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I. THE SHART SYSTEM - TVPICAL PROCESSING SEQULICLS

Michael Lesk

In this section some output of the SMART retrieval system is
presented to show the flexibility and potential ¢f the system. One request
is processed through seven of the processing methods available for retrieval,
to 1llustrate the SMART text analysis and search techniques.

The request, named DIFFERNTL EQ, reads:

"Give algorithms useful for the rumerical soluticn
of ordinary differential equations and partial
differential eguations on digital computers.
Evaluate the various integration procedures (try
Runge-Kutta, Milne's methcd) with respect te
accuracy, stability, and speed."

The document collection being scarched consiste of the 405 abstlracts
published by the Professional Group on BElectronic Computers in the I1:iti

Transactions on Electronic Computers for March, June, and September of 1959.

This collection covers all fields of the computer literature. Thirty-two of
the L0l abstracts are classified by the IRE as: mathematics-legic; numerical
analysis. Sixteen abstracts are believed toc be relevant to the request
DIFFERNTL EQ.

The first of the seven methods used to compars this recquest
with the reference collection requires the use of the "null thesaurus';

this thesaurus maps each word stem into one distinct concept by a
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dictionary lookup operation. The request concepts are then matched
against document concepts which are obtained in the same way. Thus,
only directly matching word stems are taken into account with the
null thesaurus procedure.

A more general method uses the regular "Harris" thesaurus,
which defines a many-to-many mapping of words to concepts. Here,
a request term can be made to match any document term which maps into
any of the concepts corresponding to the original word in the request.
Synonyms may be mapped into the same concept category, so that a match
is obtained even if different word stems are involved. For example,
in the regular thesaurus "console" and '"panel" are both mapped into
concept 13, since these words are considered synonymous with respect
to the IRE abstracts. Ambiguous words can be mapped into several
different concepts. A typical ambiguous word, "field," is included
under concept Th (topic), 89 (group, ring), 352 (land, terrain), and
370 (flux, intensity). The frequency of occurrence of each concept
is counted in both the null and the regular thesaurus methods. In
the regular thesaurus, the weighting of ambiguous concepts is lowered.

Other options may, respectively, ignore the concept weighting
schemes, process only the titles of each text, or use an expansion
through a hierarchy of concept numbers which is constructed to operate
in conjunction with the regular dictionary. The hierarchy provides
for each concept a parent concept, a set of sons and brothers, and a

list of cross references. Two phrase searching methods are also
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available; one is a statistical method using co-occurrences of concepts
within the sentences cf a document to define a phrase. The other uses
a complete syntactic analysis as part of a phrase searching device.

Each SMART processing run requires as basic input a set of
processing instructions, a set of requests, and a reference document
collection. The set of short form processing instructions used to
specify a syntactic phrase searching run is shown in Fig. lff Figure 2
containg an expanded version of the same specifications, prepared by
the computer. A complete list of specifications interpretable by
SMART is included in Sec. II of this report as part of the operating
instructions. The specifications shown in Fig. 1 have the following
meanings:

ANSWER REQUESTS: 4 list of documents to which the computer

assigns a high correlation with the submitted request

is prepared, and the list is printed.

FORMAT JUMBO: The printout of the answers consists of a
detailed list of the citations. (See Fig. 22.)

SCORES YES:; A list of manually prepared relevance
Judgments is introduced and compared with the
list of answers generated by the SMART system.
(See Figs. 27-33.)

THESHR 2: The thesaurus used is the regular (Harris)

thesaurus.

MAXCON 511: There are 511 concepts included in the

thesauruse.

¢§he figures appear in the Appendix to this section.
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CORMD3 COS: The cosine correlation is to be used to
compare request vectors with document vectors (see

Sec. II of this report).

CUTOF3 3500: The cutoff for determining what documents are
to be printed as answers to a given request is a

correlation greater than or equal to 0.35.

EXECUTE SYNTAX: The English input text is to be syntactically
analyzed, and syntactic phrases are to be identified by
means of the criterion tree procedure. See Information

Storage and Retrieval, Report No. ISR-7, Sec. VI.

SYNTACTIC ANALYSIS: A syntactic analysis is printed for each

sentence of the input text.

CRITERION TREES: The criterion trees which match phrases

included in the input text are printed.

NODE CORRESPONDENCES: The correspondences between matching
criterion tree nodes and sentence nodes are printed for

all detected criterion trees.

CRITES 300: Criterion trees are weighted three times as

heavily as word stems.
ENGLISH TEXTS: The texts submitted as input are printed.

WORDS NOT FOUND: Text words not found in the thesaurus
during the dictionary lookup are printed.

REQUEST CCORRELATIONS: The correlations of each request with
each document are printed.
Two SMART instruction cards are also shown in Fige. 1. *TIME
requests a printout of the current time; the *FIND card labels the

document DIFFERNTL EQ as a search request. This *#FIND card also



I-5

stipulates that the request is being introduced as a BCD-punched
English text.

The results of the dictionary lookup for this request are
shown in Fig. 3. First the text of the request is printed; there-
after, the request words not found in the dictionary are shown. In
this case, only the word "respect" is missing from the thesaurus.

Figure 4 shows the complete texts of two of the documents
included in the reference collection.

Since in the example under discussion, the EXECUTE SYNTAX
specification is used to process the sample request, a syntactic
analysis is performed using the Kuno syntactic analyzer. The complete
homograph codes for the words in the first sentence of the search re-
quest are shown in Fig. 5. These codes are obtained by combining the
result of a stem lookup with that of a suffix lookup. For example,
ALGORITHM is coded "NOU" (a partial homograph indicating a noun of
indefinite number), and the S detected in the suffix list changes
this to NOUP (plural noun). USEFUL, with the stem USE can be a noun,
verb, adjective, or adverb; the output code correctly restricts the
correspondences to an adjective code, using the suffix FUL.

The actual analysis produced by the analyzer is shown in
Fig. 6. This analysis is not in fact the semantically accurate
analysis for the sentence, since "partial differential equations" is
identified as the object of "for" rather than "of." However, the
phrase "differential equations" included in the sentence is analyzed

correctly.



Figure 7 shows the results of the criterion tree search for
this sentence. Two trees, "numerical solution" and "differential
equations" are identified. The correspondences between nodes of the
criterion trees and nodes in the sentence are shown for each tree.

Figure 8 shows a summary of the results of the syntactic
phrase searching. The trees found are listed together with the
included concept numberse.

The method used to introduce into the machine the preprocessed
documents is illustrated in Fig. 9. 4 preprocessed request is pre-
ceded by a *LIST DIFFERNTL EQ card and followed by a *LIKE DIFFERNTL EQ
card (to mark it as a request). The documents in the reference collec-
tion, previously looked up in the thesaurus, are also preceded by *LIST
cards; no *LIKE cards are used for any of these documents since they
do not function as requests. The *TAPE control card indicates that
these documents are read from a separate tape.

Figure 10 shows the list of character identifiers for all docu-
ments in the reference collection, including the request.

Some typical concept-vectors resulting from the automatic
analysis procedure are shown in Figs. 11, 12, and 13. The concept
vector in Fig. 11 results from a null thesaurus (word stem) lookup;
Fig. 12 is similarly produced by a lookup in the regular Harris 2
dictionary, and Fig. 13 shows a lookup using the statistical phrase
dictionary. Each vector element is shown as a six-character alpha-
betic identifier followed by a numeric weight. In the null thesaurus

concept vectors, the identifiers are represented by the first six
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characters of the word stem that maps into the concept. In the regular
thesaurus, the numeric characters included in the identifier represent
the concept number of the category; the alphabetic characters are
mnemonic identifiers of the corresponding category. In the request on
differential equations, for example, the word "numerical" is mapped into
the concept "NUMER" through the null dictionary; the only processing
used to generate the identifier is the suffix analysis. The regular
thesaurus, however, maps the word “numerical" into concept 13. This
concept represents words such as "numerical," "calculate" (whence the
identifier 13CALC), "interpolate," and others. The statistical phrase
search adds concept 375, among others, representing the phrase
"numerical analysis" or "numerical solution." 4n example of the
ambiguities which may be introduced through the thesaurus procedure is
illustrated by the word "stability"; this word produces an entry in
the concept vector representing "yaw," "pitch," and "roll."

Figure 14 shows the correlation list obtained by matching the
sample request with the analyzed document collection; the correlations
are ordered by increasing document number for both the Harris 2 and null
thesaurus procedures. To save space, only nonzero correlations are
printed. If the null thessurus is used, the request can overlap only
with documents that contain word stems identical with the word stems
included in the request. For the Harris thesaurus, however, the
requirements are not so strict; words may overlap with different

words provided that they correspond to the same thesaurus category.
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Thus, every document that exhibits a nonzero correlation with
DIFFERNTL EJ in the null thesaurus will also have a nonzero corre-
lation in the Harris thesaurus: some documents with nonzero corre-
lations in the Harris thesaurus will however have zero correlations
in the null thesaurus. In Fig. 14, for example, documents 3, 21,
22, 23, and 58 exhibit some overlap with the search request in the
Harris thesaurus, but none in the null thesaurus. Documents with
nonzero correlations using the null thesaurus may, of course,
exhibit a different nonzero correlation coefficient using the
regular thesaurus; note for example, the rise in the correlation of
document 45 from 0.1525 in the null thesaurus to 0.2593 in the
reguler thesaurus (unlike the previously mentioned changes, this
difference is large enough to be significant). Abstract 45, "4
Calculator for Numerical Fourier Syntheses," although not directly
relevant to the request, is in fact somewhat more relevant than most
other documents included in Fig. 14.

