
ISR-8 
December 196k 1-1 

I, THE SMART SYSTEM - TYPICAL PROCESSING SEQUENCES 

Michael Lesk 

In this section some output of the SMART retrieval system is 

presented to show the flexibility and potential of the system. One request 

is processed through seven of the processing methods available for retrieval, 

to illustrate the SMART text analysis and search techniques. 

The request, named DIFFERNTL EQ, reads: 

"Give algorithms useful for the numerical, solution 

of ordinary differential equations and partial 

differential equations on digital comput< 

Evaluate the various integration procedures (try 

Runge-Kutta, Milne*s method) with respect to 

accuracy, stability, and speed." 

The document collection being searched consists of the k0$ abstracts 

published by the Professional Group on Electronic Computers in the IRE 

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

This collection covers all fields of the computer literature. Thirty-two of 

the I1OJ4 abstracts are classified by the IRE as: mathematics-logic; numerical 

analysis. Sixteen abstracts are believed to be relevant to the request 

DIFFERNTL EQ. 

The first of the seven methods used to compare this request 

with the reference collection requires the use of the "null thesaurus"5 

this thesaurus maps each word stern into one distinct concept by a 



1-2 

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 J;3, 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 7'i (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 of 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. 1/ Figure 2 

contains 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 REQUESTSs A list of documents to which the computer 

assigns a high correlation with the submitted request 

is prepared, and the list is printed* 

FORMAT JUMBOs The printout of the answers consists of a 

detailed list of the citations. (See Fig. 22.) 

SCORES YESs 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 2s The thesaurus used is the regular (Harris) 

thesaurus. 

MAXCON 5Hs There are 511 concepts included in the 

thesaurus. 

The figures appear in the Appendix to this section. 
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C0RMD3 COS: The cosine correlation is to be used to 

compare request vectors with document vectors (see 

Sec. II of this report). 

CIJT0F3 3500s 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 CORRELATIONS: The correlations of each request with 

each document are printed. 

Two SMART instruction cards are also shown in Fig. 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 
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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 U 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 equations11 is 

identified as the object of "for" rather than "of." However, the 

phrase "differential equations" included in the sentence is analyzed 

correctly. 
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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 numbers. 

The method used to introduce into the machine the preprocessed 

documents is illustrated in Fig. 9« A 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 1-3- 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." An 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 thesaurus 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 EQ 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 0.2598 in the 

regular thesaurus (unlike the previously mentioned changes, this 

difference is large enough to be significant)* Abstract 45> M^ 

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 0.4- are in

cluded for the regular thesaurus, while the null thesaurus has only 

six correlations above 0«4» 

All 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 8 

(algorithms), and is given the weight originally assigned to concept 8. 

Similarly, concept 13 (calculation) is promoted to 375 (numerical 

analysis), and so on. 

In Fig. 18, the correlation 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 (lj.0 and 5l), 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 1$ 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 Sees. Ill 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 3I2 Regular thesaurus lookup, hierarchy expansion by 

parents. 
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Figure 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 OJ4.6 

after expansion, and the histogram shown in. Fig. 20 shows that the number of 

documents with correlations above 0.3U is halved by the hierarchical expansion 

(ill 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.l6j 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 388 is completely missed by the "Titles Only" method, where it 

receives a correlation of 0.00. The title of document 388 ("A Method of 
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Normalized Block Iteration11) 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 

Sees. Ill 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 eighty as well as thirteen 

of the first fifteen, documents found are relevant. The strict matching 



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. A reason

able 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/1 as it appears in the sentence "Segmentation 

of speech into discrete units suitable for recognition, including the 

possibility of overlapping elements, is considered." (from abstract 

#82). The statistical phrase searcher finds an occurrence of "speech 

recognition" while the syntactic phrase finder does 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-all 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 equations1' 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 

Sees. Ill, IV and X of this report. 
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INSTRUCTION CARDS TG SMART SUPERVISOR SEPTEMBER 28, 1964 PAGE 375 

LIBRARY USED WAS VERSION NUMBER ? OF THE HARRIS THESAURUS. 
rHt SAURUS DISCRIMINATES xiOT MORE THAN b 11 CONCEPTS. 
ENGLISH TEXTS WERE PRINTED CURING LOOKUP. 
WORDS NOT FOUND wERE PRINTED. 

