2) A, E, I, O, U, w' x, Y, z ARE USED IN CON.JUNCTION WITH THE 

FOREGOING TO SIGNIFY AN ANALYTICAL. RELATIONSHIP. FoR EXAMPLE, A MEANS CL.ASS 

INCL.USION, LJ MEANS A PROCESS RELATED TO A DEVICE, AND WMEANS A THING TOW.MICH 

A CONCEPT IS SUBMITTED. VARIOUS MINOR CONCEPTS ARE GROUPED TOGETHER TO FORM 

( 
I 

A MA.JoR CONCEPT. FoR EXAMPLE, MUSRMACHTWMP 1s FORMED FROM THE THREE 

CONCEPTS MUSR, MACH, AND TWMP. WHEN TAKEN TOGETHER, IT MEANS MACHINE 

FOR MEASURING TEMPERATURE. THAT 1s, A THERMOMETER. HowEVER, IT COULD ALSO 

MEAN PYROMETER, SO WE SEE THAT A CONCEPT HAS BEEN DEFINED RATHER THAN JUST 

AN OBJECT. THE SYSTEM BECOMES EVEN MORE COMPLEX BECAUSE TO COMPLETEL.Y 

DEFINE SOME CONCEPTS, ROLE INDICATORS MUST BE USED IN THIS .SYSTEM AS WELL. 

THE BASIC SYSTEM MAY BE OUTL.INED AS FOLL.OWS

PREPARATION PHASE 

1. INDEXING STEP- A PERSON MUST SCAN THE ARTICLES AND DECIDE WHAT IS 

PERTINENT 

2. EDITING STEP- ANOTHER PERSON FAMIL.IAR WITH THE OVERALL SYSTEM IS 

NEEDED TO TAKE ACCOUNT OF IMPORTANT REL.ATIONSHIPS BETWEEN 

SUBSTANCES, PROCESSES, ETC. 1 WHICH ARE DESIGNATED BY INDEX 
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ENTRIES PREVIOUSLY ESTABLISHED. 

3. ENCODING STEP- THE KEY WORDS (CONCEPTS) AND ABSTRACTS MUST BE 

ENCODED AS EXPLAINED ABOVE. 

4. RECORDING STEP- THE SYMBOLIZED DATA IS PUT ON COMPUTER CARDS OR 

TAPE FOR FURTHER PROCESSING. AN EXAMPLE OF AN ENCODED ABSTRACT 

IS SHOWN IN FIGURE (2) AND FIGURE (3) IS AN EXPLANATION OF THE 

TERMSe 

II SEARCHING PHASE 

1. STATEMENT OF ScoPE OF SEARCH- THE INFORMATION REQUEST MUST BE 

ACCURATELY STATED. 

2. INTERPRETATION oF ScoPE oF SEARC~- A PERSON WITH KNOWLEDGE oF THE 

WHOLE SYSTEM MUST EXAMINE THE SEARCH QUESTIONS TO SEE THAT 

IT IS PROPERLY STATED. IT MUST BE PUT IN 8oOLEAN ALGEBRA FORM 

AND ENCODED. 

3. MACHINE SEARCHING OPERATION- THE MACHINE DOES ITS OWN SCANNING 

AND MATCHING HERE. 

4. PRov1s10N oF AcTUAL RECORDS- THIS CAN VARY ACCORDING To coM~LEXITY 

REQUIRED. IT CAN GO FROM AN ABSTRACT FILE AND A BOOKSHELF, TO A 

MICROFILM SYSTEM FOR PRINTING OF COPIES. THIS SECTION IS RATHER 

SECONDARY TO THE ACTUAL SYSTEM. 

SUPPOSE WE HAVE AN INFORMATION REQUEST ON THE USE OF ALLOYS FOR 

TREATING GRAY IRON TO IMPROVE ITS PROPERTIES. THE REQUEST MAY BE SYMBOLIZED 

IN THE FOLLOWING MANNER
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FIRST SEARCH REQUIREMENT A. B =A' 

A UsE OF (BY MEANS oF) KQJ 

ALLOY LALL<i>1 


SECOND SEARCH REQUIREMENT C. D = B' 


8 

c MATERIAL PROCESSED KEJ 


D GRAY IRON RARN04 


THIRD s EAR CH REQUIREMENT E. D = C' 


E PROPERTIES GIVEN FOR KOV 


D GRAY IRON RARN04 


FouRTH SEARCH REQUIREMENT F. G = D' 


F PROPERTIES KWV 


G IMPROVEMENT KQV 


Now THE SEARCH REQUIREMENT IN "rOTAL IS TO FIND THE FOUR INDIVIDUAL. 

SEARCH REQUlREMENT.S IN ANY ORDER IN ANY SENTENCE IN AN ABSTRACT. THE REQUEST 

MAY NOW BE SYMBOLIZED AS

<#TT (A'. B'. c 1 • 0 1
) TT#> 

THE SYMBOLS < ) DENOTE THAT THE MACHINE MUST FIND #, TT 1 THE LOGICAL 

1 1 0 1
PRODUCT (A • 8 • C' ~ ) AND THEN n AND# IN THAT ORDER. THE REGULAR 

0 1PARENTHESES SHOW THAT THE ORDER OF A', B' t C 1 OR IS NOT IMPORTANT. SucH 

IS AN EXAMPLE OF A GENERIC QUESTION INTERPRETED AND ENCODED IN THE MACHINE 

LANGUAGE. 

8ECKER AND HAYES (1) SAY THAT THIS METHOD OF PRODUCING TERMS, SINCE 

IT IS BASED ON A HIGHLY ORGANIZED CONCEPT OF THE RELATIONSHIP AMONG TERMS, 
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AL.L.OWS FOR RECOVERY IN RESPONSE TO QUESTIONS PHRASED WITHIN THIS STRUCTURE OF 

TERMS. THUS GENERIC QUESTIONS WITHIN THIS FRAMEWORK WIL.L. BE HANDL.ED WITHOUT 

DIFFICUL.TV. HowEVER, IT MUST AL.SO BE REAL.IZED THAT REL.ATIONSHIPS OUTSIDE THE 

STRUCTURE, DEFINED BY THE CHOSEN SEMANTIC REL.ATIONS WIL.L. BE AS HARD TO HANDL.E 

IN THE WESTERN RESERVE SvsTEM As THEY ARE IN ANY OTHER svsTEM AND PERHAPS 

MORE SO. 

IT SEEMS TO THE AUTHOR THAT PERRY AND KENT HAVE ACHIEVED A CERTAIN 

DEGREE OF RIGOUR BUT HAVE AL.SO SUCCEEDED IN MAKING THE SYSTEM MORE COMPL.EX. 

THEY CL.AIM THAT WORDS ARE NO GOOD AND VET THEY MUST SEARCH FOR CONCEPTS IN 

EXACTL.Y THE SAME WAY ANY OTHER SYSTEM WOUL.D SEARCH FOR WORDS. IT IS TRUE 

THAT THEY HAVE EL.IMINATED MANY PROBL.EMS SUCH AS SYNONVMNS, WORD ROOTS, ETC., 

BUT THEY HAVE DONE THIS ONL.Y AT THE EXPENSE OF HAVING TO ENCODE EVERYTHING. 

THERE HAS BEEN NO PROVIS ION MADE FOR EITHER AUTOMATIC ENCODING OR ABSTRACTING. 

THEY HAVE BEEN SUCCESSFUL. IN EL.IMINATING MOST OF THE BOTTL.ENECKS IN THE 

MACHINE SEARCHING SECTION OF THEIR PROGRAM BUT HAVE AL.SO BEEN SUCCESSFUL IN 

TRANSFERRING THOSE BOTTLENECKS TO OTHER PL.ACES IN THE PROGRAM. IN ADDITION, 

THERE HAS BEEN NO ALLOWANCE FOR THE FACT THAT USEFUL.NESS OF AN ARTICLE MAY 

CHANGE IN TIME. THEIR SYSTEM WOULD INVOLVE RE-ABSTRACTING, ETC., WHICH 

WOULD, OF COURSE, BE VERY TIME CONSUMING. THIS POINTS UP THE DESIRABILITY 

OF MACHINE ABSTRACTING IF IT IS AT ALL POSSIBLE. A MACHINE ABSTRACT COULD BE 

PREPARED IN VERY SHORT ORDER AND THE CHANGE IN VALUE OVER TIME MIGHT BE ALL.OWED 

FOR BY SIMPLY A CHANGE IN INPUT PARAMETERS. 

IT SHOULD BE NOTED THAT PERRY AND KENT DO NOT GIVE MUCH INDICATION AS 

http:COMPL.EX
http:DIFFICUL.TV
http:HANDL.ED
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TO THE SUCCESS THEY HAVE HAD WITH THEIR SYSTEM WITH RESPECT TO THE COMPUTER. 

THEY DO HINT THAT THEY HAVE HAD SUCCESS WITH SIMPLE PROGRAMS BUT NEGLECT TO 

INDICATE TYPES OF COMPUTER PROGRAMS USED. 

REFERENCE (8) BY PERRY AND KENT IS A BOOK WHICH TRIES TO SET UP A 

MATHEMATICAL MODEL THAT WILL EXAMINE AND GRADE VARIOUS INFORMATION STORAGE 

AND RETRIEVAL SYSTEMS WITH RESPECT TO TIME AND EFFICIENCY. THIS CONTAINS A 

GREAT DEAL OF ADDITIONAL WORK ON THEORETICAL OPERATIONAL CRITERIA SUCH AS 

PERTINENT FACTORS, RECALL FACTORS AND OMISSION FACTORS AS PREVIOUSLY EX

PLAINED. THEY DO GO ON TO PRESENT SOME CQST ANALYSIS FIGl,JRE!;i FOR STANDARD 

OPERATING SYSTEMS sucH As THE 0EwEY 0Ec1 MAL SYSTEM AND THE UN 1TED STATES 

PATENT OFFICE P1GEON-HoLE SYSTEM. TH1s 1s RATHER INTERESTING To THE WHOLE 

FIELD OF INFORMATION STORAGE AND RETRIEVAL, BUT FOR THE MOST PART, IS QUITE 

SPECIALIZED AND NOT OF MUCH CONCERN AT THE PRESENT Tl ME TO THOSE INTERESTED 

IN AUTOMATIC SYSTEMS. IN SUCH AN EARLY STAGE OF DEVELOPMENT, WE MUST 

CONCERN OURSELVES FIRST WITH WHETHER OR NOT A SYSTEM WILL WORK SATISFAC

TORI LY AT ALL. WHEN MANY CHOICES ARE AVAILABLE, WE CAN BEGIN TO THINK ABOUT 

EFFICIENCIES. IN ADDITION, SOME sooKs MAKE REFERENCE To Russ1AN SYSTEMS AND 

INDICATE THAT IT IS SUPPOSED THAT THE RusSIANS ARE MORE ADVANCED IN THIS FIELD 

THAN WE ARE. THEREFORE, IN THE OPINION OF MANY CITIZENS AND POLITICIANS, WE 

MUST KEEP UP, AND COST AND EFFICIENCY ARE OF SECONDARY IMPORTANCE. 

2. 5 TOOLS AND EQUIPMENT 

8ECKER AND HAYES (1) PRESENT A BRIEF BUT THOROUGH REVIEW OF THE 

EQUIPMENT USED IN THE FIELD OF INFORMATION RETRIEVAL TODAY. THEY BEGIN WITH A 
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DISCUSS ION OF THE MODERN FORMS OF PRINTING WHICH INCLUDES LETTERPRESS AND 

OFFSET. ANOTHER SECTION IS DEVOTED TO OFFICE DUPLICATION AND PHOTOCOPY. THE 

FOREGOING IS GENERALLY ENCOMPASSED BY THE FIELD BUT WOULD NOT NORMALLY BE 

THOUGHT OF AS PRIME TOOLS. A DISCUSSION IS PRESENTED ON ELECTRONIC DATA 

PROCESSING MACHINES. THIS INCLUDES AN EXPL.ANATION OF PUNCH CARD AND PUNCH 

TAPE CODES ALONG WITH THE ASSOCIATED KEY PUNCH MACHINES •. REFERENCE IS MADE 

To A PRINT READING MACHINE DEVELOPED BY THE RoME A1R DEVELOPMENT CENTRE 

(RoME, N. Y. , U.S. A. ) WHICH UTILIZES TELEVISION-TYPE VIDEO IMPULSES To 

RECOGNIZE DIFFERENT LETTERS. fT IS EQUIPPED TO READ AT THE RATE OF APPROX

IMATELY TWO FULL SINGLE SPACED PAGES PER MINUTE AND PUNCH THE INFORMATION 

ON TAPE. THIS, OF COURSE, IS AN EXPERIMENTAL MACHINE BUT EVENTUALLY THIS 

TYPE OF MACHINE WILL OVERCOME ONE OF THE MAJOR DRAWBACKS OF AUTOMATED 

SYSTEMS. THIS IS THE•PROBLEM OF RAPID INPUT. 

ALSO INCLUDED, IS A DISCUSSION OF SPECIAL PURPOSE DEVICES USING 

PRINCIPLES OF MAGNETIC RECORDING VIA MAGNETIC DRUMS, DISKS, TAPE AND CARDS. 

THE GENERAL THEORY BEHIND EACH IS GIVEN AND THIS PROVIDES A GROUNDING IN ANY 

OF THE BASIC SYSTEMS IN USE TODAY. 

AN EXCELLENT DISCUSSION OF MICROPHOTOGRAPHY IS PRESENTED NEXT . 

M1cRoF1LM AND MANY OF THE VAR1ous VIEWERS ARE ENCOUNTERED. MANY PROBLEMS 

SUCH AS PREPARATION AND ACCESSABILITY HAVE BEEN OVERCOME BY SYSTEMS SUCH 

1
As THE RAPID SELECTOR AND KoDAK s M1N1CARD SYSTEM. THESE SYSTEMS GENERALLY 

CONTAIN BOTH INDEX AND DOCUMENT FILE INFORMATION ON THE SAME CARD. A CARD IN 

THE MINICARD SYSTEM IS APPROXIMATELY HALF THE SIZE OF A POSTAGE STAMP. THESE 
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SYSTEMS ARE ADVANTAGEOUS IN THAT THEY ARE QUITE COMPACT AND UNDOUBTEDLY FIND 

MANY SPECIALIZED APPLICATIONS. 

IN SUMMARY, BECKER AND HAYES HAVE PRESENTED AN EXCELLENT GENERAL 

REVIEW OF EQUIPMENT USED IN THE FIELD TODAY. MoRE DETAILED INFORMATION CAN 

EASILY BE OBTAINED FROM SUPPLIERS OF THE EQUIPMENT BUT THIS IS USUALLY QUITE 

CLUTTERED UP WITH IMPRESSIVE SUPERLATIVES, 

2. 6 AUTO-ABSTRACTING 

BECKER ANO HAYES (t) THEN PRESENT A BRIEF OF THE AUTO-ABSTRACTING 

PROCESS oR IGINATED BY H.P. LuHN (9, 10). LuHN SEEMS TO BE MORE CONCERNED 

WITH THE TIME ASPECT OF LITERATURE SEARCHING THAN ANYONE ELSE, HE HAS BEEN 

TRYING TO AUTOMATE SOME PARTS OF THE TOTAL SYSTEM THAT HAVE BEEN AVOIDED BY 

OTHERS, SUCH AS THE TOPICS OF AUTOMATIC ABSTRACTING ANO INDEXING. H1s PRO

POSALS ARE BASED SOM£WHAT ON CLASSICAL CO-ORDINATE INDEXING AS PRESENTED IN 

SECTION (2. 3) OF THIS REPORT. AssOCIATEO WITH THIS, HE WISHES TO CREATE A 

DICTIONARY OF WORDS, IDEAS AND NOTIONS SIMILAR TO CREATING FAMILIES OF WORDS 

IN A THESAURUS. IT IS FELT THAT IN BUILDING THIS THESAURUS, A FINITE NUMBER OF 

IDEAS WOULD BE ACHIEVED JUST AS THERE ARE APPROXIMATELY ONE THOUSAND WORD 

1
CATEGORI Es IN RoGET s THESAuRus. HE PROPOSES THAT ALL DOCUMENTS BE EDITED 

AND TRANSCRIBED INTO MACHINE READABLE FORM WITH POSSIBLY NOUNS AND CERTAIN 

VERBS IDENTIFIED, THEN A CARD INDEX OF ALL TRANSCRIBED SENTENCES WOULD BE SET 

1 1UP. THE CARDS WOULD BE GROUPED IN NOTIONAL FAMILIES AND EXPERTS WOULD HAVE 

TO WEIGHT THE NOTIONS. FoR EXAMPLE, IT IS POSSIBLE THAT NOUNS ARE ENOUGH TO 

REPRESENT A NOTION. THESE CAN BE GROUPED INTO FAMILIES As IN A THESAURUS. As 
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NOTED L.ATER IT IS FEL.T THAT THESE PRINCIPLES ARE NON-FORMUL.ATED IDEAS BY THE 

AUTHOR AND POSSIBLY THIS IS A REASON WHY NO FURTHER INFORMATION OR EXAMPLES 

ARE OFFERED BY LUHN. 

HE ESTIMATED THAT THE NUMBER OF NOTIONAL. CATEGORIES WOUL.D BE L.ESS 

THAN ONE THOUSAND. THEN, NEW DOCUMENTS CAN BE ENCODED WITH THIS DICTIONARY 

1
OF NOTIONS BECAUSE IT WIL.L. BE POSSIBLE TO RECOGNIZE. THE NOTIONS IN THE AUTHOR S 

USE OF SENTENCES, PARAGRAPHS, ETC. THEN, IT IS SUPPOSED THAT THE MOST FRE

QUENTL.Y USED NOTIONS ARE THE MOST IMPORTANT. WE WOUL.D THEN END UP WITH A 

1 1
NOTIONAL. ABSTRACT THAT COUL.D BE STORED ON TAPE OR CARDS FOR FUTURE SEARCHES. 