Figure 15 shows the correlation list for the request
DIFFERNTL EQ sorted in decreasing correlation order for both the
null and Harris runs. Note that the average correlation near the
top of the list is higher for the regular thesaurus than for the null
thesaurus run. This reflects two influences: first, the null thesaurus
includes more concepts than the regular thesaurus, so that two word
stems are less likely to be mapped into the same concept; second, the
Harris thesaurus permits overlap of nonidentical terms. Most documents
near the top of the correlation list in the null thesaurus have higher

correlations in the regular thesaurus, even though they may appear
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further down (with higher ranks) in the regular thesaurus than in the
null thesaurus.

To simplify the study of the distribution of correlations, the
SMART system prints a histogram, shown in Fig. 16. This list shows
the number of documents with correlations greater than a number of
specified argument values. It may be seen from the histogram, that
there are more high correlation values for the regular thesaurus run
than for the null thesaurus run. For example, the regular thesaurus
exhibits six correlations above 0.5, whereas there are only three in
the null thesaurus; similarly, eight correlations above 0./ are in-
cluded for the regular thesaurus, while the null thesaurus has only
six correlations above 0.4

411 of the output included in Figs. 14, 15, 16 is controlled
by the REQUEST CORRELATIONS specification.

The effects of using the hierarchy to alter a request are
shown in Figs. 17-20. Figure 17 shows the request vector both before
and after hierarchical expansion. In the example shown, the hierarchical
parent of each concept in the request is added to the request vector.
For example, concept 219 (program) is obtained from concept &
(algorithms), and is given the weight originally assigned to concept 3.
Similarly, concept 13 (calculation) is promoted te 375 (numerical
analysis), and so on.

In Fig. 18, the correlastion list obtained through hierarchical

processing is shown in increasing document order. Since the hierarchical
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expansion adds concepts only to the concept vector of the search request,
any document with a nonzero correlation in the regular thesaurus before
expansion still exhibits a nonzero correlation after the expansion. Two
documents (LO and 51), however, exhibit nonzero correlations after ex-
pansion, even though they had a zero correlation before the hierarchical
process.

After all retrieval operations are effected, SMART can perform an
automatic evaluation of the results by comparing the computer generated
rank orders of relevant documents against human relevance judgments. The
corresponding output appears in Figs. 27-33 for the seven runs used in
conjunction with the request DIFFERNTL EQ. On the left side of these
figures the top 15 documents are shown in decreasing correlation order.
The documents judged relevant by a human relevance judgment are also
listed, and their rank order in the correlation list is given. Various
measures of retrieval effectiveness, discussed in Secs. III and IV of this
report, are calculated to aid in evaluating the success of the retrieval
procedure.

The computer methods illustrated are the following (all runs use
the cosine correlation procedure):

Figure 27: Regular thesaurus lookup (Harris 2 dictionary).

Figure 28: Null thesaurus lookup.

Figure 29: Regular thesaurus lookup, only titles used.

Figure 30: Regular thesaurus lookup, logical vectors

(no weighting).

Figure 31: Regular thesaurus lookup, hierarchy expansion by

parents.
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Fipure 32: Regular thesaurus lookup, statistical phrase
search with phrases weighted three times as

much as word stems.

Figure 33: Regular thesaurus lookup, syntactic phrase
searching with phrases weighted three times

as much as word stems.

Figure 19 shows the correlation lists in correlation order both
before and after expansion. Since the request vector contains more terms
after expansion, it becomes more difficult for any document to match a large
fraction of the request. The highest correlation coefficients shown after
expansion are therefore lower than the highest correlations in the unexpanded
output. The maximum correlation declined from 0.67 before expansion to 0.L6
after expansion, and the histogram shown in Fig. 20 shows that the number of
documents with correlations above 0.3l is halved by the hierarchical expansion
(1L before, seven after).

At the same time, the larger size of the request vector after
expansion increases the number of documents that have a small amount of
overlap with the request. Thus there are more documents with low cor-
relations after expansion than before expansion. For example, before hier-
archical expansion 87 documents had a correlation with DIFFERNTL EQ equal
to or greater than 0.16; after expansion 102 documents showed a correlation
of 0.16 or better.

Figure 21 shows the processing specifications for the Harris 2

computer run. The answers obtained for the request DIFFERNTL EQ are
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shown for this method in Fig. 22. In Fig. 22, the documents are
identified by full journal citation. A more compact output format
is represented in Figs. 23-24. Figure 23 gives the specifications
for the statistical phrase run. In Fig. 24, the answers are shown,
identified only by the first line of their title. Finally, the most
compact output format is illustrated in Fig. 25. The answers for
seven processing methods are reproduced, identified only by the 12~
character document abbreviations of the output documents.

Figure 26 displays the short form output both before and after
the hierarchical expansion. Since the correlations are lower after
the expansion and the cutoff is unchanged, fewer documents are
retrieved. It may be seen that the hierarchical expansion effectively
rearranges the order of the retrieved documents. Examination of the
rank orders of the relevant documents (see Figs. 27 and 31) shows that
the hierarchy has been successful in promoting several relevant
documents.

The following interesting features of this output may be noted
in particular: two of the methods employed disregard information other-
wise retained. These are the "Titles Only" processing, which discards
information obtained from the body of the text, and the logical vector
procedure, which discards the weights of the elements of the concept
vectors. Both of these methods, as expected, perform considerably less
well than more complete processing systems. For example, relevant
document 333 is completely missed by the "Titles Only" method, where it

recelves a correlation of 0.00. The title of document 388 ("4 Method of
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Normalized Block Iteration") contains no specific mention of differ-
ential equations, or of any of the other terms in the request, and as
a result a correlation of zero with the request DIFFERNTL EQ is
obtained.

The logical vectors processing also discards information;
ignored, for example, is the fact that the request mentions "differ-
ential equations" twice, while "evaluate" is only mentioned once.

This option also produces distinctly poorer recall and precision
than the same run performed with numeric vectors. These conclusions,
have, of course, been verified by using additional requests (see
Secs. III and IV of this report).

The alteration of search requests by a hierarchical expansion
provides generally poor system performance; there exist however, some
exceptions: document 387, which is relevant, is promoted from eleventh
place to ninth place, for example. The hierarchical expansion broadens
the request, and loses some of the precision of the original search
text. The accuracy of the retrieval is thereby often reduced. In some
cases (for example, for poorly phrased requests where concepts needed
for the search are omitted from the original text), the hierarchy does
perform relatively well compared with a direct search.

The use of the null thesaurus has mixed effects. By allowing
a match between concepts only in cases of precise agreement of English
word stems, it becomes more difficult to retrieve unwanted documents.
Thus, for the request DIFFERNTL EQ, the first eight, as well as thirteen

of the first fifteen, documents found are relevant. The strict matching
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criteria also push two relevant documents far down the rank list (below,
for example, the rank of any relevant document in the regular thesaurus
processing). The precision of the null thesaurus methods is frequently
comparable to that obtained with the regular thesaurus; but the recall
produced by the null thesaurus is usually poorer than the recall obtain-
able with the regular thesaurus.

The most powerful methods are usually the statistical phrase and
syntactic phrase searches. Phrase searching permits a more precise
identification of document content than word counting, since phrases are
inherently less ambiguous than individual words. The more context is
included in the identification of a unit of information, the more
precisely this unit is likely to be known. If the size of the phrase
dictionary were of no importance, every possible sentence might be
placed in this dictionary, and its exact meaning specified. 4 reason-
uble dictionary of phrases is, however, best restricted to pairs,
triplets, etc., of concepts. This includes a considerable amount of
context, and provides a substantial improvement in the accuracy of
content identification.

The syntactic phrase searcher provides far more stringent match-
ing criteria than the statistical phrase searcher. The statistical
phrase searcher retrieves any phrase whose components occur in the
same sentence, regardless of the distance between members, and regard-
less of their syntactic roles or relations. On the other hand, the
syntactic phrase searching procedure, using the criterion tree dic-

tionary, finds only phrases which match semantically, syntactically,
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and structurally with the dictionary entry. Contrary to what one might
expect, the statistical phrase searcher usually works better than the
syntactic phrase searching procedure. The reason for this seems to be
that in the majority of cases use of the components of a phrase, al-
though not necessarily implying the complete juxtaposition of the
corresponding concepts, does nevertheless seem to result in discussion
of the concept represented by the phrase. Consider, for example, the
phrase "speech recognition," as it appears in the sentence "Segmentation
of speech into discrete units suitable for recognition, including the
possibility of overlapping elements, is considered." (from sbstract
#82) . The statistical phrase searcher finds an occurrence of "speech
recognition® while the syntactic phrase finder dces not. Although the
syntactic analyzer is technically correct, the sentence nevertheless
deals with speech recognition, and the performance of a system admitting
the phrase is better than that of a system which follows the strict
rules of grammar, and ignores it. Sentences of the type "Some authors
whose other work is solid state that information retrieval can be
performed without accurate syntactic analysis," do require complete
syntactic analysis and dependency tree matching, if a phrase such as
"solid state," which does not reflect the meaning of the sentence, is
to be eliminated. Such examples are rare in technical text.

