PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3 : (11) International Publication Number: wO 83/ 01328
GO6F 15/38 Al (43) International Publication Date: 14 April 1983 (14.04.83)

(21) International Application Number: ~ PCT/US82/01336 | (81) Designated State: JP.
(22) International Filing Date: 28 September 1982 (28.09.82)

.

Published
With international search report.
(31) Priority Application Number: 307,093
(32) Priority Date: 30 September 1981 (30.09.81)
(33) Priority Country: Us

(71) Applicant: SYSTEM DEVELOPMENT CORPORA-
TION [US/US]; 2500 Colorado Avenue, Santa Moni-
ca, CA 90406 (US).

(72) Inventors: GALIE, Louis, M. ; 4 Black Cherry Lane,
Sandy Hook, CT 06482 (US). DICKINSON, Robert,
V. ; 118 Morningside Drive, Westport, CT 06880
(US).

(74) Agent: SPIELMAN, M., Roy; Christie, Parker & Hale,
201 South Lake Avenue, Pasadena, CA 91101 (US).

(54) Title: METHOD AND MEANS USING DIGITAL DATA PROCESSING MEANS FOR LOCATING REPRES-
ENTATIONS IN A STORED TEXTUAL DATA BASE

s S SR S U - == T T 028 ~
QAP COVIROL BOARD -1/09 i /028
t 7102

P : —
\erocesson K -l 110377
INTERFACE MICRO-
AND  CONTROL - — G”Z";’-“'
SYSTEM !
| 1108
. | 1137 o=
: : K= RAm
! ADORESS BUS——— yid : 104
| R B N u 1109
i | = Rom
I
i FrFo ROM am } gus Tioe
! /130 122, /124 26,1128 i 0 [ pisK
{ - I ke Ca¥TROLL
R
N ! Jrarte |
i
! ! ousx
_ |
| Mes =714 ] 1107
| I
{ |
-

(57) Abstract

A method for textual data base search uses digital data processing apparatus consisting of a user terminal (1102)
coupled to an external interface (1103) which in turn is coupled to a microprocessor (1108), a random access memory
(1104), a read only memory (1106), a disk controller (1105) and an interface and control system (1115) via a bus structure
(1110). The information to be searched is stored on an external disk (1107) device and is processed by the query and pro-
E:ess ()QAP) control board (1109) which is contained within the ROM (1106) and also coupled directly to the system bus

1110).
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METHOD AND MEANS USING DIGITAL DATA
PROCESSING MEANS FOR. LOCATING REPRESENTATIONS
IN A STORED TEXTUAL DATA BASE '

CROSS REFERENCE TO RELATED APPLICATION
This invention relates to subject matter of the

following:
The patent application titled "Digital Data

Processing Method and Means for Word Classification
by Pattern Analysis," filed in the name of Robert V.
Dickinson and Louis Michael Galie, and the patent
application titled "Digital Data Processing Method and
Means by -Word Classification Augmented by Ending
Analysis,"” filed in the name of Robert V. Dickinson,
Louis Michael Galie, and Craig A. Snow, both applications
filed on even date herewith.

The content of the above patent applications are
incorporated herein by reference.
BACKGROUND OF THE INVENTION

This invention relates-to method énd means for
locating in a stored textual éata base, those textual
blocks having the best match with a query composed of
multiple words.

Method and means are generally known for locating

in a stored textual data base those textual blocks which
have the best match with a query. One method and means
is disclosed in U.S. Patent No. 4,068,298. This patent

discloses an arrangement whereby techniques called
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"piping" and "brightness" are used to locate entries in
a data base which have the best match with a query. The
entries are then scored according to how well they match.
the original query and, preferably, identifiers for the
entries are ordered, using the scores, so that the
identifier for a paragraph having the best score appears
first and the one that has the poorest score appears
last. The user may then read out the actual text of the
entries starting with those that have the best score.

Other prior art arrangements employing inverted
files are disclosed in- Chapter 31, pages 558-577, of the
book titled Coﬁputer Data Base Qrganization, by James
Martin, published by Prentice Hall in 1977. One arrange-
ment referred to is Stairs which uses an inverted file

system to score text based on the inclusion of certain
words in a block of text. This system apparently.
retrieves blocks of text that have all search terms (i.e.,
querj words), requires all equivalents to be stored in the
data base, and does not order the blocks of text being
returned based on how well the combination of words
match a block of text. '
SUMMARY QOF THE INVENTION

The present invention discloses an improved method

for locating in a stored textual data base those textual
blocks that have the best match with a gquery.

It has been found that the methed and means
according to the present invention substantially improves
the recall and precision in locating sets of words which
are eQuivalent‘to.a set of query words as compared with
the method and means employed in the aforementioned
patent. The present.inventioﬁ is also a significént
improvement over conventional retrieval methods and
systems due to its lack of complicated control structures.




WO 83/01328

10

15

20

25

30

35

PCT/US82/01336

Briefly, ' a. method is disclosed according to the
present invention using digital data processing means
and . stored representations of a table of textual
block identifiers for locating in a stored textual
data base those textual blocks having the best match
with a guery. The data base has representatioﬁs of
words grouped into textual blocks. The representations
of textual block identifiers are selectable from the
table in groups. Each group corresponds to a different
word in the stored data base., Each textual block '
identifier in the representations in each group of
textual block identifiers provides an indication of
a textual block in the stored data base which contains
the corresponding word. The method comprises the
following steps: A query word is received having
representations of a plurality of words to be located
in textugi blocks in the stored data base. For each
of a plurality of the query words, determine a
corresponding set of equivalent words which are
contained in the stored data base, Each set of
equivalent words is equivalent to the corresponding
query word. ZEach equivalent word has a corresponding
group of textual block identifiers represented in the
stored table. Process the representations of the
textual block identifiers in those groups which
correspond to the determined equivalent words to
thereby form a score for at least one textual block.
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The score provides an indication of the total number of
the sets which have at least one eguivalent word in the
at least one textual block. The score is utilized to
provide output data pertaining to selected textual blocks
in the stored textual data base. -

Significantly then, textual blocks are scored for
selection and ocutput by the user according to the total
number of equivalent sets which have at least one
equivalent word in the textual block. This then gives
a very good measure of the precision with which the
qﬁeries match the textual blocks and can be used for
selection and output of the textual blocks.

Preferably the textual block consists of a paragraph .
of the textual data base. In the preferred arrangement
the step of processing comprises the step of reading out,
from the table, representations of each group of
textual block identifiers which corresponds to each
equivalent word which is determined in the step of
determining.

According to a further preferred .arrangement, the step
of processing further comprises the step of performing at
least one merge sort on representations of the textual
block identifiers read from the table in the step of
forming a score.

' Further, it is preferred that the step of processing

comprises the following steps: Merge representations of

the textual block identifiers in the groups corresponding
to each set of eguivalent words into representations of

W
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a further group of textual block identifiers for each
set of equivalent words without duplicating therein any
representations of the same textual block identifier
and further processing the representations of a further
group of textual block identifiers for each set of
equivalent words to thereby form the score.

Preferably the step of further processing comprises
the steps of merging representations of textual block
identifiers from each of the further groups of textual
block identifiers without duplicating therein
representations of any of the same textual block
identifiers. The step of forminé ‘the score comprises
the step of forming an individual score, for each of
the textual blocks. Each score indicates the number of
further groups which contain a.representation of at least-
one textual block identifier corresponding to such textual
block.

Additionally it is preferred that the step of
procéssipg'involves providing a score for each of a
plurality of textual blocks. Each score for each textual
block provides an indication of the total numbé: of sets

" which contain at least one eguivalent word in the

corresponding textual block. Also preferably the step
.of.processing involves the step of forming'a.score
‘for each of a plurality of textual blocks. The
step.of utilizing the score to provide output data
comprises the step of selecting representations of
textual blocks from the stored data base for output.

- A IFO .
LRNATL OV
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The blocks are indicated by the textual block
identifiers. The selected representations of the
textual blocks are then output where the blocks are in
order corresponding to the score for the corresponding
textual block identifiers.

Preferably;the.representations of textual blocks
are output in decreasing value order according to score.
Further, it is preferred that the step of processing
comprises the step of forming a pointer set. Each
peinter set contains a representation of at least one
pointer to‘one of the groups of textual block
identifiers. The representations of at least one
pointer from the pointer set are utilized to select
a textual block identifier from the correspondipg group
in the stored table.

It is further preferred that the step of determining
a corresponding set of egquivalent words comprises the
steps of selecting words in the data base wﬁich.are
acceptable misspellings and acceptable inflections of
the query wozrd.

Preferably, the step of selecting words which are
acceptable misspellings and acceptable inflections
includes selection of data base words which have an
exact match, a character transposition, a single
character deletion, and a single character insertion
between the stem of a query word and the beginning
characters of a data base word.

5
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Brief Description of the Drawings
FIG. 1 is a block diagram of a digital data
processing system embodying means and methods in

accordance with the present invention;
FIG. 2 is a flow diagram illustrating the-overall

operation of the system of FIG. 1;

FIG. 3 is a flow diagram illustrating the segquence
of operation of the system of FIG. 1 which generalizes
the initial steps of the  process and goes into more
detail in the latter steps of the process;

FIG. 4 is a schematic block diagram of digital
data processing means for performing the scoring method;
FIG. 5, consisting of FIGS. 5A through 5D, is a

detailed flow diagram depicting a portion of the
sequence of operation of the digital data processing
system of FIG. 1 related to the scoring method;

FIG. 6 is a schematic block diagram of various
buffers contained in RAM 1104 utilized in the operation
illustrated in FIG. 5; ' - ' _

FIG. 7 is a schematic and block diagram of portions
of the textual data base stored in the disk séorage unit
1107 and utilized by the digital data processing system

- of FIG. 1 during the operation depicted in FIG. 5;

FIGS. 8 through 16 are block diagrams providing
examples of the storage content of certain buffers
depicted in FIG. 6 while carrying out the method
illustrated in FIG. 5 on the packages contained in the
PACKAGES BUFFER 130 of FIG. 6 and with the paragréph
references contained in the TABLE OF PARAGRAPH REFERENCES
300 of FIG. 7. ' ‘
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I.“ GENERAL DESCRIPTION
A. COMPUTER PROGRAM METHOD AND MEANS
1. INTRODUCTION
FIG. 1, the details of which are disclosed in the
above-identified patent applications, is a schematic and

block diagram of a programmable digital data processing
system. Included are hardware and computer programs, the
latter being stored in read only memory, for locating and
determining candidate (also called entry) words contained
in a stored data base which are both acceptable
misspellings and acceptable inflections of gquery words.
The data base preferably is a textual data base arranged
into paragraphs and records. Hardware and software are
also included that use the entry words which are
acceptabléfmisspellings and acceptable inflections of
the words of the query and scores the paragraphs of the
data base according to how well the paragraphs match the
acceptable entry words. Representations of the
paragraphs of the data base are returned to the user
in decreasing order by score, the best scored paragraph
being returned first.