STATISTICAL INTRA-DOCUMENT PROCESSING — 

N 0 -\ E . 

SIATISTICAL PHRASES --

NONE. 

CRITERION TREES --
A SYNTACTIC ANALYSIS WAS PR1NTLO FOR EACH SENTENCE. 
CRITERION TREES DETECTED WERE PRINTED. 
NUDt. CORRESPCNCFNCf S OF TRrrS TO SENTENCES WERE PRINTED. 
SYNTACTIC PHRASES HAD HEIGHT OF 3.0 

Tt\*- ABOVE DATA WAS SUPPLIED 13Y THi PROGRAMMER AND MAY BE INCORRECT. 

ThF FOLLOWING DATA IS FROM INSTRUCTIONS FOR THIS RUN WHICH DEFINITELY WERE EXECUTEC. 

TITLES WERE GIVEN A WEIGHT OF 1.0 

DO C U M L IN T CORRELATION 
REQUEST CORRELATIONS WERE PRINTED. 
CORRELATION WUCE USED WAS COSINE. 
CUIOFF WAS :. 55jj 

HIERARCHY — 

NO JL. 

Ci iNCE^T PROCESSING — 

NONE. 

;<« ' Gt.STS uFRE ANSWERED. 
A U T O - L V A L U A T I O N WAS REQUESTED AND WILL BE ATTEMPTED. 

SMART Specifications - Long Form 

Figure 2 
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INSTRUCTION CARDS TO SMART SUPERV ISOR SEPTEMBER 28, 1964 PAGF 1 

A.NSWFR REQUFSTS, FORMAT JUMBO, PF, SCORES YES, THESHR 2, MAXCCN 5ilf 1 
REOUhST CORRELATIONS, CORHD3 COS, CUTOF3 3C>CJ, TEXTS PROCESSED 1 

•LIST DIFFFRNTL EQ NU^LRICAL DIGITAL SOLN OF DIFFfcRFNTIAL EQUATIONS 

• LIKE CIFFERNTL EO 

• TIME 
THE CURRENT TIME IS 72.1 MINUTES. YOU WILL REMEMBER THAT START-OF-JCB 
WAS AT 6/9.9 M I N U T L S , WHILE THF CLOCK REAO 71.8 WHIN EXLCUTION REGAN. 

• TAPE 

•NOTE THIS IS THE EARRIS THESAURUS VERSION TWO LOOKUP 

•LIST IA COMPUTER C R I E N T L E TOWARD SPATIAL PROBLEMS . 

• LIST 2MICRO-PROGRAMMING • 

•LIST 3THI ROLE OF LARGE MEMORIES IN SCIENTIFIC COMMUNICATIONS 

•LIST AA NEW CLASS OE DIGITAL DIVISION METHODS . 

• LIST ^ANALYSIS OF SEIFT RIGISTFR COUNTERS . 

•LIST 6GLNERALIZED PARITY CHECKING . 

•LIST /AN IMPROVED TECHNIQUE FOR FAST MULTIPLICATION ON SERIAL 

•LIST MSHHRT-CUT MULTIPLICATION AND DIVISION IN AUTOMATIC 

•LIST ^OPERATION AND SPECIFICATION OF TRANSISTORS FOR DIRECT-COUPLED 

• LIST IOACCURATE TRANSISTORIZED MULT I PL IER-0I VIDER . 

•LIST 11A FULL BINARY ADDER EMPLOYING TWO NEGATIVE-RtSISTANCE 

•LIST 12DIGITAL COMPUTFR ADDING AND COMPLEMENTING CIRCUITS 

•LIST 13HALF-ADDERS DRIVt SIMULTANEOUS COMPUTER . 

