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University of Pemmeylvania
THE MOORE SCHOOL OF ELECTRICAL ENGINEERING
Philadelphla, Pennsylvania

THE MOORE SCHOOL INFORMATION
SYSTEMS LABORATORY

The Information Systems Laboratory of The Moore School of Electrical
Engineering, Unive ‘{ty of Pennsylvania, was established in 1962 to develop
a design for a mec ilzed information aystew in the information processing
field, with special attencion to the lmplementation criteria entering into
on-line retrieval through man-machine dislogue from a remote console. The ’
program is currently concentrating vpon four major tasks at the system level;
specifications for capturing search strategies; specificatlons for machine
storage of indexer aids, including lists of index items, synonymic equiva-
lences, clasgification tables, and other semantic tools; organization of
disk file storage to accommodate system routines for the load and quest
modes; and study of uses of graphic display. The search mode has been
iwplemented in minimal form and informal tests have been run, The long~
range goal is to provide for machine-directed search, with computer=alded
instruction on how to conduct a search, and with the search conducted in a
problem=solving mode.

Out of the early reflections on the problems of indexing documents,
Moore School conviction grew that information system problems stem primarily
from the limitations and complexities of natural language as a means for
communication, These convictions have been reinforced as the research
advanced, The many attempts made by other researchers to mechanize the
indexing process underscore these difficulties and suggest that they result
partly from the multitude of synonymic alternatives and homographic ambige
uities that pervade natural language, and partly from the omission of pre-
sumed combon knowliedge where the author presupposes that the reader will
supply the broad framework of underlying material,

It follows that conventional schemes for cataloging and indexing are
inherently limited in their ability to assist the search process. The newev
procedures employ '"deep indexing" techniques, whereby a substantial number
of index terms, often as many as 100, are assigned to each document to
supplement conventional bibliographic elements such as author, title, dace,
publisher, etc. As used here, an index term means a siugle word, number,
or symbol or a brief phrase, which gives a clue to a subgtantial toplc or
1tem discussed in a document or denotes a subject area relevant to the
document's contenta,

The procedure which curyrently enjeys the greatest popularity makes
use of an "authority list" or "thesaurus" of index terms. The thesaurus
1s prescribed by a group of experts in the subjcct specialty. These
experts select a sat of (relatively) independent index terms to spanh the
toplcs that they believe should be included in the document file. The
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primary limitation of a thesaurus Is that Lt presupposes an arbitrary and
fixed characterization of subject matter; indexing is thus restricted to
these preconceived notions, and new ideas are withheld from the searchar.
From the vantaga point of information theory, a thesaurus restricts the
appexent growth of the fi{le to an accumulation of more and more documents
on the same subjact matter through extension of ideas beyond the boundaries
exloting at thesaurusemsking time.

The Moore 3chool research team has therefore coticentrated upon the
preparation of a functional and procedural plan for a mechanized information
system which roceanizea the limitations of index terms, whether taken freely
from natural language or limited to a prescribed thesaurus, The system
calls for computer aid not only in searching the decument file but also
in providing instructions on how the file has been organized, what index
term moanings were assumed by the indexers at indexing time, which homo~
graphic meanings of index terms are allowed by the system; which synonyms
are recognized, atc. In short, a "librarian® is bullt into the ayatam and
the uger can obtain the librarian-like assistance, in real time, directly
through his on=line console,

More specifically, the system 15 plannad with the following features:
(1) the user has direct access to the system via on-line console;

(2) 1in addition to catalcg and index data, the system will store
a complete description of itself;

(3) the user will be perm. ced an unrestricted search vocabulary,
It will be the responsibility of the system to interpret
search terms, request clarification where ambiguity arises,
and provide maanings of terma upon request;

(4) the user will gain access to the document fille through any
one or more of a large number of entry ports, such as
author, data, color of document, language, ete.;

(5) the user will be able to search from an initial category
through velated categorles, wich assistance provided by
the system in designating and locating related categories,
terms, and other antvias.

The mechanized informatior system has been implemented in its flirst
form, The system has been designed with a modular structure in order that
commands may be added with ease and genwral-purpose routines may be shared
by commands. The mass store 1s an IBM 1301 d’sk atorage uait accessed
from an IBM 7040 computer. The Jobs of editing, printing, and accepting
massages from local or remote users are performed by a DEC PDP-8.

Direct on-line console access is through a 33-ASR Teletypewriter; remote
stations utilize the same model Teletype units with Dataphones for telephone~
line connection,
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Summary of Progress to Date

Tha procedural specifications of an information aystem encompase the
information flow through tho system from the moment that a document ie
retrieved through the intervale when the document is indexed, ingested,
and periodically retrievad and aventually to the time that the document is
purged from the system because of its obaolescence, The procedural specific-
atione reflect the actiona of individuals and zroups iu processing the docu-
meuts and thelr charactevization by index terms {including conventional
bibiiographic eiements, etc,) but tle responsibilities of individuals and
groups are genocvally spelled out in the functional specifications,

Pigure 1 1llustrates the information flow through the system, Each

box indicates the function performed at that poilnt and the equipment and/or
forin of information record, The first box depicta the arrival of new docu-
ments in haxrd copy form, thelyr evaluation on the basis of prescribed criteria
and thelr acceptance/rejection as file documents. The second box denotes the
indexing of accepted documents by human indexers. The original document is
then tranaferrved to the document file (box 3) in its havd copy and/or micro-
image form.