Referring to FIG. 1, a user using terminal 1102
enters query words, each word composed of one or more

;”ngh;racéers, into the system. External circuits including

interface 1103, microprocessor 1108, random access
memory (RAM) 1104, and read only memory (ROM) 1106 then
parse the words of the query and throw away those woids
which have little or no significance toAthe query,
called stop words. The remaining gquery words are
referred to as the significant words of the query. The
significant words of the query after parsing are stored
in RAM 1104 and are then taken one by one and used to
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1 interrogate entries in a stored data base to locate
those data base entry words which are both an acceptable
misspelling and an acceptable inflection of the significant
query words. Representations of the entry words of the
5 data base are stored in various forms in a memory,
namely, external disk-storage device 1107, and as
required are transferred through a disk controller 1105
to a random access memory (RAM) 1104 for processing.
QAP control board 1109 is a programmable micropocessor
10 system. More particularly the QAP control board 1109
contains a microprocessor 1118 and a misspelling
classification system 1114 which in turn also contains
a,proérammable microproéessor. Also included in the
system are two read only memories which for convenience
15 are shown as one and is designated herein as read only
memory (ROM) 1122,1124, two random access memories
which for convenience are shown as one and is designated
herein as random access memory (RAM) 1126,1128, and a
first-in first-out (FIFO) memory 1130. .An interface
20 and control system designated generally at 1115 provides
an interface betwéen,the microprocessor 1118 and the bus
1110 and hence the rest of the external circuits to the
right of bus 1110. The interface control system 1115
also provides an interface between microprocessor 1118 and
25 RoM 1122,1124, RAM 1126,1128, and FIFO 1130. The FIFO
1130 provides the main cgmmunicaﬁion for transferring
data between the MCS 1114 and the microprocessor 1118.
The programs which control the-operation of the
microprocessor 1118 are stored in the ROM 1122,1124.
30 RAM 1126,1128 provides a.scratch pad memory as well as
a storage for various values utilized by the microprocessor

1118 in its operation.

35
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Briefly, representations of each significant query
word are transferred from RAM 1104 to RAM 1126,1123.
There the microprocessor 1118 takes the query wozrds,
one at a time, strips the suffix from the query words,
leaving a stem, and forms a suffix classification
indication for the guery words. The query word is
then passed through the FIFO 1130 to the MCS 1114.
In addition, the family of- entry words for the query
word are transferred from RAM 1104 through the FIFO
1130 to the MCS 1114. The microprocessor in the
MCS 1114 then takes the stem of the query word, .
compares it against the beginning .characters of the
entry words, and, for each entry word, determihes
a misspelling classification. Those entry words
determined to have an acceptable misspelling
classification as compared to the query word stem
are then transferred back along with the misspelling
classification for the entry word to the FIFO 1130
and from there to the RAM 1126,1128. At this point,
then, the RAM 1126,1128 contains the entry words
which are acceptable misspellings of the éorresponding
query word, the length of the stem of the
corresponding query word, and the suffix classification

indication for the corresponding query word.

T T"*fHé microprocessor 1118 then utilizes the length

30

38

of the stem and the misspelling classification
value to determine the position of the suffix in
each entry word and further uses the suffix
classification indication to determine if

each of the entry words is an‘acceptable
inflection of the original guery word. Those
entry words which are acceptable misspellings
and further are acceptable inflections of the
original query word are called equivalent words
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to the query and representations of those equivalent
words are then transferred back to the RAM 1104 where
they are used to form packages for scoring and output
to the user, as explained hereinafter in more detail.

2. SUMMARY OF METHOD

With the overall block diagram of the system of
FIG. 1 in mind, consider now the overall flow diagram
of FIG. 2. Initially as depicted at 3008, the user,
using the keyboard 1102A of the operatbr console 1102
(FIG. 1), forms a query. The query consists of one or
more query words which the user.would like to find in
combination in a paragraph of the textual data base
stored in the disk 1107. By way of example, the gquery
wdrds may be "RATES Of INTEREST."

As depicted at block 3012 the data processing
system of FIG. 1 then uses a table of stop words 3010
to identify and remove the stop words from the gquery
leaving significant query words. The significant query

" words are then passed to the rest of the flow, one by one.

. Each query word is processed as depicted at 3015

by determining the stem of the query word and the lendth
of the stem of the query word. Additionally, the suffix
of the query word is stfipped from the query word,

leaving oﬁly the stem.. The suffix of the guery word

‘alone or in combination with the adjacent portion of

the stem is used to determine a class of acceptable
suffixes for the stem of the query word. To be
explained in more detail, the class of acceptable
suffixes will be used to determine whether entry
(candidate) words whose beginning characters are

w

o,
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acceptable misspellings of the stem of the query word
have an acceptable suffix and therefore the entry word
is both an acceptable misspelling and an acceptable
inflection of the .query word. Therefore, after block
3015 of the flow, the system will have determined, for
each query word of the query, the following: a query
stem 3016, which is the original query word with the
suffix removed, (i.e., for the word RATES, the suffix
"ES" is stripped leaving the query stem RATE); a stem
length indication 3018, which indicates the length of
the stem (i.e., for the query word RATES the stem length
will be 3); and a suffix class indication 3020
indicating the class in which the suffix of the query
word is contained.

The - textual data base contains entry words. One
portion of the textual data base is a dictionary of
entry words which are stored and are accessible by the
first two letters. All of the words having the same
first two letters are stored together. For example,
representations'of-signficant words beginning with the
letters AA are arranged together, representations of
significant words beginning with the letters AB are
arranged together, etc. The data base entry words
which have the same firsf.two characters are called a
family of data base entry woids; Such an arrangement
of ‘the entry words is a preferred arrangement of the
data base but is not essential to the present invention.

The family of entry words corresponding to one of
the query words is first processed at block 3024 of the
flow by comparing the gquery stem 3016 with the beginning
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characters of each of the entry words in the
corresponding family of query words, thereby forming
a set 3026 of entry words which are acceptable

misspellings of the query word stem 3016. Therefore,

the family of entry words-corresponding to the query 5
word is reduced to a set of entry words whcose beginnings
are acceptable misspellings of the query word stem.

During block 3030 of the flow the entry words in
set 3026 whose beginning characters are acceptable

o

misspellings of the query word stem 3016, are then

- checked to determine if they are acceptable inflectionms

of the original query word. To this end the suffix
class indication 3020 for the query word is uéed to
access an acceptable suffix table 3028 from which
acceptable suffixes are obtained and compared against
the entry words in set 3026 to determine those which

’have acceptable suffixes and are therefore acceptable

inflections. Following block 3030 there is a set 3031
of entry words which are acceptable misspellings and
acceptable inflections (i.e., equivalents) of the query
word. ' '
During block 3032 of the flow the system forms a
package 3038 for the query word which has a packet for
each entry word of set 3031. Each packet contains a
set of coded information or indications which may be

. used to locate information about the corresponding entry

word in the stored data base. Of interest to the present
invention is that each packet has indications which,_as
described below, are used to locate each of- the documents
and/or paragraphs within the document in which the
corresponding entry word is contained in the textual

data base.

9
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The steps of the method in blocks 3015, 3024, 3030
and 3034 are then repeated for another significant query
word to thereby locate those entry words which are both
acceptable misspellings and acceptable inflections (of
the type discussed above) for the next query word. A
package 3038 is formed for the next query word and
contains a packet for each of the entry words which is
an acceptable misspelling and an acceptable inflection
of the corresponding query word. This process is
repeated for each of the significant words of the quezry
with a package being formed for each of the gquery words
in the manner discussed above. '

Using the packages 3038, one for'eéch of the guery
words, during block 3036 of the flow, paragraph
references are obtained which identify the actual
paragraphs (and, if desired, documents) in which each
of ‘the equivalent wordsris contained. The paragraph
references for each paragraph in the textual aata base
are then scored according to how well they match the
equivalent words, and finally, at block 3044, paragraphs
of the data base corresponding to the paragraph
references which have been scored will be output for
visual display on the CRT of the operator conscle 1102.
The textual data base containing the actual paragraphs
of text is generally depicted at 3034 in the flow and
is dccessed and read out using the paragraph references
and employing technigues well known in the data

processing art.

BU REA U
AY
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The method for locating'in the stored textual data

“base those textual.paragraphs and records, generally

called textual blocks, which have the best match with
the words of a query, and the way in which the textual
blocks are output to the user will be discussed in more
detail in the following section.

3. SUMMARY OF METHOD AND MEANS FOR
LOCATING TEXTUAL BLOCKS

A method is depicted in FIG. 3 for using a digital
data processing system, such as that in FIG. 1, for
determining the matches between a textual data base and
the combinatidcn of words in a given textunal query. A
scoring technique is employed which zanks the textual
blocks with respect ﬁo other textual blocks in the data
base, based on the number of equivalént words of the

- guery contained in the textual blocks.

Referring to FIG. 3, the digital data processing
system carries out the following method. During flow
block 3050 the user forms representations of words of a
query in the system on operator terminal 1102. As a
result these query words are received by the system.
The query- is a combination of.query words which the
user desires to locate in a single textual block of the
data base stored on the disk 1107. By way of example

‘herein, each textual block is a paragraph within a

document.

"y
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Table 3 gives, by way of example, a textual data
base stored on. the disk 1107. Referring to Table 3
by way of example there are three documents. Document 1
has paragraphs 1 through 9, document 2 has paragraphs 1
through 20, and document 3 has paragraphs 1 through 29.
By way of example herein, the textual blocks are numbered
consecutively beginning with the first paragraph of
document 1 and ending with the last paragraph of document
3, as depicted on the left-hand side of Table 3. Table
3, for simplicity, does not contain all of the sentences
of all of the paragraphs. Only those sentences within

each paragraph which are of interest are depicted. The
query is, by way of example, the words "RATES OF INTEREST."

At block 3052 the guery is parsed and the stop word "OF"
is removed, leaving the significant gquery words "RATES"
and "INTEREST." During block 3054 the data processing
system forms a set of equivalent entry words and they

are stored in a meméry called a variant set memory .

This memory is, by way of example, the RAM 1104 in FIG. 1.

Blocks 3050, 3052 and 3054 of the flow of FIG. 3

. correspond generally.to flow blocks 3008 through 3032

of the flow diagram of FIG. 2. Therefore, following .
block 3054 in the flow, the variant set memory contains

a set of representations of equivalent words (i.e., a
Eagkage) for each of the significant words of the query..
The equivalent words are preferably the entry words -

from the data base which are acceptable misspellings'

and acceptable inflections of the significant words of

- the query which are determined as discussed above. The
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representations of the equivalent words give information
about the eguivalent words such as pointers to where the
words can be found in the textual blocks.