THE FOREGOING 1s THE SYSTEM ORIGINAL.LY PROPOSED IN REFERENCE (9) AND LuHN 

ADMITS THAT THIS IS AN UNTESTED PROPOSAL. TO BE DEVEL.OPED IN THE FUTURE. MANY 

QUESTIONS ARE STIL.L. TO BE ANSWERED AND MANY OF THE ASSUMPTIONS ARE YET TO BE 

VERIFIED. 0NE OF THE JCRIMARY ADVANTAGES THAT HE HAS IN MIND IS THAT THE ORIG

INAL. IDEAS OR NOTIONS OF THE AUTHOR WOUL.D NOT BE DESTROYED BY THE INDEXER WHO 

MUST INTERPRET THE ARTICLE ACCORDING TO HIS OWN BACKGROUND. IT IS FEL.T THAT 

IN THIS ARTICLE, LUHN IS DREAMING OF AN OVERALL. SYSTEM BASED ON THESE IDEAS. 

HowEVER, IT IS AL.SO FEL.T THAT THE IDEAS PRESENTED MUST COME DOWN SEVERAL 

L.EVELS OF SOPHISTICATION IN ORDER TO BE TRIED. 

IN A L.ATER ARTICLE (10), LuHN DOES COME DOWN IN SOPHISTICATION TO TRY 

SOME OF HIS IDEAS WITH PRONOUNCED SUCCESS. HE MAKES THE POINT THAT WHATEVER 

TIME THAT AN AUTO-ABSTRACT CAN SAVE IS TIME SAVED FOR A HIGHL.Y QUALIFIED 

INDEXER OR ABSTRACTER WHO IN MOST SYSTEMS MUST HAVE ABILITY COMPARABLE TO 

THE AUTHOR OF THE ARTICLE BEING ABSTRACTED. HE AGAIN POINTS OUT THAT AN 

http:ORIGINAL.LY
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ABSTRACTER IS INFLUENCED BY HIS BACKGROUND, ATTITUDE ANO DISPOSITION WHEREAS 

A MACHINE IS IMPARTIAL ACCORDING TO ITS INSTRUCTIONS. LuHN ADMITS THAT ONE OF 

THE GREAT DRAWBACKS TO AUTOMATIC ABSTRACTING TODAY IS THE FACT THAT AN 

ARTICLE MUST BE TRANSCRIBED INTO MACHINE READABLE FORM. THIS MEANS USUALLY 

THAT THE ARTICLE MUST BE PUNCHED ONTO CARDS. HowEVER, IT IS NOTED THAT MANY 

PUBLISHING HOUSES IN TH'E UNITED STATES TODAY HAVE PAPER 1'6.PE MACHINES ATTACHED 

TO THEIR AUTOMATIC TYPE-STTERS. THUS AS THE TYPE IS BEING SET FOR PUBLICATION 

OF A BOOK, A COMPUTER TAPE IS BEING PREPARED AT THE SAME Tl ME WHICH CAN BE 

EASILY CONVERTED INTO CARDS IF DESIRED. fN ADDITION, THERE IS SOME WORK GOING 

ON TODAY ON CHARACTER RECOGNITION DEVICES THAT WILL BE DEVELOPED INTO MACHINES 

FOR READING PRINT. THEREFORE, IT IS HOPED THAT THIS ONE LARGE DRAWBACK WILL BE 

OVERCOME SOMETIME IN THE NEAR FUTURE. 

1
LuHN S BASIC• IDEA BEHIND HIS AUTO-ABSTRACTING PROGRAM IS THAT OF WORD 

SIGNIFICANCE. fT IS HIS FEELING THAT A WRITER NORMALLY REPEATS CERTAIN WORDS 

IN ADVANCING HIS ARGUMENTS. A WRITER, CONSCIOUS OF HIS WRITING, WILL TRY TO 

USE SYNONYMS TO REDUCE THE BOREDOM IN HIS ARTICLE, BUT USUALLY THERE AREN'T 

TOO MANY ALTERNATE CHOICES SO HE IS EVENTUALLY FORCED BACK INTO REPEATING 

HIMSELF. LUHN ALSO FEELS THAT THE MORE OFTEN CERTAIN WORDS ARE FOUND IN EACH 

1
OTHERS COMPANY, THE MORE SIGNIFICANT THEY ARE. FoR EXAMPLE, IT IS HIS FEELING 

THAT IF TWO KEY WORDS ARE FOUND SIDE BY SIDE, THEY HOLD MORE SIGNIFICANCE THAN 

IF THEY WERE FOUND SEPARATED. 

CoMMON WORDS CAN BE ELIMINATED THROUGH THE USE OF A COMMON WORD 

LIST. THERE ARE SOME WORDS THAT MAY BE VERY COMMON TO SOME FIELD ANO YET 
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THEY ARE NOT FOUND IN THE COMMON WORD LIST. FoR EXAMPL.E 1 WORDS L.IKE MACHINE 

AND POWER ARE COMM•:>N IN ENGINEERING LITERATURE. WITH THIS IN MIND, LUHN THEN 

SUGGESTS THAT THERE BE A CUT-OFF OF VERY HIGH AND L.OW FREQUENCY WORDS AND 

ONLY THE WORDS WITH FREQUENCIES BETWEEN THESE TWO LIMITS BE USED AS SIGNIFI

CANT KEY WORDS. HE DOES SAY, HOWEVER, THAT THESE CUT-OFF POINTS WOULD HAVE 

TO BE DETERMINED BY EXPERIENCE AND HE AL.SO NEGLECTS TO SAY IF HE USED THIS 

PRINCIPLE IN HIS OWN PROGRAM. 

ONCE HAVING ESTABLISHED WORD SIGNIFICANCE, HE GOES ON TO ESTABLISH 

SENTENCE SIGNIFICANCE. HE CONSIDERS THAT THE TWO MOST IMPORTANT FACTORS ARE 

KEY WORD OCCURANCE IN THE SENTENCE AND KEY WORD PROXIMITY IN THE SENTENCE. 

PsYCHOL.OGICAL. RESULTS (NOT REFERENCED) L.EAD HIM TO THINK THAT SIGNIFICANT 

WORDS PL.ACED MOST CL.OSEL.Y TOGETHER ARE IMPORTANT FOR TRANSMISSION OF IDEAS. 

THEREFORE, HE DIVIDES EACH SENTENCE INTO BRACKETS AND GIVES EACH BRACKET A 

WEIGHT ACCORDING TO THE NUMBER AND PROXIMITY OF KEY WORDS. THEN HE WEIGHTS 

THE WHOLE SENTENCE ACCORDING TO THE BRACKET WEIGHTS. HE SUGGESTS THAT THE 

PRINT-OUT CAN BE THOSE SENTENCES ABOVE A CERTAIN WEIGHT OR A CERTAIN NUMBER 

OF THE MOST IMPORTANT SENTENCES. 

{T IS HIS FEEL.ING THAT AUTO-ABSTRACTS, WHEN DEVEL.OPED A LITTLE FURTHER 

WILL HAVE A HIGHER DEGREE OF STABILITY THAN THOSE PREPARED BY HUMANS. HE FEEL.S 

1
THAT THE AUTHOR S OWN WORDS SHOULD NOT BE ALTERED BY HUMANS. THE ABSTRACT 

WILL. BECOME A SORT OF TINDICATIVET ABSTRACT. WHEN PEOPLE BECOME MORE FAMILIAR 

WITH THEM THEY WIL.L. BECOME MORE ACCUSTOMED TO THE FACT THAT THE SENTENCES 

SELECTED FOR THE AUTO-ABSTRACT INDICATE MOST FREQUENTLY USED WORDS ANO WILL 
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NOT EXPECT THAT THE SENTENCES SEL.ECTED FORM A COMPL.ETE RESUME OF THE ARTICL.E. 

THEY WILL SEE WHICH ARE THE KEY WORDS AND EXPECT MORE OF THE SAME IN THE SAME 

GENERAL. CONTEXT AS THE SENTENCES PRESENTED. 

2. 7 KWIC, KWOC, WADEX 

8ECKER AND HAYES (1) DISCUSS BRIEFL.Y, MACHINE PREPARED INDEXES AS 

WELL As ABSTRACTS. THE KWIC (KEY WoRD IN CoNTEXT) 1s PERHAPS THE FIRST AND 

MOST COMMON. UsUAL.LY THIS TYPE OF INDEXING CONCERNS ITSEL.F PRIMARILY WITH 

THE TITLE OF THE ARTICL.E BECAUSE IT IS FELT THAT THE TITLE SHOUL.D CONTAIN AN 

INDICATION AS TO WHAT IS IN THE ARTICL.E. 0cCASIONAL.L.Y1 ONE FINDS ARTICL.ES WITH 

SHORT AND RATHER MEANINGLESS TITLES. IT HAS BEEN WIDELY ADVOCATED BY PEOPL.E 

RESPONSIBLE FOR KWIC, THAT THESE TITL.ES BE CHANGED WITH OR WITHOUT THE 

AUTHOR TS CONSENT, TO SOMETHING MORE MEANINGFUL SO THAT THEIR INDEXING SYSTEM 

WILL OPERATE MORE SA'l"'ISFACTORIL.Y. 

THE IDEA OF THE KWIC INDEX IS TO LIST EACH BOOK OR ARTICL.E IN ITS 

SYSTEM, ONCE FOR EVERY KEY WORD USED IN ITS TITLE. THE INDEX FIRST EXAMINES 

ALL THE TITLES AND PICKS OUT ALL THE KEY WORDS. IT IS SUPPOSED THAT THIS IS 

DONE SIMPLY BY ELIMINATING COMMON WORDS. THE KEY WORDS ARE ARRANGED IN 

ALPHABETICAL. ORDER, AND FOR EACH KEY WORD IN THE TITLE, THE TITLE IS PRINTED 

IN CONTEXT, IN A VERTICALLY AL.IGNED POSITION. THE KEY WORD IS IN THE MIDDLE OF 

THE .L.INE. AN EXAMPL.E OF A KWIC INDEX IS SHOWN IN FIGURE (4). A PERSON CA~ 

THEN SIMPLY SCAN DOWN THE COL.UMN OF KEY WORDS IN THE CENTRE OF THE PAGE 

UNTIL HE FINDS THE ONES HE WISHES. IF THE TITLE INDICATES THAT THE BOOK IS 

REQUIRED, A REFERENCE L.OCATION IS AL.SO SUPPL.IED. ILL.USTRATIONS OF KWIC INDEXES 

http:ARTICL.ES
http:0cCASIONAL.L.Y1
http:UsUAL.LY
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CAN BE FOUND IN REFERENCES (1) AND (11 ). 

THE KWOC SYSTEM (KEY WoRD OuT oF CoNTExT) 1s VERY SIMILAR To THE 

KWIC SYSTEM. THE ARRANGING IN AL..PHABETICAL.. ORDER ACCORDING TO THE KEY WORDS 

IS IDENTICAL... THE MAIN DIFFERENCE IS THAT THE KEY WORD IS PRINTED OUT AT THE 

L..EFT HAND SIDE OF THE PAGE AND THEN THE WHOL..E TITL..E FOL..L..OWS IT. THIS ESSEN,;_ 

TIAL..L..Y THEN IS THE SAME INDEX WITH A DIFFERENT FORMAT THAT MAKES IT SL..IGHTL..Y 

EASIER TO READ. 

THE WADEX SYSTEM (WoRD AND AuTHOR INDEx) 1s SIMILAR To THE KWOC 

SYSTl;:M BUT liA$ SQM~ MAJOR tUFF~Rf;;NCES. T1TL..E$ A~E PR INTEO FUL,.L..Y INCL,.UOING 

AUTHORSt NAMES. EAcH TITL..E BEGINS AT THE L..EFT HAND SIDE AND OCCUPIES AS MANY 

1
L..INES AS ARE REQUIRED. KEY WORDS AND AUTHORS NAMES ARE ARRANGED TOGETHER IN 

AL..PHABETICAL.. ORDER AND PRINTED OUT OF CONTEXT TO THE L..EFT OF THE TITL..E. WADEX 

IS ARRANGED IN TWO COL..UMNS WITH PAGINATION AT THE BOTTOM AND A DICTIONARY 

ENTRY AT THE TOP OF THE PAGE. THIS SYSTEM IS QUITE EASY TO READ AND INCLUDES 

1
AUTHORS NAMES. IT IS FEL..T THAT MANY PEOPL..E REMEMBER ARTICL..ES OR BOOKS BY 

AUTHOR RATHER THAN BY TITL..E. FIGURE (5) IS AN IL..L..USTRATION OF A WADEX INDEX. 

REFERENCE (11) CONTAINS A VERBAL. DESCRIPTION OF THE STEPS TAKEN IN PREPARING 

A WADEX INDEX AND THIS 1s AIDED BY A FL.OW CHART. No INDICATION 1s GIVEN AS To 

WHAT TYPES OF LANGUAGES ARE USED BUT IT IS ASSUMED THAT THESE INDEXES ARE 

PREPARED BY COMPUTER EXPERTS THAT WOUL..D USE BASIC MACHINE LANGUAGES RATHER 

THAN soME PREPARED LANGUAGE sucH As IBM's FORTRAN oR COBOL. 

THESE COMPUTER PREPARED INDEXES ARE NOT EXPECTED TO SERVE THE PURPOSE 

OF A COMPL..ETE INFORMATION STORAGE AND RETRIEVAL SYSTEM. HowEVER, THEY ARE 
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EXAMPL.ES OF THE EFFORTS FOR TIME SAVING GOING ON IN THE FIEL.D. IT MIGHT BE 

POINTED OUT THAT THESE INDEXES ARE VERY WEL.L. SUITED FOR BROWSING FOR THE 

SEARCHER WHO IS NOT COMPL.ETEL.V SURE OF WHAT HE REQUIRES. 

2. 8 SYSTEMS THEORY 

BECKER AND HAVES (1) AND B. c. VICKERY (12) MAKE SOME ATTEMPTS AT 

THE FORMAL.IZATION OF INFORMATION SVST,EM THEORY. REFERENCE (1) BREAKS AN 

INFORMATION STORAGE AND RETRIEVAL SYSTEM INTO SEPARATE FUNCTIONS FOR THE 

USER 1 OPERATOR, DESIGNER ANO SUPPL.I ER OF EQUIPMENT. A BRIEF DESCRIPTION OF 

THE RESPONSIBIL.ITIES OF EACH GROUP IS PRESENTED. V1cKERY (12) MAKES REFERENCE 

TO SOME OF THE ESTABLISHED SYSTEMS (LuHN, PERRY AND KENT) BUT IT SEEMS THAT 

HE GETS VERY INVOLVED WITH THEORIES CONCERNING STRUCTU~AL MODES, FILE ORGAN

IZATIONS AND SEARCH PROCEDURES. A DISCUSSION OF OPERATIONAL. CRITERIA OF 

SYSTEMS IS AL.SO PRESE!NTED. 

2. 9 A CRITICISM 

MANY AUTHORS ARE QUICK TO CRITICIZE THE FEW ESTABLISHED SYSTEMS 

BECAUSE THEY ARE IN SUCH A CRUDE STAGE OF DEVELOPMENT. PERHAPS ONE OF THE 

BEST CRITICISMS OF THE FIELD OF INFORMATION STORAGE AND RETRIEVAL IS GIVEN BY 

Y. 8AR-HIL.L.EL. (6). HE GIVES SOME PRAISE TO DEVELOPERS OF SUCH SYSTEMS AS THE 

MINICARD SYSTEM FOR HAVING DARED TO STEP OVER THE ACCEPTED FOUR STEPS OF 

ACCESSION NUMBERS, CITATIONS, ABSTRACTS AND DUPLICATE COPIES. THESE SYSTEMS 

MAKE USE: OF MICROFILM MOUNTED IN COMPUTER CARDS. THEN IF A CARD IS SELECTED 

BECAUSE OF KEY WORDS AND IT IS SORTED OUT BY A MACHINE SORTER, THE SEARCHER 

HAS THE DOCUMENT OR POSSIBLY THE ABSTRACT ON MICROFILM IMMEDIATELY. THIS 

http:8AR-HIL.L.EL
http:EXAMPL.ES
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CAN THEN BE READ THROUGH A MICROFILM VIEWER. THERE IS 1 OF COURSE, MUCH EFFORT 

REQUIRED IN PREPARATION OF THESE CARDS BUT MANY COMPANIES IN THE UNITED STATES 

ARE PRODUCING CARDS AND MICROFILM MOUNTERS THAT GREAILY SIMPLIFY THE TASK. 

HE FEELS THAT THIS SYSTEM MAY DEVELOP INTO SOMETHING THAT WILL ELIMINATE 

THE REFERENCE SYSTEM. IT SEEMS THAT HE FAILS TO REALIZE THAT THE M1NICARD 

SYSTEM IS NOT A SYSTEM AT ALL. RATHER IT IS MERELY A TOOL TO BE INCORPORATED 

INTO SOME OTHER SYSTEM. 

HE IS VERY CRITICAL OF AUTO-INDEXING AND AUTO-ABSTRACTING SYSTEMS. 