•LIST LATHE SWITCHING CHARACTERISTICS OF 4-79 PERMALLOY CORES 

•LIST 15ELECTROLUMIN! SCENCE FROM BARIUM TITANATE . 

•LIST 16C0NTR0L APPARATUS FOR A SERIAL DRUM MEMORY . 

•LIST 17THE FUNCTION GENERATOR AS A BASIC TOOL FOR NON-LINEAR 

•LIST 18AN ACCURATE ANALOG FREQUENCY MEASURING CIRCUIT . 

• LIST 19RISISTANCI POTENT IOMFTLRS AS FUNCTION GENERATORS . 

•LIST 20DIFFERENTIATOR FOR A-C COMPUTERS . 

•LIST 21AN ERROR-CORRECTING ENCODER AND DECODER OF HIGH EFFICIENCY 

Read-in of Preprocessed Documents 

Figure 9 
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HISTOGRAM WITH 
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Histogram of Correlation Distribution 

Figure 16 
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Correlation Lists Before and After Hierarchical 
Expansion — Document Order 

Figure 18 
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1 HISTOGRAM 
BEFORE 

0 .9800 
0 .9600 
0 .9400 
C.9200 
0 .9000 
0 .8800 
0 .8600 
0 .8400 
0.820G 
0 .8000 
0 .7800 
0 .7600 
0 .7400 
0 .7200 
0 .7000 
0 .6800 
0 .6600 
0 .6400 
0 .6200 
0 .6000 
0 .5800 
0 .5600 
0 .5400 
0 .5200 
0 .5000 
0 .4800 
0 .4600 
0 .4400 
0 .4200 
0 .4000 
0 .3800 
0 .3600 
0 .3400 
0 .3200 
0 .3000 
0.28C0 
0 .2600 
0 .2400 

.220 0 
C.2000 
C.1800 
0 .1600 
0.14C0 
0 .1200 
0 .1000 
0 .0800 
I . 0 6 0 0 
C.0400 
0 .0200 

EXPANSION 

0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
3 
6 
6 
6 
6 
6 
7 
7 
R 
12 
12 
14 
15 
2 1 
23 
33 
34 
47 
60 
73 
87 
1C6 
135 
166 
200 
2 5 7 
304 
348 

HISTOGRAM 
AFTER f 
0 .9800 
0 .9600 
0 .9400 
0 .9200 
0 .9000 
0 .8800 
0 .8600 
0 .8400 
0 .8200 
0 .8000 
0 .7800 
0 .7600 
0 .7400 
0 .7200 
0 .7000 
0 .6800 
0 .6600 
0 .6400 
0 .6200 
0 .6000 
0.580G 
C.5600 
0 .5400 
j . 5 2 0 0 
\J . J <J :w» %J 

C.480C 
C.4600 
0 .4400 
0 .4200 
0 .4000 
0 .3800 
G.360C 
, . 3 4 0 0 
0 .3200 
G.3000 
0 .2800 
0 .2600 
0 .2400 
0 .2200 
0 .2000 
0 .18 0 0 
0 .1600 
0.14C0 
0 .1200 
0 .1000 
0 .0800 
0 .0600 
0 .0400 
J . 0 2O0 

EXPANSION 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
3 
3 
5 
6 
7 
9 
16 
19 
30 
39 
46 
64 
80 
1C2 
122 
144 
179 
2 17 
2 5 9 
312 
348 

Histograms Before and After Hierarchical Expansion 

Figure 20 



1 

INSTRUCTION C<\RfS TO SNART SUPERVISOR SEPTEMBER 28, 1964 PAGE 82 

LIBRARY USED WAS VERSION NUMBER 2 OF THE HARRIS THESAURUS. 
THESAURUS DISCRIMINATES JOT MOKE THAN oil CONCEPTS. 

STATISTICAL I N T R A-COCUM E M PROCESSING — 

NONE, 

STATISTICAL PHRAS1S — 

NONE. 

CRITERION IRE'S — 

NONE. 

H ! ArJfJVf DATA *AS SUPPLIED BY IHt PROGRAMMER AND MAY BE INCORRECT. 