Table 4 provides an example of a list of the words
from the data base which are equivalents of the
significant query words RATES and INTEREST. By way of
example, the equivalent words to the gquery word INTEREST
are the words INTEREST, INTERESTING, and INTERET. The
equivalent words for the query word RATES are RATE, RATES,
and RATING. Table 4 is also an example of the contents
of a portion of a table of textual block identifiers
contained in the data base and stored on the disk 1107.
There is a storage location for the table which
corresponds to each of the different entry words in the
data base. The storage location corresponding to each

(ay

W

entry word contains one or more textual block identifiers
(also paragraph references) identifying each of the
textual blocks (paragraphs and documents) in which the
corresponding entry word is located. For example,
referring to Tables 4 and 3, the entry word INTEREST is
located in: document 1, paragraph 2, corresponding to
textual block identifier 2; document 1, paragraph 4,
corresponding to textual block identifier 4; paragraph -
3, document 2, corresponﬁing to textual block identifier
12; etc. The flow diagram of FIG. 3 depicts the table

iof textual block identifiers at 3056.

During block 3058 of the flow the data processing

system is operative for determining, for each egquivalent

entry word in each set, the corresponding textual block
identifiers stored in Table 3056. By way of example,'
Table 4 depicts an example of the equivalent entry
words on the left and the corresponding textual block

Q

identifiers on the right.
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Consider now the principle involved with scoring.
Preferably, each textual block found is separately
scored with a value which represents the total number
of sets which contain at least one equivalent word the
same as in the textual block. No more than cne ‘
incremental value is assigned to any one textual block
even though one set might contain more than one
equivalent word which is the same as one or more words
in the same textual block.

Table 5 is provided by way of example to indicate
the various textual block identifiers for the sets of
equivalent entry words depicted in Table. 4 and the
resulting scores. One eguivalent set consists of the
words RATE, RATES, and RATING and the second set
consists of INTEREST, INTERESTING, and INTERET.
Referring to Tables 3 and 4, textual block 1 contains
the.eqﬁivalent éntry word RATES but does not contain
any of the equivalent eﬁtry words from the set
corresponding to the word INTEREST. Accordingly, its
score is l. However, textual block 4 contains the

" words RATE, RATES, and INTEREST but only receives a

score of 2. The score is a count made by counting one.
for each of the two sets of equivalent words containing -
one word (or more than one word) matching a word. in
textual block 4. In other words an additional count

-is nmot given for having both the words RATE and RATES
‘witgin the same equivalent set. Similar analysis may

be used for determining the scores for the other textual

blocks as summarized in Table 5.
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For all queries in words of text, the maximum

paragraph score possible 'is N where N is the number of
sets of equivalent words. All integral scores from
zero to N are possible. The system can also be arranged
so that textual blocks which contain none of the
equivalent words score zero and are judged as irrelevant
to the query. Paragraphs containing at least one
equivalent word are potentially relevant. Those textual
blocks which contain more equivalents are more likely
to be relevant than textual blocks which contain fewer
equivalent words. "Equivalent words" as used herein
are intended to include words which are an exact match
to the corresponding query word as well as those words
which are acceptable misspellings and inflections of the
query words and those words which are synonyms of the

- acceptable misspellings and inflextions of the query

words.

It is important to note that the number of times a
given equivalent word occurs in a textual block is not
germane. For example, a textual block containing a given
equivalent word nine times only receives a score of 1 for

~ each set of equivalents containing that word.

Return now to the flow of FIG. 3 and consider the

way in which the systemioperates. During block 3060 the

data processing system stores, in a buffer memory, a
textual block identifier from Table 3056 corresponding
to each equivalent word in each equivalent word set. A
different set of textual block identifiers is stored for
each set of equivalent words (and hence for each
significaﬁt query word). '

«
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During block 3060 the textual block identifiers are
mergéd, eliminating duplicate textual block identifiers,
and each resultant textual block identifier is scored.
The score, for each particular resultant textual block
identifier, gives the number of different sets of
‘equivalent words which have at least one eqﬁivalent word
in the textual block which corresponds to the particular
textual block identifier. This is accomplished by
counting the number of different sets in which a textual
block identifier occurs without adding a count because
the textual block identifier occurs more than once in

the same set.
During block 3064 of the flow the textual block

identifiers are sorted by score so that the textual
block identifiers are in descending order by the value
of the score. Table 6 depicts the textual block
identifiers of Table 5 sorted into descending order

V by ‘score with the textual block having the highest

score first and the textual blocks having the lowest

~ score at the end. Other sorting sequences will be

discussed hereinafter.
During block 3066 of the flow, representations of
the textual blocks in the data base are output by score
starting with- the higheét score. To this end the
textual data base depicted at block 3068 of FIG. 3
“contains representations of a textual data base:such as
that depicted in Table 3. Each textual block identifier
is a pointer used to locate the corresponding document
and paragraph in the textual data base and to pro&ide
representations of the actual text in the documents and
paragraphs back to the user via the CRT 1102B on the

control unit 1102.
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FIG. 4 is a generalized block diagram of a digital

=)

data processing means for carrying out a portion of the
operation depicted by the flow of FIG. 2. A variant set
memory 3070 is provided for storing a set of egquivalent
entry words (candidate words) for each of the guery words.
The memory 3070 may store representations of the
equivalent entry words in a number of different forms.

4)

gy

For example, the variant set memory may store coded
characters representing the actual equivalent entry
words. Preferably, however, the variant set memory
stores representations of the equivalent entry wozxds,
yhere.the;representations are address pointeré or the
like, which are used to locate information about each
of the equivalent entry words. In the latter case, the
values are stored which provide information to locate
the location in a stored table of textual block
identifiers which contain corresponding textual block
identifiers giving all textual blocks where the
corresponding equivalent word is located.

A memory 3072 is depicted for storing a table of
textual block .identifiers arranged by equivalent words.
The table may be organized in a number of different
ways. Preferably, however, the memory is selectable
using the equivalent words. For example; each
equivalent entry word is assigned a value (i.e., one
of the values contained in the variant set memory 3070),
and’theivalue corresponds to a storage location in the
memory. Each stcrége location contains each of the
textual block‘identifiers for the corresponding
equivalent word. Thus, each of the locations in the

k-
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memory 3072 contains a group of textual block
identifiers, each group corresponding to a different
equivalent entry word in the stored data base as
generally illustrated in Table 4.

Selection circuit 3074 utilizes the representations
of each equivalent entry word in each set contained in
memory 3070 to obtain the corresponding group of textual
block identifiers from the memory 3072. The selection
circuit may be organized in a number of different ways.
For example, iﬁ representations stored in the variant
set memory 3070 are representations of the actual
equivalent entry words and the table in memory 3072
contains representations of the actual entry words of
the data base followed by the corresponding group of
textual block identifiers, then seléction circuit 3074
may be arranged.as a comparator to compare the equivalent -
entry words with the entry words in the table of memory
3072 for a match. When a match is found the corresponding
textual block identifiers would be read out from the
corresponding memory location. . o

~ However, in the preferred embodiment the values
stored in memory 3070 are used as address pointers or identifiers
into the table of memory 3072 to thereby (directly or
indirectly) locate and read out the corresponding textual
block identifiers. )

A textual block identifier and score memory 3076
is provided. Memory 3076 stores each of the textual
block identifiers obtained from the table in memory 3072.
The textual block identifiers are preferably stored in
sets, one set for each equivalent entry word, and each

Wy
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set contains all of the textual block identifiers for
the corresponding equivalent entry word. A merge
paragraph identifier and increment scores circuit
3078 merges the textual block identifiers from each
of the different sets and stores them into memory 3076
so that one list of textual block identifiers is formed
without duplication. Corresponding to each textual
block identifier, a score or count is formed indicating
the number of times that the textual block identifier
occurred in each different set.

Preferably, a sorter 3080 sorts the merged textual
block identifiers in descending value order by score.
In summary then, we have disclosed a method using -

@

iy

a digital data processing means and stored
representations of a table of textual block identifiers
for locating in a stored textual data base those textual
blocks having the best match with a query. The data
base has representations of words grouped into the
textual blocks. The textual blocks by way of example
are paragraphs, or paragraphs within documents. The
representations of individual textual block identifiers
are selectable from the table in groups, each group
corresponding to a different word in the stored data
base. .Each textual block identifier in the
representations in each group of textual block
identifiers provides an indication of a textual block

in the stored data base which contains the cérresponding
word.

@
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The method includes the following éteps. A query
word is received having representations of a plurality
of words to be located in textual blocks contained in
the stored data base. For each of a plurality of the
query words, a corresponding set of equivalent words
which are contained in the stored data base is determined.
Each set of equivalent words is equivalent to the
corresponding query word. Each equivalent word has a
corresponding group of textual block identifiers
represented in the stored table. The method also
includes the step of processing representations of the
textual block identifiers in those groups which correspond
to the determined equivalent words to ﬁhereby'form a
score for at least one textual block. The score provides
an indication of thertotai number of the sets which
have at least one eguivalent word in the at least one
textual block.

Finally the score is used to provide output data
pertaining to selected textual blocks in the storedi
textual data base. Preferably the textual block

" indicators are sorted in a descending order according

to score and representations of the corresponding blocks
of the data base corresponding to each textual block
identifier are read out and output on the CRT of the

operator console.
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B. DETAILED DESCRIPTION'OF METHOD
AND MEANS.OF FIGS. 1 AND 5
FIG. 5 (FIGS. 5A-5D) is a flow diagram depicting
the sequence of operation of the system of FIG. 1 while
executing the QDPCMD program which causes the scoring
of the paragraphs of the data base depending on the

o

representations of the equivalent words previously
formed.
The method and means involved employ certain buffers.
The names of these buffers and a description of the
purpose of each are set forth in Table 1. Representations
of the buffers listed and described in Table 1 are
contained in the random access memory (RAM) 1104. FIG.
6 is a block diagram illustrating the various buffers
listed in Table 1. Buffers 120, 122, 124, 126, and 128
are the principal buffers'ﬁsed for processing and merging
cf the paragraph references and for forming the scores.
Referring to FIG. 7 the disk storage unit 1107
contains a representation of a table of paragraph refer-
ences which is a part of the stored data base. This table
is generally designated as 300 and by way of example is

k4
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depicted as having memory locations represented by the
numbers 300-1, 300-60, 300-61, 300-62, 300-80, 300;81.
300-82. Other memory locations are indicated by dashed
lines. Each memory location corresponds to an equivalent
word. By way of example, memory locations 300-60, =61
-62 correspond to the equivalent words INTEREST,

and
INTERESTING, and INTERET, whereas memory locations 300-80,
-81 and -82 correspond to the equivalent words RATE, RATES,
and RATING. Thus each memory location in Table 300
corresponds to a different word in the data base. Each
memory location in the Table 300 contains a group of
paragraph references for the corresponding data base

word. By way of example, memory location 300-60 contains
all the paragraph references for the data base word
INTEREST. The paragraph references are the values

which identify each document and paragraph where the
corresponding word is located. By way'of éxample the
memory location 300;60 corresponding to the data base
word INTEREST contains the paragraph references 2. 4,

12, 20, 28 and 31. It will be recognized that these are
the same paragraph:referéﬁces’(textual block identifiers)
for the word INTEREST depicted in Table 6. With
reference to Table 3, these paragraph references
correspond to the paragraph references shown along the’
left side of the table and identify the document and
paragfaph numbers where the cor:esponding word is

found in the textual data base.
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Representations of the actual text in the data
base are stored in a special memory area of the disk
unit 1107 depicted at 400 in FIG. 6. Each of the
paragraphs of the stored textual data base 400 is
accessible using a different one of the paragraph
references in the table of paragraph references 300.
The stored textual data base 400 of FIG. 6 is represented
having memory locations corresponding to paragraph
references 1, 2 through Z where Z is the last paragraph
of data base, the missing paragraphs of data base
being indicated by dashed lines.