The good over-gll performance for the request under discussion
is probably due to the precision of the terms contained in it.

"Runge-Kutta" is highly specific to the topic requested; so is the
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phrase "differential equations" and "integration' (relative to the

collection, of course). Any document using these words is almost certain

to be relevant. It should be noted, however, that the request also contains
"algorithms," "equation," "solution," "“digital computer," '"stability," and
"speed," all of which are terms of somewhat smaller specificity. The computer
nevertheless succeeds in extracting the relevant documents quite well for

this request. A more detailed description of evaluation results is given in

Secs. III, IV and X of this report.
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[ISTRUCTION CARCS T S5MART SUPERVISOR SEPTEMBER 28, 1964 PAGE
L IBRARY USED wAS VERSION NUMBER 2 OF THE HARRIS THESAURUS.
THUSAURUS DBISCRIMINATES NOT MORE THAN 511 CONCFPTS.

ENGLISH TEXTS wERE PRINTED CURING LOOKUP.
WOR0S 0T FOUND werRE PRIATED.
STATISTICAL INTRA-DUCUMENT PRUCESSING --

NOME o

STATILTICAL PHRASLES --

HONE.

CRITERLION TREES ==
A SYNTACTIC ANALYSIS WAS PRINTLD FUR EACH SENTENCE.
CRITERION TRttS DLTeCTED WERE PRINTED.
NODE CORRESPCNCENCES OF TRreS TO ScENTENCES WwERE PRINTEC.
SYWTACTIC PHRASES HAL ALIGHT OF 3.0

Trie ASOVE CATA WAS SUPPLILD BY THt PRUGRAMMER AND MAY BE INCORRECT.

THE FOLLOALIG DATA 15 FRUM [NSTRUCTIONS FOR THIS RUN WHICH DEFINITELY WERE EXECUTEC.

TITLES WERE GIVEN A WEIGHT UF 1.0

DACUMENT CURRELATION --
REQUEST CURRFLATIONS WLRL PRINTED.
CURRELATIUN MULE USEL WAS COSINE.
CUTIOFF WAS  C.3500

H1IERARCHY --

NOL.

CudCERPT PRUCESSING --

NONE.

RUCUESTS whRE ANSWERED .
AUTI=LVALUATTIUN WAS REQUESTED AND WILL Bk ATT:MPTEHD.

375

SMART Specifications — Long Form

Figure 2
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LNSTRUCTION CARECS TO SMART SUPLRVISOR SEPTEMBER 28,

ANSWER REQUESTS, FORMAT guMBfl, PF, SCORES YES, THESHR 2, MAXCCN 511,
RECULST CORRELATIONS, CORMD3 CCS, CUTOF3 35CJ, TEXTS PROCESSED

#LIST CIFFFRNTL EQ NUMLRICAL DIGITAL SOLN OF DIFFERFNTIAL EQUATIONS
#LIKE CIFFERNTL EQ
*T M
Tt CURRENT TIME IS 72.1 MINUTES. YOU WILL REMEMBER THAT START-0OF-JCB
wAS AT 69.9 MINUTCS, WHILE THY CLOCK RLAD 71.8 WHEN EXLCUTION BEGAN.
*TAPI:
¥NOTFE THIS IS THE FARRIS THESAURUS VERSIGN TwO LOOKUP
#LIST 1A COMPUTER CRIENTLL TOWARD SPATIAL PROBLEMS .
#LI[ST 2MICRO-PROGRAMMING .
¥ L [ST 3THE ROLE OF LARGE MUMCORIES IN SCIENTIFIC COMMUNICATIONS
#LIST 4A NEW CLASS OF DIGITAL DIVISION METHOLS .
#LIST SANALYSIS COF SEIFT RUGISTFR CCOUNTERS .
#LIST 6GENERALIZEC PARITY CHECKING .
#LIST 7AN IMPROVED TECHNICQUE FOR FAST MULTIPLICATION ON SERIAL
#LIST BSHART-CUT MULTIPLICATION AND DIVISION IN AUTOMATIC
#LIST 920PLRATION ANC SPECIFICATICN OF TRANSISTORS FOR DIRECT-CCOUPLED
#L[ST LOACCURATE TRANSISTORIZED MULTIPLIER-DIVIDER .
#LIST 11A FULL BINARY ADCER EMPLOYING TWO NEGATIVE-RESISTANCE
#LIST 120IGITAL COMPUTER ADDING AND COMPLEMENTING CIRCUITS
*L[ST 13HALF-ADDERS CRIVt SIMULTANFOUS COMPUTER .
#L[ST 14THE SWITCHING CHARACTERISTICS OF 4-79 PERMALLOY CORES
#LIST 15tLECTROLUMINLSCENCE FROM BARIUM TITANATEL .
#L[ST 16CONTROL APPARATUS FOR A SERIAL DRUM MEMORY .
#L[ST 17THE FUNCTICON GENFRATOR AS A BASIC TOOL FOR NUN-LINEAR
#«LIST 18AN ACCURATE AMALUG FREQUENCY McASURING CIRCUIT .
#LIST 19RESISTANCE PCTENTIOMETLRS AS FUNCTION GENERATORS .
#LIST 200IFFERENTIATOR FOR A-C COMPUTERS .

*LIST 21AN ERROR-CUCRRECTING ENCODER AND DECODER OF HIGH EFFICIENCY

1964

PAGE 1

Read-in of Preprocessed Documents

Figure 9
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SEPTEMBER 28, 1964 PAGE 17

OCCURRENCFES OF CONCEPTS AND PHRASES IN ONCUMENTS

DICUMENT CONCEPT,CCOURS

OIFFERNTL £O  ACCUR 12  ALGORL 12 COMPUT 12 CIFFFR 24 CIGIT 12
V] 24 BEVALU 12 GIve 12 INTEGR 12 METHOD 12
NUME R 12 CRUIN 12 PARTI 12 PRCCHD 12 RUNGE=- 12
SOoLuT 12  SPEEL 12 STABIL 12 USE 12 VARITE 12

LA COMPUT- R BAS 12 CHARAC 12 CONMPUT 36 DESCRI 12 OLSIGN 12
DIRECT 12 EMNABLE 12 ESTIM 12 ©XPLAI 12 FORW 12
LIve 12 FANCLE 12 ILLUST 12 INCEPF 12 INFORM 12
MACHIN 24 CPLR 12 0OREC 1 ORITENT 12 PLAANL 12
PSS 12 P7SS L2 PRUALE 36 PROGRA 36 RECUGN 12
SCANN 12 SIMPLe 12 SI(ZE 24 STURE 12 STRUCLT 12
TLCHNT 12 TOWARD 12 TRANSFE 12 USING 12 wWRITT 12

SZMICRO=PROGR  CIRCUTL 1z COMPLT 12 CONTRO 12 PESCRI 12 CFESIGN 12
CIGIT 12 ELECIR 12 ELEMEN 12 EQUIVA 12  EXECUT 24
FORM 12 GIVt 12 INTERP 12 MACHIN 12 OPERAT 24
PLLSE 12 SHEQU 12 ST 24 TECHNI 12 TIMu 12

31HE ROLE OF ACCES 12 AUTOMA 24 AVAIL 12 CLASSI 12 Cnpt 12
CCMMU'L 24 CONMPLE 12 DENS 12 DOISCUS 12 ©BOCU 24
FAST 12 FILL 12 GFNER 12 HIGH 12 INDEX 24
INFORM 26 INPUT 12 LANGU 12 LARGE 48 LITERA 24
MACHIN 12 VMAKE 24 MLM 72 MILL 24  PART 12
PGSS 12 PRuBLE 12 PROVID 12 RAPID 12 RECUGN 12
REFER 12 =EGQUIR 12 ROLE 24 SCIENT 24  SULARCH 24
SCLVe 12 STURE 12 TECHN 12 TRANSL 12 WORC 24

45 MEw CLASS 8] 24+ 24 ARGITR 12 ARITHM™M 12 CLASS 24
CCMPUT 12  CONSIEZ 12 CONVEN 24 CONVER 12 [DESCRI 24
CIGIT #4 LIVIS 926 0QUR 12 FXAMPL 12 FACILI 12
FLO 12 FORM 2 GFNER 12 GIVE 12 INTEG 24
-LCASH 12 MLTHLL 60  NAT 12 POINT 12 PROCED 24
PROCES 12 UOTIT 60 RADIX 36 SERI 12 SuIT 12
usSr 12 VAL U: 36 XX K G