THL FOLLOWING LATA IS FRCP INSTRUCTIONS FOR T H I S RUN WHICH DEFINITELY WERE EXECUTED. 

riTLtS wE<E GIVEN A WEIGHT OF 1.0 

T' XTS PKOCfSS-C WERE PRINTED. 
CuNCEPT OCCURRENCES BY DOCUMENT WERE PRINTED. 

DOCUMENT CORRELATION — 
REQUEST CORRELATIONS WERE PRINTED. 
CORRELATION NODE USED WAS COSINE. 
CUTOFF WAS ;.35;. 

HIERARCHY — 

NONh . 

CONCEPT PROCESSING --

NONt . 

REQUESTS WERE ANSWERED. 
AUTO-EVALUATIUN WAS RtCJU.STtD AND WILL BE ATTEMPTED. 

Specifications for Regular Thesaurus Processing 

Figure 21 
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INSTRUCTION CARDS TO SMART SUPERVISOR SEPTEMBER 28, 1964 

LIBRARY US1-C WAS V L R S I O N NUMBER 2 
THESAURUS DISCRIMINATES MOT MORE THAN 

STATISTICAL INTRA-DOCUMENT PROCESSING — 

NONE. 

STATISTICAL PHRASES --
PHRASE SEARCH WAS CONE. 
STATISTICAL PHRASES HAD WEIGHT OF 

CRITERION TREES — 

NONE. 

Tilt AtiLUE DATA WAS SUPPLIED BY THE PROGRAMMtR 

3.0 

AND MAY 

THE FOLLOWING DATA IS EROM INSTRUCTIONS FOR THIS RUN 

TITLES WERE GIVEN A WEIGHT OF 1.0 

CONCEPT OCCURRENCES BY DOCUMENT WERE PRINTED. 

DOCUMENT CORRLLATICN — 
REQUEST CORRELATIONS WERE PRINTED. 
CORRELATION VCCF. USED WAS COSINE. 
CUTOFF WAS :.35^J 

HIFRARCHY — 

NONt. 

CONCEPT PROCESSING — 

NONE. 

Rr.QULSTS WERE ANSWERED. 
AUlO-fVALUATION WAS RfGULSTFD AND WILL BF A T T» MP TED. 

^11 

BE 

OF THE HARRIS 
CONCEPTS. 

INCORRECT. 

PAGE 340 

THESAURUS. 

WHICH DEFINITELY WERE EXFCUTEC. 

Specifications for Statistical Phrase Search 

Figure 23 
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\ .SwERS T. R E C U L S I S F O K DOCUMENTS O J SPECIFIED rOPICS SFPTEM6ER 2fl, 1964 PAGF 341 

C G R R L 4 J RLCUt-ST - "LIST DIFFCRNTL FC, NUMERICAL LIGITAL SCLN CF DIFFLRFNTIAL EQUATIONS 

K .GUI ST *L I ST DIFFLRNTL FG NUMERICAL DIGITAL SOLN OF DIFFERENTIAL EQUATIONS 

G W E ALGORITHMS USrFUL FDR THF NU^tRICAL SOLUTION CF ORCINARY 
D I H F E R L N H A L EGlMTlUNS AND PARTIAL DIFFERENTIAL EQUATIONS CN DIGITAL 
COMI'UTrRS . FVALUAIE THE VARIOUS INTEGRATION PROCEDURES (E.G. RUNGE — 
KUTTA, MIL.E-S MtTHJD) *ITH RESPECT TO ACCURACY, STABILITY, AND SPEED 

C.'. .< R L L A f 1 C i I L L N T I F I C A T I U N 

3 

J< 

J 

i 

? 

4 

3 

I . 

1 

i 

i 

J 

2 

» 
L 

2. 