Referring to FIG. 5, the PACKAGES (RESULTS) BUFFER

- 130 is depicted as having two packages, namely, package

(PRG) 1 and package (PKG) 2. As discussed above, the
digital data processing means of FIG. 1A is operative
for receiving a query from the operator terminal 1102
composed of one or more query words and then for each
query word forming a set of equivalent words which are
acceptable.misspellings and acceptable inflections of
the corresponding query word. Other equivalent words
such as synonyms may also be included in the equivalent
words as will be evident to those skilled in the art.

1
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Each package corresponds to a different significant

query word and contains packets corresponding to each of
' A packet is a set of digital data

the equivalend words.

representations which are used by the digital data
processing system to locate and access the corresponding
location in the table of paragraph references 300 (FIG.
7). The representations éontained in each packet, for
example, may be an indirect address which identifies

the memory location in Table 300 with reference to the

beginning of the table stored in disk storage unit 1107
or it may be the actual address. Other coding schemes

-for locating each memory location in Table 300 will be

evident to those skilled in the art. ,

| Referring specifically to FIG. 6 by way of example,
package PKG 1 ‘contains representations which are
generally designated by the numbers 300-60, 300-61 and
300-62 corresponding to memory locations identified by
the same numbers in FIG. 7. Memory locations containing
the values 300-60, 300-61l and 300-62 are packets
identified as Pl, P2 and P3 of package PKG 1. Similarly
package PKG 2 contains packets 300-80, 300-81 and 300-82
which are references to the correspondingly numbered
locations in the table of paragraph references 300

- (FIG. 7). The packets 300-80, 300-81 and 300-82 are

packets Pl, P2 and P3 of ﬁackage PKG 2. By way of
example, FIG. 6 shows packages PKG 1, PKG 2 through PKG
X although only packages PKG 1 and PKG 2 will be utilized

in ‘the example provided herein. Also by way of example
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each of the packages is depicted as having locations for
storage of packets Pl through PY although only the
first three packets of packages PKG 1 and PKG 2 are
shown and used by way of example. Although the packages
are shown having the same number of packets and locations
for storing the packets, it will be understood that the

o

L

number of packets may vary between packages.

The QUERY COMMUNICATION BUFFER 132 is contained in
RAM 1104 and stores certain variables used in the system
as follows. Location 220 stores PACKAGES_COUNT, the

number of packages for a given query. Memory locations

224 of the QUERY COMMUNICATION BUFFER 132 contain
PACKAGES SIZE, an array of locations in memory. Each
memory location contains- representations of the number
of packets within one of the packages in the PACKAGES
BUFFER 130. The size of the array of memory locations
224 is the maximum number of significant words that a
user's gquery may cdntain and therefore the maximum ,
number of packages that may be coptained in the PACKAGES
BUFFER 130. By way of example, the PACKAGES_SIZE array 224
has locations répresented as 224-1 through 224-X
corresponding to packages PKG 1, PKG 2 ... PKG X.

]
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Memory location 226 of the QUERY COMMUNICATION
BUFFER 132 ‘contains PACKAGES_BUFFER_LOCATION, the
address of the beginning of the PACKAGES BUFFER 130.
Memory location 228 contains the MATCH ENTRIES, the

number of entries in the MATCH BUFFER -124 following the

completion of the score merge process. Upon exit from

the QDPCMD program, location 228 contains MATCH_ COUNT,

the number of paragraphs within the data base that

contain one or more occurrences of any acceptable
misspellings and acceptable inflections of any significant

query words (including an exact match of the significant

query word). Memory location 230 contains MATCH_BUFFER_

LOCATION, the address of the beginning of the MATCH
BUFFER 124. '

The VARIABLES BUFFER 134 contains the remaining
variables depicted in Table 2, namely, variables 232-252.

The flow diagram, of FIG. 5 is depicted as having
blocks labeled Fl through F32. Each block contains a
brief description indicating the operation which is
performed by the digital data processing system of
FIG 1 corresponding to that block.

Assume now that the PACKAGES BUFFER 130 has been
loaded with the reference values represented in packages
PKG 1 and PKG 2 of FIG. 6, that the table of paragfaph
references in the data base 300 contains those values at
300-60, -61, -62, -80, =81 and -82 depicted in FIG. 7,
that the stored- textual data base 400 depicted in FIG. 7
contains the example of the textual data base depicted
in Table 3. Also assume that the significant gquery
words are INTEREST and RATE and that the PACKAGES BUFFER
130 contains the packets 300-60, -61, -62, and -80, -81
and -82 corresponding to the equivalent entry words
INTEREST, INTEESTING, INTEREST, RATE, RATES, and RATING,

respectively.




WO 83/01328 PCT/US82/01336

10

15

20

25

30

35

-32=~

Referring now to the flow diagram of FIG. 5A and
FIGS. 6 and 7, the operation commences at block Fl when
the QDPCMD program is called. During block F2 the
PACKAGES_COUNT, the PACKAGES_SIZE ARRAY, and the
PACKAGES_BUFFER_LOCATION are stored into locations 220,
224 and 226 of the query communication buffer 132. During
block F3 a programming procedure allocates the following
buffers: the REFERENCE GATHER BUFFER 120, the SINGLE
PACKAGE MERGE OUTPUT BUFFER 122, the MATCH BUFFER 124,
the SINGLE PACKAGE MERGE TABLE 126, and the SCORE MERGE
TABLE 128. Additionally the MATCH_BUFFER_LOCATION
value is stored into location 230 and therefore contains
the address of the beginning of the MATCH BUFFER.

During block F4 the MATCH COUNT value in location 128
is set to zero. With reference to Table 2 the MATCH COUNT
will finally be a value representing the number of
match entries that are in the match buffer following
the completion of the score merge process.

During block F5 the PACKAGE_POINTER in location 232
is set to the location of the first package in the
PACKAGES BUFFER 130. For example the first location
containing the representation 300-60 has a location of
zero and this value is now contained in PACKAGE_POINTER
231. Additionally the value in PACKAGE NUMBER 232 is
set to 1 corresponding to package PKG 1. PACKAGE
POINTER 231 and PACKAGE NUMBER 232 provide information
to the digital data processing system as to where to go
in RAM 1104 to access the beginning of the current.

package'being.processed.

[y

&
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1 During flow block F6 SCORE_MERGE_TABLE_ENTRY_
POINTER 240 is set to the beginning location of the
SCORE MERGE TABLE BUFFER 128 and SCORE_MERGE_TABLE_
ENTRIES 242 (variables buffer 134, FIG. 6) is set to
5 ' zero. Therefore, at this point the representations are
available to the digital data processing system
. indicating the next location in the MERGE TABLE 128 to
build an entry (which to be explained consists of the
location and size of the package. reference set within
10 the - SINGLE PACKAGE MERGE OUTPUT BUFFER 122).
puring block F7 SINGLE_PKG_MERGE_STORE_POINTER 252
is set so that it indicates the beginning location of
the SINGLE PACKAGE MERGE OUTPUT BUFFER 122. This is the
location at the beginning of the SINGLE PACKAGE MERGE
15 OUTPUT BUFFER where the first paragraph identifiers from
the REFERENCE GATHER BUFFER will be stored.és a result of
a single package merge.
. Following block F7, block F8 is entered where a
check is made to determine whether the digital data
20 processing system is finished going through all of the
packages in the PACKAGES BUFFER 130. To be explained in
more detail, the system is finished when it has completed
gathering the paragraph references for every packet
within all packages. To this end the determination is
25 made as to whether the system is finished by comparing
" PACKAGk NUMBER 232 with PACKAGES_COUNT 230 (buffer 134,
. FIG. 6). 1In the examplerbeing given, PACKAGE_NUMBER 232
was set to 1 in block F5 and PACKAGES_COUNT 220 (the ‘
number of packages in the query) is 2 (i.e., PKG 1 and
30 PKG 2) and therefore the value 1 in location 232 is
less than the value in 220 and therefore the NO route
out of block F8 is followed to block F9. If the value

35
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in 232 was greater than the value in 220 as would occur
when all the packets in all of the packages have been
processed, then the YES route ocut of block F8 is followed
to block F28. - E :
During block F9 the computer system is initialized

1

for a package. The initialization is the beginning of
the REFERENCE GATHER BUFFER 120. To this end REFERENCE_
GATHER_STORE_POINTER 250 of the variables buffer 134
(FIc. 6) is set to the beginning location of the
REFERENCE GATHER BUFFER 120 (FIG. 6). FIGS. 8-15 show
examples of the REFERENCE GATHER BUFFER 120 as well as
the other buffers 122, 124, 126, and 128 during the
merging of the paragraph references contained'in

locations 300-60, -61, -62, -80, -81, and -82 in the

table of paragraph references 300 (FIG. 7) contained in
the disk storage unit 1107. By way of example the
value of the REFERENCE_GATHER_STORE_ POINTER 250 is
represented by the symbol Al in FIG. 8 and as indicated
in that figure, points to the beginning of the REFERENCE-
GATHER BUFFER 120. _ :
During block F10 the SINGLE_PKG_MERGE_TABLE_ENTRY
POINTER 246 is set to the beginning'location of the
SINGLE PACKAGE MERGE TABLE BUFFER 126. This value is
depicted by the symbol Gl in FIG. 8. Additionally
SINGLE_PKG_ﬂERGE_?ABLE_ENTRIES 248 is set to zero.
Thus at this point the value in location 246 points to
the beginning of the SINGLE PACKAGE_MERGE TABLE BUFFER
126 and SINGLE_PKQ_MERGE_?ABLE_ENTRIES 248 is zero
signifying that there are zero entries in the SINGLE
PACKAGE MERGE TABLE BUFFER 126 at this time.