YANALYSIS OF  ALGERR 12 AMAL 12 APPROA 12 CUUNT 24 CYCLE 12
OFERITV 12 CETE™ 12 FLIP-F 12 GENERA 2 GIVE 12
LENG 12 NuMB 12 PGCSS 12 PRESEN 12 PKOBLE 12
REGIST 24 SEVER 12 SHIFT 24 SCLV! 12 THEGRE 12

OLENERALTIVZED  ANAL 12 ARITHM 24  BASI 12 CASE 24 CHECK 6C
CONCEP 24  CUMSID 24 CONVEN 12 DEFIN 24 EQU 24
GENERA 12 CLNERA 12 GIVLE 12 INCLUC 12 MATHEM 12
M AN 24 NOTH 12 NUMB 36 PAP 12 PAR 12
PROPER z4 PROVID 12 SULT L2 SYSTFM 12 USECL 12
usu 12
Concept Vectors — Null Thesaurus

Figure 11
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SEPTEMBER 28, 1964 PAGE 17
NCCURRENCES OF CONCEPTS AND PHRASES IN DNOCUMENTS
COCUMENT CUNCrPT,CCCURS
DIFFERNTL £EC  4EXACT 1 PALGULR 12 lSCALC 18 71EVAL 6 920I1GI 12
L1OAUT 1 143Ul 12 176S0L 12 179STD 12 181GUA 24

2
2
269FLT 4 274DIF 36  356VHL 12 357YAW 4  384THG 12
428STHB 4 S0LAPP 24

1a TOMPUT*R 2INPUT 4 SLUGCAT 12 10ALPH 12 15BASE 6 16BASC 6
31BIT 3 32RCGU 3 41MCHC B8 47CHNG 6 53CATA 6
5TNSC3 15 S5IAMKNT 24 T2¢Xi.C 6 TTLIST 4  83MAP 6
BTENBL 12 I30RDR 10 1C6NGU 6 107CGN 30 108L0C 12
11CAUT 36 1120Pr 6 119aUT 8 121MLM 4 13CMEA 4
143UTI 12 14€6JC0 13 147SYS 12 169P0G 36 158REL 12
162ROF €6 163+AS 12 1680RD 4 176SOL 12 178SYyM™ 18
182SAV 4 187DIR 12 21CDUT 4 212SIZ 12 216COM 12

ZT6GEM 18 327AST 12 332SEL 12 338MCH 8 340LET 3
346JET 6 35C1FN 6 4L19GEM 6 SCLORD 4 508ACT 6

2MICRC=PRUGAGR  16BASC 12 4IMCHC 4 46TROL 6 72LXtC 24  81FRML 12
CINIT 12 92CIG1 12 930RDR 36  94SAME 12 103SkT 12
LO7LGN 12 11Saul 12 119AUGT 4 1350PE 12 176S0L 6
198T1IM 12 226CIR 12 227eL* 12 2250C0 6 290ROL 6
313PUL 12 234H0H 4 503SL7 12

3ihF ROLE OF  2INPUT 6 12USLES 12 1T7FILE 4 32REQU 12  34CLRK 4
39PART 6  4lMCHO 4 S3DATA 24 5GAMNT 12 T770LIST 8
ROFAST 24 G4TRoL 6 1C01TAG 24 122LNG 12 128L0DC 36
114TEX 72 1L% 1o 4% 119AUT 28 121MEM 76 143UTI 12
L46JCs 6 168U 12 170PHR 12 176SNOL 12 178SYM 6
142SAV 4 198TI% 24 2020EN 12 208WRD 12 214ECO 14
222bAY 12 229LCH 12 24bHRE 6 279HI 12 281CO0 12
332S5vie 12 334vIS 12 337T0C 6  338MCH 4 349SNC 24
3501F0 18 36zVval 12 412FLL 6 497SCI 36  5CI9GEN 12

44 Hbw CLASH L3CALC 24 1bnAasSkE 360 36MTCH 12 39PART 42 47CHLG 6
497CCOR 6 515PeC 24 6LCIV 144 64EFFL 6 6BEQUP €
20161 24 127LoN 24 11.AUT 12 129NUM 72 143UTI 12
147SY5 1z 150LPAT 6  158KEL 24 2040PT 18  254VRT 6
276CEM 6 3TERIR 6 3B1FOA 12 387R0O0 12 495HAZ 12

503SEQ 12 538ACT 6 5736EN 12

SANALYSIS OF TALGCES 12 11ALYS 12 52CYCL 12 S9AMNT 12  660RGN 6
LL1PEG 48 129NUM 172 126CH0 12 143UTI 12 146408 6
1715HF 24 176500 12 1745Y7 6 1B55Wl 12 196AXI 12
2.2GFEN 12 218SI0 A

Concept Vectors — Harris 2 Thesaurus

Figure 12



SEPTEMKER 28, 1964 PAGE 273

OCCURRENCES OF CONCEPTS AND PHRASES IN DOCUMENTS

DOCUMERT CONCEPT,UCCURS

CIEFLRNTL £7 4t XACT 12 BALGIR 12 13LALS 18 T1EVAL 6 920161 12
110AUT 12 L4301l 12 176S0L 12 179STD 12 181GCUA 24
269EL | 4 214040 F 30 350veEL 12 357YAw 4 375NUM 36
ATILTF 72 38476 12 423STH 4 5.2APP 24

La COMPUTIR 2INPUT 4 aLdCar 12 1CAaLPH 12 14CODR 72 15BASE %)
16BASC o 3Isll 3 32REQU 3 41MCHO g HTCHNG (8
230ATA & 270508 15 59aMNT 24 T2 XEC O TTLIST 4
H3IMAP 3 7eNolL 12 939JRNDR 12 126NQU 6 1ITLGN 30
1o3L0N 12 1l.auTl 3¢ 1120Pt 6 L1JAUT 2] 121MtM 4
130MEA 4 L4sull 12 146J0K 18 147SYS 12 149P0G 36
198REL 172 lozxut O 163cAS 12 1630RD 4 17650L 12
L78SYM 1Y L82SAY 4 187DIR 12 20.DA- T2 21o00T 4
2125172 12 2loDuM 2 219P0G 36 2TLGEM 18 292THK 36
302L00 12 327A5T 12 3325tk 48 338MCH A 340LET 3
346JET @) 3501k & 41958 6 20 L0RD &4 H5OB8ACT 9]

2ATCRO=PRIGR L6BASC 12 4 1MCIHU 4 46TROL 6 T2eXLC 24 B1LFRML 12
JLINIT 12 92CIGI 12 930RNDR 36 94 SAME 172 103S5ET 12
L1OTL5N 12 Lloaurl 12 11)7AUT 4 1350PF 12 17650L 9
198714 12 226C IR 12 22TELE 12 2249DC 6 290KIL G
2I14A0UT 36 313PUL 172 338MCH 4 503SFQ 2

3ikE RULL UF 2INPUT 6 12usScsS 12 14CO0R 36 17HILE 4 3ZReQU 12
34CLRK 4 3P aAar] S 41 MCHN 4 S3DATA 24 SOANT Z
TILIST e} BOFAST 24 98TRSL 1) 101TAG 24 1.2LNG 12
1.8L0D0U 36 1tartx 72 118815 43 113AUT 283 121MyM 76
128SYH 36 La3ull 12 1460008 1) 1680RD 12 170PHR 12
176SND 12 1785SyM 6 1825AV 4 19371V 24 202GEN 12
2.8wRD L 214tCi 2 222HAV 12 2230C0 18 2461HRD 6
271911 12 281240 2 2392THK 36 3g2L001:.8 3U3IMTR T2
3C4CN0 )6 332SLE 48 334VIS 12 337100 6 338VMCH 4
349500 24 3500k 13 362Vl 12 412FLD 6 4975C1 36
HL00EX 36 9096008 12

4 Nt w CLASS 13CaLC 24 158AS 36 36MMTCH 12 39PART 43 4G TCHNG 6
493CN0R 6 515PeC 24 6OV 144 L4 LFFT 6 6LBEQUP 1 6
V20161 24 10Ioui 26 L10AUT 12 L2Inum 72 1430Tl 12
LAa7SYS 1/ IooParl I8 1o3REL 24 2240PT 18 254 VRT 13}
2165GHM 9 3TURKR G 381FOA L2 387ROG 12 495HA7 12
>035kQ 12 HoAACT 6 5096EN 12

Sa dALYSITS Ut IaLsFR 12 LlaLysS 12 52CYCL 12 HYIAMNT 12 HLOORGN 9
L11rk 5 48 12910 P 130Ci 12 143uTl 17 146408 6
L71SHE 24 L7Tos50u 12 173SY4 6 185Swl L2 196AXT 12
2025EN 12 21a35Hy 6 292THK 36 295P0V 26

After Statistical Phrase Search

Concept Vectors

Figure 13
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CORRELATIONS WITH
REGULAR THESAURUS