HE FEELS THAT SETS OF KEY WORDS OBTAINED BY MACHINE WILL NOT BE OF AS GOOD 

QUALITY AS THOSE OBTAINED BY AN EXPERIENCED INDEXER BECAUSE OF PROBLEMS SUCH 

AS SYNONYMS, PLURALS (WORD BASES), ETC. THESE WOULD NOT BE ANY BETTER THAN 

A CRUDE UNITERM SYSTEM IN WHICH HE PLACES NO FAITH AT ALL. HE SAYS THAT AN 

AUTO-ABSTRACT CAN DO•NO BETTER THAN THE AVERAGE OF HUMAN ONES AND THAT AN 

1 1
AUTHOR S EXTRACT WOULD BE THE BEST. (T SEEMS THAT HE DOESN T PUT ANY VALUE 

ON TIME REQUIRED FOR j,,jUMAN INDEXING AND ALSO FAILS TO RECOGNIZE THAT THE 

PRACTICE OF AUTHORS INDEXING THEIR OWN WORKS IS NOT YET VERY COMMON. IN THE 

FUTURE, THIS WOULD CERTAINLY BE A HELP HOWEVER. 

HE CLAIMS THAT THE ONLY STEPS OF THE LITERATURE SEARCH PROCESS 

WHICH ARE AMENABLE TO PERFORMANCE BY A DIGITAL COMPUTER ARE THOSE STEPS 

WHICH FOLLOW THE ASSIGNMENT OF THE BooLEAN FUNCTION OVER THE TOPIC TERMS, 

UP TO AND INCLUDING THE PRINTING OF THE REFERENCE LIST. 

2. 10 COMMENTS OF THE AUTHOR 

THE FIELD OF AUTOMATED INFORMATION STORAGE AND RETRIEVAL IS IN ITS 
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INITIAL STAGES OF DEVELOPMENT. THE PROBLEMS ENCOUNTERED CAN NOT ANO WILL NOT 

BE SOLVED OVERNIGHT. THERE WILL BE A PERIOD OF EVOLUTION IN WHICH THEORIES ANO 

SYSTEMS WILL GROW ANO PERISH ACCORDING TO THEIR MERITS. CRITICISMS SUCH AS 

8AR-HILLEL's (6), ALTHOUGH THEY DO NOT CONTRIBUTE ANYTHING DIRECTLY, WILL 

SERVE AS INDUCEMENTS FOR THE DESIGN OF BETTER SYSTEMS. 

JT HAS BEEN SEEN IN THIS LITERATURE SURVEY THAT MANY PEOPLE HAVE BEEN 

WORKING IN THIS FIELD AND HAVE HAO SUCCESS IN FINDING WAYS TO AID THE PROBLEMS 

OF INFORMATION SYSTEMS. THE WESTERN RESERVE SYSTEM 1s PERHAPS THE MOST 

FORl'l(1AL. AND MOST COMPLEX OF AL.I.-. THe: BASIC FAULT HERE IS THAT IT HAS BEEN MADE 

VIRTUALL.V IMPOSSISLE TO HAVE A COMPLETELY AUTOMATED SYSTEM. THE ENCODING 

AND ABSTRACTING HAS TO BE DONE BY HIGHLY TRAINED PERSONNEL. THEY HAVE 

SUCCEEDED IN SOLVING SOME OF THE PROBLEMS OF CONCEPTS IN LANGUAGE BUT IN SO 

DOING HAVE DEVELOPED A PARTIALLY AUTOMATED SYSTEM THAT IS QUITE COMPLEX AND 

1
IS NOT FELT TO BE SUITABLE FROM A OESIGNER S POINT OF VIEW BECAUSE OF HIS TIME 

LIMITATIONS. 

THE UNITERM SYSTEM AND AUTO-ABSTRACTING SYSTEM HAVE PROGRESSED 

ALONG SOMEWHAT SIMILAR LINES. THEY HAVE TRIED TO USE NATURAL LANGUAGE ANO 

HAVE VARYING DEGREES OF COMPLEXITY. USUALLY, A SEARCH CAN BE DONE VERY 

QUICKLY BUT ONLY BY GETTING MANY FALSE DROPS. To ELIMINATE FALSE DROPS 

INVOLVES TIME ANO MORE COMPLICATED SYSTEMS. FROM THE OESIGNER 1s POINT OF 

VIEW, HE MAY BE PERFECTLY WILLING TO TAKE MANY FALSE DROPS TO SAVE TIME. (T 

IS PROBABLE THAT HE COULD ELIMINATE MOST OF THE FALSE DROPS BY THE TITLE 

ALONE AND MANY MORE BY A QUICK EXAMINATION OF THE ABSTRACT. FROM THE POINT 

._, 
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OF VIEW OF THE DESIGNER, SYSTEMS THAT WORK BETTER WIL.L. BE DEVELOPED IN THE 

FUTURE THAT WILL. GIVE HIM FAST AND ACCURATE INFORMATION BUT TODAY HE WOULD 

LIKE A COMPLETELY AUTOMATED SYSTEM TO GIVE QUICK INFORMATION EVEN THOUGH IT 

IS NOT COMPL.ETELY ' RELEVANT. 

1
IT SHOUL.D BE NOTED THAT IT IS THE AUTHOR S FEEL.ING THAT THE LITERATURE 

IN THE FIELD OF INFORMATION STORAGE AND RETRIEVAL IS IN AN UNSATISFACTORY 

STATE. 0NE REASON FOR THIS IS THAT PEOPLE THAT HAVE HAD SOME SUCCESS USING 

A COMPUTER ORIENTED SYSTEM HAVE NOT PUBLISHED DETAIL.S CONCERNING TYPES OF 

COMPUTERS USED, COMPUTER LANGUAGE USED ANO PROGRAMS USEC. THE SECOND REASON 

IS THAT THE LITERATURE PROMISES AND IMPLIES MUCH MORE THAN IT DELIVERS. fT IS 

POSSIBLE THAT THIS IS CHARACTERISTIC OF A NEW FIEL.D. IT SEEMS THAT MANY OF THE 

AIDS DESIGNED FOR THE FIEL.D ARE WRITTEN UP IN THE LITERATURE AS BEING COMPLETE 

SOLUTIONS TO ALL THE PROBLEMS. 

IT IS ALSO CHARACTERISTIC OF THE WORK THAT HAS GONE ON IN THE FIEL.D 

THAT A COMPLETE SYSTEM HAS NOT BEEN ATTEMPTED. VARIOUS PORTIONS OF SYSTEMS 

HAVE BEEN TRIED AND FOUND SUCCESSFUL. To THE AUTHOR'S KNOWLEDGE, NO-ONE HAS 

ATTEMPTED TO INCORPORATE MANY OF THE SUCCESSFUL FEATURES AND IDEAS INTO AN 

OVERAL.L SYSTEM DESIGN. IT IS HIS HOPE TO ESTABL.ISH PLANS FOR AN OVERALL 

INFORMATION STORAGE AND RETRIEVAL. SYSTEM THAT MAKES FUL.L. USE OF DIGITAL. 

COMPUTERS AND THAT AS MUCH OF THE DETAIL. AS POSSIBLE WILL. BE PROVIDED. 



3. DESIGN 

3. 1 SCOPE OF DESIGN 

THE TWO BASIC FAUL.TS WITH THE CURRENT L.ITERATURE FOUND BY THE AUTHOR 

HAVE BEEN STATED AS THE OMISSION OF COMPUTER PROGRAMS USED AND THE FAIL.URE 

OF ANYONE TO ATTEMPT AN OVERALL AUTOMATED SYSTEM DESIGN. (T IS WITH THESE 

TWO SHORTCOMINGS IN MIND THAT THIS DESIGN HAS BEEN ATTEMPTED. 

THE BASIC SYSTEM PROPOSED WIL.L. BE OUTLINED. DuE To TIME L.IMITATIONS, 

ALL OF THE DETAIL IN THE SYSTEM COULD NOT BE INCLUDED. THE KEY ASPECTS OF THE 

SYSTEM WIL.L BE DETAILED AND THE ITEMS NEGLECTED WIL.L BE DESCRIBED WITH AN 

INDICATION GIVEN AS TO HOW THEY COULD BE COMPLETED. 

IT SHOULD BE NOTED THAT THE PROPOSED SYSTEM IS NOT MEANT TO BE A 

COMPLETE SOLUTION OF AL.L THE PROBLEMS IN THE FIELD OF INFORMATION STORAGE AND 

RETRIEVAL. THE SYSTEM WOULD HAVE TO BE GREATLY COMPL.ICATEO TO SOLVE MANY OF 

THE PROBLEMS. HowEVER, IT IS HOPED THAT THE SYSTEM WOULD SERVE AS A BASIC 

·FOUNDATION FOR FURTHER ADVANCES IN THIS FIELD. (N ADDITION, THE SYSTEM WAS 

DESIGNED WITH PARTICULARILY THE NEEDS OF THE DESIGNER IN MINO. (T IS FEL.T 

THAT DESIGNERS, MORE THAN ANY OTHER GROUP, ARE IN NEED OF RAPID INFORMATION 

RETRIEVAL.. IN FACT, IT IS· FELT THAT THEY WOULD BE VERY WIL.LING TO ACCEPT MANY 

FALSE DROPS AS LONG AS THE RESPONSE OF THE SYSTEM WAS QUICK. 

THE SYSTEM DESIGNED IS MEANT TO BE A COMPL.ETEL.Y AUTOMATED SYSTEM. 

NEW INFORMATION COMING INTO THE SYSTEM IS ANAL.YZEO FOR KEY WORDS AND KEY 
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SENTENCES THAT FORM AN ABSTRACT. VARIOUS FIL.ES ARE KEPT OF KEY WORDS, ABSTRACTS 

ETC. WHEN THERE IS A REQUEST FOR INFORMATION FROM A USER, THE KEY WORDS IN HIS 

REQUEST ARE IDENTIFIED AND BY MATCHING FOR KEY WORDS, THE COMPUTER CAN PICK 

THE PERTINENT REFERENCES OUT OF ITS LIBRARY. THE COMPUTER USED IN THIS CASE 

WAS AN IBM 7040, RECENTLY INSTALL.ED IN THE ENGINEERING Bu1L.DING AT McMAsTER 

UN IVERS ITV. 5 INCE THE MEMORY OF THE COMPUTER IS FINITE AND ONLY A CERTAIN 

AMOUNT OF INFORMATION CAN BE STORED, IT WAS NECESSARY TO BREAK THE DESIGN 

DOWN INTO SEVERAL STAGES AS WILL BE EXPLAINED IN THE FOLLOWING SECTIONS. 

3. 2 DESIGN OUTLINE 

BEFORE ANALYZING ANY PART OF THE DESIGN IN DETAIL, IT WOULD PERHAPS 

BE ADVANTAGEOUS TO EXAMINE THE OVERALL DESIGN CONCEPT WITH REFERENCE TO 

FIGURE (5). ANY NEW INFORMATION COMING INTO THE SYSTEM MUST FIRST BE CONVERTED 

INTO MACHINE READABLE!: FORM (A). AT PRESENT, THIS MEANS SIMPLY PUNCHING THE 

INFORMATION MANUALLY ONTO EITHER COMPUTER CARDS OR TAPE. (T IS UNFORTUNATE 

THAT THIS IS SUCH A TIME CONSUMING PROCESS BUT AS MENTIONED IN THE LITERATURE 

SURVEY, THERE IS CONSIDERABLE WORK GOING ON IN THE UNITED STATES ON PRINT 

READING MACH INES. ExPER I MENTAL MACH INES HAVE BEEN DEVEL.OPED ANO IT IS HOPED 

THAT THE PROCESS OF PREPARING MATERIAL FOR THE COMPUTER WILL BE GREATLY 

SPEEDED UP IN THE NEAR FUTURE. IN ADDITION, AS EXPLAINED PREVIOUSLY, A COMPUTER 

TAPE CAN NOW BE MADE FROM AN AUTOMATIC TYPE-SETTING MACHINE FOR AN ARTICLE 

OR BOOK BEING PUT INTO PRINT. 

THE MACHINE READABLE FORM OF THE INFORMATION IN THIS CASE IS A SERIES 

OF IBM COMPUTER CARDS. THIS BECOMES THE INPUT DATA TO THE FIRST COMPUTER 

http:INSTALL.ED
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PROGRAM WHICH IS PHASE I OF THE AUTO-ABSTRACTING PROCESS (8). THE KEY WORDS 

IN THE ARTICLE ARE SELECTED ON THE BASIS OF WORD FREQUENCY AND THE RESULTS 

ARE PRINTED OUT AND ALSO PUNCHED OUT ONTO CARDS. ALONG WITH THE WORD ITSELF, 

THE WORD LENGTH AND FREQUENCY OF USE ARE ALSO OUTPUTS OF PHASE f. 

THE OUTPUT CARDS OF PHASE I BECOME PART OF THE INPUT DATA OF PHASE II 

ALONG WITH THE FULL ARTICLES AS USED IN PHASE I. PHASE II (C) EXAMINES EACH 

SENTENCE OF THE ARTICLE AND EVALUATES IT ACCORDING TO THE WORDS USED IN IT. 

THE KEY SENTENCE& WHICH THE PROGRAM SELECTS THEN BECOME THE AUTO-ABSTRACT 

OR AUTO-EXTRACT AS IT IS SOMETIMES CALLED. THE OUTPUT OF PHASE II IS DEPENDENT 

ON THE TYPE OF STORAGE USED FOR THE ABSTRACTS. (T CAN BE EITHER A PRINT OUT OR 

_A PUNCH OUT ON CARDS. f F THE SYSTEM, INCLUDING THE STORAGE SECTION, WERE 

COMPLETELY AUTOMATED AT SOME TIME, AN OUTPUT FROM PHASE II WOULD NOT BE 

NECESSARY. THE ABSTRACT WOULD SIMPLY BE STORED AWAY EITHER IN THE MEMORY 

OF THE MACHINE OR ON VIDEOTAPE DEPENDING ON THE SYSTEM OF STORAGE IN USE. 

THEN, BOTH THE ABSTRACT AND THE FULL ARTICLE ARE STORED ACCORDING TO 

A REFERENCE NUMBER GIVEN THEM. THE ACTUAL MEDIA OF STORAGE IS SOMEWHAT 

ARBITRARY. THE METHOD SELECTED WILL DEPEND ON SUCH FACTORS AS THE NUMBER 

OF ARTICLES AND ABSTRACTS ON FILE AND THE NUMBER OF SEARCHES. THIS IS A FIELD 

IN WHICH THERE HAS BEEN MUCH . DEVELOPMENT .OF EQUIPMENT. WE HAVE MICROFILM 

EQUIPMENT THAT WILL STORE ABSTRACTS OR SHORT ARTICLES ON MICROFILM MOUN.TED 

IN A COMPUTER CARD THAT CAN BE CODED WITH THE ACCESSION NUMBER FOR MACHINE 

SORTING PURPOSES. ALSO AVAILABLE ARE SMALL CARDS ABOUT HALF THE SIZE OF A 

POSTAGE STAMP MADE UP OF MICROFILM. 0N THE MICROFILM ARE LIGHT AND DARK SPOTS 
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THAT ENCODE INFORMATION FOR SORTING. UsuALLY ASSOCIATED WITH THIS TYPE OF 

SYSTEM IS A SERIES OF NECESSARY EQUIPMENT SUCH AS CAMERAS, FILM MOUNTERS, 

SORTERS AND VIEWERS. THERE IS ALSO EQUIPMENT THAT USES A MAGNETIC TAPE 

SYSTEM SIMILAR TO THE VIDEOTAPE SYSTEM USED IN TELEVISION. THIS SYSTEM, TOO, 

WOULD REQUIRE A GOOD DEAL OF SPECIALIZED EQUIPMENT ASSOCIATED WITH IT. 

IT IS THE AUTHOR rs FEELING THAT WHEN THE INFORMATION SYSTEM IS BEING 

SET UP, THE FULL ARTICLES SHOULD BE STORED AS ORIGINAL COPIES AND THE 

ABSTRACTS COULD BE KEPT IN AN ABSTRACT FILE OF CARDS. THE ABSTRACT COULD 

BE TYPED ON THE FACE OF THE CARD AND STORED BY THE ACCESSION NUMBER GIVEN TO 

THE ARTICLE. THEN AS THE LIBRARY GREW, IT WOULD BE POSSIBLE TO SWITCH TO A 

SYSTEM EMPLOYING MICROFILM THAT WOULD MAKE SORTING AND RETRIEVAL MUCH EASIER. 

IT WOULD BE UP . TO THE JUDGEMENT OF THE OPERATORS OF THE SYSTEM AS TO WHEN THE 

MICROFILM OR VIDEOTAPE ADDITIONS WOULD BE NEEDED. 

IT IS ALSO POSSIBLE THAT SOMETIME IN THE FUTURE WE WOULD HAVE 

INFORMATION STORAGE AND RETRIEVAL CENTRES THAT WOULD CONTAIN THE ORIGINAL 

DOCUMENTS ANO THE NECESSARY COMPUTERS. THEN OUTSIDE AREAS COULD ASK FOR AND 

RECEIVE INFORMATION BY MEANS OF A TELETYPE SYSTEM AND RECEIVE COPIES OF THE 

INFORMATION, IF NECESSARY, OVER THE WIRE. THIS, OF COURSE, WOULD ELIMINATE 

A GREAT DEAL OF DUPLICATION OF EFFORT. INFORMATION CENTRES IN THE UNITED 

STATES AND Russ1A THAT ARE ALREADY EXISTANT COULD POSSIBLY GROW INTO SUCH 

DISTRICT CENTRESe 

So FAR, ONLY THE ABSTRACTING PROCESS HAS BEEN DEALT WITH. FROM 

PHASE I (8), THE KEY WORDS, ALONG WITH THE ACCESSION NUMBER ASSIGNED TO THEM 
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MUST BE STORED IN A FILE. THE FILE IS INVERTED SO THAT INSTEAD OF HAVING A GROUP 

OF KEY WORDS FOR EACH ACCESSION NUMBER, THERE IS RATHER A GROUP 0 F ACCESSION 

NUMBERS FOR EACH KEY WORD. THE FILE OF KEY WORDS HAS BEEN ARRANGED FOR 

SEARCHING PROCEDURES TO BE DISCUSSED LATER. THIS, ESSENTIALLY, IS THE COM

PLETION OF WORK ON NEW INFORMATION COMING INTO THE SYSTEM. 