LB
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During block Fll PACKET NUMBER 236 is set to 1 thus
indicating that the first packet in the PACKAGES BUFFER
130 is being processed. Additionally the PACKﬁT_pOINTER
234 is set to a value indicating the location of the
first packet (designated as Pl in FIG. 6) in the current
package (i.e., PKG 1) which is now pointed to by
PACKAGE_POINTER 131. Additionally during block F1l
PACKET COUNT 238 is initialized to the number of packets
within the current package. With reference to the
example of FIG. 6, there are Y packets in the current
package PKG 1. To this end the digital data proéessing
s&stem accesses the PACKAGE SIZE ARRAY 224 using the
current PACKAGE NUMBER 232 which at this point in time
is a 1. As a result location 224~1 of the PACKAGE SIZE
ARRAY 224 (FIG. 6) is accessed and the value 3 is read out
therefrom and stored as the PACKET COUNT 238. The value
3 in location 224-1 is the number of packets contained
in the first package PKG 1 of the .PACKAGES BUFFER 130
and this value is now contained in the PACKAGE_COUNT
location 238.

Following block Fl1l, block F1l2 is entered. Flow
block F12 is a loop ¢ontrol where the digital data
processing syétem determines if it is finished accessing
the references for the number of packets in the current
package. PACKET NUMBER 236 the first time through will
be a 1 whereas PACKET_COUNT 238" is a 3. Therefore the

-.former. is- clearly larger than the latter and the NO

route out of block Fl2 is taken to flow block Fl3.
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During flow block F13 the digital data processing
system calls a data base routine (not shown) that
returns all paragraph references that are pointed to
by the reference which is contained in the packet
pointed to by PACKET_POINTER 234. Thus the system
goes to the location in RAM 1104 which is pointed to by
PACKET POINTER 234. In the example being given, this
is the first packet Pl in PKG 1 of the PACKAGES BUFFER
130 and contains'refergnce 300-80. With reference
to the table of paragraph references 300 depicted in

the disk storage unit 1107 of FIG. 7, the

corresponding location contains the paragraph references
3, 4, and 12 for the word RATE. Accordingly the digital
data processing system obtains the paragraph reférences-
3, 4 and 12 from the tablé of paragraph references 300
and returns them in increasing value ‘order, .storing

them in that same order in the REFERENCE GATHER BUFFER 120
as deéicted in FIG. 8. "The paragraph references are
stored in the REFERENCE GATHER BUFFER 120 beginning at
the location pointed to by the. REFERENCE_GATHER STORE

POINTER 250 which by way of example in FIG. 8 is

deplcted as Al. Addltlcnally during block F13
REFERENCES_RETURNED 254 is set to the number of paragraph
references stored in the REFERENCE GATHER BUFFER 120
which number in this case is 3. In summary then during
flow block F13 the digital data processing system

obtains the paragraph references for one packet within
the. current package (PKG 1) of the PACKAGES BUFFER 130
(FIG. 6) which is being processed.

R
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Following flow block Fl3, flow block Fl4 is entered
where a check is made to see if the data processing
system returned any paragraph references, i.e., obtained
any paragraph references from the table of paragraph
references 300 (FIG. 7). To this end during the
preceding block F13, REFERENCES_ RETURNED 254 wasrset :

" to 3 and therefore is greater than zero and'accordingly

the YES route out of block Fl4 is followed to block F15.
‘Accordingly in the example, three paragraph

references have been obtained and stored in the

REFERENCE GATHER BUFFER 120.° During flow block F15

an entry is made in the SINGLE PACKAGE MERGE TABLE

BUFFER lzsﬂét the location specified by the

SINGLE_PKG_MERGE_TABLE ENTRY_ POINTER 246 which

by way of example is depicted as.Gi (FIG. 8). An

entry in buffer 120 consists of the beginning location

of the paragraph references just returned, i.e., the value

REFERENCE GATHER_STORE POINTER 250 and the number

of'ﬁaragraph references returned, i.e., the value

REFERENCES_RETURNED 254. By way of example, the

SINGLE PACKAGE MERGE TABLE BUFFER 126 now contains

the address Al followed by the value 3 in address Gl.
Block F16 of the flow is now entered. During

block F16, SINGLE_PKG_MERGE_TABLE ENTRIES 248 is

incremented by 1 to indicate that the SINGLE PACKAGE

'MERGE TABLE BUFFER 126 now contains one entry.

Block F1l7 of the flow is now entered where the
SINGLE_PKG_MERGE_TABLE ENTRY POINTER 252 is adjusted
so that it now points to the next position within the
SINGLE PACKAGE MERGE TABLE BUFFER 126 for the next
subsequent entry. The value in 246 is depicted by
way of example in FIG. 8 as G2.
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1 B Duringrblock F18 the system updates the location pointed i
to by REFERENCE GATHER_STORE_POINTER 250 so that it now .
points at the location in the REFERENCE GATHER BUFFER 120
(FIG. 8) following the last paragraph reference stored
5 there in preparation for a possible next call to the
data base for a packet in the current package. The

9

value in 250 is depicted by way of example as Bl in
FIG. 8. By way of example the value Bl may be determined
by adding the size of the paragraph references placed in

10 buffer 120 to the value Al. Alternately the value Al
could be incremented for each paragraph reference
placed into buffer 120 until the value Bl is reached.

Block Fl19 of the flow is entered either following

block Fl8 or following block Fl4. The entry from block

15 Fl4 is entered if REFERENCES_RETURNED 254 is not greater
than zero and the NO route out of block F1l4 is taken.
During block F19 PACKET NUMBER 236 is incremented by 1l
so it contains the number of the packet depicted
containing the representation 300-8l in the packages

20 buffer 130 (FIG. 6). Thus the digital data processing
system is now prepared to gather the references for
the next packet. . .

During block F20.PACKET POINTER 234 is set equal

to the location of the possible packet within the

25 current package that follows the packet currently being.
pointed at by PACKET_POINTER 234. Thus PACKET_POINTER
234 now contains the address within a package of the
packet currently being processed which, by way of
example, is the packet containing representation

30 300-81 in FIG. 6. :

35
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Following block F20 the digital data processing
system returns to block Fl2 via circle 1B where the
system checks to see whether it has finished with the
last packet in the package. In the example belng given
PACKET_NUMBER 236 is now 2 (one of the three packets
having been processed). Also PACKET NUMBER 236 is not

-larger than PACKET COUNT 238 since PACKET COUNT 238

now contains the value 3 and accordingly block F1l3 is
again entered where the paragraph references corresponding

"to packet 2 of package PKG 1 are added to the. REFERENCE

GATHER BUFFER 120 beginning at location Bl (FIG 8).

Referring to FIGS. 5 and 6, the packet P2 of PKG 1
contains representation 300-81 and points to the
location in the table of paragraph references 300 for
the entry word RATES which contains the paragraph
references 1, 2, 4, 9, 10, and 20. Accbrdingly these
paragraph references are added to the REFERENCE GATHER
BUFFER 120 resulting in the condition depicted in the
REFERENCE GATHER BUFFER 120 in FIG. 9. Additionally
REFERENCES_RETURNED .254 is.set to 6 correspondlng to
the number of paragraph references stored in the
REFERENCE GATHER BUFFER 120.
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Blocks Fl4-18 are reentered thereby causing
REFERENCE_GATHER_STORE_EOINTER 250 to be set so that it
points to the next available location after the péragraph

Vreferences were added to the REFERENCE GATHER BUFFER ®
120, and the SINGLE PACKAGE MERGE TABLE BUFFER 126 is
loaded with a new entry, namely the pointer for the

b

beginning of the newly added entry references) pointer
Bl, and with a value representing the number of entry
references added to the buffer 120, number 6.

The values Bl and 6 are added at the location pointed
to by G2 in SINGLE_PKG MERGE_STORE_POINTER 252. The
‘pointer 252 is then incremented so that it now

points to location G3 which is the next available
location in the SINGLE PACKAGE MERGE TABLE BUFFER 126..‘
Thus at this point the SINGLE_?KG_MERGE_STORS_POINTER
252 is pointing to the next available location (i.e.,
G3) in the SINGLE PACKAGE MERGE TABLE BUFFER 126 and
REFERENCE_GATHER_STORE_?OINTER 250 points to ﬁhe next
available location (i.e., Cl) in the REFERENCE

GATHER BUFFER 120. .

Following block F18, blocks F19 and 20 are

reentered where PACKET NUMBER 236 is incremented by

1 so that it now indicates that packet 3 i; to be
processed. During block F20 PACKET POINTER 234 is

set so that it points to the address of the location of
the possible packet within the current package that
- follows the packet currently pointed at by the
PACKET_POINTER 234. The pointer 234 is therefore

now pointiqg to the packet P3 containing the
representation 300-82 in package PXG 1 which, with
reference to FIG. 7, corresponds to the paragraph &
references for the entry word RATING. -

>
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Flow blocks F12 and F1l3 are reentered after F20
where the third packet P3 in PKG 1 corresponding to
the word RATING is processed in the manner discussed above.
Thus as indicated in FIG. 10 the four paragraph references
6, 7, 15 and 17 at 300-82 of the table of paragraph
references 300 (FIG. 7) are read out and added to the
REFERENCE GATHER BUFFER 120 beginning with the location
Cl pointed to by REFERENCE GATHER_STORE_POINTER 250.
Additionally, REFERENCE_GATHER_STORE_POINTER 250 is
incremented to the next available location (Dl) after
the last paragraph reference. However since this is
the last packet of PKG 1, the pointer in 250 will not
be used because the system wil; have generated all of
the references for package PKG l.. Additionally
PACKET_POINTER 234 will be set.to the address of the
possible'packét,(P4) within the current package PKG 1
that follows current packet P3. However this also is
not used. Additionally the PACKET NUMBER 236 is
incremented during block F19 so that it now.contains a
value 4. _ . ) '

Following F20, block F1l2 is again entered. ' At
this point the PACKET NUMBER 236 coﬂtains_a 4 which is

" greater than the value 3 contained in PACKET_COUNT 238,

Accordingly the YES route out of block Fl2 is taken via
circle 3A to block F2l. o |

Block F21 is entered when the system has generated
all of the package references for the current package
(in this example, PKG 1) and a chetck is now made to see
if any references have been generated for the current
package. To this end during block F21 the '

.SINGLE_PKG_MERGE_?ABLE_ENTRIES’248’is checked to see
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whether it is greater than zero. At this point 248
contains a value of 3 indicating that there are three
sets of paragraph references contained in the REFERENCE

- GATHER BUFFER 120 and three entries in the SINGLE

PACKAGE MERGE TABLE BUFFER 126. Accordingly the YES
route is taken out of block F21 to block F22.