The indexing shects are forwarded to the console operator for loading
into the mechanized fila (box 4). OQnly authorized users are allowed to
load new information into the files; such users are assigned special codes
to identify themaelves to the system and to gain access to the subroutines
of the loading program.

Console keying is forwarded hy Dataphone communication line (box 4)
from the Moore School to the Computer Laboratory alsewhere on campus; since
commercial telephone system lines are being used, any compatible teletype-
writer can gain access to the system equally well. Indexing sheets and
other file updating information are loaded periodically on a bateh basis;
this has significant influence on the file organization snd the loading
programs, particularly oun disk flie rearrangecmeat procedures,

Mcssages enter the computer system through a buffer computer (box 5),
where they are assembled and edited. Commands for message editing are
fllustrated briefly below, wherc one may also note ~he manner in which
dialogue is promotad in natural Bnglish between man and machine through
typewritten responses from the buffer, When the loading message and the
indexing terms have be n fully assembled in the buffers, a "message termina-
tion symbol™ is keyed a: the console which initiates transfer through a
hardware interface into the computer/disk file system (box 7).

The new decument index is then automatically loaded onto the disk and
stored on magnetic tape. Deviations from the standards, such as index
terms that do not appear In the descriptor lexicon, asre summgriged and
forwarded to the vocabulary review board (box 9) where instructions are
generated for file maintenauce and improvements (box 10). The latter
include expansion of the lexicon of transients, promotion of transienta
to free terms and free terms to descriptors, adjustment of spelling errors,
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atc. The review board imetructions are then implemented through the console,
also in the privileged load moda.

Certain gsyetem etatiatics are summarized porledically., Thase include
fraquency of dascriptor usage, extromely high or low document activity,
difftculties in man-machine dialogue, etc. Thae summarized statistics are
raviewed by the quality assurance board which writes instructions for avstem
wodiflication ineluding descriptor demotion, document purging. and adjuatments
to console communds and the vetrieval language, These instructiona ara also
entared via the consgole in the load mode.

The user galns access (o the system when the telatypawriter cuasuvie s
free for user ssarch (box 11), The user Ls only parmitted to use the 2earch
wodae to accees the system. Suggeoted system {mprovaments can be inacrted

into his search sequent but these are simply stored on magnetlc tape (box 8)
for later raview by the quality aseurance board.

About 2000 documents have been manually indexed. All have bgen kay-
punched onto Hollerith cards and are loaded onte diask for search gxperimants,
The programs have baon written for deriving lavarted lists of accession
numbers, which facilitace rapld retrieval through logical combinations of
index terwms. An executive ccatrol system has besan written which interpretas
gearch commande, corrects minor epelling errors in the search message, and
provides & aumber of similar user services.

Operation of the system may be batter understood, at least in patrt, by
referance to che results of an actual search displayed in Figure 2, Tha
printeout begins with a succession of linas of STANDBY; these wera typed bLy
tha buffer computer at one-minuts snxervals to assure the searcher that his
consola was stlll connected but that the IBM 7040 had not vat been turned
over to the eystem by the Computer Center personnel. Possasslon is
finally indicated by the buffar notification, I AM := .

The saarchey gave wls sode number (indicating character erasure with a
loft arrow) and the buffer requested moda designation., SEARCH was recognized
as an oxisting mode, and tha searcher was permlitted to procead.

The searcher requestad a comblinational search (keyword: COMBINE) on
four terms, thresz of which were descriptors ($B) and one a date ($A2),
After message printout, a correction was made by the asarcher who sdded
snother term to the vequast, Finally after another message printout,
retriaeval was loplemented and the ssarcher informad of the results., The

buffar automatically asked 1f catalog data on these documenis were desired,
with "DO YOU WANT TO SEBR ANY?"

Affirmative regponse was followed by a sequence of querles to deter-
mine which of the documents and vhich cataloy data were deslred. Note that
the machine dlrected the searcher at chis point. In fact, the searcher

was interested In accession numbers cnly, and all 37 he requested were
printed out.

In che Laxt man~nmacifne dlalogue (Flgure 2¢), the RETRIEVE command
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THE OPERATING MODE IS (e SEARCH<»

YOU MAY PROGEED.tn .
MANUALZFEB wenn$A8 FER 1o55<s o BINE $6 18M/PROGRAMM I NG/ i

PRINT? = YES<» ;
YOUR MESSAGE 1354

21) COMBINE g IBM/PROGRAMMING /
921 MANUAL/3AQ FEB 933

Loty Ly peibeg g 0 B e L

15 o

CORREGTIONS? 1w YES<»

ey TP

LINE NO. g >
LINEC(S)

L

/FORT«?
LINECSY)

/8B FORIRGN<»

MORE? ¢w N
PRINT> ., Y& G<»
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Ylpuca 2b ~ An Lllvatvative On-Ling Search

YOUR MESSAGE S

8] GONOINgG 1 1OM/PROGRAMMING /
A2) MANUAL/sA2 FEn 1955
83} /%8 FORTRAN

CORRECTIONS? s= NO<»

DQCUMENTS KAVE BgeN RETRIEVED AS FOLLOWS:
97902% DOCUMENTS CHARACTERIZED By 3 ITEMS.
DANAAA DOGUMENTS CHARAGTERIZED BY 4 ITEMS,
209037 DOGUMENTS CHARACTERIZED by 3 ITEMS,
A0R190 DOCUMENTS CHARACTERIZED BY 8 ITEMS,
200328 DOGUMENTS CHARNCTERIZED Ly t iTEM.