1 

J 

/t 

• SI UTIL ITY 

SI VOLa n , 

< i . L I * I l'\l I 

< 2 •) j c u v. ° u r 

. SfJLU I I IN 

; 0 T L ON A ; 

7nQiHPARY 

JRU J , - - . ' . U I 

; I M IIN. s i 

^C J r• GAR 

M S T A G I L I Z A 

oA Mt 1 H ID 

2 S U i L b P< 

-,>NU M . K I C AL 

M H E O R E I I C 

J M A T R I X PR 

HSEC ANT -1 ) 

3 A JOTE ON 

A C A L C U L A I 

0 

c 

J 

G 

J 

^ 
0 

0 

-

0 

J 

-
J 

•J 

' 

; 
J 

. H 5 7 "J 

. 7 7 A I 

. 7 4 . 7 

. 6 5 7 1 

. 6 4 4 j 

. 0 3 7 2 

, 6 : 7 i 

. u w 7 4 

. 5 6 4 B 

, 'j A 4 H 

•j 4 3 6 

0 3 1 9 

. .> 1 6 2 

4-J A L 

A 7 9 3 

A , ^ b 

3N 3 7 

J 7 4 3 

3 5 5 -J 

STABILITY OF NUMERICAL SELUTICN OF DIFFERENTIAL EQUATIONS 

SIMULATING SECOND-ORDER EQUATIONS 

ELIMINATION UF SPECIAL FUNCTIONS FROM DIFFERENTIAL EQUATIONS 

UN CUMPU1ING RADIATION INTEGRALS 

SOLUTION OF ALGEBRAIC ANL TRANSCENDENTAL EQUATIONS ON AN AUTOMATIC 

NOTE O N ANALOG TECHNIQUES FUR RESCLVING TWO-PC INT BOUNDARY VALUE 

BOUNDARY CONTRACTION SOLUTION OF LAPLACE-S DIFFERENTIAL EQUATION 

RUNGL-KUTTA METHODS FOR INTEGRATING DIFFERENTIAL EQUATIONS ON HIGH 

O M THE SOLUTION OF PCISSON-S DIFFERENCE EQUATION 

MCMTE CARSLU SOLUTIONS OF BOUNDARY VALET PROBLEMS INVLVING THT 

STABILIZATION (JF COMPUTER CIRCUITS 

A METHOD OF NORMALIZED BLOCK ITERATION 

STABLE PREDICTOR-CORRECTOR METHOCS FUR ORDINARY DIFFERENTIAL 

NUMLRICAL SOLUTION UF LAPLACE-S EQUATION - GIVEN CAUCHY CONDITIONS 

THEORETICAL CONSIDERATION OF COMPUTING ERRORS OF A SLOW TYPE 

MATRIX PROGRAMMING OF ELECTRONIC ANALEG COMPUTERS 

SECANT MODIFICATION OF NLWTON-S MLTHOE 

A NOTE ON T H L DOWNHILL METHOD 

A CALCULATOR FOR NUMtRICAL FOURIER SYNTHESIS 

Answers After Statistical Phrase Search — BIG Format 

Figure 2li 
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SEPTEMBER 28, 1964 PAGE 86 

EVALUATION OF REQUEST CIFFERNTL EQ WITH 16 RELEVANT DOCUMENTS 

THb TOP FIFTEEN DOCUMENTS 

1 X INSTABILITY 
2 X 360SIMULATIN 
3 X 200SOLUTION 
4 X 3920N COMPUT 
5 X 386ELIMINATI 
6 X 103RUNGE-KUT 
7 X B5NGTE ON AN 
8 192SOLVING I 
9 X 102GN THE SO 

10 X 358STABILIZA 
11 X 387B0UNDARY 
12 X ?02STABLE PR 
13 229MATRIX PR 
14 88PR0PGSEC M 
15 X 251ERR0R EST 

C.6676 
0 .5758 
Z.5664 
Cm 5b0 8 
0.5484 
0.5445 
:. 4 511 
L.41C6 
0.3987 
0.3986 
C.3968 
C.390/ 
0.3 506 
0.34 5? 
..3329 