During block F22 of the flOW’a single package merge
is performed of all three paragraph reference lists
that are in REFERENCE GATHER BUFFER 120 resulting
in the content of SINGLE PACKAGE MERGE OUTPUT BUFFER
122 depicted in FIG. 1ll. “The single package merge
operation in effect creates a new list of paragraph :
references from the lists of paragraph references from
one package (i.e., PKG 1) contained in the REFERENCE
GATHER BUFFER 120, eliminating all duplicates and in
addition ordéring the paragraph references by increasing
paragraph reference value. By way of example, the
REFERENCE GATHER BUFFER 120 contains two 4's whereas in-
the SINGLE PACKAGE MERGE OUTPUT BUFFER 122 only a
single paragraph reference of 4 is contained in the list.
The new list in the SINGLE PACKAGE MERGE OUTPUT BUFFER
122 is called the "package reference set" for the
current package (PKG 1) and is stored in the SINGLE
PACKAGE MERGE OUTPUT BUFFER 122 beginning at the location
El indicated by SINGLE PKG_MERGE_STORE_POINTER 252
which is indicated in FIG. 1l. Stating it differently,
the package reference set for PKG 1 contained in buffer
122 has a list of unique paragraph references that occur
within any of the three lists of paragraph references
contained in the REFERENCE GATHﬁR BUFFER 120.

o

Gy
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Following block F22, block F23 is entered where the
digital data processing system creates a score merge
table entry in the SCORE MERGE TABLE BUFFER 128.in much
the same fashion as entries were created in the SINGLE
PACKAGE MERGE TABLE BUFFER 126. At this point the
SCORE_MERGE_TABLE_ENTRY_POINTER 240 contains the address
within the SCORE MERGE TABLE BUFFER 128 of the next
location where an entry can be stored. The address
is depicted in FIG. 11 by the symbol Hl1. Each location
in the SCORE MERGE TABLE BUFFER 128 stores an entry

"which consists of the 1ocation within the SINGLE PACKAGE

MERGE OUTPUT BUFFER 122 where the results of the single

'package merge (namely, the package reference set) begin.

This beginning is of course the content of the

SINGLE PKG_MERGE_STORE_POINTER 252 which as indicated
in FIG. 1l now contains an address represented by the
symbol El1. The entry in the buffer 128 also includes
the number of paragraph references which were just
stored in the package reference set just stored in
buffer 122. In this particular case there are twelve
paragraph references in the package reference set in
buffer 122. Accordingly the first entry at address Hl
of the SCORE MERGE TABLE BUFFER 128 consists of '

. representations of the address El and the number 12

(see FIG. 11).
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During block F24 the SCORE_MERGE_TABLE_ENTRY
POINTER 240 is then set to the next entry location
within the SCORE MERGE TABLE BUFFER 128 which as
indicated in FIG. 11 is an address represented by ihe
symbol H2. Additionally SCORE_MERGE TABLE_ENTRIES
242 is incremented by 1. The value in 242 was originally
zero and now contains a 1 and therefore contains the
number of score merge table entries that had been stored
in the SCORE MERGE TABLE BUFFER 128 and hence the number
of package reference sets that exist at this point

within the SINGLE PACKAGE MERGE OUTPUT BUFFER 122.

During flow block F25 the SINGLE PKG_MERGE_STORE
POINTER 252 is then set to the address of the location
in the SINGLE PACKAGE MERGE OUTPUT BUFFER 122 which
follows the last paragraph reference presently stored
in thaé.buffer. 'Ey way of example, this address is
depicted by the symbol E2 in FIG. 1l which is the
address of the location following the paragraph reference
20. This then will become the beginning location for
the sforage of the package reference set for PKG 2.-

During block F26 the PACKAGE NUMBER in location
232 is incremented by 1 so that it now contains-a 2

~which is the number of the package currently being

processed (i.e., PKG 2) during the paragraph reference
gathering process. It should be noted that the values
in PACKAGE_NUMBER 232 can range from 1 up to the contents
of PACKAGES_COUNT 220.

0
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1 During block F27 PACKAGE POINTER 231 is set to the
beginning location in the PACKAGES BUFFER 130 of the
next possible package which in this case ishpackage PKG
2. With reference to FIGS. 5 and 6 the address in

S PACKAGE_NUMBER 232 will then be the beginning address
of package PKG 2 céntaining'the representations 300-60,
61 and 62 fér the éntrY words INTEREST, INTERESTING,
and INTERET. Following block F27 the system now returns

- via ecircle 1A to block F8.
10 1f during block F8 it is found that PACKAGE_NUMBER

232 is greater than PACKAGES_COUNT 220, it would mean
that there are no packages left to process and accordingly
the YES route would be taken out of block F8 via circle
4A to flow block F28. However in the example being
15 given both PACKAGE NUMBER 232 and PACKAGES_ COUNT 220
are a 2 and therefore the NO route is taken out of
block F8 to block F9 in the manner discussed above,

with respect to the first package.
During block F9 the REFERENCE GATHER STORE_POINTER

20 250 is set to the beginning location of the REFERENCE
‘GATHER BUFFER 120 where the paragraph references for
the first packet offpackage PKG 2 are to be stored.
By way of example, this is an address depicted by the
symbol A2 in FIG. 12. During block F1l0 the

25 SINGLE_PKG_MERGE_TABLE_ENTRY POINTER 246 is set to the
beginning location of the SINGLE PACKAGE MERGE TABLE
BUFFER 126. Also since this is a new package the number
of entries represented by SINGLE_PKG_MERGE_TABLE ENTRIES

' 248 is reset to zero. During block F1ll the PACKET
30 NUMBER 236 is set to 1 indicating that the first

35
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packet in package PKG 2 is currently being processed.

"Additionally PACKET_POINTER 234 is set to the address

of the location of the first package in PKG 2.
Additionally, PACKE?_COUNT 238 is set to the package
size, conﬁained in the package size array location 224~
2 (FIG. 6). To this end the location in the package
size array 224 indicated by the value PACKAGE NUMBER
232 is accessed and the value 3 is read out and stored

U]

into location 238.

During F12 the 1 in PACKET NUMBER 236 is compared
with the value 3 in PACKET _COUNT 238 and is found to be
smaller and accordingly'the.NO route to block F1l3 is taken.

During F13 packet,represehtation 300-60 is used to

-locate and read out the paragraph references for the

word RATES from the table of paragraph references 300
(FIG. 7) and the paragr;ph references are stored into
REFERENCE GATHER BUFFER 120 in increasing value order
beginning—wiﬁh the address A2, now contained in

- REFERENCE_GATHER_STORE_POINTER 250. With reference to

FIG. 7 it will be noted that the location in the table
of paragraph references 300 corresponding to the address
300-60 is for INTEREST and accordingly the'paragraph
references 2, 4, 12, 20, 28 and 31 are stored in the

REFERENCE GATHER BUFFER 120 as depicted in FIG. 12.

At least some references have been returned from
the table of paragraph references and accordlngly blocks
Fl4 and F1l5 are entered in sequence. ;

&
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During F15 a single package merge table entry is

formed at the location within the single package merge
table buffer now pointed to by the SINGLE_ PKG_MERGE_
TABLE_ENTRY POINTER 246. The location is represented

by the addréss G4 and at this location the beginning

address A2 of the entry in the buffer 120 along with

the number of entries, namely, 6, are stored in the
buffer 126 as depicted in FIG. 12. During block F19 and
block F20 the PACKET_NUMBER 236 and the PACKETbPOINTER
234 are adjusted so that they now correspond to the

next packet P2 in package PKG 2 and blocks F8 through
F20 are repeated. The subsequent operation during
blocks F8-F20 is generally along the lines discussed
above and will readily be understood with reference to
the notations in the blocks and the previous discussions

and examples for these blocks. However the result of

+the operation is as generally depicted in FIG. 13. As

depicted the paragraph references for the second packet
containing -representation 300-61 are utilized to read
out the corresponding entry in the table of paragraph
references 300 which contains the paragraph references
for the entry INTERESTING. Accordingly the paragraph
references 6, 40, 45, and 58 are now stored in the
REFERENCE GATHER BUFFER lZO'beginning at the address B2
now contained in REFERENCE GATHER_STORE_POINTER 250.
Additionally the address of the beginning of these
entries, namely, address B2, and the number of entries,
namely, 4, are stored in the address G5 of the

SINGLE PACKAGE MERGE TABLE BUFFER 126, the address G2
now being stored in the SINGLE_PKG_MERGE_TABLE_ENTRY

POINTER 246.
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Blocks F8 through F20 are then repeated a further
time. This time the PACKET NUMBER 236 is 3 and the
PACKET POINTER 234 contains the address of the third
packet P3 in PKG 2 of the packages buffer 130. , The
third packet contains representation 300-62. .

w

Accordingly wth reference to the table of paragraph

[

references 300 (FIG. 7) the paragraph reference 9
corresponding to the entry word INTERET is read out and

stored in the REFERENCE GATHER BUFFER 120. Referring

to FIG. 14 the REFERENCE_GATHER STORE_POINTER 250 now

- contains the address C2 and accordingly the paragraph

reference 9 is stored at address C2. Additionally the
address of the current entry, namely, address C2, and
the number of references in the current entry, namely,
1, are stored at address Gé of the SINGLE PACKAGE MERGE
TABLE BUFFER 126, again as depicted in FIG. 1l4.

At this point the system would have gone through

- all of the packages for one complete set of significant

query words (in the example the significant query words
are RATES and INTEREST). ﬁlocks F8 through Fl2 are
reentered. This time the number in PACKET_ NUMBER 236
would have been incremented to 4 and therefore would be
larger than the value 3 in PACKET_ COUNT 238. Accordingly
the YES route out of F12 would be taken to blocks F21
and F22. Since some entries have been placed into the
"REFERENCE GATHER BUFFER 120, the YES route would have
been taken out of block F21 tc}bloék F22. During block
F22 the digital data processing system will create a
unique list of the paragraph references from those
paragraph references contained in the REFERENCE GATHER
BUFFER 120. This unique list called a "package of
references" for package PKG 2 will be formed beginning

o

&
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at address E2 in the SINGLE PACKAGE MERGE OUTPUT BUFFER
122. Address E2 is now contained in SINGLE_PKG_MERGE_
STORE_POINTER 252. This condition is depicted in FIG. 15.

In summary then up to this point the digital data
processing systeﬁ has gone through every single package
in packages buffer 130, generating a package reference
set in buffer 122 for each package in the packages '
buffer 130. In the example given there are two packages.
However it will be understood that there could be any
number of packages and any number of packets within each
package within the memory limitations of the system.

Following block F22, blocks F23 through F27 are
again entered. where the next entry in the SCORE MERGE
TABLE BUFFER lzsﬁis entered. In this regard a score
merge table entry.is formed at the location within the
SCORE MERGE TABLE BUFFER 128 which is pointed to by the
SCORE_MERGE_TABLE_ENTRY_ POINTER 240. At this point the
pointer 240 contains, by way of example, address H2.
Accordingly the address E2 contained in the '
SINGLE PKG_MERGE_STORE_POINTER 252 and the value 11
which is the number of paragraph references in the
package reference set for PKG 2 are stored at location
H2 in the SCORE MERGE TABLE BUFFER 128..