D0 YOU WANT TO 3gg ANY? ta YES<»

DOCUMENTS CHARAUTERIZED BY AT LEAST HOW MaNy {TEMS? 1w

INDICATE $€GTOR INFOs DESIRED, (ANSWER *ypse, ‘WO,
ALL sA? = NGy
ANY $A47  1s NO<»

36 e >

PLEASE ANSWER 'YES's 'NO', 'PORGET Y OR ‘ALLY) gm
$C? o NO<»

ACCESSION NUMDERS FouNDs

102 1€t iog 143 Io4 tas a6 ta? 1a9
125 126 127 134 b4 157 163 168 169

172 173 y7s 180 isg 187 197 20e 204
Q36 ¢79 710 7Tt

THAT'S aLL.

*alLt,

J4»

OR

NQ<»

tta
179
2ae

'FORGET").

o M b i
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Plguve 2¢ = An Tlluscrative On-Line Scarch

YOU MAY PROCEED.te

RETRIECE tAL PATTERSON
+ CARR, Jr Ws <»
PRINT? e NO<»
DO YOU MEAN RETRIEVE ? 1= YES«<>
5034 *REFERENCES® HAVE BEEN RETRIEVED.
PRINT SOME? 1o YES<»>

SAME INFORMATION GATEGORIES AS BEFORE? 1ta NQ<»

INDICATE SECTOR INFO. OEMLIRED. {ANSWER *'YES®» '™NO', 'ALL's OR ‘FORGET" Y.
ALL $A? te YES«»

£0? = NO=>
$C? 1w NQ<>

AGC+ NO.1? }
AY 0/3765+JD
A2 JUNE 1954

A3 FIRST GILLOSSARY OF PROGRAMM{NG TERMINOLOGY~
Al FOR COMPUTING MAGHINERY
Al ADAMS:C WHBACHUS:J W

S:d WHOARR D W J11+0D300F
[N T

| WEGSTEINJ+HOPPER: GRACE MURRAY

A5 ASSOCIATION FOR COMPUTING NACHINERY. NEW YORK
Aé LTXZ2S CH

AT 0
A8 PP 252

REPORT TO THE ASSOCLATION

N, R I"+PATTERSONG WSVIGALS.J+

AGG. NO.t 49
A B/5765+JR
Al PERKINS,RODERT*CARR,JOHN W T1I+EROWN:J HARVEY
A2 14 SEPT 1955

A3 EASIAG:

A PSEUQD COMPUTER=-= A PAFER PRESENTED AT THE ANNUAL NEETING Q
AJd F THE ACM, PHILADELPHIA:» PAs 14 SEPT 1956

AS RAMO-WOOLORIDGE CORP» 3820 BELLANGA AVE, LOS ANGELES 45: GALIF
AS 22X28 CM

AT 4
AB PR 9+

MORE? 8 NO<»

b s i G A B A
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Fipure 2d « Ao Yllustvative OneLine Scarch

¥YOU MAY PROCEEDs ¢n OISPLAY (160,127,187:279)

<>

FRINT? t= Hy<>
SAME INFORMATION CATEGORIES AS HEFORE? ] NO<>

INOIGATE SEGTOR INFO. DESIRED: (ANSWER 'YES's °'NO'» *ALL'» OR 'FOKGET')s
ALL $A? 1a  NO<> | |
ANY ;A? I YES<>
GIVE SECTOR DIGITS e 1, 3<>
$87 1= NO<> '
$C7 ta - ND<»
: ACG; NO. 1 iéﬁ'
A3 IBM REFERENCE MANUAL~ 784 FORTRAN PROGRAMMING SYSTEM

AGC. NO.: . 127

A3 IBM 744 AND 799 DATA PROCESSING SYSTEMS BULLETIN- 744 AND 789 FORTRAN
A3 = USING FUNCIION AND SUBROUfINE NAMES AS ARGUMENTS

AGCCs NO.: 187
AD IBM 7030 DATA PROCESSING SYSTEM- 18M 7930 SYSTEMS PROGRAM PACKAGE

ACCe. NO+: 2790
Al KATZ,»CHARLES

A3 COMPARATIVE GOODING FOR FORTRAN (184 704): MATH*MAT(G C(UNIVAG [ ANO 11

- A3 ) UN!CODE (IIGSA)

THAT'S ALL.

YOU MAY PROCEED.3w- ENO~>

PRINT? 3= NQ<>

YOU HAVE GIVEN THE END SIGNALe
CONNEGTION TERMINATED.
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was employed, allowing for any logical combination of request terms, The
p union of documents by two authors was requested, and again, the searcher
3 was directed to specify catalog data desired. Note that the searcher
nigsapelled RETRIEVE and was corrected. As soon as format was deltermined
the machine printed out two documents. More could have been obtained i
answering YES to the machine query MORE?.