RELEVANT DOCUMENT RANKS 

1 364STABILITY 
2 360SI*ULATIN 
3 20CSOLUTION 
4 3920N CCNIPUT 
5 386ELIMINATI 
6 103RUNGE-KUT 
7 85NOTE ON AN 
9 1G20N THE SO 
IC 358STABILIZA 
11 387BOUNDARY 
12 2C2STABLE PR 
15 251 ERROR EST 
17 253RQUND-OFF 
23 390MONTE CAR 
24 388A METHOD 
40 385NUHERICAL 

0.6676 
0.5758 
3.5664 
0.5 5C8 
0.5484 
0.5445 
0.4511 
C.3987 
0.3986 
0.3968 
:.39C7 
0.3329 
0.3152 
0.2866 
C.2 788 
0.2301 

RANK RECALL= 0.7196 LOG PRECISION^ 0.9169 
NORMALIZED RECALL = 0.99 14626 NORMALIZED PRECISION = 0.9572 
RVK REC + LOG PRF=1.6365 WEIGHTED NORMEC RECALL + NQRMED P R F O l . 9 1 4 6 

Evaluation — Regular Thesaurus 

Figure 27 
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SEPTEMBER 28, 1964 PAGE 165 

EVALUATION OF RFQUEST DIFFERNTL EQ WITH 1.6 RELEVANT DOCUMENTS 

THE TnP FIFTEEN DOCUMENTS RELEVANT DOCUMENT RANKS 

1 X 103RUNGE-KUT 
2 X 384STABILITY 
3 X 392ON COMPUT 
4 K 387BGUNDARY 
5 X 386EL1HINATI 
b X 1020N THE SO 
7 X 202STA8LE PR 
8 X 36GSIMULATIN 
9 192S0LVING E 

10 X 200SOLUTION 
11 X 358STA6ILIZA 
12 X 385NUMFRICAL 
13 X 251 ERROR EST 
14 X 85NQTL ON AN 
15 229MATRIX PR 

0.5509 
0.54 6 2 
0.5271 
0.4309 
0.4294 
0.4073 
0.3982 
0.39 22 
0.3911 
0.36 72 
..3441 
0.3 2 69 
0.3203 
0.3162 
0.3045 

1 1C3RUNGE-KUT 
2 384STABILITY 
3 3920N COMPUT 
4 387BOUNDARY 
5 386ELIMINATI 
6 1C20N THE SO 
7 202STABLE PR 
8 360SIMULATIN 

IC 2C0SOLUTION 
11 353STABILIZA 
12 335NUMFRICAL 
13 251ERROR EST 
14 85NOTE ON AN 
18 253ROUND-OFF 
68 388A METHOD 
113 39CMONTE CAR 

0.5509 
0.546 2 
0.5271 
0.4309 
0.4294 
0.4073 
0.3982 
0.3922 
0.3672 
0.3441 
0.3269 
0.320 3 
0.3162 
0.3014 
".1682 
0.1373 

RANK RECALL^ 0.4610 LOG PRECISION^ 0.8806 
NORMALIZED RECALL=0.9743879 NORMALIZED PRECISI0N=0.936C 
RiK REC + LOG PRE^l.3416 WEIGHTED NORMED RECALL • NORMEC P R F C = l . 8 0 8 Q 

Evaluation — Null Thesaurus 

Figure 28 
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EVALUATION OF REQUEST 

THE " 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
11 
12 
13 
14 
1 > 

X 
X 
X 
X 
v. 
X 

K 
X 

X 
X 

DIFFER NIL E! 

HIP FIFTEEN DOCUMENTS 

1G3RUNGE-KUT 
384STA8ILITY 
202STABLE PR 
360 SIMULATIN 
387B0UNDARY 
3 86ELIMINATI 
215DIGITAL C 
88PR0P0SED M 
200SOLUTION 
253R0UN0-0FF 
128C0MPUTER 
192S0LVING E 
390MONTE CAR 
385NUMERICAL 
3G6ELECTR0NI 

0.7243 
C.7C0M 
0.556. 
0.5376 
C.4765 
C.4 3 9G 
0.3748 
C . 3 7 2 5 
0.3652 
0.3573 
..35 19 
(.3 4 39 
0.3429 
0.3421 
.32 26 