CORRELATIONS WITH
NULL THESAURUS

DIFFERNTL EC 1A CCMPUTFR 0.1234 DIFFERNTL EGC 1A COMPUTER C.C973
DIFFERNTL EGQ 2MICRO-PROGR 0.0875 DIFFERNTL EQ 2MICRO-PROGR 0.1093
DIFFERNTL EQ 3THE ROLE OF 2..293 DIFFERNTL EG 4A NtEw CLASS 0.2096
DIFFLRNTL tQ 4A NEW CLASS C.uB44 DIFFERNTL EQ S5ANALYSIS OF C..364
CIFFERNTL t£Q SANALYSIS OF 0.0658 CIFFERNTL EQ 6GENERALIZEL C.c907
DIFFERNTL EQ 6GENERALIZED 0.0741 DIFFERNTL EQ T7AN IMPROVED 0.122C
DIFFERNTL £EQ 7AN IMPROVED 2.2797 DIFFERNTL EQ EBSHORT-CUT M 0.1298
DIFFLRNTL EQ BRSHORT-CUT M 0D.uB61 CIFFERNTL EQ 9CPERATIUN A DJ.1213
DIFFERNTL EG SOPERATIUN A 0.ub611 CIFFERNTL EQ 1CACCURATE T C.C716
DIFFERNTL £9 1CACCURATE T 0.110C DIFFERNTL £Q 12CIGIITAL CC 0.1478
DIFFERNTL £EQ 12CIGITAL CO 0..883 DIFFERNTL EQ 13HALF-ADDER 0.1196
DIFFFRNTL EQ 13HALF-ADDRER 0.u548 DIFFERNTL EQ 16CONTROL AP 0.0535
DIFFERNTL £GQ 16CONTROL AP 0.0336 CIFFERNTL EQ 17THE FUNCTI C.u428
DIFFERNTL EQ 17THE FUNCTI 0.9580 DIFFERNTL EQ 18AN ACCURAT 0.1961
DIFFERNTL £Q 18AN ACCURAT 2.1397 DIFFERNTL EG 19RESISTANCE (0.0851
CIFFLRNTL EQ 19RESISTANCE C.0OL177 CIFFERNTL EQ 2CCIFFERENTI 0.2676
DIFFERNTL tQ 2CCIFFERENTI 0.2123 CIFFERNTL EQ 24SOME NOVEL €.0207
DIFFERNTL EQ 21AN ERRUR-C 0.01U5 DIFFERNTL EQ 25A NEw TRAN 0.0713
CIFFERNTL EQ 22LATCHING C 0.20057 DIFFERNTL EQ 26SEMICONDUC 0.0544
DIFFERNTL t£Q 23MINIATURE Jeu3C? DIFFERNTL EQ 27TEN MEGAPU C.1233
CIFFERNTL EQ 24SOME NOVEL 0.0199 DIFFERNTL £Q 28CESIGN OF (.0996
CIFFERNTL EQ 25A NEW TRAN C.1068 DIFFERNTL EQ 29INVESTIGAT 0.0444
DIFFERNTL EQ 26SEMICONDUC 2.0653 DIFFERNTL EQ 3CA TRANSIST 0.1216
CIFFERNTL £EQ 27TEN MiGAPU 0.1004 DIFFERNTL £Q 31IMAGNETIC C D2.1257
DIFFERNTL EO 28CESIGN OF 0.1375 DIFFERNTL E=Q 32ANALOGUE I 0.1538
DIFFERNTL EQ 29INVESTIGAT 0.0879 DIFFERNTL EGC 33THE USE OF 0.1591
CIFFERNTL FQ 3CA TRANSIST 0.2736 DIFFERNTL EGQ 34END-FIRED . 0439
DIFFERNTL t0 31IMAGNLTIC C C.uS575 DIFFERNTL EQ 35A LOAD-SHA 0..345
DIFFERNTL EQ 32ANALCGUE I 0.2283 DIFFERNTL EQ 36FUNDAMENTA C.C377
DIFFERNTL EC 33THE USE OF 0.0892 DIFFLRNTL £Q 37A HIGH=-SPL 0.0186
DIFFERNTL £EQ 34END-FIRED D..2458 DIFFERNTL EQ 38AUTONMATIC 0.0981
DIFFERNTL EQ 35A LOAD-SHA C.C331 DIFFERNTL EQ 41COMMUNICAT C.1682
DIFFERNTL EQ 36FUNDAMENTA 0.0392 DIFFERNTL EQ 42A DIRECT R C.uB897
DIFFCRNTL EQ 37A HIGH-SPE 0.0364 DIFFERNTL EQ 43THE LATA C 0.0314
DIFFERNTL tQ 38AUTOMATIC C.1243 DIFFERNTL EQ 44ACCURACY C 0.1070
CIFFERNTL *=Q 41COMMUNICAT C.1185 CIFFERNTL EQ 45A CALCULAT 0.1525
CIFFERNTL EGQ 42A DIRECT R C.Q439 DIFFERNTL EQ 46RADIU DIRE 0.1462
DIFFFRNTL EQ 43THE DATA C 0.0333 DIFFERNTL EQ 47SPECIAL PU 0.084C
UlFFERGTL 1Q 44ACCURACY C 7.1399 DIFFERNTL EQ 48A BUSINESS 0.0214
DIFFERNTL tQ 45A CALCULAT 0.2958 DIFFERNTL EQ 49A DUAL MAS 0..335
DIFFERNTL EQ 46RADIN DIRE 0.0980 DIFFERNTL £Q 5CACCURACY C 0..479
DIFFERNTL tQ 47SPECIAL PU 0.1268 DIFFERNTL EQ S2+ATHENA 0.1112
DIFFERNTL ©R 48A BUSINESS 0.)286 DIFFERNTL EQ 53A COMPUTER 0.1068
DIFFERNTL EQ 49A DUAL MAS Q.u575 DIFFERNTL EQ 54AN AUTOMAT 0.5777
DIFFERNTL £Q SCACCURACY C 0.0668 DIFFERNTL £Q SSAUTOMATIC 0.045C
DIFFERNTL EQ S2+ATHENA C.10392 CIFFLRNTL EQ S6THE COMPUT 0.1634
DIFFERNTL EQ 53A COMPUTER 0.1327 DIFFERNTL EQ S57CASE STURY 0.0306
DIFFLRNTL £Q 54AN AUTOMAT C.C763 DIFFERNTL £EQ 59CATA PROCE D..347
CIFFERNTL tQ SS5AUTOMATIC 0.0746 DIFFERNTL EQ 6CINTELLIGEN C.C572
DIFFERNTL EQ 56THE COMPUT 0.1513 DIFFERNTL EQ 61AN INPUT R 0.1641
DIFFERNTL £Q S7CASE STURY 0.0950 DIFFERNTL EG 62CN PROGRAM 0.0944
CIFFERNTL EQ 58THE LARGES 0.0256 DIFFERNTL EQ 63THE PROBLE 2..176
DIFFERNTL EQ S590ATA PRNCE 0.0302 DIFFERNTL EQ 64PROPOSAL F C.C238
DIFFERNTL EQ ECINTELLIGEN 0.0091 DIFFERNTL EQ 65FURTHER AU 0.2011
DIFFERNTL £Q 61AN INPUT R 0.U4U4 DIFFERNTL EQ 66THE MATHEM 0.0769
DIFFERNTL £Q 620N PROGRAM G.1181 CIFFERNTL €©Q 67AUTOMATIC Ce1237
Correlation Lists in Document Order

Figure 1L
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I-32

HISTOGRAM WITH HISTOGRAM WITH
REGULAR THESAURUS NULL THESAURUS
0.9800 0O 0.9800 O
2.9650 0 0.96013 O
0.9400 0 0.9400 C
0.9200 O 0.6200 0
0.9000 O 0.90G60 O
UeB8UI O 0.88u0C 0
0.8600 O 0.86C0 O
0.84C0 O 0.8400 0
0.8200 0 0.8200 O
0.8200 2 0.8003 O
0.78C0 © 0.7800 ¢
0.7600 © 0.7600 O
07400 O 0.7400 O
2.7202 O 0.72G63 ©
0.7000 0 0.7CC0 O
0.6800 O 0.6800 O
0.€6600 1 0.6600 0
06400 1 V.6400 0
D.6200 1 0.6200 0O
0.6000 1 0.6000 O
D.58u0 1 0.5800 0O
J.56C70 3 0.5600 O
0.54C0 6 0.54C00 2
0.5200 6 0.520C 3
0.5000 6 0.5000 3
J«4800 6 0.4800 3
D.4600 6 0.4630 3
0.44C0 7 0.4400 3
0.4200 7 0.4200 5
D42, 8 0.4030 6
0.38CC 12 C.38C0 9
0.3600 12 0.3600 10
03400 14 0.3400 11
3202 15 0.32C0 13
0.3000 21 0.30CC 18
C.2800 23 0.2800 26
0.2600 33 0.2600 30
0.260) 34 0.24020 36
L2204 47 0.2200 39
Le23 0 63 0.2000 44
C.180C 73 0.1800 55
Cael60C0O 87 ND.1603 77
Cel4CD 106 0.14C0 111
Lel202 135 0.1200 136
LelCCC 166 0.1000 177
L0800 200 0.0802 215
LedbULU 257 0.0600 257
_e 4. 314 0.C400 300
{.02CC 348 0.0200 357

Histogram of Correlation Distribution

Figure 16
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CORRELATIONS
BEFORE EXPANSION