HowEVER, AS A 13Y-PROOUCT OF THE SYSTEM, IT WOULD SE VERY CONVENIENT 

BE HELD AS A SUB-PROGRAM TO BE RUN ONLY WHEN REQUIRED. THE THREE MOST COMMON 

INDEXES IN EXISTANCE ARE KWIC (KEY WoRD IN CoNTExT), KWOC (KEY WoRo OuT oF 

CoNTExT), AND WADEX (WoRo AND AuTHOR INoEx). THESE HAVE BEEN COVERED IN 

SECTION (2. 7) OF THIS REPORT. THE TYPE OF INDEX HERE WOULD BE ONE VERY SIMILAR 

1
TO WADEX WHICH LISTS EACH ARTICLE ONCE FOR THE AUTHOR S NAME ANO ONCE FOR 

EVERY KEY WORD IN THE' TITLE. IT IS FELT THAT NOT ALL TITLES CONTAIN ALL THE 

PERTINENT KEY WORDS ANO SINCE THE KEY WORDS HAVE ALREADY BEEN DETERMINED, 

THE ARTICLE SHOULD ALSO BE LISTED FOR EACH OF THE KEY WORDS FOUND IN THE TEXT 

OF THE ARTICLE. 

THE PROCESS OF INFORMATION RETRIEVAL MUST BEGIN WITH A REQUEST FOR A 

CERTAIN TYPE OF INFORMATION. }N THIS SYSTEM, THE REQUEST MAY BE OF TWO FORMS. 

FIRST OF ALL, THE USER OF THE SYSTEM MAY JUST WRITE DOWN A LIST OF KEY WORDS 

FROM WHICH THE SEARCH WOULD BE CONDUCTED (H). THIS WOULD LIKELY BE DONE WITH 

THE AID OF THE SYSTEM OPERATOR. THE OTHER FORM OF REQUEST WOULD BE TO HAVE THE 

USER COMPOSE A REQUEST IN TWO OR THREE PARAGRAPHS THAT WOULD COMPLETELY 

EXPRESS HIS REQUIREMENTS (K). THIS WOULD BE PUT IN MACHINE READABLE FORM AS 
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DONE IN PART (A) AND THEN WOULD BE SUBJECTED TO A PHASE ( TYPE OPERATION (L) 

THAT WOULD PICK OUT THE KEY WORDS FROM WHICH THE SEARCH WOULD BE CONDUCTED. 

8Y ONE OF THESE TWO METHODS, THE SEARCH KEY WORDS HAVE BEEN FOUND. 

THESE WOULD BE PREPARED ON CARDS EITHER AUTOMATICALLY FROM PART (L) OR 

MANUALLY FROM PART (H). Now, THERE MUST BE A PROGRAM TO SEARCH THROUGH THE 

KEY WORD FIL.E FOR MATCHES BETWEEN THE SEARCH KEY WORDS AND THE KEY WORDS ON 

FILE. 8Y METHODS DISCUSSED IN SECTION (3. 7), THE ACCESSION NUMBERS TO ALL THE 

PERTINENT ARTICLES ARE DETERMINED. THIS PROCESS CAN BE GREATL.Y AIDED BY THE 

ADDITION OF A THESAURUS. THUS A SEARCH KEY WORD MAY BE L.OOKED UP IN THIS 

THESAURUS TO GIVE A NUMBER OF SYNONYMS TO INCLUDE IN THE SEARCH. SucH METHODS 

USUALL.Y WOULD BE VERY HELPFUL IN INCREASING THE NUMBER OF REFERENCES FOUND 

BY THE SYSTEM. AT ANY RATE, THE ACCESSION NUMBERS OF SUPPOSEDLY PERTINENT 

ARTICLES HAVE BEEN OBTAINED AND THESE OF COURSE STAND FOR REFERENCES WHICH 

CAN BE LOOKED UP IN AN ACCESSION NUMBER FILE (J). THIS CAN BE DONE EITHER BY 

MACHINE OR MANUALLY. THE LEVEL OF AUTOMATION USED AT THIS STAGE IS GREATLY 

DEPENDENT ON THE AMOUNT USED IN THE STORAGE PORTION OF THE PROCESS. (F A 

MANUAL FILE WAS USED IN THE STORAGE PORTION, THEN A MANUAL LOOK UP WOULD BE 

INDICATED HERE. f F THE STORAGE HAS BEEN DONE ON MICROFILM OR VIDEOTAPE AND 

PREPARED FOR MACHINE SORTING, THEN THE COMPUTER CAN DO THE LOOKING UP INSTEAD. 

Now THE USER OF THE SYSTEM HAS HIS REFERENCES AND/OR COPIES OF THE 

ABSTRACTS ANO THE FULL ARTICLES. 8v SCANNING TITLES AND ABSTRACTS HE CAN 

EASILY ELIMINATE THE GREATEST PORTION OF THE FALSE DROPS INCURRED. 

THIS HAS BEEN A DISCUSSION OF THE OVERALL SYSTEM AND IN THE NEXT FEW 
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SUBSECTIONS, THE DETAILS OF SOME OF THE MORE IMPORTANT ASPECTS OF THE SYSTEM 

WILL BE DISCUSSED. 

3. 3 KEY WORD DETAIL (PHASE I) 

THE PURPOSE OF PHASE I OF THIS SYSTEM IS TO PICK OUT KEY WORDS IN A 

GIVEN ARTICLE. fT OPERATES ON THE THEORY THAT THE MORE IMPORTANT WORDS IN AN 

ARTICLE, SAVE FOR COMMON WORDS, ARE USED MORE OFTEN THAN OTHERS. THIS IS 

1FELT TO BE DUE TO AN AUTHOR S TENDENCY TO REPEAT HIMSELF WHEN BRINGING OUT AN 

IMPORTANT POINT. THEREFORE, THE PROGRAM MUST REMEMBER EACH WORD IN AN BOOK 

OR ARTICLE AND HOW OFTEN IT IS USED. ALL THE COMPUTER PROGRAMMING IN THIS 

SYSTEM HAS BEEN DONE IN THE FoRTRAN IV LANGUAGE. A COPY oF THE PHASE I PART 

OF THIS SYSTEM IS PRESENTED IN APPENDIX 1. 

THE PROGRAM BEGINS BY READING IN DATA WHICH MUST BE STORED FOR CON

TINUAL USE THROUGHOUT EACH RUN. THIS INCLUDES SUCH THINGS AS A LIST OF SYMBOLS 

USED SUCH AS THE PERIOD, THE COMMA, PARENTHESES, ETC. fN ADDITION, A LIST OF ALL 

COMMON WORDS SUCH AS THE, AND, IF, ETC., WHICH ARE TO BE ELIMINATED FROM THE 

FREQUENCY COUNTING ARE READ INTO THE MEMORY AT THIS TIME. THE MACHINE BEGINS 

ITS PROCESSING WORK BY SEARCHING FOR A BLANK IN THE INPUT DATA (A SPACE WHICH 

OOESNTT CONTAIN ANY LETTER OR SYMBOL). WHEN IT FINDS A BLANK, A WORD HAS BEEN 

ISOLATED IN A CRUDE FORM. AcTUALLY THE WORD ISOLATED MAY HAVE A PUNCTUATION 

SYMBOL AS THE FIRST OR LAST LETTER. THIS OCCURS IN A WORD ENDING A SENTENCE, 

FOR EXAMPLE. THE PERIOD OCCURS IMMEDIATELY AFTER THE LAST LETTER AND BY JUST 

PICKING OUT BLANKS, THE COMPUTER HAS INCLUDED THE PUNCTUATION WITH THE WORD. 

THEREFORE, IT WAS NECESSARY TO HAVE A SMAL.L ROUTINE IN THE PROGRAM TO CHECK 
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THE FIRST AND LAST LETTER OF EACH CRUDE WORD ISOLATED, AGAINST THE SYMBOL 

LIST READ IN. IN THIS MANNER IT WAS POSSIBLE TO ELIMINATE THE PUNCTUATION FROM 

THE WORDS. 

5 INCE THE WORD HAS NOW BEEN TRULY ISOL.ATED1 IT IS THEN COMPARED TO 

THE LIST OF COMMON WORDS IN THE MEMORY OF THE MACHINE. IF A MATCH IS F.OUND, 

THE COMPUTER IGNORES THE WORD COMPLETELY AND GOES ON TO THE NEXT WORD. fF 1 

HOWEVER, A MATCH IS NOT FOUND IN THE LIST OF COMMON WORDS, THEN THIS WORD 

MUST BE REMEMBERED AND COUNTED. fN ORDER TO DO so, THE MACHINE FIRST COMPARES 

THIS WORD TO ALL THE WORDS STORED PREVIOUSLY. fF A MATCH IS FOUND HERE, THE 

FREQUENCY OF THAT WORD IS SIMPLY INCREASED BY UNITY. fF A MATCH IS NOT FOUND, 

THEN THE WORD IS ST()RED IN A NEW LOCATION AND GIVEN THE FREQUENCY ONE. 

THIS BASIC PROCESS IS REPEATED UNTIL EVERY WORD IN THE ARTICLE HAS 

BEEN EXAMINED. THEN THE RESUL.TS ARE PRINTED OUT AND PUNCHED OUT ON CARDS. 

TH1s INCLUDES THE WORD, ITS FREQUENCY AND LENGTH. AL.so AT THIS POINT, THE 

MACHINE IGNORES ALL WORDS THAT HAVE ONLY BEEN USED ONCE FOR IT IS FELT THAT 

THEY HOLD NO REAL SIGNIFICANCE. 

5 INCE THE MEMORY OF THE COMPUTER IS FINITE, IT CAN HANDLE AN ARTICLE 

OF ONLY A CERTAIN s 1zE. IN TH 1s CASE, us ING THE FoRTRAN IV LANGUAGE ON AN 

IBM 7040 MACHINE WITH A SIXTEEN THOUSAND UNIT MEMORY, THE PRACTICAL LIMIT IS 

AN ARTICLE WHICH USES SEVEN HUNDRED DIFFERENT, NON-COMMON WORDS. THIS CAN 

1NOT BE TRANSLATED INTO ARTICLE LENGTHS BECAUSE OF AUTHORS DIFFERENCES IN 

WORD SELECTION, ETC. METHODS TO INCREASE THE CAPACITY OF THE PROGRAM ARE 

DISCUSSED LATER. 
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3. 4 ABSTRACT DETAIL (PHASE II) 

THE OUTPUT DATA FROM PHASE I IS A GROUP OF CARDS CONTAINING THE WORDS 

USED, THEIR FREQUENCIES AND 1-ENGTHS. THIS SERVES AS INPUT DATA TO PHASE II 

AL.ONG WITH THE CARDS CONTAINING THE ORIGINAL. ARTIC1-E. THIS PROGRAM BEGINS IN 

MUCH THE SAME MANNER AS PHASE I IN THAT BL.ANKS ARE SOUGHT AND WORDS ISOL.ATED 

WITHOUT PUNCTUATION. WHEN A WORD IS IS01-ATED, A SEARCH IS MADE THROUGH AL.I... 

THE KEY WORDS FOUND IN PHASE I. IF A MATCH IS FOUND, A COUNTER IS INCREASED BY 

THE NUMBER OF TIMES THAT THE WORD WAS USED IN THE; ARTIC1-E. FoR EXAMPL.E, IF A 

WORD WAS USED FIVE TIMES IN THE ARTIC1-E AND FOUND IN A PARTICU1-AR SENTENCE, 

THEN THE COUNT FOR THAT SENTENCE IS INCREASED BY FIVE. THE PROGRAM CONTINUES 

TO ISO.LATE WORDS AND KEEP A TAL.L.Y OF THE FREQUENCIES UNTIL. SUCH TIME AS IT 

FINDS A PERIOD WHICH DESIGNATES THE END OF A SENTENCE. WHEN THE END OF A 

SENTENCE HAS BEEN FOl!JND, A TA1-L.Y OF FREQUENCIES FOR THE WHOL.E SENTENCE HAS 

BEEN COMPIL.ED. 

IN THIS PROGRAM, ONLY THE HIGHEST COUNTING FIVE SENTENCES WERE KEPT 

BUT THIS COULD BE EXPANDED TO MORE OR EVEN TO ALL SENTENCES OVER A GIVEN TAI-LY. 

HowEVER, IN THIS PROGRAM, WHEN A SENTENCE TAL.LY HAS BEEN MADE, IT IS COMPARED 

WITH THE TAL.LY OF THE FIVE H •lGHEST COUNTING SENTENCES PREVIOUSLY STORED. JF IT 

IS HIGHER THAN THAT OF ANY OF THE OTHER SENTENCES, IT REP1-ACES THE LOWEST 

COUNTING SENTENCE IN THE MEMORY. IF THE TALLY 16 LOWER, THEN THE SENTENCE IS 

IGNORED AND THE PROGRAM PROCEEDS TO THE NEXT SENTENCE. THIS PROCESS CONTINUES 

UNTIL THE WHOLE ARTICLE HAS BEEN EXAMINED. AT THE END, THE FIVE HIGHEST COUNT

ING SENTENCES ARE REMAINING. THESE ARE THE SENTENCES CONTAINING THE HIGHEST 
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WEIGHTED COUNT OF KEY WORDS. THEY ARE CONSIDERED TO BE THE KEY SENTENCES IN 

THE ARTICL.E AND AS SUCH FORM THE AUTO-ABSTRACT. 

A MAXI MUM OF 480 CHARACTERS, INCL.UDING BLANKS AND PUNCTUATION HAS 

BEEN AL.L.OWED FOR EACH SENTENCE FOR PURPOSES OF CONSERVING THE MEMORY STORAGE 

CAPACITY. THIS, TOO, CAN BE INCREASED ACCORDING TO METHODS DISCUSSED LATER. 

WHEN THE WHOL.E ARTICL.E HAS BEEN SCANNED, THE PRINT OUT IS EXECUTED 

WHICH PRINTS OUT ALL. THE KEY WORDS AND THEIR FREQUENCIES AND THEN ALL THE KEY 

SENTENCES AND THEIR TAL.L.IES. THIS PRINT OUT IS RATHER ARBITRARY. IN THIS CASE, 

THE ARTICL.ES PROCESSED WERE NOT MEANT FOR STORAGE BUT ONL.Y FOR EXPERIMENT. 

IN MORE SOPHISTICATED SYSTEMS, THE STORAGE MIGHT BE DONE AUTOMATICAL.LY AND 

NO OUTPUT FROM PHASE II WOUL.D BE REQUIRED. 

A COPY OF PHASE II IS PRESENTED IN APPENDIX 2 AND AN EXAMPL.E RUN THAT 

WAS ACTUAL.L.Y PROCESs-ED IS PRESENTED IN APPENDIX 3. 

3.5 CO-ORDINATE INDEXING AND FILE INVERSION 

EACH PIECE OF NEW INFORMA'T'ION COMING INTO THE SYSTEM MUS'T' BE GIVEN 

AN ACCESSION NUMBER UNDER WHICH IT IS STORED. THESE WOUL.D NORMAL.LY BE GIVEN 

IN 'T'HE ORDER OF ARRIVAL. OF THE INFORMATION. THIS MEANS THA'T' NO AT'T'EMPT A'T' 

NUMERICAL. CLASSIFICATION IS MADE. ' THERE WOULD BE A RECORD KEPT OF WHICH 

ACCESSION NUMBER WAS ASSIGNED TO EACH AR'T'ICLE 0 

Now, FOR EACH ARTICL.E, PHASE I HAS PRODUCED A LIST OF KEY WORDS FOR 

FURTHER PROCESSING. THEREFORE, THERE IS ESSENTIAL.LY A GROUP OF KEY WORDS FOR 

EACH ACCESSION NUMBER. THE PURPOSE OF THIS PART OF 'T'HE SYS'T'EM IS TO INVER'T' 

'T'HIS FILE. INSTEAD OF HAVING A GROUP OF KEY WORDS FOR EACH ACCESS ION NUMBER, 
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IT IS DESIRED TO HAVE A GROUP OF ACCESSION NUMBERS FOR EACH KEY WORD USED IN 

THE SYSTEM. 

THIS CAN BE ACCOMPL.l .SHED THROUGH A COMPUTER PROGRAM. THE MEMORY 

CAN BE USED TO STORE AL.I.. THE ACCESSION NUMBERS AND KEY WORDS AND THEN BY 

SCANNING PROCEDURES, SORT THEM INTO A KEYWORD FIL.Ee THEN ANY NEW INFORMATION 

WITH ITS ACCESSION NUMBER ANO SEVERAL. KEY WORDS COULD BE INCL.UDED EASILY BY 

THE COMPUTER. THE FILE WOUL.D BEST BE KEPT ON CARDS THAT COUL.D BE PRINTED OUT 

WHEN DESIRED. WHEN A CONSIDERABL.E AMOUNT OF NEW INFORMATION WAS PUT IN, A 

NEW SET OF CARDS COULD BE PUNCHED OUT. 