RANiK RECALL^ 0.2394 LOG PRECISION^ 
NORMALIZED RECALLED.9? 
RfiK REC 

SEPTEMBER 28, 1964 PAGE 190 

3 WITH 

RE 

L 
2 
3 
4 
5 
6 
9 
LO 
L3 
14 
18 
21 
23 
61 
75 
303 

= 0.7766 

16 RELEVANT DOCUMENTS 

LFVANT DUCUMENT RANKS 

103RUNGE-KUT 
3H4STABILITY 
232STABLE PR 
360SIMULATIN 
387BOUNDARY 
386ELIMINATI 
200SOLUTION 
253R0UND-0FF 
390M0NTF CAR 
38 5NUMERICAL 
1C20N THE SO 
3920N COMPUT 
251ERROR EST 
358STABILIZA 
85N0TL ON AN 
388A METHOD 

0.7243 
0.7008 
0.5 560 
0.5376 
0.4765 
0.439 0 
0.3652 
0.3573 
0.3429 
0.3421 
0.2936 
0.2688 
0.2634 
0.1626 
0.145 8 
0.0000 

104124 NORMALIZED PREC I S I fl«N = 0 . 8643 
+ LOG PRF=l. 016C WEIGHTED NORMtD RECALL + NORKEC PRFC=1.5163 

Evaluation — Ti t l e s Only 

Figure 29 
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I-U9 

LVALUAI riON iJF R E Q U E S T 

THE 1 

i 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

K 
X 
A 

X 
< 
X 

X 

X 
X 

niP FIFTEEN Di 

103RUNG6-KUT 
392DN CGMPUI 
384STABILITY 
36 .SIMULA TIN 
3 86FLIMINATI 
200SULUT10N 
234ANALOGUE 
L28COMPUTER 
387BOUNDARY 
226-1-0EP I .. 
45A CALCULAT 
2G2STABLE PR 
358STABIL IZA 
3J6ELECTRONI 
192SOLVING I 

DIFFERNTL Ef 

jCUfoFNTS 

0.4567 
0.4365 
.4261 

0.3 9 70 
0.3b21 
C. 36 7/ 
j.34 55 
C.3239 
0.3224 
0.3171 
..3127 
C.3123 
0.3101 
0.3042 
C.3C2. 

RM-1K RECALL- 0.3293 LOG PRECISION* 
NORMAL! 
RNK RFC 

SEPTEMBER 28, 1964 PAGE 256 

! WITH 16 RELEVANT C 1CUMENTS 

RELEVANT DOCUMENT RANKS 

i 
2 
3 
4 
5 
6 
9 
12 
13 
16 
21 
31 
53 
55 

94 

0.7653 

IC3RUNGE-KUT 
3920N COMPUT 
384STABILITY 
360SIMULATIN 
336ELIMUMTI 
200SOLUTION 
387BOUNDARY 
2C2STABLE PR 
358STABILIZA 
85NGTE ON AN 
385NUMERICAL 
1020N THE SO 
251ERROR EST 
253R0UND-0FF 
390MONTF CAR 
388A METHOD 

0.4567 
0.4 365 
0.426 1 
0.3970 
0.3827 
0.36 77 
0.3224 
0.3123 
0.3101 
3.3016 
0.2776 
0.2580 
0.2123 
3.2082 
0.1729 
0.1682 

ZED RECALLS.95538C1 NORMALIZED PRECISION=0.8553 
; + LOG PRE=I.O< )46 WEIGHTED NORMLU RECALL + NORMtD PREOl.6322 

Evaluation — Hierarchy 

Figure 31 
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EVALUATION OF REQUEST DIFFFRN1L EQ WITH 16 RELEVANT DOCUMENTS 

rHt TOP FIFTEEN DOCUMENTS RELEVANT DOCUMENT RANKS 

1 X 384STABILITY C.8 5 76 
I X 360SIMULATIN 0.7741 
i X *86EL[MINATI G.7408 
4 \ 3920N COMPUF 0.6571 
J X P00SOLUT1GN 0.6444 
6 \ 8 5N0TE ON AN 0.6 3 11 
i A .187BUUNDARY 0.60 72 
8 \ 1.3RUNGE-KUT -.587b 
9 X 1C20N THE SO u.564b 
10 \ 390MONTE CAR 0.1)448 
11 X *58STABILIZA 0.54 3 7 
12 X 388A METHOD 0.5318 
13 X 2C2STABLE PR 0.5163 
14 X 385NUMERICAL 0.4942 
15 L69THE0RETIC 0.4794 

