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METHOD AND APPARATUS FOR
RETRIEVING ACCUMULATING AND
SORTING TABLE FORMATTED DATA

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application 1s related to and claims the early filing
dates of Japanese Patent Application No. 10-227278, filed

Aug. 11, 1998, Japanese Patent Application No. 10-338133,
filed Nov. 277, 1998, and International Patent Application No.

PCT/IP99/04300, filed [Aug. 8, 1999] Aug. 9, 1999. The
entire disclosures of the above applications are hereby incor-
porated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a data processing method and data
processing apparatus or processing large amounts ol data
using a computer or other information processing apparatus,
and particularly to a method and apparatus for searching for,
tabulating and sorting table-format data.

2. Description of the Prior Art

Conventionally, large amounts of data are accumulated
and searching and tabulating and other types of data process-
ing 1s performed on the accumulated data. This data process-
ing may be done using, for example, a known computer
system 1ncluding a CPU, memory, peripheral interface, a
hard disk or other auxiliary storage device, a display, a
printer or other output device, a keyboard, a mouse or other
iput device, and a power supply unit connected via a bus,
and particularly as software that can be run on a readily
available commercial computer system. In order to perform
the aforementioned searching, tabulating or other types of
data processing, various types ol databases that particularly
store large amounts of data are known. Among various types
of large amounts of data, there 1s a particularly strong
demand to process data that can be expressed 1n a table
format. FIG. 1 1s a diagram showing an example of express-
ing the data to be processed in a table format. FIG. 1 shows
an example wherein the sex, age and occupation data for a
large number of people, e.g. 1 million, are stored 1n a table.
In FIG. 1, the horizontal rows in the table, namely the
so-called records, consist of the record number, and the sex,
age and occupation fields corresponding to the record num-
ber. The vertical columns 1n the table consist of the record
number, sex, field, age field and occupation field. The table
indicates that the person with the record number of “0”” has a
sex of female, age of 18 and occupation of programmer. In
the following explanation, the data such as “Female,” “18”
and “Programmer” set i the various fields are called field
values. In addition, 1n the following explanation, unless oth-
erwise 1ndicated, the table-format data consisting of 1 mil-
lion records shown 1n FIG. 1 1s used as a specific example of
a large amount of data.

Whether or not large amounts of data can be searched for
or tabulated efficiently depends on the format in which the
large amount of data 1s stored. Conventionally, typical
known storage techniques include the so-called “record-

sequential” and “field-sequential” storage techniques shown
in FIGS. 2A and 2B, respectively.

FIG. 2A and FIG. 2B show a representation of the data

storage format on a storage device, e.g. a hard disk. In the
case of the record-sequential storage technique 1n FIG. 2A, a
set of the field values of sex, age and occupation for each
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2

record number 1s stored on disk in the order of increasing
logical addresses sequentially for each record number. On

the other hand, in the case of the field-sequential storage
technique 1n FIG. 2B, for each field, the field values are

stored 1n record number order grouped by field 1n the direc-
tion of increasing logical addresses. To wit, 1n the example
of FIG. 2B, the field values for the sex field corresponding to
record numbers “0” through “999999” are arranged 1n order,
and next, the field values for the age field are arranged 1n
record number order, and then the field values for the occu-

pation field are arranged in record number order.

In the case of the aforementioned prior art, field values
corresponding to all fields for all record numbers are stored
as 1s 1n a two-dimensional data structure (with the record
number as one dimension and the other field values as one
dimension). Hereinaliter, such a data structure in particular
shall be referred to as a “data table.” In the case of the prior
art, when searching for and tabulating stored data, this 1s
performed by accessing such a data table.

In addition to the method of storing the value of the fields
as field values as 1s, there 1s also a known method of convert-
ing the values to codes and storing the codes as field values.
For example, with respect to the sex field, the value “Male”
may be converted to “0” while the value “Female™ 1s con-
verted to “1” and then the values “0” or “1” are stored as the
field values instead of “Male” or “Female.” Even 1n this case,
there 1s no change to the point that the converted codes are
stored 1n a data table as field values.

In the case of searching for and tabulating large amounts
ol data stored using a data structure of the data table type 1n
the aforementioned prior art, there 1s a problem 1n that the
processing time for searching and tabulating becomes longer
due to the access time required to access such data tables.

In addition, data tables have at least the following intrinsic
drawbacks.

(1) The data tables easily become enormous 1n size and can-
not be easily separated (physically) into individual fields.
For example, when extracting records in which the sex 1s
“Male,” the age and occupation 1nformation 1s
unnecessary, so efficiency could be improved 11 the table
could be separated into a table containing only the sex
fields. In the case of the field-sequential storage technique
shown 1n FIG. 2B, while separation into individual fields
1s simple, when large amounts of data are handled, the
size of the data table still becomes enormous, so the actual
expansion ol a data table into memory or other fast stor-
age device for the purpose of tabulating or searching 1s
difficult.

(2) Data tables cannot be kept 1n a form with multiple field
values sorted simultaneously. For example, in the case of
the prior art illustrated 1n FIG. 2A and FIG. 2B, the field
values for the sex field arc arranged in record number
order 1n the manner “Female, Male, Female, . . . |,
Female.” However, when performing searching and tabu-
lating processes, 1t 1s typically convenient for them to
arrange 1n the manner “Female, Female, Female, Male, . .
., Male” However, 1n table data, the field values are
arranged 1n a specific matrix order, namely record number
order, so sorting the field values on a specific field 1s not
permitted. For this reason, 1n the case of the prior art, it 1s
not possible to select an arrangement of field values that 1s
convenient for searching and tabulating.