THE STORAGE ON CARDS WOULD BE ADVANTAGEOUS IN THAT NO PART OF THE 

COMPUTER WOUL.D BE CONTINUAL.L.Y TIED UP AND AL.SO THAT THE CARDS WOUL.D SERVE 

AS SUITABL.E INPUT DATA FOR A PROGRAM THAT IS CONDUCTING A SEARCH FOR KEY WORDS. 

IF THE COMPUTER IS EQUIPPED WITH TAPE UNITS IN THE FUTURE, IT MIGHT BE MORE 

ADVANTAGEOUS TO USE THESE FOR STORAGE. THIS IS DEALT WITH A L.ITTL.E MORE FUL.L.Y 

IN A L.ATER SECTION. 

3. 6 A COMPUTER INDEX 

IT WAS INDICATED IN SECTION (3. 2) THAT AN INDEX SlMIL.AR TO WADEX 

(sEE REFERENCE 11) COUL.D BE ACHIEVED AS A BY-PRODUCT OF THIS SYSTEM. IT SHOUL.D 

BE POINTED OUT THAT IT IS NOT ESSENTIAL. TO THE OPERATION OF THE SYSTEM AND 

COUL.D BE PUT INTO USE ONL.Y WHEN DESIRED. 

IF EVERY TIME A NEW PIECE OF INFORMATION WERE PUT INTO THE SYSTEM, A 

COMPUTER CARD OR CARDS WERE PREPARED CONTAINING THE TITLE, AUTHOR AND ACCES

SION NUMBER, A FIL.E COUL.D BE KEPT FOR USE WHEN THE INDEX WAS DESIRED. 

http:SlMIL.AR
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WADEX IS AN INDEX THAT PICKS OUT AL.I... THE KEY WORDS IN A TITL.E BY 

SIMPLY EL.IMINATING WHAT IT CONSIDERS TO BE COMMON WORDS ACCORDING TO ITS L.IST 

OF COMMON WORDS. THEN IT LISTS EACH ARTICL.E ONCE FOR THE AUTHOR AND ONCE FOR 

EVERY KEY WORD IN THE TITL.E. TH IS COULD BE ACCOMPL.ISHED BY FEEDING IN THE L.IST 

OF CARDS CONTAINING THE AUTHOR TS NAME, TITL.E AND ACCESSION NUMBER. THE KEY 

1
WORDS COUL.D BE PICKED OUT OF THE TITL.E INCL.UDING THE AUTHOR S NAME AND THEN 

BE ARRANGED IN AL.PHABETICAL ORDER. THEN FOR EACH OCCURANCE OF THE KEY WORD 

OR NAME, THE COMPLETE TITLE AND ACCESSION NUMBER COUL.D BE PRINTED OUT. 

THE SUGGESTION HERE IS THAT IF A PROGRAM EXISTS THAT PICKS OUT KEY 

WORDS FROM THE TEXT OF AN ARTICL.E, WHY NOT INCL.UDE THE MOST IMPORTANT OF THEM 

IN THE LIST OF KEY WORDS .DETERMINED FROM THE TITL.E AND L.IST THE ARTICL.E FOR 

EACH OF THESE SELECTED. THIS WOUL.D NOT ENTAIL. MUCH EXTRA WORK AND WOUL.D NOT 

TIE UP MUCH COMPUTER·MEMORY. KEY WORD CARDS FROM PHASE I COUL.D BE INCLUDED 

IN THE INPUT DATA AND PROCESSED IN THE SAME WAY AS THE KEY WORDS SELECTED IN 

THE TITLE. 

IT HAS BEEN POINTED OUT THAT WADEX AND SIMILAR COMPUTER INDEXES ARE 

VERY USEFUL. TO PEOPLE FOR BROWSING WHEN THEY MAY NOT KNOW EXACTLY WHAT THEY 

WANT. THEREFORE, IT IS THOUGHT THAT THE INCLUSION OF SUCH AN INDEX~ ONCE THE 

SYSTEM WAS ESTABLISHED, WOUL.D CONTRIBUTE A GREAT DEAL MORE THAN IT WOULD 

COST TO MAINTAIN • . 

3. 7 REQUEST FOR INFORMATION 

As INDICATED IN SECTION (3. 2), THE SELECTION OF SEARCH KEY WORDS MAY 

COME FROM TWO DIFFERENT SOURCES. A PERSON REQUESTING INFORMATION MAY SIMPLY 
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WISH TO LIST ALL THE KEY WORDS CONSIDERED PERTINENT. THIS WOULD BE A MOST 

DIFFICULT OPERATION FOR THE USER TO DO BY HIMSELF. MoRE COULD BE ACCOMPLISHED 

BY HAVING THE USER DISCUSS HIS PROBLEM BRIEFLY WITH THE OPERATOR OF THE SYSTEM 

WHO WOULD CAUSE THE USER, IN -HIS DISCUSSION TO BE MORE EXPLICIT THAN HE WOULD 

NORMALLY BE COMPILING THE LIST ALONE. 

THE SECOND METHOD OF SELECTING KEY WORDS WOULD BE TO HAVE THE USER 

OF THE SYSTEM WRITE IN ABOUT THREE OR FOUR SHORT PARAGRAPHS, THE INFORMATION 

REQUESTED AND COMPLETE DETAILS OF WHY IT IS REQUESTED. THIS MIGHT HAVE TO BE 

DONE WITH THE AID OF AN OPERATOR BUT WHEN THE USER BECAME USEC TO THE SYSTEM, 

IT COULD POSSIBLY BE ELIMINATED. THIS WOULD FACILITATE USE OF THE SYSTEM OVER 

A CONSIDERABLE DISTANCE SINCE USER ANO OPERATOR WOULD NOT HAVE TO CONVERSE 

FREELY. THE WRITTEN REQUEST WOULD BE SUBJECTED TO A PHASE I TYPE PROGRAM so 

THAT THE KEY WORDS IN•THE REQUEST COULD BE SELECTED. IT MIGHT BE POSSIBLE 

THAT THE RELATIVE SHORTNESS OF THE REQUEST AS COMPARED TO A FULL ARTICLE 

WOULD NECESSITATE THAT SOME DIFFERENT CRITERIA BE USED FOR THE SELECTION OF 

KEY WORDS. IT MIGHT BE NECESSARY TO SCREEN OUT BY MEANS OF A MORE EXTENSIVE 

COMMON WORD LIST 1 SOME WORDS THAT WOULD BE KEY WORDS FOR THE WHOLE ARTICLE. 

THIS IS A LITTLE DIFFICULT TO DETERMINE UNTIL SOME EXPERIMENTATION IS DONE IN 

THIS AREA. HowEVER, IT IS THOUGHT THAT SUITABLE RESULTS CAN BE OBTAINED. 

IF THE SEARCH KEY WORDS HAVE COME FROM A PHASE I TYPE PROGRAM, THEN 

IT COULD EASILY BE ARRANGED TO HAVE THEM PUNCHED OUT ON CARDS. IF THEY ONLY 

COME FROM A LIST PREPARED BY THE USER, THEN THE CARDS WILL HAVE TO BE MANUALLY 

PUNCHED. 8v EITHER OF THESE METHODS, WE HAVE PREPARED PART OF THE INPUT CATA 
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FOR THE SEARCHING PROGRAM. 

THE REMAINDER OF THE INPUT DATA WOULD BE THE KEY WORD FILE ( IN CARD 

FORM) AS DISCUSSED IN SECTION (3.5). THE SEARCH KEY WORDS COULD BE KEPT IN 

THE MEMORY. THE KEY WORD FILE COULD BE SCANNED AND WHENEVER A KEY WORD WAS 

ENCOUNTERED THAT WAS ONE OF THE SEARCH KEY WORDS, ALL THE ACCESSION NUMBERS 

COULD BE PL.ACED IN THE MEMORY. THIS WOULD BE REPEATED UNTIL THE COMPLETE 

KEY WORD FILE WAS PROCESSED. THEN A COMPARISON OF ACCESSION NUMBERS FOR EACH 

KEY WORD WOULD BEGIN. WHEN MATCHES OF ACCESSION NUMBERS ARE FOUND IN GROUPS 

OF KEY WORDS, IT IS ASSUMED THAT THE ARTICLE HAS TO DO WITH THE GROUPING OF 

THE KEY WORDS. THIS IS THE THEORY BEHIND CLASSICAL. CO-ORDINATE INDEXING. 

CRITERIA WOULD HAVE TO BE SET UP AS TO HOW MANY MATCHES AMONG HOW MANY KEY 

WORDS WOULD CONSTITUTE A POSITIVE REFERENCE. THIS COULD BE DONE AFTER SOME 

EXPERIMENTATION WAS DONE WITH A TRIAL SYSTEM. THE CRITERIA MIGHT BE LEFT 

ADJUSTABLE TO AL.LOW FOR DIFFERENCES IN NEEDS OF USERS. FoR EXAMPLE, THE 

DESIGNER MAY BE IN A GREAT RUSH TO GET HIS REFERENCES AND MAY BE WILLING TO 

TAKE MANY FALSE DROPS THAT COULD BE ELIMINATED BY EXAMINATION OF THE TITLE 

AND/OR ABSTRACT. 0N THE OTHER HAND, A RESEARCHER MAY HAVE MORE TIME AND 

WOULD WANT AS ACCURATE A RESPONSE FROM THE SYSTEM AS POSSIBLE. 

ONCE THE POS lTIVE REFERENCES HAVE BEEN SELECTED, THE ACCESSION 

NUMBERS COULD BE PRINTED OUT. THIS, IN ESSENCE, IS THE END OF THE SEARCH 

PROCEDURE ALTHOUGH A GOOD DEAL MORE COULD BE INCLUDED AS DESIRE~. THE LIST 

OF TITLES VS. ACCESSION NUMBERS MAy BE A MANUAL FILE OR ONE PREPARED ON CARDS. 

IF THE LIST WAS ON COMPUTER CARDS, THE TITLES COULD BE PRINTED OUT VERY RAPIDLY 
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BY A . VERY SIMPLE SORTING PROGRAM. THE USE OF A MACHINE PROGRAM HERE WOULD 

DEPEND ON THE SIZE OF THE LIST AND THE SPEED REQUIRED. THE RETRIEVAL OF THE 

ABSTRACTS AND DOCUMENTS WOULD BE VERY DEPENDENT ON THE DEGREE OF AUTOMATION 

USED IN THEIR STORAGE. IT WAS PREVIOUSLY MENTIONED THAT A MANUAL FILE OF 

ABSTRACTS ANO DOCUMENTS COULD BE KEPT. THE USER, SUPPL.IED WITH THE ACCESSION 

NUMBERS, WOULD SIMPL.Y SEARCH THE FIL.E UNTIL. HE FOUND THE INFORMATION THAT 

WAS REQUIRED. HowEVER, DEPENDING ON HOW MUCH INFORMATION WAS BEING REQUESTED 

PER UNIT TIME, IT MIGHT BE NECESSARY TO AUTOMATE THIS PROCESS IN ORDER TO BE 

ABLE TO SATISFY AL.I... THE USERS. SEVERAL. MICROFILM COMPANIES HAVE COMPUTER 

CARDS THAT CAN BE SORTED BY ACCESSION NUMBERS AND THAT HAVE MICROFILM 

MOUNTED IN THEM. A SYSTEM EMPLOYING SUCH CARDS WOULD BE SPEEDED UP. THE 

SORTING COUL.D BE DONE BY MACHINE ANO THE USER COULD GET HIS INFORMATION OVER 

A MICROFILM VIEWING &CREEN OR EVEN HAVE COPIES OF THE INFORMATION MADE ON A 

MICROFILM PR INTER.• 

IT IS THE FEEL.ING OF THE AUTHOR THAT INITIAL.LY A MANUAL. STORAGE AND 

RETRIEVAL. BE USED. THIS WOUL.O GIVE FAIRL;Y GOOD ACCESS TO QUITE A L.ARGE SYSTEM. 

WHEN THE SYSTEM GREW BEYOND THIS, THEN MORE AUTOMATIC METHODS COUL.D BE 

EMPL.OYEO AS DISCUSSED IN SECTION (3. 9) • 

3. 8 ADDITION OF A THESAURUS 

IN ANSWER TO THE PROBLEM OF SYNONYMS, IT IS RECOMMENDED THAT A 

THESAURUS LOOK-UP BE INCORPORATED INTO THE PROGRAM. A THESAURUS SUCH AS THAT 

PREPARED BY THE ENGINEERS Jo1NT CouNc11... IN THE UNITED STATES MIGHT BE PUT 

INTO A TECHNICAL. SYSTEM. THE EJC THESAURUS IS AVAIL.ABL.E NOW ON TAPE. SINCE 

http:INITIAL.LY
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THE COMPUTER IS NOT CURRENTL..Y EQUIPPED FOR TAPE, IT WOUL..D BE NECESSARY TO 

HAVE A CONVERSION TO CARDS. THEN WHEN THE SEARCH KEY WORDS WERE SEL..ECTED1 

IT WOUL..D BE POSSIBLE TO HAVE A PROGRAM THAT WOULD SCAN THE THESAURUS CARDS 

FOR MATCHES WITH THE KEY WORDS. WHEN A MATCH WAS FOUND, AL..L.. THE .SYNONYMS 

COULD BE INCLUDED IN THE SEARCH KEY WORDS. IT WOULD BE EXPECTED THAT THIS 

WOUL..D INCREASE THE NUMBER OF REFERENCES SUPPL..IED CONSIDERABLY. 

THE ACTUAL PREPARATION OF SUCH A PROGRAM AND A SET OF THESAURUS 

CARDS WOULD NOT BE VERY COMPLICATED ANO WOUL..P NOT TAKE VERY L..ONG 1 AND 

THEREFORE, IT MUST BE CONSIDERED EVEN MORE WORTHWHIL..E. THERE WOUL..D1 HOWEVER 

BE A TREMENDOUS NUMBER OF CARDS THAT WOUL..D REQUIRE STORING AND HANDL..ING UNTIL. 

SUCH TIME AS THE COMPUTER WAS EQUIPPED TO HANDL..E THE THESAURUS IN TAPE FORM. 

IN ADDITION, IF A REQUEST WAS ENCOUNTERED THAT WAS EXTREMEL..Y URGENT, THEN 

THE THESAURUS STEP COUL..D BE BY-PASSED ON AN INITIAL RUN UNTIL. SOME OF THE 

REFERENCES WERE QUICKL..Y FOUND. THEN THE THESAURUS STEP COULD BE INCL..UDED 

IN ORDER TO COMPL..ETE THE L..IST OF REFERENCES. 

3. 9 A FINAL PROPOSAL 

THE BASIC SYSTEM IN THIS DESIGN HAS BEEN OUTL..INED AND IT IS EXPECTED 

THAT MOST OF THESE SECTIONS WIL..L REMAIN INTACT. THE ONLY PART THAT IS SUBJECT 

TO A GREAT DEAL OF CHANGE IS THAT HAVING TO DO WITH THE STORAGE OF THE INFOR

MATION. THE EQUIPMENT USED IN THIS SECTION CAN BE ANYTHING FROM A MANUAL. 

SYSTEM UP TO A COMPL..ETEL..Y AUTOMATED ONE. THE METHOD OF STORAGE ACTUAL.LY 

USED WIL..L.. DEPEND ON THE SOPHISTICATION OF THE SYSTEM AND AL.SO ON THE NUMBER 

OF PEOPL..E SERVED BY IT. THE MORE PEOPLE THAT ARE SERVED, THE MORE MONEY WIL..L.. 

http:ACTUAL.LY


43 

BE AVAILABLE FOR MORE SOPHISTICATED EQUIPMENT AND THE MORE PEOPLE SERVED, 

THE MORE SOPHISTICATED WILL THE EQUIPMENT AND THE SYSTEM HAVE TO BE. IT IS 

WITH THIS EVOLUTIONARY PROGRESS OF AN INFORMATION SYSIEM IN MIND THAT THE 

FOLLOWING PROPOSAL FOR THE ENGINEERING FACULTY AT McMAsTER UNIVERSITY HAS 

BEEN MADE. IN ESSENCE, IT IS SIMPLY A PROPOSAL FOR THE CREATION OF AN AUTOMATED 

INFORMATION STORAGE AND RETRIEVAL SYSTEM BUT IN THREE DISTINCT LEVELS OF 

SOPHISTICATION. 

THE FIRST LEVEL SUGGESTED IS THE SIMPLEST. THIS WILL BE USED UNTIL 

THE SYSTEM HAS BEEN DEVELOPED TO A STAGE WHERE IT REQUIRES MORE ADVANCED 

EQUIPMENT. IT IS PROPOSED, ON THIS LEVEL, THAT THE SYSTEM BE SET UP AS HAS 

BEEN OUTLINED IN THIS REPORT, ANO THAT THE STORAGE IS DONE MANUALLY. THE 

FIRST STEP WOULD BE TO FORMALLY WRITE THE COMPUTER PROGRAMS FOR THE SECTIONS 

OMITTED HEREIN. IT IS •SUPPOSED THAT NOT MUCH DIFFICULTY WILL BE ENCOUNTERED 

HERE EXCEPT THAT THE PROGRAMS MUST BE WRITTEN BY SOMEONE COMPLETELY FAM

ILIAR WITH THE MACHINE LANGUAGE. THEREFORE, IT WOULD BE BEST TO HAVE AN 

OPERATOR, TRAINED IN THE MACHINE LANGUAGE, WHO WOULD SET UP THE SYSTEM AND 

WHO COULD MAKE CHANGES TO IT AS REQUIRED LATER ON. 