30 %
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During block F26 the PACKAGE NUMBER 232 is

incremented by 1 and therefore is now 3, i.e., one higher

than the number of paékages in the PACKAGES BUFFER 130

(FIG. 68). Accordingly following block F27, biock Fg is . s

reentered where it is found that the PACKAGE NUMBER 232

is larger than the value in PACKAGES_COUNT 220 and

accordingly the YES route is taken out of block F8 to

block F28 via circle F4. During the operation of blocks

1)

F28 through F32 the package reference sets in the
SINGLE PACKAGE MERGE OUTQUT BUFFER 122 are merged into
a unique set of paragraph references. In addition each

10

paragraph reference is scored by storing in association
with that paragraph reference the number of times the
‘paragraph reference occurs in different
package reference sets in the SINGLE PACKAGE - MERGE
OUTPUT BUFFER 122. Comsider now the coperation.
During block F28 SCORE_MERGE TABLE_ENTRIES 242 is
checked to see whether it is greater than zero. It will

15

always be greater than zero if there are any package
references within the SINGLE PACKAGE MERGE OUTPUT BUFFER
122 which are to be merged into the MATCH BUFFER 124.

In this example the comparison finds that the value in

1 20°

242 is greater than zeroc and accordingly the YES route
25 is taken to block F29. The operation 'during block F29
} is similar to the operation during block F15 in that it
generates a unigue list of all the paragraph references
“encountered within the different package reference sets

in the SINGLE PACKAGE MERGE OUTPUT BUFFER 122.

30

it

z
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The unique list creates a list of all the package
references values that are contained in the SINGLE
PACKAGE MERGE OUTPUT BUFFER 122, eliminating all
duplicate paragraph references. The operation during
block F29 differs from block F15 in that during the
merge process, the digital data processing system
coﬁputes a score which is a count of the number of
package reference sets that contain the same paragraph
references. The number of times a parﬁicular paragraph
reference occurs in different package reference sets
becomes the score which is then stored in association
with the corresponding paragraph reference in the MATCH
BUFFER 124. The list of paragraph references and scores
are called the "match set" for the user's query. The
match set is stored in the MATCH BUFFER 124 starting at

.the beginning of buffer 1l24.

Referring to FIG. 16, MATCH BUFFER 124 now contains
the match list for the package reference sets contained
in the SINGLE PACKAGE MERGE OUTPUT BUFFER 122. It will
further be noted that the digitai data processing system
orders the paragraph references in increasing value
order. The content of MATCH BUFFER 124 is identical to
the example of Table 5. ' '

Returning now to the flow diagram of FIG. 3,
éfter the match sets have been stored in the MATCH
BUFFER 124, the:digitai data processing system wili
sort the paragraph references by score, providing those
paragraph references with the best score first and
those with lower scores later in the list. 1In the
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example there are only two different values of scores,
namely, 1 and 2, but it will be understood that in an
actual system there are likely to be many different
scores. The scores will be sorted in descending value
order with the highest score first and the lowest score
last, the paragraph references being stored in association

"

with the corresponding scores. This action is depicted
at block 3064. The result of the sort by score may be
that depicted by way of example in Table 6.

, It will be understood that other types'of sort may
be performed. For exampie, préferably the paragraph
references are broken down into document numbers and
paragraph numbers and a sort is performed by score,
providing a list of documents wherein the scores for
the documents are listed in descending value order.
Then within each document the paragraphs'are sorted by
"score, listing the paragraphs in descending value order
by score.

After the sort operation the paragraph references
are used by the digital data processing system to access
the actual textual data base such as that depicted by
way of example in Table 3 and at 400 in the disk storage
unit 1107 (FIG. 7). The actual text within each
paragréph corresponding to a particular paragraph
reference is then read out and representations are
displayed on the CRT of the operator console 1102 (FIG.
1).

Although an exemplary embodiment of the invention
has been disclosed for purposes of illustration, it will
be understood that various changes, modifications and
substitutions may be incorporated into such embodiment
without departing from the spirit of the invention as &
defined by the claims appearing hereinafter.
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TABLE 1

PCT/US82/01336

BUFFERS USED IN QDCMD METHOD AND MEANS

REFERENCE GATHER BUFFER -120
SINGLE PACKAGE MERGE

OUTPUT BUFFER -122
MATCH BUFFER -124

Reused in an interactive
process, once for each
package. Each time it

is used, all of the
paragraph references for .
all of the words repre-
sented in one package

are stored within this
buffer. The paragraph
references are stored in

- the buffer iteratively,

i.e., references for

' each word in package

per iteration and in
increasing numeric value.

Contains the package
reference sets generated
for each package that

has words that have
occurrence {(i.e., are

in paragraph) within

the data base. The
package reference sets
are stored in the buffer
one at a time as a result
of separate single package
merges of groups of
paragraph references in
the reference gather
buffer.

Contains the match entries
that result from a score
merge process. The score
merge merges the package
reference sets within the
SINGLE PACKAGE MERGE
OUTPUT BUFFER into a
match set consisting

of match entries.
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TABLE 1 (continued)

SINGLE PACKAGE MERGE

TABLE BUFFER -126
5
10
SCORE MERGE TABLE BUFFER -128
15
PACKAGES (RESULTS)'EUFFER -130
‘20
25
QUERY COMMUNICATION BUFFER =132
30

35

Used for the construction
of the SINGLE PACKAGE
MERGE TABLE used by the
single package merge
process. The table
describes the location
and number of paragraph
references for each word
of a package within the
REFERENCE GATHER BUFFER.

Used for the construction
of the score merge table
used by the score merge
process. The table
describes the-locaticn
and size of the package
reference sets within
the SINGLE PACKRAGE MERGE
QUTPUT BUFFER.

Contains. the packages
generated by QDETWD by
its iterative inter-
action with the QAP
subsystem. This buffer's
location is passed to
QDPCMD by QPCNTL.
[SIZE=PACKAGES.COUNT*

- (PACKETS/PACKAGE)

*(size of packet)]
(see packages buffer
location).

Contains variables fthat
mugt exist across the
gize of the query.

The varizbles within
this buffer are:
PACKAGES COUNT =220,

‘PACRAGE SIZE ARRAY =224,

PACKAGES _BUFFER_LOCATION -226,
MATCHE _COUNT -228,
MATCH_BUFFER_LOCATION -230.

4
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TABLE 2
VARIABLES USED IN QDCMD METHOD AND MEANS
PACKAGES_COUNT -220 Contains the number of packages
5 ‘ in the guery. Passed to QDPCMD
by QPCNTL through query
communications buffer. Set by
QPCNTL (= # of significant
words) .
PACRAGE_SIZE (*) An array of items that contain

-224
10 )

15

20 pACKAGES_BUFFER_LOCATION =226

25 PACKAGE POINTER -231

o PACKAGE_NUMBER -232

35

the number of packets within
each package. The number of
packets in package PKG 1 would
be accessed by PACKAGE_SIZE (l).
This array is passed to QDPCMD
by QPCNTL through gquery
communication buffer. The size
of this array is imposed by a
particular system's resourcsa
limitations and represents the

. maximum number of significant

words that a user's query may
contain (significant query
words have a one-to-one corres-
pondence with pac?ages).

Contains address of beginning
of packages buffer 130. Set
by QDETWD when it allocates
packages buffer. It is
located within the query
communication buffer 132.

Contains the address within

the package buffer at the
beginning location of the
package currenty being processed
during the paragraph referencs
gathering process.

Contains the number <¢f the
package currently being
processed during the paragraph
reference gathering process.
Its valid range is from 1 to
the contents of PACKAGES_COUNT
-220.
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PACKET_POINTER

PACKET_NUMBER

PACKET_COUNT

| SCORE_MERGE_TABLE_

ENTRY | TPOINTER

SCORE_MERGE_TABLE_
ENTRIES

SINGLE_PKG_MERGE_
TABLE_ENTRY_ POINTER

PCT/US82/01336
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TABLE 2 (continued)

-234

- =236

-238"

-240

-242

-246

Contains the address within
a package of the packet
currently being processed
during the paragraph
reference gathering process.

Contains the number of the
packet (in the current
package) currently being
processed during the paragraph
reference gathering process.
Its valid range is from 1 to
the contents of PACKAGE_SIZE
(PACKAGE_NUMBER).

Contains the number of packets

within the package currently
being processed during the -
package reference gathering
process. When the package
represented by PACKAGE_NUMBER
is about to be processed,

it is set to PACKAGE SIZE
(PACKAGE_NUMBER) .

Contains the address within
the SCORE MERGE TARLE BUFFER
of the next location where

a score merge table entry
can be built.

Contains the number of score
merge table entries that have
been created. Represents the
number of package reference
sets that exist within the
SINGLE PACKAGE MERGE OUTPUT
BUFFER.

Contains the address within
the SINGLE PACKAGE MERGE
TABLE BUFFER of the next
location where a single
package merge table entry
can be built.

i5;

2
i
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TABLE 2 (continued)

SINGLE_PKG_MERGE_
TABLE_ENTRIES

MATCH_COUNT
10

15

20

MATCE BUFFER_LOCATION

25

REFERENCE_GATHER_
STORE_POINTER

30

SINGLE_PKG_MERGE_
- STORE_POINTER

35

-248

-228

=230

-250

-252

Contains the number of single
package merge table entries that
have been created. Represents
the number of ordered lists

of paragraph references that
exist within the REFERENCE
GATHER BUFFER.

Contains the number of match
entries that are in the match
buffer following completion
of the score merge process.
Upon exit from QDPCMD, this
represents the number of
paragraphs within the data
base that contain one or more
occurrences of any significant
word within the user's query
or any of the acceptable
misspellings or inflections
of any of the significant
words of the user's query.
This variable is located in
query communication buffer
and is set by QDPCMD before
returning to QFCNTL.

Contains address of beginning
of match buffer. This wvariable
is located within query
communication buffer. It is
set by QDPCMD before return-—
ing to QPCNTL.

Contains the address within
the reference gather buffer
where the paragraph refer-
ences for the next word
package of a package should
begin being stored.

Contains the address within
the SINGLE PACKAGE MERGE
QUTPUT BUFFER where the
next package referance set

should begin being stored.
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TABLE 2 (continued)

REFERENCES RETURNED -254 Contains the number of
- paragraph references

returned for a word packet
S : by the data base. A value of S
' zero returned by the data base
would indicate that a system
process independent of this
algoerithm has removed from
accessibility all paragraphs
that contain the word
indicated by the packet in

[y

Lo question or the user has some
means of making the data base
aware of words that have no
occurrences within the data
base. In either case, 2
value of zero is handled by
the algorithm for the sake

15 : ~ of completeness. :

20

25

30

38

&
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1 TABLE 3

EXAMPLE OF TEXTUAL DATA BASE

(Textual Block
Identifiers)

Paragraph .
S References Document Paragraph

1 1 1 ... RATES OF INTEREST
ON AUTOS ARE HIGH ...
2 2 ... THE INTEREST IN
INTEREST RATES ON AUTOS
WAS NEVER HIGHER ...
10 3 "3 ... DEATH RATE IS
A ; DOWN ...
4 o 4 ... THE RATE OF
: INTEREST ON AUTO
TOANS IS NOT DECREASING.
THE RATES FOR AUTOS
SHOULD BE LOWER ...