CIFEFRNTL £0 1A COYPUTER C.1234
CIFFERNTL EQ 2MICRO-PROGR e BT75

CIFFoRNTL EQ 3THe

RULE OF £.0293

DIFFERNTL EQ 4A HEw CLASS 0.0344
DIFFERNTL EQ SANALYSIS OF D.U658
ODIFFERNTL EQ €GENERALIZEE T.0741

DIFFERNTL ©£Q T7AN

DIFFLRNTL EG 8SHO

IMPROVED G.209°
RT=-CUT M 0.2361

DIFFERNTL EQ SGUPERATION A D.0A11
CIFFeRNTL FG 1ZACCURATE T D.110

CIFFERNTL £Q 120IGITAL CO D..883
DIFFERNTL EUG 13HALF-ADRFR (.0548

CIFFLRNTL £f 16CONTROL AP
DIFFERNTL EJ 17THE FUNCTI

CIFFERNTL O 1HAN ACCURAT 0.1397

DIFFLRNTL FEC 19RE

SISTANCE 0.0177

CIFFERNTL tG 20CIFFLRENTIL 042123

DIFFLRNTL £G 21AN
ZZ2LATCHING C Ca0257
23MINIATURL  0.03C7

FplNe

DIFFERNTL

CIFFERNTL EQ
CIFFFANTL EQ 2450
CIFFLRNTL EQ 25A
CIFFERINTL € 2650
CIFFLANTL FQ 27TH
DIFFERNTL 0
CIFFLRANTL Fu

LIFFERNTL @ 22A

ERRUR=-C 2.01.5

vE HOVEL C.0199
W TRAN _.1764
MICONBUC (.0653
N OMEGAPU 0.1004

2RCESTGN OF  0.1375
29TNVESTIGAT 2. 5879

TRANSIST D.0736

ODIFFERNTL FQ 3IMAGNLTIC € 0.0975
DIFFERNTL EGQ 32ANALOCGUE T Le22813
OIFFCRNTL EL 33THE USE OF Z..802
CIFFIRNTL ¢S 34.NL-FIRED  0.2458

LIFFEFRNTL 25A
CIFFLRNTL
CIFFERNTL
CIFFERNTL
FIFFrRNTL
ULFFERNTL
CIFFeRNTL
CIFF NTL
CIFFLRNTL £
DIFFLRNTL F
CIFFLRANTL E
CIFFLRNTL
CIFFLRNTL
DIFFERNIL
CIFFLRNIL FE
:
t

37A

424

45A

48A
49A

CIFFIRNTL

53A

DDV D DD

CIFEEANTL £ 544N
SHOAUTONATIC 0.2745
56THE COMPUT 2.1513
STOASE STULY C.0950
58101
S5ILATA PROCE N.0302
6. LATLLLISEN 245,91
61AN
€GN

DIFF-RNTL LI
CIFF-2NTL ©
CIFF.RNTC
LIFFS2NTL
CLFFERMNTL L
CIFFCRNTL +
CIFFRANTL &
ODIFFYRQNTL E

m
P R PR Y e

<ok

e

LOAD=SHA C.C331

30FUNDAMENTA ©.0392

HIGCH=SPE C..364

IBALTOMATIC  C.1l42
4LCTMMUITCAT 0.118%

OI<ECT R 0. 3439

43THE LATA © 0. .333
44ACCLRACY C L1399

CALCULAT C.295¢

GERACTE LIRE DL,2980°
4757

ECIAL PU 2.1267
BUSINESS C.2u86
CUAL MAS Cl.ud7H

3CACCURACY C D.066R
S52+ATHINA T.133

COMPUTER wel327
AUTUMAT 040763

i LARGES 0.0256

IvPUT R CacCbdl4
PROGRAM 00,1121

CORRELATIONS
AFTER EXPANSION

DIFFERNTL £Q 1A COMPUTER

DIFFERNTL =0 2Z2MICRU=-PRIGR
CIFFLRNTL EO 3THE RubE OF
CIFFERNTL Huw 4A NEa CLASS
CIFFERNTL L0 SANALYSITS OF
DIFFEQNTL EQ 6GLUERALTZED
DIFFERNTL EC TAN [MPROVED
DIFFERNTL EQ ESHART-CUT M
DIFF-RNTL +vQ GCPLRATION A
DIFFLRNTL tC 1CACCURATE T
DIFFLRINTL LG 12C1GIHAL CO
CIFFERNTL EG 13HALF-ADDER
UCIFFr2NTL 0 16CONTROL AP
DIFFLANTL EC 17THE FUNCTI
DIFF-RMTL EG 1#AN ACCURAT
DIFFEQANTL EC L19RESISTANCE
CIFF-RNTL 0 2LCIFFYRENTI
DIFFERNTL FQ 21AN £RROR=-C
UIFFERNTL EQ 22LATCHING C
CIFFLRNTL £4 23[N[aTURFE

CIFFLRNTL G 24SOMi OV L
CIFFFRNTL £ 254 Nbw TRAN
DIFFCRNIL FQ 26SEMICONDUC
CLFFERNTL £ 2TTEN MEGAPU
CIFFLRNTL 0 23CFSIGN OF

DIFFERNTL € 29INVESTIGAT
DIFFURNTL EQ 30A TRANSIST
CIFFZRNTL 0 31IMAGMLTIC C
CIFF:tRNTL 0 F2ANALOGUEF T
DiFFcRNTL EQ 33THE USE F
DIFFERNTL B 34ED-FIRETD

CIFFERNTL O 25A LOAD=-SHA
CIFFCRNTL +0Q 36FUNDAMENTA
DIFFERNTL EG 37A HIuH=-SIPL
DIFFLURNTL L@ 38AUTUYATIC

CIFFERNTL G 4.COMMUNICAT
CILFFIRNIL 2 41COMMUNICAT
DIFFERNTL EQ 424 LIECT ®
DIFFiRNTL 7 43THe LATA C
DIFFERNTL L0 44ACCHURACY C
CIFFLRNTL L9 454 TALCULAT
DIFFeRNTL £0 46RALTC UlIke
OLFFLRNTL =0 47500 1AL PU
CIFFLRNTE RO 484 BUSTAWESS
DIFFERNTL £ 434 LUAL MAS
DIFFERNTL 5CACCURALZY C
DIFFLRNTL &0 SLCOrMULINAT
CIFFERNTL F2 524ATHENA

UIFF:RNTL 4 53A COrPUTER
CIFFERNTIL L0 54AW AUTOMAT
CIFFe-RNTL EG SSAUTONATIC

DIFFCRNTL FOOS6THE COMPUT
CIFF aNTL 0 570ASe sTury
CIFFERNTL B0 SaTHe LARGES
DIFF «NTL 7% H9CATA PRICE
CUFFURNIL »w. € INTELLISU

Tel812
Ce095¢
0.0177
{e.0673
C.2794
Ceuba4
D.1792
2.5919
00922
0.1659
c.u882
Je 614
felll5
0.09CY
0.1721
De.428
Celbbd
0.0318
0.0137
C..185%
D.C0169
0.1289
0.uU911
1. 1596
Cell31
0.3530
0.0444
J..347
Cel377
Call253
0.0277
e 2542
Ces432
0.0487
0.0676
2eu222
Ce1207
D265
0.06C3
Te2216
Ce3127
Qeral1
(

Correlation Lists Before and After Hierarchical
Expansion — Document Order

Figure 18
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1-36

HISTOGRAM HISTOGRAM
BEFORE EXPANSION AFTER EXPANSION
0.9800 © 0.9800 0
0.9600 © 0.9600 ©
0.9400 0 N.9400 3
0.9200 © 0.9200 0
0.9000 © 0.9000 O
0.8800 O 0.8800 0
0.8600 0 0.8600 0
0.8400 0 0.8400 0
0.820C O 0.8200 O
0.8000 O 0.8000 0O
0.7800 0 0.7800 ©
0.7600 O 0.76G0 ©
0.7400 O 0.7400 0
0.7200 0 0.7200 O
0.7000 0 0.7000 ©
0.6800 0 0.6800 0
0.6600 1 0.6600 0
0.6400 1 0.6400 0
0.6200 1 Ceb6200 O
0.6000 1 0.6000 O
0.5800 1 T.5820 2
0.5600 3 5600 0
0.5400 6 5400 O
0.5200 6 J.5200 0
0.5000 6 Ca5300 0
0.4800 6 C.480C0 0
0.4600 6 0.46G0 O
0.4400 7 CoetanN0 1
0.4200 7 Je4200 3
0.4000 8 0.40G0 3
0.3800 12 C.38C0 5
0.3600 12 C.3600 6
0.3400 14 563420 7
0.3200 15 £.3200 9
0.3000 21 0.3000 16
0.2800 23 0.2800 19
0.2600 33 5.2605 30
0.2400 34 C.2400 39
142220 47 0.2200 46
¢.2000 60 C.2000 64
C.1800 73 3.1820 80
Ue1600 87 C.16C0 1C2
Lel4CQ 1C6 0.14C0 122
0.12C0 135 Ce120C 144
C.1000 166 561050 179
J.080C 200 0.0800 217
L.0600 257 0.0600 259
C.0400 304 L.0400C 312
C.0200 348 J.0200 348

Histograms Before and After Hierarchical Expansion

Figure 20



[NSTRUCTIGN CARCS TN
LIBRARY USI L
THESAURUS CISCRIMINATES
STATISTICAL

NONE

STATISTICAL PHRASYS —--

NONE .