Now, IT 1s SUGGESTED THAT EACH DEPARTMENT OF THE ENGINEERING FACULTY 

COULD PARTICIPATE IN THE PROGRAM. EAcH DEPARTMENT HAS ITS OWN BOOKS THAT 

MUST BE PROCESSED. ITIS SUGGESTED THAT ONE OR TWO STENOGRAPHERS BE HIRED AS 

REQUIRED TO PUNCH BOOKS, ARTICLES, ETC., ONTO CARDS FOR INPUT AND ALSO TO BE 

OF ASSISTANCE TO THE OPERATOR. SINCE EACH DEPARTMENT IS A SEPARATE FIELD, 

EACH IS EXPECTED TO HAVE A JARGON OF ITS OWN. THEREFORE, EACH COULD PREPARE 
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ITS OWN COMMON WORD LIST FOR PROCESSING ITS OWN ARTICLES. As AN INITIAL STEP, 

EACH DEPARTMENT WOULD BE REQUIRED TO HAVE ITS OWN STORAGE. IT IS THOUGHT THAT 

THIS WOULD BE COMPLETELY MANUAL AT THIS STAGE. THERE WOULD HAVE TO BE AN 

ABSTRACT FILE ACCORDING TO ACCESSION NUMBERS ANO THE COMPLETE ARTICLE WOULD 

HAVE TO BE STORED UNDER ITS ACCESSION NUMBER. IT IS POSSIBLE THAT THE PR INT 

OUT FROM PHASE II (THE ABSTRACT) COULD BE DONE IN SUCH A FORMAT, THAT IT COULD 

BE ATTACHED TO THE FACE OF A CARD BEARING ITS ACCESSION NUMBER. THIS WOULD 

FACILITATE STORING AND SORTING WHEN NECESSARY. THE KEY WORD FILE ON CARDS 

WOULD BE KEPT BY THE OPERATOR AS A CENTRAL FILE. 

THE SCOPE OF THIS FIRST STAGE OF DEVELOPMENT DOESNrT GO MUCH BEYOND 

THE ACTUAL SETTING UP OF THE SYSTEM. THIS IS DONE IN THIS MANNER SO AS TO 

DEVEL.OP ANO TEST THE SYSTEM WITHOUT INCURRING ADDITIONAL. EQUIPMENT COSTS. 

THE ONLY COSTS HERE WOULD BE FOR AN OPERATOR, STENOGRAPHERS AS REQUIRED ANO 

THE TIME OF THE PEOPLE DOING THE WORK IN EACH DEPARTMENT. IT IS HOPED THAT AT 

THIS STAGE, MOST OF THE DIFFICULTIES OF THE SYSTEM COULD BE IRONED OUT ANO 

AFTER A PERIOD OF APPROXIMATELY TWO YEARS, THE SYSTEM WOULD BE OPERATING 

SMOOTHLY. 

WHEN THE SYSTEM REACHES SUCH A POINT, IT IS READY FOR THE SECOND 

LEVEL. OF SOPHISTICATION. THE SYSTEM WOULD ESSENTIALLY REMAIN UNCHANGED EXCEPT 

THAT STORAGE METHODS WOULD BE GREATLY IMPROVED. NECESSARY TO SUCH AN IMPROVE

MENT WOULD BE THE ADDITION OF TAPE UNIT MACHINES TO THE IBM 7040 IN USE AT THE 

PRESENT TIME. THEN TAPE STORAGE WOULD REPLACE CARO STORAGE OF THE KEY WORD 

FILE. THE KEY WORD FILE COULD BE KEPT ON TAPE AND SCANNED fN THAT FORM. ALL 

http:DEVEL.OP
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THE ABSTRACTS AND DOCUMENT LISTS COULD BE PREPARED ON TAPE AND STORED IN THAT 

FORM. ALL THOSE PREVIOUSLY PUNCHED ONTO CARDS COULD SIMPLY BE CONVERTED ONTO 

TAPE BY THE COMPUTER. THIS WOULD ENABLE MANY MORE PEOPLE TO USE THE SYSTEM 

FROM A GREATER DISTANCE. WHEN A REQUEST CAtv1E IN, THE ABSTRACT AND THE WHOL.E 

ARTICLE COULD BE PRINTED OUT AND THE USER OF THE SYSTEM WOULD NOT HAVE TO 

HAVE THE ORIGINAL SENT TO HIM. 

THE COST OF SUCH A TAPE UNIT SHOULD NOT BE BORN COMPL.ETEL.Y BY THIS 

PROGRAM BECAUSE IT WOULD UNDOUBTEDLY BE OF TREMENDOUS USE TO EVERYONE THAT 

USES THE COMPUTER. IT IS QUITE POSSIBLE THAT BEFORE THIS INFORMATION SYSTEM 

WAS READY FOR THE TAPE UNITS, THEY MIGHT BE INSTALLED ANYWAY FOR OTHER PUR

POSES. THE TRANSITION FROM THE FIRST TO THE SECOND LEVEL OF SOPHISTICATION 

COULD BECOME GRADUAL.• IN ANY CASE, THE USE OF SUCH TAPE UNITS WOULD PROBABLY 

SERVE QUITE EFFICIENTl'...Y UNTIL THE SYSTEM GREW TO A VERY LARGE SIZE. 

WHEN THE SYSTEM REACHED A LARGE SIZE, IT WOULD JUSTLY BE CALLED AN 

INFORMATION CENTRE. 8Y THIS TIME, IT WOULD BE READY FOR ITS THIRD STAGE OF 

SOPHISTICATION. THIS WOULD BE THE INCLUSION OF A COMPLETELY AUTOMATIC STORAGE 

SYSTEM. SucH A SYSTEM HAS NOW BEEN DEVEL.OPED BY THE AMPEX CoRPORATION IN 

THE UNITED STATES. THE SYSTEM IS CALL.ED V1DEOFILE AND USES VIDEO TAPE MUCH 

THE SAME AS IS USED IN TELEVISION WORK. THE ARTICLES ARE PHOTOGRAPHED WITH A 

TELEVISION CAMERA AND STORED ON VIDEO TAPE. THEY CLAIM THAT A QUARTER OF A 

MILLION DOCUMENT PAGES CAN BE STORED ON ONE FOURTEEN INCH REEL OF TAPE. WHEN 

THE ACCESSION NUMBER OF DESIRED INFORMATION IS KNOWN, IT IS SIMPLY PUNCHED INTO 

A KEYBOARD AND THE MACHINE QUICKLY FINDS THE ARTICLES ANO ABSTRACTS ON THE 
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TAPE. THEY CAN BE PORTRAYED ON A TEL.EVISION MONITOR SCREEN FOR VIEWING AND 

WHEN REQUIRED, HARD PERMANENT COPIES CAN BE MADE. SucH A SYSTEM IS THE VERY 

UL.Tl MATE IN MODERN STORAGE TECHNIQUES AND IS THOUGHT "TO BE IDEAL. FOR A WEL.L. 

DEVELOPED INFORMATION SYSTEM. 

AN AMPEX V1DEOFIL.E IS SCHEDUL.ED TO BE INSTAL.LED AT THE NATIONAL 

AERONAUTICS AND SPACE ADMINISTRATION IN THE UNITED STATES FOR A COST OF 

$875, 000. THE COST OF SUCH A SYSTEM OF COURSE VARIES AND THEY CLAIM A SYSTEM 

CAN BE SET UP FROM BETWEEN $200, 000 TO $1, 000, 000, DEPENDING ON THE AMOUNT 

OF AUXIL.IARY EQUIPM .ENT REQUIRED. THEREFORE, IT IS SEEN THAT THIS TYPE OF 

SYSTEM COUL.D BE USED ONL.Y WHEN THE WHOL.E INFORMATION SYSTEM BECAME VERY 

LARGE BUT HERE AGAIN THE EXTRA EQUIPMENT COUL.D BE USED FOR MANY OTHER THINGS 

AND THE TOTAL COST SHOULD NOT BE CHARGED AGAINST THIS SYSTEM. 

THE EVOLUTION OF THIS SYSTEM WITH RESPECT TO ITS STORAGE EQUIPMENT 

HAS BEEN LAID OUT IN STEP FASHION AS A SUGGESTED PLAN OF DEVEL.OPMENT. IT IS 

SUPPOSED THAT IN THE TIME THAT IT TAKES IN GOING THROUGH EACH STAGE, NEW 

EQUIPMENT WIL.L BE DEVELOPED ANO CHANGES MAY BE REQUIRED BUT THE PROCEDURE 

WIL.L. NEVERTHEL.ESS BE THE SAME. 
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4. DISCUSSION AND CONCLUSIONS 

THE SYSTEM PROPOSED IS NOT INTENDED TO SOLVE ALL OF THE PROBLEMS OF 

THE FIELD OF INFORMATION STORAGE AND RETRIEVAL. fT IS RATHER A FIRST ATTEMPT 

AT THE FORMALIZATION AND DESIGN OF AN ESSENTIALLY AUTOMATED SYSTEM. BECAUSE 

OF THE TIME LIMITATIONS INVOLVED, ONLY PARTS OF THE SYSTEM HAVE BEEN DETAILED 

BUT INDICATIONS AS TO HOW THE REMAINDER MIGHT BE PROGRAMMED HAVE BEEN GIVEN. 

IT IS FELT THAT ANY PERSON EXP ER I ENCED IN COMPUTERS 1 COULD PREPARE PROGRAMS 

FOR THE REMAINING SECTIONS USING THE OUTLINE GIVEN. 

0NE OF THE MAIN LIMITING FACTORS OF THIS SYSTEM HAS BEEN THE LACK OF 

ADDITIONAL MEMORY IN THE IBM 7040 COMPUTER. EACH OF PHASE ' I AND II, HAS BEEN 

DESIGNED, AS THEY ARE PRESENTED HEREIN, TO OCCUPY ESSENTIALLY ALL OF THE 

MEMORY AVAILABLE. IT HAS BEEN NOTED THAT PHASE I, AS IT STANDS, CAN ONLY 

ACCOMODATE AN ARTICLE USING SEVEN HUNDRED DIFFERENT, NON-COMMON WORDS, 

BECAUSE OF LACK OF COMPUTER MEMORY. 

A MAJOR INCREASE IN THE CAPACITY OF THIS SYSTEM COULD BE ACHIEVED BY 

HAVING THE PROGRAM RE-WRITTEN IN MAP' A BASIC SYMBOLIC LANGUAGE FOR THE 7040. 

IN FoRTRAN, AN A 1 FJELD HAS BEEN USED FOR EACH LETTER AND SPACE. AFTER WORDS, 

SENTENCES, ETC. 1 HAVE BEEN IDENTIFIED, STORAGE IN THE MEMORY HAS ALSO BEEN 

IN At FIELDS. Now IF A BASIC MAP LANGUAGE WERE usED, IT WOULD BE POSSIBLE 

TO READ AND IDENTIFY WORDS AND SENTENCES IN A 1 FIELDS AS BEFORE, BUT STORE 

THEM IN A6 FIELDS. THIS IS GENERALLY KNOWN AS A PACKING PROCEDURE. EACH 
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A FIELD CAN HOLD A MAXIMUM OF SIX CHARACTERS. WHEN IDENTIFYING LETTERS AND 

SPACES, IT 1s NECESSARY To HAVE ONLY ONE LETTER PER A FIELD. HowEVER, ONCE 

IDENTIFICATION HAS BEEN MADE, IT WOULD BE POSSIBLE TO STORE SIX LETTERS WHERE 

ONLY ONE WAS PREVIOUSLY. AT PRESENT, THERE IS NO PROCEDURE FOR PACKING IN 

FoRTRAN IV. 

THE USE OF THE MAP LANGUAGE WOULD INCREASE THE CAPACITY OF THE 

SYSTEM FOR TWO REASONS. FIRST OF ALL, THE PACKING, MUL.TIPL.IES THE STORAGE 

CAPACITY BY A . FACTOR OF APPROXIMATELY FIVE. SECONDLY, WHEN A PROGRAM IS 

WRITTEN IN MAP, THERE WO.UL.DBE, ACCORDING TO COMPUTER EXPERTS, AN INCREASE 

1
IN THE COMPUTER S MEMORY CAPACITY OF UP TO TEN PERCENT, WHICH IS SIGNIFICANT. 

THEREFORE, IT IS RECOMMENDED THAT ANY FURTHER WORK USING THIS SYSTEM, SHOULD 

HAVE ALL THE PROGRAMS WRITTEN IN MAP ' LANGUAGE us ING A PACKING PROCEDURE. 

IT SHOULD BE NOTED THAT THIS SYSTEM WAS DESIGNED IN PIECES, LARGELY 

BECAUSE OF MEMORY RESTRICTIONS. ADDITIONS TO MEMORY MADE BY PACKING PRO

CEDURES WOULD BE USED TO INCREASE THE CAPACITY OF THE SYSTEM SO THAT IT 

COULD ACCOMODATE MUCH LARGER ARTICLES. EVEN A FIVE-FOL.D INCREASE BY PACKING 

WOULD ALLOW AN ARTICLE TO BE PROCESSED THAT USES THREE THOUSAND FIVE HUNDRED 

DIFFERENT, NON-COMMON WORDS. THIS WOULD INDEED BE AN ARTICLE OF CONSIDERABLE 

SIZE. IF AT SOME TIME IT WAS FOUND THAT FOR MOST OPERATIONS, THERE WAS AN 

EXCESS OF MEMORY, IT WOULD BE POSSIBLE TO COMBINE PARTS OR ALL OF PHASE L 

PHASE II AND THE Co-ORDINATE INDEXING STEPS. SucH A CHANGE 1s NOT ABSOLUTELY 

NECESSARY, BUT IT WOULD ELIMINATE SOME OF THE TRANSFERRING OF CARDS USED. 

SucH A CHANGE MIGHT BE POSSIBLE IF ADDITIONAL. CORE STORAGE WAS ADDED TO THE 
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IBM 7040 AT SOME TIME. 

IN Tl ME, IT IS EXPECTED THAT A FEW OTHER CHANGES WILL HAVE BEEN MADE 

IN THE SYSTEM. FoR EXAMPLE, IT IS EXPECTED THAT THE COMMON WORD LIST WILL 

EXPAND TO A MUCH LARGER SIZE. SINCE THE PROGRAMS USED HERE ARE EXPERIMENTAL, 

THE COMMON WORD LIST IS QUITE SMALL.. IT IS POSSIBLE THAT IF iHIS SYSTEM WERE 

USED FOR DIFFERENT FIEL.DS, EACH FIELD MIGHT HAVE ITS OWN L.IST OF COMMON WORDS. 

FoR EXAMPL.E, THE WORD CHEMICAL. WOUL.D NOT BE EXPECTED TO HOLD MUCH SIGNIF

ICANCE IN THE FIEL.D OF CHEMICAL. ENGINEERING AND YET IN AN ARTICLE ON EL.ECTRICAL 

OR MECHANICAL ENGINEERING, THE WORD CHEMICAL MIGHT BE VERY IMPORTANT. 

ANOTHER CHANGE THAT MIGHT OCCUR AS MORE EXPERIMENTATION IS DONE IN 

THIS FIEL.D, IS THE CRITERIA FOR SELECTING KEY WORDS ANO/OR SENTENCES. CURRENTLY 

A SIMPL.E FREQUENCY COUNT HAS BEEN USED. LuHN HAS SUGGES7ED BRIEFLY THAT SOME 

WORDS OF VERY HIGH FREQUENCY REAL.L.Y HOL.D NO SIGNIFICANCE. SucH A WORD MIGHT 

1
BE THE WORD I MACHINE IN MECHANICAL. ENGINEERING. LUHN HAS FOL.LOWED THIS UP 

BY SUGGESTING THAT L.OW AND VERY HIGH FREQUENCY WORDS BE EL.IMINATED FROM THE 

SEL.ECTION OF KEY SENTENCES. THIS AND OTHER FUTURE CRITERIA CHANGES SHOUL.D ALL 

BE EXPERIMENTED WITH UNTIL SATISFACTORY OPERATING CRITERIA HAVE BEEN FOUND. 

CuRRENTLY, IT HAS BEEN SUGGESTED THAT CO-ORDINATE INDEXING BE DONE 

USING AL.I... OF THE KEY WORDS. HowEVER, FURTHER WORK MAY SHOW THAT ONL.Y A 

PORTION OF THE MORE IMPORTANT KEY WORDS SHOULD BE USED TO AID THE PROBLEM 

OF FALSE DROPS. THIS CHANGE IS VERY L.IKELY, BUT THE DETERMINATION OF THE 

OPTIMUM CUT-OFF POINT WOUL.D HAVE TO BE FOUND BY EXPERIMENT. 

IF TOO MANY FAL.SE DROPS WERE OCCURRING FOR SOME USERS OF THE SYSTEM 
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IT WOULD BECOME NECESSARY TO INCLUDE ROLE INDICATORS IN THE SYSTEM AS ARE NOW 

USED IN CLASSICAL CO-ORDINATE INDEXING. THIS WOULD MAKE THE SYSTEM CONSIDERABLY 

MORE COMPLEX AND WOULD SLOW DOWN A SEARCH A GREAT DEAL. THEREFORE, IF IT 

BECOMES NECESSARY TO INCLUDE ROLE INDICATORS, IT IS SUGGESTED THAT THEY BE 

INCLUDED AS AN AUXILIARY PROGRAM TO BE USED ONLY WHEN NECESSARY. SEARCHES 

FOR INFORMATION CONDUCTED BY DESIGNERS WOULD NOT LIKELY NEED THE USE OF THE 

ROLE INDICATORS. 