In the last dialogue (figure 2d), the DISPLAY command was used in
order to have certain catalog data of specific documents printed out. The
rest of the dialogue should be self-axplanatory. The message END termingted
the connection,

TV

g Basy English

The commands RETRIEVE and COMBINE illustrate the operation and
behavior of Symbolic Command Language {SCL) as a means for man/machine
communication through a typewriter console, SCL proved satisfactory for
! users of the information system who participated in the study or who
1 happened to wander in during demonstrations. It was therefore decided to
perform an experiment with a more universal set of subjects who were less
skilled with mathematics and computer languages than the study participants
and cagual visitors. The new subjects consisted of secretaries and under-
graduate students, and thelr poor results deflated the confidence in SCL
that had been building up.

B L ca il

A far-reaching action was then taken, to leapfrog ahead, rejecting
all artificial languages and turning instead to a somewhat restricted but
nevertheless real version of English., Foktunately, s mentioned above,
SCL was designed in mcdular form and it has been found possible to 2at the
new command language. “Rasy Bnglish", directly over the top of SCL which
it then uses for the actual search, The following is a summary description
of the new command language, which has been fully operational since
February 1967,

e T

Basy English is a plain command language designed to simplify dialogues
between man and machine through a vemote typewriter console. It fs made up
of readily recognized sentences of the English language, sentences which any
é Jayman might be expected to use in everyday requests for services or articles

from a familiar source. Easy English has been developed as a command language
for retrieval of documents from a computerized data base, specifically from
the Moore School Information Systems Laboratory (MSISL) flles, It is intended
for all information retrieval systems using remote typewriter consoles in a
conversational mode.

Easy Bnglish is ilmbedded in the MSISL retrieval program which provides
computer-directed search, computer-aided editing, and other forms of computer
assistance. The attached typewrliter printout presents a typlcal man-machine
conversation which illustrates Basy Brglish along with a number of features
of the Laboratory retrieval system, Note that the latter currently provides
the optlon of translation of the Easy English request into Symbolic Command
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Language while searching the files; this 1is a convenience for those who might
like to learn Symbolic Command Language on thelr own and use 1ts shorter bur
more formal otatements in place of Basy Rngiish,

Because Easy Bnylizh 18 in fact real English, the only thing that the
searcher needs to learn is that requests for information from the aystem
should be formulated in the following syntactical form:

Introductory Clause Document Clause Pata Clause

.

The following sentences present five forms in which the same retrieval
request can be phrased in Easy English,

(1) PLEASE LOCATE BVERYTHING WRITTEN BY ROBERT PERKINS ABOUT EASIAC OR
PSEUDO~COMPUTERS BETWEEBN 1955 AND 1959 < >

(2) GOULD YOU FIND FOR ME SOMRTHING CONTAINED IN THE REPOSITORY CONCERNING

RASIAC OR PSEUDO-COMPUTERS THAT WAS AUTHORIZED BY ROBERT PERKINS AFTER
1954 AND BRFORE 1960 < >

(3) I NEED ALL THE AVAILABLE DOCUMENTS PUBLISHED DURING THE PERIOD 1955 TO
1959 3Y ROBERT PERKINS ON THE SUBJECTS OF EASIAC OR PSEUDO-COMPUTERS < >

(4) WE'RE INTERESTED IN HAVING RRFERENCES AND MATERIAL ON RITHER PSEUDO-
COMPUTERS OR BASYAC AUTHORED BY ROBERT PERKINS FROM 1955 70 1959 < >

(5) I WOULD LIKE YOU TO HELP ME OBTAIN INFORMATION FROM YOUR LIBRARY RELATED

TC EASIAC OR PSEUDO-COMPUTERS AND WRITTEN BY ROBBRT PERKINS IN THE YEARS
1955 THROUGH 1959 < >

Notice that despite ths d

b M

ifferences in vocabulsry, all of these statements
follow the same basic patt

L£La
AACT
ern; for example,

COULD YOU FIND FOR ME SOMETHING CONTAINED IN
THE REPOSITORY CONMCERNING ...

Typical examples of phrases acceptable in the three clause

categories
are:

Introductory clause

(1) I would like ...

(2) Please find for me ...
(3) 1 have need of ...

(4) 1 desire ...




LT

12.

Document c¢lausa

(1) ... documents in the aystem ...

(2) eee Information ...

(3) ... any available book or article in the repository ...
(4) ... references from the files ...

(5) ... all the stuff ...

Data clause

(1) ... written by Cary between 1958 and 1965,

(2) ... published in 1960 on information retrieval
and word assoclation but not programming.

(3 ... dated September 1966 by J.H. Smith, Joe Doe
but not K.L. Jones about analog computers,

In the event that a word appearing in elther the introductory or the
document clause 1s not recognized, the computer initlates a man-machine
dialogue in order to determine whether the word is essential and, if so,
to seek out a synonym in its vocabulary. Bxamples of such dialogues
appear on the attached typewriter printout,

Current Tasks

with the system operational in f{ts first form, attention has been
directed to accopmodation of the many other features implied by the pro-
cedural flow chart in Pigure 1. A number of tasks have been defined and
are described below. Documentation of the mechanization 4o daie has been
initlated on thrse levels: detalled microflowcharts, programs, and related
descriptive text; macrofiowcharts and related text describing the gross
features of the system and showing the interrelationships among the
detailed programs; aud brief summaries of the main features of the system,
crogs-referenced to the macroflowcharts.