CRITLRION TRE'S ==

NONE o

THY AdDVE CATA WAS SUPPLIED BY THE

THL FOLLUAING DATA IS FRCW

TITLES WERE GIVEN A WEIGHT OF

WLRF PRINTEC.
BY CCCUMENT WERY

PROCESS U
OCCURRENCLS

TEXTS
CUNCLPT

DOCUMENT CURRY LATICN --
REQUEST CORRELATIONS WERF

CORRELATIUN MCEE USED WAS

CUTOFF WAS  C.3570.
HIERARCHY --

NONE .

CUNCEPT PROCESSING --

NONL .

REQUESTS WERE ANSWEREC.
AUTO-FVALUATIUN

SVART SUPERVISNR
WAS VLRSION NUMBI-R 2
NOT MORE

INTRA-COCUMENT PROCLSSTNG

PRCGRAMMER AND MAY BE

INSTRUCTIONS FOR THIS

WAS REQUESTLLC AND WILL Bt

SEPTEMRBER 28, 1964 PAGE

OF THE HARRIS THESAURUS.

THAN 511 CONCEPTS.

INCORRECT.

RUN WHICH DEFINITELY WERE EXECUTEC.

1.0

PRINTEC.

PRINTED.
COSINE.

ATTEMPTEC.

82

Specifications for Regular Thesaurus Processing

Figure 21
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[WSTRUCTION CARDS TO SMART SUPERVISOUR SEPTEMBER 28, 1964 PAGE 340
LIBRARY USED wAS VERSION NUMBER 2 OF THE HARRIS THESAURUS.
THESAURUS OISCRIMINATES NOT MORE THAN 511 CCNCEPTS.

STATISTICAL INTRA-COCUMENT PRJCESSING --

NONE .

STATISTICAL PHRASES --

PHRASE SEARCE WAS CONE.

STATISTICAL PHRASES HAD WEIGHT OF 3.0
CRITERIUN TREES --

NOVE.

Tile ABUVE OATA WAS SUPPLIED BY THE PROGRAMMER AND MAY BE INCORRECT.

THE FULLOWING DATA IS FROM INSTRUCTIONS FOR THIS RUN WHICH DEFINITELY WERE
TITLES WERE GIVEN A WEIGHT UF 1.0
CUNCEPT OCCURRENCES BY COCUMENT WERF PRINTED.

CUCUMENT CORRLELATICN --
REQUEST CORRELATIONS WERE PRINTED.
CORRELATION MCCE USED wWAS COSInE.
CUTOFF WAS C.350)

HIERARCHY —-

NOVE .

CUNCEPT PRIOCESSING --

NONE o

ReQULSTS wERE ANSWEREC.
AUTO=FEVALUATIUN WAS REQCULSTHD AND wlLL BFE ATTHMPTEC.

EXECUTEC.

Specifications for Statistical Phrase Search

Figure 23

1-41
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ALLat S T RECUESTS FOR CECUMENTS O SPECIFLED TGPICS SEPTEMBER 24, 1964 PAGE 341
CLRR . T ®1CLesT = #LIST DIFFERATL PG NUMFRICAL LIGITAL SCLN CH DIFFERENTIAL EQUATIONS

R e sT L IHT DIFFLRITL ¥ JMERICAL DIGITAL SOLN OF OIFFEREMTIAL EGULATICNS
_______ SIve ALGORITEYS USrFUL FIOR THe NUMERICAL SCLUTIOW LbF ORCINARY

CIFFERCHTIAL LOUATIONS aND PARTIAL DIFFrERENTIAL EQUATICNS CN CIGITAL

COMPUTSRS o FVALUALE Tie VARTOUS T TLGRATICH PROCELURES (E.Ge RUNGE==

CUTTA,y MILbE=S “eTit o) wlTi RESPLCT T ACCURACY, STAolLITY, AND SPEED .
vioweR CORRLLATILIC ILLNTIFICATIUN
3oaSTanlLily S5 73 STABILITY OF nuMLRICAL SULLUTICN CF DIFFERENTIAL EQUATIONS
s o STrueal T CoT7741 SIvMULATI NG SECOND=0ORUER tQUATICNS
boeo LIl TA T SLIMINATION CF SPECIAL FUNCTIONS FROM DIFFERENTIAL EQUATIONS
$ 40000 TUYNRUL Je6o 11 UN COMPULITING RADLIATION INTEGRALS
’ SOLult oy Gebhb s SOLUTIUN OF alGbyrATe ANC TRAGSCENDENTAL EQUATIGNS ON AN AUTOMATIC
snT NOAY Je3T2 NUTE ON aNALJG ToCHNIQUES FOR RESCLVING TWO-PCINT BOUNDARY VALUE
30 7HOU d0ARY seblTL SUUNDARY CUNTRACTINN SOLUTION CF LAPLACE-S CLIFFERENTIAL EQUATION
LR, =00l DeuRl4 RUNGL=KUTTA MeTHdoS FOR INTEGRATING CIFFERLNTIAL EQUATIONS ON HIGH
Loctvd ik 50 Jenbbl Oy THe SEULUTLION OrF PUISSUN=S CIFFERENCE EQUATINN
S0 MO ale AR Sehbh MONT= CAnLO SOLCTIONS OF BOUNCARY VALUE PROBLEMS INVLVING THE
SonSTARLILLZA L e43¢ STASILIZATION OF COMPUTER CIRCUITS
Jouh Mo lH D UeD313 A METHOL OF J0RMaLIZeD BLOCK ITERATICN
SodS e PR Jenlt? STABLE PREDICTOR=CORRECTCR METHOCS FUR ORDINARY OIFFERENTIAL
shooNUY L RTCAL Cei4l NUMLRICAL SOLUTIUN OF LAPLACE-S EQUATICN - GIVEN CAUCHY CONDITIONS
Lo JTHLORLT LG J.41933 THEODIXFTICZAL CONSLIUERATICN UGF COMPUTING LRRORS OF A SLUW TYPE
20 MATRIX PR Jeb ity MATRIX PRUGRAMME NG UF ELECTRONIC ANALLG CCMPUTERS
I boSelANT 4 LSe35 37 StCANT MODIFICATION OF NtwlON-=S METHOC
Ao4A qull Uy 3743 A NOTE ON THt COaANHILL METHOC
40 CaLCUL AT 0.3559 A CALCULATOR FOR NUMERICAL FOURILR SYNTHESIS

Answers After Statistical Phrase Search — BIG Format

Figure 2l
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I-45

EVALUATION

THE TOP FIFTEEN

OF REQUEST

DOCUMENTS

SEPTEMEBER 28,

CIFFERNTL EQ WITH

L X 384STAaBILITY (.6E76 1
2 X 362SIMULATIN C.5758 2
3 X 200SCLUTICN  T.5664 3
4 X 3920%W COMPUT (C.5%08 4
5 X 386ELIMINATI 05484 5
6 X LO3RUNGE-KUT C.5445 6
7 X 85N0TE O AN L.4511 7
B 132SOLVING B C. 4106 9
9 X 10Z0N THE S G.3987 1C
12 X 358STABILIZA C.3G8G 11
11 X 337TBOUNDARY ©.39638 12
12 X 22°2STABLY PR C.39507 15
13 2ZIMATRIX PR Ce.3506 17
L4 BEPROPCSEC M 0.3452 23
15 X 251ERROR EST C.3323 24
40

RANK RECALL= C.7196 LOG PRECISION= $.9169

NORMALIZED RECALL=0.9914€626 NCRMALIZED PRECISION=0.9572

1964

PAGE 86

16 RELEVANT DOCUMENTS

364STABILITY
360SIMULATIN
222SOLUTION

3920N CCMPUT
386FELIMINATI
1C3RUNGL-KUT
85NOTE CN AN
1C2CN THE SO
358STABILIZA
387BOUNDARY

2.2STABLE PR
251ERROR EST
253ROUNC~UFF
390MONTE CAR
388A METHOD

385NUMERICAL

RELEVANT DOCUMENT RANKS

0.6676
0.5758
N.5664
C.5508
05484
Deb445
2e4511
C.3987
0.3986
0.3968
2e3907
03329
Ce3152
0.2866
l.2788
0e2301

RNK REC + LOUG PRE=1.6365 WEIGHTED NORMED RECALL + NORMED PREC=1.9146

Evaluation — Regular Thesaurus

Figure 27
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SEPTEMBER 28, 1964 PAGE 165
FVALUATION OF RFQUEST DIFFERNTL EQ WITH 16 RELEVANT DOCUMENTS