THE MOST REMARKABLE CHANGES THAT OCCUR IN THIS FIELD TAKE PLACE IN 

EQUIPMENT CHANGES. RECENTLY, MUCH PREVIOUSLY UNHEARD OF EQUIPMENT IN THE 

FIELD OF INFORMATION STORAGE AND RETRIEVAL. HAS BEEN REL.EASED. EQUIPMENT SUCH 

AS ALL THE MICROFILM SYSTEMS AND EQUIPMENT AND NEWER DEVELOPMENTS SUCH AS 

THE PROPOSED VIDEO TAPE SYSTEMS, WILL PROBABLY BE OF GREAT HELP TO THE FIELD. 

NEW DEVELOPMENTS AR£ SOON TO BE RELEASED, SUCH AS PRINT READING MACHINES 

THAT ARE CURRENTLY UNDER EXPERIMENTATION. As THE INFORMATION EXPLOSION HAS 

BROUGHT ABOUT INTEREST IN THE FIELD OF INFORMATION STORAGE AND RETRIEVAL, SO 

HAS THE INTEREST BROUGHT ABOUT A MINOR EXPLOSION OF INFORMATION STORAGE 

EQUIPMENT. ANY EQUIPMENT SPECIFIED FOR A PARTICULAR SYSTEM TODAY WILL LIKELY 

BE OUT-MOOED IN A VERY SHORT TIME. 

(N GENERAL, IT IS FELT THAT A GIVEN SYSTEM OF INFORMATION STORAGE AND 

RETRIEVAL DOES NOT CHANGE NEARLY AS QUICKLY AS THE EQUIPMENT USED WITHIN IT. 

EQUIPMENT MAY BE CHANGED WITHIN A SYSTEM TO MAKE INFORMATION MORE READILY 

ACCESSIBLE OR TO SPEED UP A CERTAIN OPERATION, ANO YET THE BASIC THEORETICAL 

SYSTEM STRUCTURE HAS BEEN UNALTERED. FoR THIS REASON, THIS DESIGN HAS BEEN 
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CARRIED OUT WITH THE SYSTEM HAVING PRIMARY IMPORTANCE AND THE EQUIPMENT 

HAVING ONLY SECONDARY IMPORTANCE. 
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F1 URE 2. ·E'Ncoce:o AeaT A¢T ·~ W e:f1TEAN Re!JSRVE v TEM 

! SN~~·19~19~ATRfC.0.~URGESS;R.W.BlsHOP 
i DCT/TRAMFRMAS;PPT44-16PP35YR1944'1Jl 
1 LOKSACNMYTL~lKALRYRN~l lllKAJKEJ KOVRA 
' RN~4KUJ&C&/>2 ..5%<3.5%& Si&/>1 %<2.5%K 

WVPAP.R48PAPR55PAPRMYTL1 llKAKMWTLP 
ARSLYDD22KQJLALLQ1KUJ&Si,Mn, Zr&KQJM 
ACHLQCTHQTTQ7/35LBKOKTAMP~ I /<28~~°F 
IKAKFWRMPARS~1KOKTAMP~l/<26~~°F}KWJ 
KOVRARN&4KUJ& C ,Si,Mn,Zr& /<<% KWVKQV 
PAPR48PAPR55PAPRMYTLl HKUVFWMRP AR 
S~1KUVRARN~4KUJ &&%KUVFWRMPARS~ll11 ,

F~GUR&: 3. T~RMS usE · IN AseTRACT tN FIGVR ~ (2) 

. Serial No. SN 
00190190 &~19~19~ 
Authors (namely) ATR/ · 
C. 0. Burgess 	 C.O BURGESS/ 
R. W. Bishop R.W.BISHOP 
Document reference (namely) OCTI 
Trans. Am. Foundrymens' Assoc. TRAMFRMAS 
Preprint No. 44-16 PPT44-16 
35pp. PP35 
(1944) (y'ear__Qf_publication) YR1944 
Start of encoded abstract 11 
Start of sentence II 
Start of phrase I 
Field (to which document pertains) LOK . 
Metallurgy SACNMYTL~l 
General attributive relation KAL 
Ferrous RYRNt'l,1 
End of preceding phrase I 
End of sentence (start of next sentence) II 
Start of phrase I 
Starting material KAJ 
Material processed KEJ 
Properties given for KOV 
Gray iron RARNM 
Containing (components) KUJ 
Carbon (chemical element) &C& 

, 	 Namely, more than 2.5%, less than 3.5% />2.5%<3.5% · 
Silicon (chemical element) &Si& 
Namely, more than 1%, less than 2.5% ' />1%<2.5% 
Properties KWV 
Tensile strength P APR48 
Transverse strength P APR55 
Chill depth PAPRMYTL~8 
Start of phrase (end of preceding phrase) I 
Process KAK 
Ladle treatment MWTLP ARSL YDD22 

: 	By means of KQJ 

Alloy LALL'fU 

Components KUJ 

_Silicon, ~anganese, zir~onlum (~hemical el~ments &S ~~~·
....,____""'--"'~~_~i Mn~Zr& 
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F1 uR 3. (coNTl UATlc;;N) 

By means of 

Induction furnace 

Namely 35 lb. 

Condition 

Temperature 

Namely below 2800 F 

Start of phrase (end of preceding phrase) 

Process 

Casting 

Condition 

Temperature 

Namely below 2600 F 


- .- -------
Start of phrase (end of preceding phrase) 
Product 
Properties given for 
Gray iron 
Containing (components) 
Carbon, ·silicon, manganese, zirconium (chemical elements) 
Namely, in small amounts · · 
Properties 
Improvement 
Tensile strength 
Transverse strength 
Depth of chill 
Start of phrase (end of preceding phrase) 
Discussion 
Ladle treatment 
Discussion 
Gray iron 
Composition (chemical) 
Discussion 
Casting process 
End of phrase 
End of sentence 
End of abstract 

KQJ 
MACHLQCTHQTT~7 
/35LB 
KOK 
TAMP'Ql
I< 28Q'Q°F 

I 
KAK 
FWRMPARS'&l 
KOK 
TAMP°'&l 
/<26~&°F 

I I 
KWJ . I ,· 
KOV 
RARN~4 
KUJ 

· &C, Si, Mn, Zr& 
!<< % 
KWV 
KQV 
PAPR48 
PAPR55 
PAPRMYTLll 
I 
KUV 
MWTLP ARSL YDD22 
KUV 
RARN~4 
KUJ&&% 
KUV 
FWRMPARS~l 
I 
II 

' 
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F1GURE 4. ExAMPL.E oF KWIC INDEX 

TERMINATION OF VERTICAL WIND DISTURBANCES 
OSCILLATIONS CAUSED BY WIND GUSTS 

WIND LOAD ON TOWERS 
FORM OF WIND PROFILE I.N NEAR GROUND LAYER 

A WINDTUNNEL INVESTIGATION INTO THE 
N A 45 DEGREE SWEPTBACK WING AT TR.Ai~SONIC SPEEDS 

WING PLAN FORMS FOR TRANSONIC SPE 
STRIBUTION ON SYMMETRIC WING PROFILES IN THE CASE OF HIGH 
TS OF AN ASPECT-RATIO-l WING WITH FAN AT 0.354 CHORD 
SSURE DISTRIBUTION ON A WINGSURFACE IN A NON-UNIFORM SUPE 

KWIC TYPE INDEX WITHOUT RECIRCULATION 
DOTTED LINES SHOW POSITIONS OF BIBLIOGRAPHICAL REFERENCES 
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APPENDIX 1 

C FIRST PHASE OF AUTO-ABSTRACT PROGRAM 

DIMENSION A(l60),S(ll),Fl(5,l),F2(20,2),F3(l6,3),F4( 

ll6,4),F5(8,5),WD(5600),NS(700),NF(700),LW(700),NFQ(7 

200) 

l 	 FORMAT (80Al) 


READ l, BLANK 


READ l, (S(I) ,I=-1,ll) 


READ , 1? , (Fl ( I , l) , I= l, 5) 


17 FORMAT (5(Al,1X)) 

READ 18,( {F2(I,J) ,J=l,2.) ,I-1,20) 

18 FORMAT {20(2Al,1X)) 

READ l9,{{F3(I,J) ,J=l,3),I:l,16) 

19 FORMAT (l6{3Al,ll)) 

READ 20,{{F4(I,J),J=l,4),I~l,l6) 

20 FORMAT {l6{4Al,1X)) 

READ 2l,({F5(I,J),J=l,5),I~l,8) 

21 FORMAT (8(5Al,lX)) 

READ 90, NC 

90 FORMAT (I4) 

NNC==l 

6 3 KTR~O 


2 READ l,{A(I),I~l,80) 


3 READ l,(A(I) ,I=Sl,160) 


64 K=O 
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I=l 

4 	 IF (A(I).EQ.BLANK) GO TO 5· 


I~ I-Tl 


GO TO 4 


5 	 IF ((I-K).NE.l) GO TO 6 


IF (I.EQ.80) GO TO 7 


K:;.I 


I=I~l 

GO TO 4 


6 J• l 


KK-=K 


II:I 


12 IF(A(KK+l).NE.S(J)) GO TO 13 


KKsKK-tl 


13 IF (A(II-1).NE.S(J)) GO TO 15 


II= II-l 


15 	IF (J.EQ..11) GO TO 16 


J= J-t-l 


GO TO 12 


16 	L•II-KK-l 


IF (L.GT.5) GO TO 28 


GO TO (22,23 1 24,25 1 26),L 


22 	 J-=-l 

122 	IF (A(KK+l).EQ.Fl(J,l)) GO TO 27 

IF {J.EQ..5} GO TO 28 

J• J+l 
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GO TO 122 

23 J~l 

323 JJ=l 

KKKcKK 

223 	IF (A(KKK~l).NE.F2(J,JJ')) GO TO 123 

IF (KKK.EQ,.(KK-t-l)) GO TO 2'1 

KKK-=-KKK-t-l 

JJ:JJ~l 

GO TO 223 

123 IF (J.EQ,.20) GO TO 28 

J:J~l 

GO TO 323 ' 

24 J .. l 

324 JJ-=l 

KKK-=KK 

224 	IF (A(KKK~l).NE.F3(J,JJ)) GO TO 124 

IF ( KKK.EQ.. ( KK"'°2) ) GO TO 27 

KKK=KKK+l 

JJ ::J'J+l 

GO TO 224 

124 	IF (J.EQ,.16) GO TO 28 

J::-J+l 

GO TO 324 

25 J--l 

325 JJ•l 

KKK:::KK 

http:J.EQ,.16
http:J.EQ,.20
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225 	IF (A( KKKi"l) .NE. F4.( J', J'J')) GO TO 125 

IF (KKK.EQ.(KK+3)) GO TO 27 

KKK=KKK.. l 

JJ'=JJ'+l 

GO TO 225 

125 	IF (J.EQ..16) GO TO 28 

J=J+l 

GO TO 325 

26 J:l 

32G JJ~l 

KKK'=KK 

226 IF (A(KKK+l)•NE.F~(J',JJ')) GO TO 126 

n.., ( KKK.EQ. ( KK~ 4) ) GO TO 27 


KKK-=KKK+l 


JJ•JJ+l 


GO TO 226 


126 	 IF (J.EQ,.8) GO TO 28 

J~J+l 

GO TO 326 


2? GO TO 7 


28 KKK2 KK+-l 


III-=II-1 


IF {KTR.NE.O) GO TO 31 


DO 30 M-::KKK,III 


MM-=M-KKK+l 


30 WD(MM)= A{M) 
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LW(l)=L 


NS ( 1)-= 1 


NF ( l)~L 


NFQ, ( 1) ::.1 


KTR---KTR+l 


GO TO 7 


31 NN-=l 

33 IF ( L. NE. LW ( NN) } GO TO 32 

GO TO 34 

32 	IF (NN .EQ,. KTR) GO TO 37 

NN>=·NN-t-1 

IF (NN.EQ..700) GO TO 98 

GO TO 33 

34 	NSI•NS(NN) 

NFI=NF{NN) 

J~ 0 

35 	KKKJ:: KKK-\ J 

NSIJ=NSI+J 

IF (A{KKKJ).NE.WD(NSIJ)) GO TO 32 

IF (NSIJ.EQ,.NFI) GO TO 36 

J: JTl 

GO TO 35 

36 NFQ,(NN):: NFQ.(NN)+ 1 

GO TO 7 

37 	KTR=KTR4l 

NKK:LNF(KTR-l)+l 
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LW(KTR)=-L 

NS ( KTR): NKK 

NF{KTR)=NKK,.L-1 

NFQ.( KTR):r l 

DO 40 M=KKK,III 

MM:M-KKK""NKK 

40 WD(MM) ~A(M) 

IF ((NF(KTR)+L).GT.5600) GO TO 98 

GO TO 7 

7 IF (I.GE.SO) GO TO 8 

K-: I 

I:I+l 

GO TO 4 

8 DO 9 J=l,80 

JJ=J+BO 

9 A(J)-=A(JJ) 

IF (I.EQ.80) GO TO ll 

II:I-80 

DO 10 J=l,II 

10 A( J): BLANK 

11 IF (NC.EQ.NNC) GO TO 91 

NNC•NNC-t-l 

IF (NC.EQ.NNC) GO TO 64 

GO TO 3 

98 PRINT 99 

99 FORMAT (1X,l4HTOO MANY CARDS) 
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PRINT 9 7 ,NNC 


97 FORMAT (lX,I4) 


91 J: l 


KR=KTR 

191 IF (NFQ(J).NE.l) GO TO 192 

KR~KR-l 

192 	J::J+l 

IF (J.EQ.(KTR~l)) GO TO 196 

GO TO 191 

196 	PUNCH 100 ,KR ". 

J: l 

92 	M::NS(J) 

N ~NF( J} 

IF (NFQ(J).EQ.l) GO TO 295 

PRINT 9~,(NFQ(J),LW(J),(WD(I),I•M,N)) 

95 FORMAT {lX,I4,3X,I3,3X,70Al~ 

PUNCH 100,(NFQ(J),LW(J}) 

100 FORMAT (I4,3X,I3) 

PUNCH l,(WD(I) ,I~M,N) 

295 	J=- J +l 

IF {J.EQ.{KTR+l)) GO TO 96 

GO TO 92 

96 	 STOP 


END 




68 

APPENDIX 2 

C SECOND PHASE OF AUTO-ABSTRACT PROGRAM 

DIMENSION A(480) ,S(ll) ,WD(5600),NS(700),NF(700),SN(4 

l80,5),KS(5) 

l FORMAT ( 80Al) 

KA=O 

READ l, BLANK 

READ l, (S(I),I~l,ll) 

M=l 

J=l 

READ 100 , KR · 

101 READ 100,(NFQ(J) ,LW(J)) 

100 FORMAT (I4,3X,I3~ 

N=M+LW(J)-1 

READ l,{WD(I) ,I=M,N) 

NS{ J)= M 

NF{ J)-=N 

M=-N-rl 

J=J+-1 

IF {J.EQ.(KR~l)) GO TO 102 

GO TO 101 

102 DO 103 N:l,5 

103 KS(N)=-0 

DO l l 2 J== l , 5 

111 DO 110 N~l,480 
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110 	SN(N,J)=BLANK 

112 	CONTINUE 

READ 100, NO 

NNC:;.Q 

2 	READ 1, (A(I) ,I=l,80) 

NNC=NNC+l 

IF (NNC.E~.NC} GO TO 72 

3 	 READ 1, (A(I) ,I:Sl,160) 

NNC•NNC+l 

IF (NNC.EQ.NC) GO TO 73 

4 	READ 1, (A(I) ,I=lSl,240) 

NNC=NNC""'l 

IF (NNC.EQ.NC) GO TO 74 

5 	READ l, (A( I) ,I=241,320) 
. 

NNC=NNC+l 

IF (NNC.EQ.NC) GO TO 75 

6 	READ l, (A(I) ,I=32l,400) 

NNC-::.NNC+l 

IF {NNC.EQ.NO) GO TO 76 

7 	READ 1, (A(I},I=401,480) 

NNC=NNC-\-1 

GO TO 33 

72 NI-=81 


GO TO 77 


73 NI=l61 


GO TO 77 


http:NNC.EQ.NO
http:NNC.EQ.NC
http:NNC.EQ.NC
http:NNC.EQ.NC
http:NNC.E~.NC
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74 NI:.241 


GO TO 77 

75 NI= 321 

GO TO 77 

76 NI=40l 

77 DO 78 I~NI,480 

78 A( I)-= BLANK 

33 KSN=-0 

DO 57 I-=l, 480 . 