As mentioned above, the Moore School information system plan calls
for computer-aided search. The basic tactlc for computer aid is a sophisti-
cated use of man-machine dialogue In a problem-solving mode, The system
incorporates computer-alided instruction as a means for assisting the searcher
to find not only information about the document file but sisc information on
how to go about the sgearch, i.e,, computer-aided instruction on computer-
alded search. At the same time, the lMoors School recognizes the services
provided by conventional bibliographic tools, and particularly those which
expedite search through condensed display of bibliographic coupling. The
tasks reflect this broad range of laformation system support.

The tasks may be delineated in the following order, proceeding from
the simplest aids to the most advanced:

» Syntactic Tools

e — 0
j " o

e i
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YOU MAY PROCEED.:= . PLEAW~SE FIND FON ME BOOKS '
CONCERNING STATISTICAL FUNCTIONS Or STANDARD Message 10
DEVIATION, BUT NOT BUSINESS ORIENTED ZILKS |, entered. 1
INGr+=ENTITLED 'RUNCIBLE''1's<>
PRINT? = YES<»
YOUR MESSAGE ISt
G1) PLEASE FIND FOR ME BOOKS ' ' ‘ ‘t’d“": nessage
02) CONCERNING STATISTICAL FUNGTIONS OR STANDARD :tg"l'; ed ou 3
03) DEVIATION, BUT NOT BUSINESS ORIENTED uu(s A :": b i
©4) ENTITLED 'RUNCIBLE''I’. : enumeratec by ]
computer, 1
CORRECTIONS? 1m  YES<> g
LINE Nus % 3<> §
, LINECS)
DEVIATION, BUT NOT BUSINESS ORIENTED<> ~ {A line is
. . . changed,
MORE? 1= YES<>
LINE NO. = 0<>
LINECS) .
DEAR COMPUTER:<> {-‘- line Le
) added.
MORE? := NQ<>
PRINT? = YES<>
YOUR MESSAGE 1$:
] >
b h
: ©1) DEAR COMPUTER: :ti‘.ilei:e:ugsc
©2) PLEASE FINDG FOR ME BOOKS in Basy English.
i ©3) CONCERNING STATISTICAL FUNCTIONS OR STANDARD :

] © 4) DEVIATION, BUT NOT BUSINESS ORIENTED
] 853 ENTITLED ‘RUNCIBLE''L’.

T AL L e

CORRECTIONS? &= NO <>
".-fc DID NOT RECOGNIZE THE WORD UEAR 415 THIS WORD ESSINTIAL TO
TTTTIHE MEANING OF YOUR SENTENCE? 1= NO<>

A nonvcsscntinl
word 1s challenged
and then ignored, !

‘gl
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WE Db NOT RECOGNIZE THE wOIRD COMPUTER oI5 THES HORD ESSENTIAL TO
.TNB HEANING OF YOQUR SENTENCE? t& NO<»>
REYRIEVE ( $b < (u'l ATISTICAL FUNCY IONS s$ymbolic
) + { STANDARD DEVIATION ) Command
) ' BUSINESS ORI ENTED ) Language
) ' SAY  RUNCIDBLE 1 Equivalent
) . .
' 000001 'REFERENCES® HAVE BEEN RETRIEVED.

YOU NAY PROGEED: 1= PLEASE GET BOOKS BY=wWRITTEN) EDLTED'Another
OR PUUBLISHED DY CGARR. <> request Iin
Basy English,
PRINT? t=  NO<>
RETRI EVE ¢ ¢ Al CARR . + SAA CARR ) . E
a ¢ $AS CARR ’ )

] P 000CY 'REFER&NCES' HAVE DEEN RETRIBVBD-

FRINT SOME? 1= NO<>
YOU MAY PROGEED. =

GET BOOKS BY EITHER CARR OR RUBINOFF [A Third
E . BUYT NOT BY CARR<> o

request.
3 PRINT? = NO <>
;
; RETRI EVE { $A) < CARR b 4 <
RUBINOF#F b ) t ( $A1 ,CARR
» > .
0000013

jREFéRENCES: HAVE BEEN RETRIEVED.

OBTAIN FOR ME BOOKS HRIT'IEN IN 1961 <>

e+ e e T T T

YOU MAY PROCEED.$=

Request
: number 4,
% PRINT? it NO<>
E 'REVRIEVE $AZ 1961
000127 °*REFERENCES' NAVE BEEN RETRIEVED.

PRINT sougr,'gu ~o<>

Y OU MAY PROCEEO.:=

I WOULD LIKE YOU TO FIND BOOKS Sﬁ%:‘“i?ie“:“s‘i‘iiti'
WRITVEN, EOITED, AND PUBLISHED BY CARR.<> of the syatem te
vt separate out the
’ author, editor, and
PRINT? 3= NO<> publister functions,
RETRIEVE < ¢ SAl CARR & $A4 CARR by
P ¢ $AS5 CARR ) 3 :

NO ‘'REFERENCES' HAVE BEEN RETRIEVED.

i
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+ Semantic Tools

» Indexer Alde

+ Graphic Display

+ Adaptive Interface

+ Intersystem Switching

A few comments will be made on each item,

syntactic toola are those which make use of word associations or
auchor-designated couplings., Specific examples are permuted title indexes
(XWIC) and citation indexes, The program to derive a KWIC index of the
collection lirs been prepared, and citation index preparation has been
inttlated. Both will be printed for visual use in the Moore School library;

KWIC is automatically available in the mechanized system and the citation
indax will be added.