THE TP FIFTEEN DUCUMENTS RELEVANT DGCUMENT RANKS

1 X 193RUNGE-KUT C.5509 1 LC3RUNGE-KUT 0.5509
2 X 3B4STABILITY 0.5462 2 334STABILITY 0.5462
3 X 3920N COMPUT L.5271 3 392N COMPUT D.5271
4 X A87BUUNDARY (44329 4 387T30UNDARY  2.4309
5 X 385ELIMINATI C.4294 5 3B6ELIMINATI 0.4294
6 X 102Z0N THE 50 0.4073 6 1020N THE SO 0.4073
1 A 202STABLE PR .3582 7 252STABLE PR 5.3982
8 X 36U0SIMULATIN <.3922 8 36JSIMULATIN N.3922
9 192SOLVING E 03911 1C 2COSULUTION 0.3672
10 X 2C0S0LUTION  (C.3672 11 358STABILIZA ©.3441
11 X 358STABILIZA ..3441 12 385NUMFRICAL 2.3269
12 X 335NUMFRICAL (.3269 13 251ERROR EST (0.3203
13 X 251ERROR 5T C0.3203 14 85NOTE CN AN 0.3162
14 X 85N0TL ON AN C.3162 18 253ROUND-0OFF 0.3014
15 229MATRIX PR L.3045 68 388A METHOD 7.1682

113 35CMONTLE CAR C0.1373

RANK RECALL= 0.4610 LOG PRECISION= £.8806
NCRMALIZED RECALL=0.9743879 NCRMALIZED PRECISION=U.936C
RUIK REC + LOG PRE=1.3416 WEIGHTED NORMED RECALL + NORMED PREC=1.83580

Evaluation — Null Thesaurus

Figure 28



SEPTEMBER 28, 1964 PAGE 190

EVALUATION OF REQUEST CIFFERNTL EOQ WITH 16 RELEVANT DCCUMENTS

THE TOP FIFTEEN POCUMENTS RELFVANT DUCUMENT RANKS
I X 1U3RUNGE-KUT C.7243 1 103RUNGE-KUT 0.7243
2 K 384STASILITY C.7C08 2 384STABILITY 0.70C8
3 K 2.2STABLE PR Cea5560 3 2352STABLE PR 0.5560
4 X 36USIMULATIN (.5376 4 3€¢0SIMULATIN 0.5376
5 X 387BOUNDARY C.4765 5 38T7TEOUNUARY 0.4765
6 X IBOGELIMINATI C.4390 6 38B6ELIMINATI ©.4390
7 215DIGITAL C ©.3748 9 2COSOLUTION 0.3652
8 SEPROPOSED M (.3725 10 253ROUNDC-OFF 0.3573
9 X 200SULUTION  0.3652 13 390MONTE CAR 0.3429

L2 X 253ROUND-OFF C.3573 14 385NUMERICAL O.3421

11 128COMPUTER  J.3519 18 1C20N THL SO 0.2986

12 L92SOLVING E €.3439 21 3920N COMPUT 0.2688

13 X 390MUNTE CAR C.3429 23 251ERROR EST 0.2634

14 X 385NUMERICAL C.3421 61 358STABILIZA 0.1626

1o 3L6ELFCTRONT 03226 75 85NOTL ON AN C.1458

303 388A METHCD ©0.0000

RANK RECALL= C.2394 LCG PRECISIUN= 0.7766
NURMALIZED RECALL=2.9304124 NORMALIZED PRECISION=C0.8643
RAUK REC + LOG PRE=1.3167 WEIGHTED NORMeD RECALL + NORMED PREC=1.5163

Evaluation — Titles Only

figure 29
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1-L9

SEPTEMBER 28, 1964 PAGE 256

LVALUATION UF REQGUEST DIFFERNTL EC WITH 16 RELEVANT CCCUMENTS

THe TOP FIFTEEN COCUMENTS RELEVANT DPOCUMENT RANKS
L X LTO3RUNGE=KUT L4567 1 LC3RUNCE-KUT 0.4567
2 X 2920N COMPUT (.4365 2 392CN COMPUT D.4365
3 K 3BASTABILITY ..4261 3 384STABILITY (.4261
4 X 36,SIMULATIN Ga3970 4 36CSIMULATIN 0.3970
5 X 386FELIMINATI Ce3e27 5 3836LIMINATI 0.3827
6 X 28DSULUTION  L.3677 6 2COSOLUTION  Z.3677
7 234ANALOCLY L. 3455 9 38TBOUNCARY D.3224
8 128COMPUTER  C.3239 12 2C2STABLE PR 0.3123
9 X 387TBIUNDARY (C.3224 13 358STABILIZA 0.3101

1 226+40EPT oo (L3171 16 85NOTE ON AN 2.3016

11 450 CALCULAT [.3127 21 385NUMERICAL C.2776

12 X 2.2S8TadLE PR C.3123 31 1C23N THE SO 0.Z2580

13 X 354STARILIZA 03101 53 251tRROR EST 0.2123

14 SO6ELECTRONT C.3242 55 253ROUND-DFF 2.2082

15 L92SOLVING « (.3C20 88 39CMONTE CAR 2,1729

G4 388A METHOL C(C.1682

RANK RECALL= 0.3293 LOG PRECISION= 047653
NURMALIZED RECALL=C2.95538C1 NURMALIZED PRECISINN=0.8553
RNK RFC + LOG PRE=1.7946 WEIGHTED NORMcU RECALL + NURMED PREC=1.6322

Evaluation — Hierarchy

Figure 31



I-50

SEPTEMBER 28, 1964 PAGE 342
EVALUATION OF REQUEST DIFFFRNIL EQ WITH 16 RELIZVANT DOCUMENTS
e THP FIFTEEN DOCUMENTS RELEVANT DUOCUMENT RANKS
1 X 384STABILITY ©.8576 1 384STABILITY 0.8576
Z K 36LSIMULATIN 0.7741 2 3605TMULATIN 0.7741
3 A 38CELIMINATI CeT7404 3 336ELIMINATI 0.7408
4 x 3920N COMPUT 246571 4 3920N CUMPUT $.6571
5> X 20U SOLUTICN  C.6444 5 200SOLUTION  0.6444
o X Bun0TE 0N AN Ca6372 6 85NUTL CN AN 0.6372
/A 3BTBUUNDARY  (G.6372 7 3837T80UNDARY 0.6072
B R LU3RUNGE=KUT _.58T7H 8 1J33RUNGEe=-KUT (.5875
9 X 1L20N THE: SO C.5645 9 1020N THE SU 0.5648
Lo X 390MONTE CAR (.5448 10 390MONTEL CAR 0.5448
11 £ 358STABILIZA 0.5437 11 358STABILIZA 0.5437
12 X 388A METHOD J.5318 12 388A METHOL C$.5318
13 X 202STABLE PR we5163 13 2025TABLE PR 0.5163
14 KX 385NUMERICAL C.4G42 14 385NUMERICAL 0.4942
1o LEITHEORETIC C.4794 21 251ERROR EST D.3444
25 253ROUND-0OFF 0.3157
RANK RECALL= ..3007 LOG PRECISION= 0.9751
NURMALTZEDR RECALL=0.92753C0 NURMALIZED PRECISIUN=0.9880
RUK REC + LOG PRE=1.87%8 WEIGHTED NORMieD RECALL + NORMED PREC=1.9759

Evaluation — Statistical Phrases

Figure 32



EVALUATION

THE: TP FIFTELN DUCUMENTS
1 X 384STABILITY (.7752
S A 36USIMULATIN CGoélbdh
3 X 380ELIMINATI 2.6078
4 K S5L5N0TE ON AN L.53951
5 A 39204 COMPUT L.5737
6 X P20OSULUTINN  0.5736
7 A L1Z3RUNGE=-KUT C.9593
8 K 38TBUUNBARY _.5547
9 X 38HNUMERICAL L5179

L X 39C0MiNTE CAR 0.5053

11 244METHOD FU (4620

12 2520 CLASS O 2.45906

13 X 353STABILIZA C.4587

14 A 202STABLE PR (0.4582

1> 45A CALCULAT U.4417

RANK RECALL= ..8447 LOG

NURMALTIZED
+ LOG PRE=1.7982 wEIGHIED

Rk REC

PRECISTUN=
RECALL=0.9959833 NURMALIZED PRECISION=0.97170
NORMLED RECALL + NORMLD

DF REQUEST LIFFERNIL EQ WITH

SEPTEMBER 28,

16 RELEVANT

1964

PAGE 380

COCUMENTS

RELEVANT DUOCUMENT RANKS

X~ U D WA -

9
10
13
14
16
17
29
26

0.9535

384STABILITY
360SIMULATIN
386LLIMINATI
85NOTE CN AN
3320N CUMPUT
20050LUTION

LUBRUNGL=-KUT
38760UNCARY

385NUMERICAL
390MUNTE CAR
358STABILIZA
2.2STABLE PR
102UN THE SO
338A METHOD

251eRROR EST
253ROUND-OFF

0.7792
0.6155
Q.6078
C.b951
0.5737
D.5736
0.5593
245547
0.5179
0.5053
0.4587
Ce4582
0.4273
0.4205
N.3698
J.2866

PREC=1.9569

Evaluation — Syntactic Phrases

Figure 33
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