1 334STABILIFY 0.8576 
2 360SIMULATIN 0.7741 
3 386ELIMINATI 0.7408 
4 3920N CUMPUT 0.6571 
5 200SOLUMON 0.6444 
6 85NGTE UN AN 0.6372 
7 387BOUNDARY 0.60 72 
8 103RUNGE-KUT 0.58 75 
9 1020N THE SO 0.5648 
10 390MONTE CAR 0.544 8 
11 35 8STAB1LIZA 0.5 43 7 
12 388A METHOD 0.5318 
13 202STABLE PR 0.5163 
14 385NUMERICAL 0.4942 
21 251ERR0R EST 0.3444 
25 253ROUND-OFF 0.3157 

RANK RECALL- ,.9007 LOG PRECISION^ 0.9751 
NORMALIZED RECALL=0.99759G0 NORMALIZED PRECISI0N=0.9880 
RNK REC + LOG PRE=1.8758 WEIGHTED NORMED RECALL + NORMED P R E C = 1 . 9 7 5 9 

Evaluation — S t a t i s t i c a l Phrases 

Figure 32 
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EVALUATION OP REQUEST DIFFERNl 'L EQ WITH 16 RELEVANT DOCUMENTS 

THE TOP FIFTEEN DOCUMENTS RELEVANT DOCUMENT RANKS 

1 
2 
3 
4 
5 
6 
1 
- * 
1 

U 
I 1 
12 
1 5 
14 
1 > 

X 
X 
A 

X 
X 
< 
X 
< 
X 
X 

X 
X 

384STABILITY 
360 SIMULA TIN 
386ELLMINATI 
S5N0TE ON AN 
39204 COMPUT 
200 SOLUTION 
1G3RUNGE-KUT 
387B0UNDARY 
385NUMERICAL 
S90MUNTE CAR 
248METH0D Fu 
252A CLASS 0 
358STABIL I ZA 
202STABLE PR 
45A CALCULAT 

f 

0 
u 
V 

u 

0 
0 

t 

0 
0 
J 

L 

0 
0 

.7 792 

. 6 155 

.6078 

.5951 

.5737 

.5 736 

.5593 

.5547 

.5179 

.5053 

.4620 

.4596 

.4587 

.4582 

.441 7 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
13 
14 
16 
1 7 
2 0 
26 

384STABILITY 
360SIMULATIN 
386LLIMINATI 
85N0TL ON AN 
3920N COMPUT 
200SOLUTION 
103RUNGL-KUT 
387B0UNDARY 
385NUMERICAL 
390MONTE CAR 
358STABILIZA 
2^2STABLE PR 
1020N THE SO 
388A METHOD 
251tRR0K EST 
253ROUND-OFF 

0.7792 
0.6155 
0.6078 
C.5951 
0.5 73 7 
0.5736 
0.5593 
0.5 54 7 
0.5179 
0.5053 
0.4587 
0.4582 
0.4273 
0.4205 
0.3698 
0.2866 

RANK RECALL= . . 8 4 4 7 LOG PRECISION= 0 . 9 5 3 5 
NORMALIZED R f c C A L L = 0 . 9 9 5 9 8 3 3 NORMALIZED P R H C I S I 0 N = 0 . 9 7 7 0 
RNK REG + LOG P R E = 1 . 7 9 8 2 WEIGHTED NORMLD RECALL + NORMLD PREC=1 .9569 

Evaluation — Syntactic Phrases 

Figure 33 