KWIC does not pretend to be a sophlsticated cataloging system, but
its use in association with a document library has the following advantageo:

1. It is an inexpensive way to produce a printed catalog
of the library, since it can be automatically produced
by the system in a format ready for photo eduction
and offset printing,

2, It is easy to keep up to “ate, as the documents are
already indexed and stored in the mechanized avastem.

3. It can be widely distributed in simple loocsae~laaf or
book form.

4, It provides a printed record of the documents stored
in the system at any time in 1its development.

It 18 conjectured that a citation network, connecting every document
in a library to every other ome which e¢ites it or is cited by it, might
be a useful tool., Various studies will de made of experimental citation
networks, with the goal of adding this tool to the system. The citation
network might be made directly available to the user, 30 that he may start
at any document and follow a trail of citations either forward or backward
in his document search. More important, manipulstions of a citation net-

work may be applicable to adaptive interface techniques for unsolicited
machine assistance to the searcher,

Research has been inftiated to investigate the uses and effectivenass
of word associations to a greater depth than previously attempted by othar
experimenters. An loportant shortcoming in earlier attempts was their
failure to distinguish among various types of intellectual coupling that

contributed in equal amount to the derived assoclation factor, For example,

PRIt
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1f index terme (A, B) are strongly aseoclated, and (B, E) are strongly
assoclated, but (A, B) are weakly assoclated, there asre gt least two inter~
pratations which have opposite implications for information rvetrieval. The
first interpretation is that A and B are synonyme and authors have subjective
prefarences for one or the other. The second iaterpratation i1¢ that 8 is a
homograph with two differant meanings, A and B, and that the latter have no
intellectual ties whatsoever, The flrst task will be therafore to sesk out
the various intellsctial yelationships that may be assoclated with differant :
pattarns of word assoclations. -

..‘...w.....‘..,‘.“._‘.J.&m‘lwg\,‘mmw ‘tm
P TN s BT Py %

It is important to note that word associstions could serve information
systems in a number of ways. In establishing a syastem, word asaociations
readily lend thamselves tc vocabulary synthesis, to document ludexing, and
to determinatton of relevancea of a document to the acope of the file., 1In
system gearch, word assoclation lends itself to axtension of saarch scope
by searching on unsolicitad but strongly associated words.

Semantic tools include a number of devices, such as sets of synonymic
equivalents, claasification tables based on a variety of word relationships,
and semantic expansions., Thege tools are applicibla both to index tarms and
to systam commands. Synonyms are used even on conventionel thesauri, but it
1s intendad to expand their use and provide automatic substitution whare use
of a preferred synonym leads to system afficiencies, Classification tables
(Pilgures 3a=-3f) provide tools for browsing through tha indexing structure,
discovering relationships among words, branching betwaen unrelated topics
through homographic coupling, etc., And semantic expansions provide explanae
tlons and illustrations at several levels of detail which aserve to {nstruct
the searcher on the meanings of words and their mode of employment in the
syatem. Tor example, consider the following semantlic expansion of the des-
criptor INTRRPREIIVE PROGRAM, supposing that a searcher has asked that this
term be explained for him and that he requests further sxplacazion siter
each of the first three system vasponses., (Underlining indicates that
explanation of the underlined term is also available from the system,)

A, First-level respounsge:

"An INTERPRETIVE PROGRAM i3 a computer program that combines
tranelation and execution,"”

B. Second=level respounsge:

“"An INTERPRETIVE PROGRAM 13 a computes program which receives
a sequence of commands in a gource language, examines each
command, determines a tranglation to replace 1% in the object
language, and executes it 1f poseible, The msjor character-
istic of an INTERPRRTIVE PROGRAM 1is that the translation of

an instruction is performed each time the instruction is to be
obeyed."”

Cs Third-level regponse:

"An INTERPRETIVR PROGRAM carrias out the instructions of a
Program written in one lan uage by translating each inscruction
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of that source language into a sequence of computer instructions
in the language of the computer being used, and by allowing these
computer instructions to be obeyed beifove translating the next
instruction. This step-by-step translation and execution becomes
significant when the execution of one instruction causes a change
in the meaning of that instruction or another one. A new trans-

lation of the changed instruction will be necessary then before
it can b2 correctly executed."

D. Fourth-level response:

"Consideyr the following sequence of instructions:

Position Instruction
1 FETCH 5
2 ADD 6
3 STORE 5
4 6o ™ 1
S eve
6

e

An INTERPRETIVE PROGRAM might first translate FETCH 5 into

24005 ("bring into the accumulator the contents of memory position
5") and execute the instruction. Then it might trxanslate ADD 6
into 28006 ("add to the accumulator the conteuts of memory position
6'") and execute that instruction. Than it might transiace STORE 5
into 02005 ("store the contents of the accumulator in memory
position 5") and execute that instruction. Finally, it might
translate GO TO 1 into 32001 ("go to the instruction located in
memory position 1 and execute 1t”), The ingtruction located at
memory position 1 is FETCH 5., Because the INTERPRETIVE PROGRAM
hkas carried out all instructions immediately after translating
them, memory position 5 now contains a new value which will be
incorporated into all further instructions involving it, If
translation of all instructions had been completed before any of
them had been executed, such a change would have been ignored.
This demonstrates the major characteristic of an INTERPRETIVE
PROGRAM =~ that translation of an instruction is performed each
time the instruction is to be obeyed."