IF (A(I).EQ.S{l)) GO T0 .?0 

57 CONTINUE 

GO TO 60 

70 K:-0 

I=l 

90 IF (A(KA+l).NE.BLANK) GO TO 8 

KA=KA+l 

GO TO 90 

8 IF (A(I).EQ.BLANK) GO TO 9 

I'=I-t-l 

GO TO 8 

9 IF {{I-K).NE.l) GO TO 10 

K-=I 

I-=I+l 

GO TO 8 

10 J-=l 

KK-=K 



71 

II=I 


12 IF (A(KKTl).NE.S{J)) GO TO 13 


KK=KK-t-1 


13 IF (A{II-l).NE.S(J)) GO TO 15 


II=II-l 


15 	IF (J.EQ.ll) GO TO 16 


J'=J'-t-l 


GO TO 12 


16 L-:II-KK-1 


J=l 


17 IF (L.NE.LW(J)) GO TO 18 


M=NS( J) 


20 KKlC=KK 


21 IF (A( KKK+l) .NE. WD( M)) GO TO 18 


IF (KKK.EQ.(KK+L-1)) GO TO 23 


KKK=KKK+l 


· M=M+l 


GO TO 21 


23 KSN=KSN+NFQ(J) 


GO TO 19 


18 	 J=J'+l 


IF (J.EQ.(KR~l)) · GO TO 19 


GO TO 17 


19 	IF (A(I-l).EQ.S(l}) GO TO 24 


K=I 


I~ITl 
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GO 	 TO 8 

24 N:sl 

DO 25 NN .. 2,5 

.IF (KS(NN).GE.KS{N)) 80 TO 25 

N=NN 

25 	 CONTINUE 

LSN s ( I-l-KA) 

IF (KSN.LE.KS{N)) GO TO 226 

KS(N) .. KSN 

DO 	 27 J• l ,LSN 

M=KA+J 


SN ( J , N) : A ( M) 


27 	A(M),BLANK 


LLN=-LSN""l 


DO 28 J•LUt,480 


28 	 SN (J, N)-=- BLANK 

GO 	 TO 26 

226 DO 227 J: l ,LSN 

M=KA-t-J 

227 A(M)-:BLANK 

26 DO 29 NN= l, 6 

IF ((NN~80).GE.II) GO TO 30 


29 CONTINUE 


30 IF (NN.NE.l) GO TO 32 


KA=-II+l 


GO TO 33 


http:NN~80).GE.II
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32 	KA:II-((NN-1)#80)~1 

NJ-:7-NN 

NNJ'=NJ#t80 

DO 31 N,l,NNJ' 

M:r ( 1i+ ( NN -1) •a0) 

31 A(N) =A( M) 

NNJl 2NNJ~l 

DO 	 86 I= NNJl ,_480 

86 	A( I)-= BLANK 

NNN-=NN-1 

IF (NNC.NE.NC) GO TO 85 

DO 80 IN•l,480 

IF (A(IN).NE.BLANK) GO TO 33 

80 	CONTINUE 

GO TO 40 

85 GO TO (7,6,5,4,3),NNN 

40 PRINT 43 

43 FORMAT (1X,21HFREQ W.LG. KEYWORD//) 

J:r l 

41 M:NS(J) 

N:.NF(J) 

PR INT 4 2, ( NFQ, ( J) -, LW ( J) , ( WD ( I) , I= M, N) ) 

42 	FORMAT {1X,I4,3X,I3,3X,70Al) 

J: J'+l 


IF (J.EQ.(KR•l)) GO TO 50 


GO TO 41 


http:NNC.NE.NC
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50 PRINT 51 


51 FORMAT (//,lX,l3HKEY SENTENCES//) 


N:l 

53 PRINT 62,(SN{M,N),M~l,480) 

PRINT 5 4 , { KS ( N) ) 

54 FORMAT {lX,I4//} 

N=N"'l 


IF {N.EQ.6) GO TO 55 


GO TO 53 


60 PRINT 61 


61 FORMAT (lX,20HSENTENCE IS TOO LONG) 


PRINT 62,{A(M),M=l,480) 

62 FORMAT (lX,80Al) 

55 STOP 

END 
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APPENDIX 3 EXAMPLE RUN OF AUTO-ABSTRACT PROGRAM 

INPUT ARTICLE- No1sE AND V1BRATION 

ENGINEERING PROBLEMS CONNECTED WITH SHOCK AND VIBRATION ARE BETTER 

UNDERSTOOD TODAY THAN THEY WERE A DECADE AGO, BUT A NUMBER OF CURRENT PRAC

TICES AND APPROACHES CAN STAND IMPROVEMENT. SHOCK RATINGS OF PARTS, FOR 

EXAMPLE, ARE STILL EXPRESSED IN TERMS OF GS. THESE SIMPLE RATINGS, OFTEN 

BASED ON ACCELERATION LEVELS OF UNSPECIFIED SHOCK PULSES, DO MUCH TO CONFUSE 

FUNDAMENTAL INSIGHT INTO SHOCK-INDUCED FAILURE. 

REFERENCE TO A STANDARD PULSE SHAPE WOULD BE BETTER. TALKING IN' 

TERMS OF A SPECTRUM OVER A FREQUENC'Y RANGE WOULD BE BETTER STILL- EVEN IF 

THE SPECTRUM HAS TO BE INFERRED SOMEWHAT CRUDELY FROM PULSE-SHAPE DATA. THE 

LATTER APPROACH WOULD BE ESPECIALLY BENEFICIAL IF IT GAVE SOME IDEA OF THOSE 

FREQUENCY BANDS IN WMICH AN ITEM IS PARTICULARLY SENSITIVE BY VIRTUE OF ITS 

RESONANCES. 

A RANDOM VIBRATION IS MORE COMPLETELY DESCRIBED WHEN PROBABILITY 

DISTRIBUTIONS ARE CONSIDERED ALONG WITH POWER SPECTRA. DEVIATIONS FROM 

GAUSSIAN DISTRIBUTION HAVE CREATED SOME IN"TEREST, BUT TOO MUCH OF THIS HAS 

BEEN CONCERNED WITH MOUNTING OR EXCITATION POINTS. TOO LITTLE ATTENTION l!S 

FOCUSED ON GAUSSIAN DEVIATIONS AT THE FAILURE POINT CAUSED BY NON-LINEARITIES 

ASSOCIATED WITH THE FAILURE MECHANISM. A NON-GAUSSIAN DISTRIBUTION IS A 

DELICATE THING, READILY ALTERED BY FILTERING AND PHASE SHIFT, SO TH&T DEVIATIONS 

AT EXCITATION POINTS ARE PROBABLY LESS SIGNIFICANT THAN IRREGULARITIES OF 

SPECTRUM WHICH, FOR PRACTICAL REASONS, MUST BE IGNORED. 
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THEORETICAL TREATMENTS HAVE CONCENTRATED ON EFFECTS OF GENTLE NON

LINEARITIES. THESE ARE WORTHWHILE ADVANCES, BUT MORE CRITICAL PROBLEMS ARE 

ASSOCIATED WITH ABRUPT NON-LINEARITIES AT THE EXTREME TAILS OF A DIS'l'RIBUTION. 

MORE PERSPECTIVE SHOULD BE USED IN THE REDUCTION OF DATA, AND 

PERSPECTIVE SHOULD BE GUIDED MORE BY EXPECTED UTILITY. METICULOUS DATA 

REDUCTION IS BEING CARRIED OUT ON LOW-LEVEL VIBRATIONS WITH OVERALL RMS 

ACCELERATIONS LESS THAN 1G. ESPECIALLY IN THIS PERIOD OF COST SENSITIVITY, 

THERE ARE DANGERS IN TOO MUCH REDUCED CATA, EXTREMES OF IT DIVERT ATTENTION 

FROM THE MORE IMPORTANT PROBLEMS AND MAY SERVE ONLY AS PUBLISHED EVIDENCE 

THAT EFFORT HAS BEEN EXPENDED WITHOUT EXPECTATION OF BENEFICIAL EFFECT ON A 

PROGRAM. 

RECENTLY, ENGINEERS HAVE BECOME MORE AWARE OF NOISE AS WELL AS 

VIBRATION. THERE HAS BEEN TOO MUCH TENDENCY TO TREAT THEM AS INDEPENDENT 

ENVIRONMENTS AND SIMULATE BOTH AS A ROUTINE MATTER OF POLICY. CRUDELY SPEAK

ING, IN MISSILES AND SPACE VEHICLES, NOISE AND VIBRATION ARE PROPORTIONAL. THE 

CONCLUSION THAT BOTH MUST BE SIMULATED IS NOT NECESSARILY VALID AND SHOULD BE 

APPROACHED WITH CAUTION. 

THE STATE OF THE ART OF VIBRATION :TESTING IS STILL SUCH THAT A CHANGE 

OF TEST FIXTURE WILL OFTEN RESULT IN SIGNIFICANTLY DIFFERENT FAILURES. BUT IT 

DOES NOT NECESSARILY FOLLOW THAT BOTH FIXTURES MUST BE USED¥ ANY DIFFERENCE 

IN FAILURE FROM NOISE VS VIBRATION EXCITATION MAY BE FROM PROBLEMS ANALOGOUS 

TO THAT OF A DIFFERENCE IN FIXTURES. APART FROM THE SUBTLETIES OF TEST 

APPARATUS, THERE ARE INHERENT UNCERTAINTIES IN THE REALISM OF SIMULATION OF 
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ENVIRONMENT AT THE PARTS L..EVEL... DISTINCTIONS ARE IMPORTANT BETWEEN WHAT IS 

SCIENTIFICAL..L..Y PROVED AND WHAT IS CONVENTION OR STANDARDIZATION. WAYS IN WHICH 

TENS IL..E STRENGTHS AND FATIGUE LIMITS ARE MEASURED ARE CONVENTION, NOT A MAT

TER OF PROCEDURES THAT HAVE BEEN SCIENTIFICAL..LY PROVED TO BE BEST. 

THE PIONEERS WHO ESTABL..ISHED THE PROCEDURES DID SOMETHING THAT WAS 

NECESSARY BEFORE ANY EFFECTIVE APPROACH TO DESIGN COUL..D BE POSSIBL..E AND 

BEFORE ANY FURTHER PROGRESS COUL..D BE MADE. THEY DID WHATAL..L.. GOOD ENGINEERS 

SHOULD BE ABL..E TO DO ON OCCASION- USE THEIR BEST JUDGMENT AND GET ON WITH THE 

JOS. THE FUNCAMENTAL..S OF FATIGUE AND FAIL.URE ARE UNDER CONTINUING STUDY. THE 

CURRENT DESIGN PROCEDURES WIL..L.. 1 HOWEVER, CONTINUE TO BE USED, PERHAPS 

EVENTUALL..Y WITH SL..IGHT MODIFICATION. 

PRESENT USE OF SPECIFICATIONS IS A CONVENTION WHICH HAS BEEN FOUND 

EMPIRICAL.LY TO BE USEFUL.. THE WAY IN WHICH SPECIFICATIONS ARE USED IS 

CONVENTION. THE IDEA THAT THE TEST EXCITATION SHOUL..D SIMUL..ATE THE ENVIRONMENT 

IS CONVENTION. 

IT MAY SEEM OBVIOUS THAT SIMUL..ATION IS A NECESSARY OBJECTIVE, BUT THE 

OBVIOUS SHOULD NOT BE TAKl;:N AS ENTIRELY AXIOMATIC. GREAT SCIENTIFIC ADVANCES 

HAVE COME FROM QUESTIONING THE OBVIOUS, AND SCIENCE HAS REPEATEDL.Y DISCL.OSED 

AREAS IN WHICH THE OBVIOUS IS NOT VAL.ID. SPECIFICATIONS SERVE UL.TIMATELV AS A 

MOTIVATION TO PEOPL.E WHO INFL.UENCE DESIGN. THEIR PROBABLE EFFECT ON DESIGN IS 

POTENTIAL.L..Y AS FRUITFUL. A FIEL..0 FOR STUDY AS THE PROBL.EM OF SIMULATION. 

IN THE FUTURE, ADVANCES SHOUL.D BE MORE SIGNIFICANT THAN THEY HAVE 

BEEN IN THE PAST DECADE. THIS WIL.L. BE EASIER IF PROBL.EM AREAS THAT NEED MORE 

http:PROBL.EM
http:PROBL.EM
http:EMPIRICAL.LY
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ATTENTION ARE RECOGNIZED. 

SHOCK ANO VIBRATION ENGINEERS HAVE GENERATED AN EXTENSIVE LORE OF 

QUALITATIVE DESIGN CONSIDERATION, BUT THIS HAS NOT BEEN SATISFACTORILY GATH

ERED IN ONE PLACE. SUCH AN EFFORT WOULD HELP AVOID THE MORE OBVIOUS DESIGN 

ERRORS. 

THE INTERACTION OF SPECIFICATIONS WITH EQUIPMENT DYNAMICS INDIRECTLY 

BEING CONTROLLED DESERVES MORE INVESTIGATION. INSTRUMENTATION FOR DYNAMICAL 

ANALYSIS OF EQUIPMENT IS NEEDED. THE BULK OF THE ACCELEROMETERS MANUFACTURED 

ARE NOT DESIGNED FOR INVESTIGATION OF DYNAMICS INSIDE EQUIPMENT. THIS DEFICIENCY 

OF INSTRUMENTATION AND ASSOCIATED TECHNIQUES JS PROBABLY THE GREATEST IMME

DIATE OBSTACLE TO PROGRESS. 

ANOTHER NEED IS FOR A TABULATION OF RESONANCE FREQUENCIES OF STANDARD 

PARTS. IN DESIGN FOR ~ELIABILITY UNDER VIBRATION, MORE INFORMATION SHOULD BE 

DEMANDED THAN JUST THE SIMPLE STANDARD TEST CONDITION SURVIVED. DATA SHOULD 

BE ACCUMULATED ON TYPICAL EQUIPMENT STRUCTURES. 

A MORE COMPREHENSIVE DISPLAY OF OBJECTIVES JS GIVEN IN TABLE 1. THEY 

ARE NOT MUTUALLY INDEPENDENT, AND ONE MUST MAKE TRADEOFFS BETWEEN THE 

DIFFERENT OBJECTIVES. SHOCK AND VIBRATION ENGINEERING IS AS MUCH A MATTER OF 

MANAGEMENT-TYPE TECHNIQUES AS IT IS OF CLASSICAL TECHNICAL DISCIPLINES. IN TIME, 

OPERATIONS RESEARCH MAY MAKE ITS CONTRIBUTION IN CONJUNCTION WITH THOSE OF THE 

MORE PURELY TECHNICAL DISCIPLINES THAT ARE APPLIED NOW. 
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OUTPUT- FROM PHASE 11 

FREQ, W.LG. KEYWORD FREQ W.LG. KEYWORD 

2 11 ENGINEERING 3 9 ENGINEERS 
4 8 PROBLEMS 3 5 NOISE 
5 5 SHOCK 2 11 INDEPENDENT 
9 9 VIBH.ATION 2 8 SIMULATE 
3 6 BETTER 3 4 BOTH 
2 6 DECADE 3 6 MATTER 
2 7 CURRENT 2 ll NECESSARILY 
2 7 RATINGS 2 5 VALID 
3 5 PARTS 2 4 SUCH 
3 5 STILL 4 4 TEST 
2 5 TERMS 2 9 DIFFERENT 
2 6 SIMPLE 2 8 FIXTURES 
2 5 OFTEN 2 10 DIFFERENCE 
5 4 MUCH 3 10 SIMULATION 
5 7 FAILURE 2 11 ENVIRONMENT 
3 8 STANDARD 2 7 BETWEEN 
3 8 SPECTRUM 2 14 SCIENTIFICALLY 
2 9 FREQ,UENCY 2 6 PROVED 
2 i 7 CRUDELY 5 10 CONVENTION 
5 4 DATA 2 7 FATIGUE 
2 8 APPROACH 3 10 PROCEDURES 
2 10 ESP.EC I ALLY 2 4 BEST 
2 10 BENEFICIAL 2 3 WHO 
2 4 SOME 2 3 DID 
2 4 IDEA 2 9 NECESSARY 
3 10 DEVIATIONS 2 6 BEFORE 
2 8 GAUSSIAN ? 6 DESIGN 
3 12 DISTRIBUTION 2 8 PROGRESS 
7 4 BEEN 2 3 USE 
4 10 EXCITATION 2 5 THEIR 
2 6 POINTS 2 5 UNDER 
3 9 ATTENTION 2 5 STUDY 
3 15 NON-LINEARITIES 4 14 SPECIFICATIONS 
3 10 ASSOCIATED 5 7 OBVIOUS 
2 8 ?ROBABLY 2 5 AREAS 
2 4 LESS 2 7 PROBLEM 
2 11 SIGNIFICANT 2 4 NEED 
3 8 ADVANCES 2 3 ONE 
2 11 PERSPECTIVE 4 9 EQUIPMENT 
9 6 SHOULD 2 8 DYNAMICS 
4 4 USED 2 13 INVESTIGATION 
2 9 REDUCTION 2 15 INSTRUMENTATION 
2 5 BEING 2 10 TECHNIQUES 
2 9 I MPORTANT 2 10 OBJECTIVES 
2 5 SERVE 2 4 MAKE 
2 6 EFFORT 2 9 TECHNICAL 
2 6 EFFECT 2 11 DISCIPLINES 
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OUTPUT (coNTINUEo) 

KEY SENT:eNCES 

SHOCK A.ND VIBRATION ENGINEERS HAVE GENERATED AN EXTENSIVE 

LDRE OF ~UALITATIVE DESIGN CONSIDERATION, BUT THIS HAS NOT 

BE~N SATISFACTORILY GATHERED IN ONE PLACE. 

33 


ANY DIFFERENCE IN FAILURE FROM NOISE VS VIBRATION EXCITA

TION MAY BE FROM PROBLEMS ANALOGOUS TO THAT OF A DIFFER

ENCE IN FIXTURES. 

31 


MORE PERSPECTIVE SHOULD BE USED IN THE REDUCTION OF DATA, 

AND PERSPECTIVE SHOULD BE GUIDED MORE BY EXPECTED UTILITY. 

33 


IN DESIGN FOR RELIABILITY UNDER VIBRATION, MORE INFORMATION 

SHOULD BE DEMANDED THAN JUST THE SIMPLE STANDARD TEST CON

DITION SURVIVED. 

36 


ESPECIALLY IN THIS PERIOD OF COST SENSITIVITY, THERE ARE 

DANGERS IN TOO MUCH REDUCED DATA, EXTREMES OF IT DIVERT 

ATTENTION FR~M THE MORE IMPORTANT PROBLEMS AND MAY SERVE 

ONLY AS PUBLISHED EVIDENCE THAT EFFORT HAS BEEN EXPENDED 

WITHOUT EXPECTATION OF BENEFICIAL EFFECT ON A PROGRAM. 

36 
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