15 6 | 6 ... INTERESTING THAT

: RATING IS DIFFICULT ...
7 7 ..+ RATING SMOG IS
EASY a e o

9 9 ... HIGH INTEREST RATES
SLOW AUTO SALES ...
200 10 2 1 ... NO STOPPING AT
THESE RATES ...

12 3 ... THE HOME LOAN
INTEREST RATE IS
HIGE ... -

25 15 6 ... RATING HORSES
_ IS EASY ...

17 ' 8 ...RATING COWS IS

EASY ... :

30 20 ) , 11 ... INTEREST IN DEATH
RATES FOR MICE IS
LOW ...

35
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... INTEREST IN DESKS :
IS HIGE ... .

««+ INTEREST HIM IN
TEA ...

..+ INTERESTING THAT
E SLEEPS o o

«+. INTERESTING THAT
YOU ASK ...

WO 83/01328
~ -60-
TABLE 3 (continued)
(Texfual Block '
Identifiers)
Paragraph
References Document Paragraph
28 19
- 3 -—
31 2
40 11
-45 16
58 29

35

«.. INTERESTING HE WAS

NOT HOME ...

Pl \
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“-\'_f_.\.‘— ey _:.'f10§
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TABLE 4
EXAMPLE - TABLE OF PARAGRAPH REFERENCVES
_ (PARAGRAPH IDENTIFIERS) IN DATA BASE
5
EQUIVALENT PARAGRAPH REFERENCES
ENTRY WORDS (PARAGRAPH IDENTIFIERS)
INTEREST 2,4,12,20,28,31
INTERET 9
RATE , 3,4,12
15 RATES "1,2,4,9,10,20
RATING 6,7,15,17
20
25
30

35
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TABLE 5

PARAGRAPH REFERENCES
(TEXTUAL BLOCK IDENTIFIER)

: oy w
B\O\&,-P N
i

15
17
20
28
31
40
as
58

SCORE

H R RN RN RN NN N
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TABLE 6

PARAGRAPH REFERENCES
(TEXTUAL BLOCK IDENTIFIERS)

2
4

6
9
12
20

10
15
17
28
31
40"
45
58

SCORE

N

Ll R e R T R SR U I N

PCT/US82/01336
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WHAT IS CLAIMED:

1. A method using digital data processing means
and a stored representation of a table of textual block
identifiers for locating in a stored textual data base
those textual blocks having the best match with a query,
the data base having representations of words grouped
into such textual blocks, the representations of textual
block identifiers being selectable from the table in

Eed

groups, each group corresponding to a different word in
the stored data base, each textual block identifier in
the representatidﬁs in each group of textual block
identifiers providing an indication of a textual block
in the stored data base which contains the corresponding
word, the method comprising: ,

a) receiving a query having representations

' of a plurality of words to be located in textual
blocks contained in the stored data base:;

b) determining for each of a plurality of
the quéry words a corresponding set of eguivalent
words which are contained in the stored data base,
each set of gguivalent~words being equivalent to
the correspondiné query word, each equivalent
word having a corresponding group of textual block
identifiers represented in the stored table;

c) processing representations of the textual
block identifiers in those groups which correspond
to the determined equivalent words to thereby form
a score for at ieast one textual block, the score
providing an indication of the total ﬁumber of

. said sets which have at least one equivalent word
in said at least one textual block; and

d) utilizing said score to provide output

{07

data pertaining to selected textual blocks in said

stored textual data base.

£
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2. A method according to claim 1 wherein a textual
block consists of a paragraph of the textual data base.

3. A method according to claim 1 wherein the steé
of processing comprises the step of reading out, from
said table, representations of each group of textual ’
block identifiers which correspond to each equivalent
word which is determined in the step of determining.

‘4, A method according to claim 3 wherein the step
of processing further comprises the step of performing at
least oné merge sort on representations of the textual
block identifiers read from the table in the step of

forming a score.

5. A method according to claim 1 wherein the step
of processing comprises the steps of: '
merging representations of the textual block
identifiers in the groups corresponding to each set
of equivalent words into representations of a
further group of textual block identifiers for each
set of equivalent words without duplicating therein
any'repfesentations of the same textual block
identifier; and
further processing said representations of
a further group of textual block identifiers for
each set of equivalent words to thereby form

said score.
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6. A method according to claim 5 wherein said step
of further processing comprises the steps of:
merging representations of textual block
identifiers from each of the further groups of
textual block identifiers without duplicating
therein representations of any of the same

L]

textual block identifiers; and

the step of forming said score comprising
the step of forming an individual score, for each
such textual block, each score indicating the
number of further groups which contain a
representation of at least one textual block
identifier cdrresponding to such textual block.

7. A method according to claim 1 wherein, in the
step of processing, a score is provided for each of a
plurality of textual blocks, each score for each ’
textual block providing an indication of the total
number of sets which contain at least one equivalent
word in the corresponding textual block.

8. A method accor&ing to claim 1 wherein, in the
step of processing, one of said scores is formed for
each of a plurality of textual blocks; and __

wherein said step of utilizing said score to
provide output data comprises the step of selecting
representations of textual blocks from the stored data
base for output, which blocks are indicated by the
textual block'identifiérs, and outputting the selected
representations of the textual blocks, wherein the

blocks are ordered using_the scorzs of the

m

corresponding textual identifiers.

=
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9. A method according to claim 8 .wherein the
representations of textual blocks are output in

decreasing value order according to score.

10. A method according to claim 1 wherein the step
of processing comprises the steps. of:
forming a pointer set, each pointer set

containing a representation of at least one pointer
to one of said groups of textual block identifiers,
utilizing the representations of at least one
pointer from said pointer set to select a textual
block identifier from the corresponding group. in

said stored table.

11. A method according to claim 1 wherein the step
of determlnlng a correspondlng set of equivalent words
comprigses the steps of selectlng words in the data base

which are acceptable mlsspelllngs and acceptable

.nflectlons of the query word.

12. A method aécording to claim 11 wherein the step
of selecting words which are acceptable misspellings and
acceptable inflections comprises the step of selecting
data base words which have an exact match, a
character transposition, a single character deletion,
or a single character insertion between the stem of a

- query word and the beginning characters of a data base

word and which also have acceptable suffixes.
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13. Digital data processing means using a

stored representation of a table of textual block
identifiers for iocating in a stored textual data base
those textual blocks having the best match with a gquery,
the data base having representations of words grouped
into such textuai blocks, the representations.cf textual
block identifiers being selectable from the table in
groups, each group corresponding to a different word in
the stored data base, each textual block identifier in
the representations in each group of textual block

oF

identifiers providing an indication of a textual block

 in the stored data base which contains the corresponding

word, the data processing means comprising:

a) means for receiving a gquery having
representations of a plurality of words to be
located in textual blocks contained in the stored
data base; -

b) means for determining for each of a
?lurality of the query words a corresponding set
of equivalent words which are contained in the
stored data base, each set of equivalent words
being equivalent to the corresponding gquery word,
each equivalent word having a corresponding group
of textual block identifiers represented in the
stored table;

'~ ¢) means for processing representations of
the textual block identifiers in those groups which
correspond to the determined equivalent words to
thereby form a score for at least one textual block,
the score providing an indication of the total
number of said sets which have at least one
eguivalent word in said at least one textual block:;

« o

and
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d) means for utilizing said score to provide
output data pertaining to selected textual blocks
in said stored textual data base.

14. Means according to claim 13 wherein a textual

block consists of a paragraph of the textual data base.

15. Means according to claim 13 wherein the means

. for processing comprises:

means for reading out, from said table,
representations of each group of textual block
identifiers which corresponds to each equivalent
word which is determined in the step of determining.

16. Means according to claim 15 wherein the means
for processing further comprises means for performing
at least one merge SQItzén representations of the textual
block identifiers read from the table in forming a score.

17. Means according to claim 13 wherein the méans
for processing comprises: .

' means for merging representations of the
textual block identifiers in ‘the groups.-
corresponding to each set of equivalent words into
representations of a further group.of textual block
identifiers for each set of equivalent words without
duplicating therein any representations of the same
textual block identifer; and ‘ '

means for further processing said
representations of a further group of textual block
identifiers for each set of equivalent words to

thereby form said score.
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18. Means'éécording to claim 17 wherein said means
for further processing comprises:
means for merging representations of textual
block identifiers from each of the further groups
of textual block identifiers without duplicating

4]

therein representations of any of the same textual
block identifiers; and '

means for forming said score comprising
means for forming an individual score, for each

“

such textual block, each score indicating the
number of further groups which contain a
representation of at least one textual block
identifier corresponding‘to such textual block.

19. Means according to claim 13 wherein the means
for processing comprises means for providing a score for
each of a plurality of textual blocks, each score for
each textual block providing an indication of the total
number of sets which contain at least one equivalent
word in the corresponding textual block.

20. Means according to claim 13 wherein the means
for processing comprises means for providing cne of said
scores for each of a plurality of textual blocks; and

wherein said means for utilizing said score to

provide output data comprises means for selecting

representations of textual blocks from the stored-data
base for ocutput, which blocks are indicated by the
textual block identifiers, and means for outputting the
selected representations of the textual blocks, wherein
the blocks are in order corresponding to the score for
the corresponding textual block identifiers.

("

=
k4
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21. Means according to claim 20 wherein the means
for outputting is operative for outputting
representations of textual blocks in decreasing value

order according to score.

22. Means according to claim 13 wherein the means
for processing comprises:

means for forming a pointer set, each pointer
in the set containing a representation of at least
one pointer to one of said groups of textual block’
identifiers, means for utilizing representations of
at least one pointer from said pointer set to
select a textual block identifier from the .
corresponding group in said stored table.

23. Means according to claim 13 wherein the means
for determining a corresponding set of equivalent words
comprises means for selecting words in the data base
which are acceptable misspellings and acceptable
inflections of the query word.

24. Means according to claim 23 wherein the means
for‘selecfing words which are acceptable misspellings
and acceptable inflections comprises the step of
selecting data base words which have an exact match, a
character transposition, a character deletion and a
character insertion between the stem of a query word
and the beginning characters of a data base word.
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25. Means according to claim 1 comprising at least

one memory for storing representations of said table.

26. Means according to claim 20 comprising memory
means for storing the representations of the textual
data base from which the representations of textual blocks

are selected.

o
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