While such semantic tools as classification tables and semantic
expansiong were originally conceived and developed by the Moore School as
searcher aids, it appears that they are also necessary in the areas of
voecabulary control and document indexing. As mentfoned earlier, much of
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the search process Ls dependent upon the quality of indexing, and indexing
quality 13 likewise dependent upon the quality of the thesaurus from which
1tems are chosen. The Laboratory has concluded that research and implementa-
tion of semantic tools are necessary to the development of better mechanized
information systems. Figure 4 i)lustrates the role that semantic tools play
in the interactions that exist among those who devise and control the vocabu~
lary and those who use it for indexing and searching,

It should be recalled that the system aims to provide a broad cross~
section of users with access to the file of documants, This requires a system
which 1s self-explanatory to & user who has no experience with a mechanized
library, aud i{s only superficially familiar with usual library techniques,
including the availability of a librarian’s guidance. The capability of
“earrying on a conversation' with the user will explain, instruct, volunteer
suggestions, and guide, These semanstic tools, and especlally semanilc
expansion, will incorporate ideas from the field of programmed ingtruction
(teaching machines), spezifically techniques of what is known as "iantrinsic
programming'. At a superficial level this means that any user may request
instruction in the use of any or all phases of the system. If simple
information does not satisfy him, he may raquest more detalled information,
first about the general organization of the system, and then about the actual
structure and inner workings of any or all of its substructures, "Semantic
expansion® techniques will afford the user any degree of detail he may desire
(see Figures 5a and 5b for a ssmantic expansion of the system command
RETRIEVR). This feature of the mechanized system corresponds to a librarian's
ability to explain how a library is organized or structured, either super-~
ficially, or in great detail,

At present, all document indexing is done manually. This introduces
the difficulty of searching for indexing terms that may have been used pre-
viously and would serve again A gsecond difficuliy stems from the delays
and ervrors introduced in the multi~-step process of writing down the index
terus, sending the indexing sheets to be keypunched, listing the results
on a high-speed printer, and then comparing against the originsl., Both
difficulties can be alleviated by providing the indexer with an on-line
direct~access console,

Initially, the mechanized system will be provided with the capability
of accepting new document information directly from the indexer. It will
request the desired information item by ltem, and it will accept thls infor-
mation only in a standard format, rejecting ambiguous entries., Eventually,
by means of the semantic tools mentioned earlier, the system will assist
the indexer with his choice of subject index and secondary index terms,
assuring greater standardization of index terminology and omission of
extraneous material,

Graphic ¢isplay consoles offer many advantages cver teletypewriters
as terminal units, Currently in use at the Moore School are two Bunker-Ramo
Teleregister consoles which allow cheracter display only., More sophtsticated
devices, permitting diagram display and light pen operation are currently
being developed. Such devices have great potential in the inforwation
laboratory, as they free the gystem design from many constvaints imposed by
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Sesantic Expansion of the Command RETRIEVE

TR T

(N.B. Underlining indicetes that furcher explanation is available from the
systom by specifying the underlined word or word phrase.)

Lo

A. Firet-level response:

“RETRIEVE is a command used to obtain information about documents in
3 the data base, according to the spacifications of a usexr ef the system,"

By Secend-level response:

"Phe RETRIEVE command provider information about documents in respounse
to given index term specificatione. You may specify the requived
document (s8) by bibliographic data ( category $A with sector codes

$Al - $A9 ) , descriptors ( category $B ), or added information

( category $C ). Your request will be formulated by the following
logical combirations of your specifications:

T

TIY.
Mgy S 1 e 1

e,

a) documents characterized by all of the terms (and, &)
b) documents charucterized by at least one term (or, +)

¢) documents characterized by all of eome terms but not by one or
sore other terms (and not, t).

When: you have given a RETRYIEVE command, you will be informed how many
documents have heen vetrieved and wil)_be asked to specify the types
of ‘information (accession mumbers, $4, 3@, $C) you would like to have.

The requeoted information for each retriaved documents will then be
printed out,"

C+. Third~level response:

“GComyider the RETRIEVE command

5 RETRIEVE ($Al CARR, J W IIX + $B PROGRAMMING LANGUAGES) 1 IBM MANUALS < >

The machina will respond to this instriceion by finding the accesoion
nunbers of all documents having J. W. Carr, III, as an author (§Al)

and "Programming Languages” but not "“IBM Manuals' as descriptors ($B).
The machine will type out the nmumber of documants satlsfying these
conditions, offer to PRINT SOME?:= , and, if your aunswer is YES, ask
which categories of the documents' full description (accessioen nuabers,
$A, B, $C) yeu would like te s2e. The machine will them type out the
appropriate information stopping periodically to ask MORR?:e. When yeou
anewar RO < > at any tims during this ssquenca er when all the requested
dinfermation has bsen printed out, the machine will i{ndicate resdiness te
receive & new instructien with YOU MAY PROCEED:e,

D. FPourth-lavel responge;

8se¢ Flowchart and Table for RETBRIEVE Command,

Plgure S5a




Figure 5b
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Results following from actions (on left) under the indicated conditione: l
Actlions by User or System ' Always User angwers or oystem fmds:‘
]

Follows [ Yes| No AlLl*! Forgetw

Y¢ User types RETRIEVE command such

as RETRIEVE SAl RUDINOFF & $B AUTOMATA < >
using logical combinations (&, +, t) of the
specifications (author, title, index terms,
etc,) of the documents he needs with the
specifications prefixed by thelr approp-
riate category aymbols ($A1-$A9, $B, $C). 2

2, System finde documents answering
specifications of uger. 5 |13

J,  System informs user that NO DOCUMENTS
HAVE BEEN RETRIEVED ) 4

pm—————————————w T LT

4, Systém types YOU MAY PROCEED.

TR

5, System informs user how many
documents have been rotrieved; aske
PRINT SOME? 6

- 6, User answers question in (5). 7 14

7. System asks user to specify desired

information categories by answering quea~
tions about each and asks user to answver
YES, NO, ALL er FORGET te each questfiem. 8

4

8, User answers questiens in (7). 9 | 13% 9 4

9, System prints out the desired
information for all decuments found, 19

sy ARFRT T TRRIRYS =T

10, Usex answers question in (9). 11 {4

11, System prince 8ll desired infexr=-
mation fer all documente found. 12

12, Syetem types THAT'S ALL. 4

13, Systen prints out accession
numbers for all documents found,
stopping periodically te ask MORE? 14

14. User answers questien in (13). 15 14

15, System prints accession numbexre for !
all docunents found. 12 . |

¢ N
* Gondition applies ouly to action 8 %% Result follows only if HQ" ¢ only conditien ;El
Table (Fourth~level Reaponse in Semancin Expancion af RFTRTEVE Comaapd) S
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the ten-character=-per=second teletype. On many occasions in man-machine
distogue, the seavcher is offerad a choice among a number of altecrnatives,
sac. alternative leading to another sequence of choices, A video comn ole
allowe simultanecus display of all alternatives and the wherawithall for a
better decision. Furchermore, text and catalog data can be instantly dis-
played, The light-pen feature invites rapid reply by the searcher,
Similarly, on~line indexing is facillitated by display of portions of aicro-
thesaurl and clagsification tables. Plowcharts like that in Figure 6
veplace the harder-to-read tables (Figure 5b) in semantic. expansions, These

and other advantages of graphic display will be considered in the current
design and implementation,

“Adaptive interface' refers to the system capability of unsolicited
suggestion and asslstance to the user. This capability will probably be
comprised of a large variety of techniques and will be employed in many
modes of operation of the system, It may be compared to the unsolicited
assistance offered by a librarian who has come to understand the problem
of a library user through his questions. The librarian might say: 'You
are asking the wrong kind of questions, so let me suggest ...". Much of
the adaptive interface technique will piobably be based on results of the
study of search strategies of various users. Pragmatic experiments will
be set up., Cholce of subjects will take account of their background,
motivation, and adaptability with respect to the mechanized system, Use
will be made of the large amount of literature in the field of "artificial
intelligence", including work in machine problem-solving and self-organizing

systems. The work being done in word assoclation and citation networks will
also come into play.

A flowchart delineating the organizstion and sequence of tasks is
shown in Figure 7, Implementation tasks are supported by Army Resaarch

Office (Durham); system atudies ars supporied by the Alr Force Office of
Scientific Research,
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e ) s K T g S s o com o GdmatbingH

@U&cr ty'pos RB’I‘RILV‘E comnml cuch o8 . :
RETRIEVE $AL RUDINOIF & $B AVIOMAIA < > ,

waing logicol combinations (&, +, 1) of kr..m‘@System typeo
the specifications (nuthor, title, index YOU MAY PROCEED

terms, ete.) of the documents he nceds, TR ' é
vith the specifications prefixed by theix I

oppropriate category symbols ($AL-$A9,
$8, $¢).

— T |

-

System finds docwncnts about A\!’IOMM‘J\ 1.._NO
vritten by RUBINOFF.

- W &ty e 1

@&vstem informs user that NO %
DOCUMENTS HAVE BEEN RETRIEVED

YES

ik doins Wmmt

System informs user how many documents
have been retrieved, asks PRINT SOME?

i i )
: @User answers system's question in (5). NO___.» @

4
\LYES :

System agks user to speclfy desired ]
information categories by answering questions i
about ench and asks usexr to answer YRS, NO,
ALL, or FORGET to each question.

« t . gy
User .ahswers system's queation in_(_’T_LI TORGET { @

YES or NO to
; ALL to any all
i question , questions
: (‘19)System prints out the System prints out accession nusmbers
‘ lesired information, for all. documents found, stopping periodically !
3 stopping periodically to £o ‘ask MORE? e :
: ask MORE? o _ ' !
E L 3 Q&- User answers system's| NO . @ I
@User answers systen's| __NO @ quéstion in (13). -
§ question in (9). YES
;
\LYES . @ Systen prints
L avcession numbers for
3 @s;vstem yrints all -‘System types @
: desired information fox m/n"s ALY AN all documents found.
L all documents found. - - i B2 |
| @@ |
Flgure © o] . I 'i
FLOWCHART *i
(Fouwrth=level Rosponse in Semantio Expansion of RETRIEVE Command) 4
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3. ARITRACT

The report briefly describes the goals of the Moore School Information
Lavoratory which are primarily in the following tasks at the system level:

- spscifications for machine storage oOf indexer aids, including 1
= synonymic equivalences, claseific

RS N b U

igte of index items,

ne ation iables, and other semantic tools; organi-
zetion Of disk file storage; study of uses of granhic display. The report also
summates the progre=ss made by the Laboratory In these tasks.
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