(3) In a data table, 1dentical values appear over and over. For
example, in the case of the conventional data table given
in FIG. 2A and FIG. 2B, at the time of extracting records
wherein the sex 1s “*Male’ or ‘Man’” (or namely, record

numbers), because the field value “Male” appears many
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times, 1t 1S necessary to perform the matching operation

““Male’ or ‘Man’” which 1s the comparison condition

with the field value of “Male” many times. A single com-

parison should be sufficient to make the determination of
whether there 1s a match with 1dentical values.

In order to increase greatly the speed of searching for and
tabulating large amounts of data, the object of the present
invention 1s to provide a method of searching for, tabulating
and sorting table-format data and an apparatus for imple-
menting said method by providing a data control mechanism
that both has the functions of the conventional data table and
solves the aforementioned problems with the data structure
based on the data table.

SUMMARY OF THE INVENTION

In order to achieve the atorementioned object, the method
and apparatus for searching for and tabulating table-format
data according to the present invention proposes a novel data
control mechanism that 1s usable on an ordinary computer
system. The data control mechanism according to the
present invention comprises a value control table and an
array of pointers to the value control table, as a general rule.

FIG. 3 1s a diagram used to explain the principle of the
present ivention, showing a value control table 10 and an
array of pointers to the value control table 20. A value con-
trol table 10 1s defined to be a table made by assigning, for
cach field in table-format data, an (integral) field value num-
ber to each field value belonging to that field, and the table
thus contains the field values corresponding to said field
value number arranged 1n order of the field value numbers
(reference number 11) along with a category number
(reference number 12) which relates to said field value. An
array ol pointers to the value control table 20 1s defined to be
an array containing pointers to the field value numbers of the
columns (namely, the fields) in the table-format data, namely
to the value control table 10, arranged 1n order of the record
numbers of the table-format data.

By combining the array of pointers to the value control
table 20 with the value control table 10, given a certain
record number, 1t 1s possible to use the array of pointers to
the value control table 20 pertaining to the field in question
to extract the stored field value number corresponding to that
record number, and next, extract the stored field value corre-
sponding to that field value number within the value control
table 10, and thus obtain the field value from the record
number. Therefore, 1n the same manner as with a conven-
tional data table, it 1s possible to access all data (field values)
with coordinates consisting of the record number (row) and
field (column).

The data control mechanism according to the present

invention, which includes a value control table generated for
a certain field within the fields of table-format data and an

array ol pomters to the value control table, may also be
referred to 1n particular as an “information block™ in the
following explanation.

While conventional data tables offer the integrated control
of all data using the coordinates of the rows corresponding to
records and columns corresponding to fields, the informa-
tion blocks according to the present invention are character-
ized 1n that the data are completely separated by column 1n
the table format, namely by field. In this manner, by means
of the present invention, large amounts of data are separated
by field, so 1t 1s possible to load only that data related to
those fields required for searching or tabulating into memory
or other high-speed storage device, and as a result, the access
time to the data 1s reduced, so the searching and tabulating
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4

processes are speeded up, and even extremely large amounts
of data can be handled without adversely affecting pertor-
mance.

In addition, 1n the case of the information blocks accord-
ing to the present invention, the field values are stored in the
value control table, and the record numbers that indicate the
position of the value are associated with the array of pointers
to the value control table, so there 1s no need for the field
values to be arranged in record number order. Therefore,
data can be sorted on field values such that 1t 1s suited to
searching and tabulating. Thereby, the determination of
whether or not a field value matching the target value 1s
present 1n the data can be performed at high speed.
Furthermore, corresponding field value numbers are
assigned to the field values, so even 1f the field values consist
of long data or text strings, they can be handled as integers.

Moreover, by means of the present invention, all of the
field value numbers of the value control table 10 correspond
to different field values, so the number of comparison opera-
tions between a specific value and the field values which are
required to extract a record containing a field value having
that specific value 1s no more than the number of possible
field values, namely the number of field value numbers, so
the number of comparison operations 1s greatly decreased,
thus speeding up searching and tabulating. At this time,
while a location 1s required to store the results of determin-
ing whether or not a certain field value matches, for
example, the category number 12 can be used as this storage
location.

FIG. 4 shows the mmformation block according to the
present invention which comprises a value control table 10
including an array of field values 11 containing the field
values, an array of category numbers 12 containing the cat-
egory numbers, and an array ol counts 14 containing the
counts. The array of counts 14 contains numbers which 1ndi-
cate a count of the number of times each field value 1is
present within all data 1n a certain field, or 1n other words,
the number of records which have a stipulated field value.
By preparing such an array of counts 14 within the value
control table 10, the information “(how many instances of)
which data 1s present?” required at the time of searching or
tabulating can be obtained immediately, thus speeding up
searching and tabulating.

FIG. 5 shows an information block including a value con-
trol table 10, array of pointers to the value control table 20
and an array of pointers to records 30. The array of pointers
to records 30 1s defined to be an array containing, for each
field value number, namely each field value, pointers to
records that have that field value (corresponding to the
record number). The number of pointers contained in the
array of pointers to records 30 for each field value matches
the number of entries 1n the array of counts 14 1n the value
control table 10. In addition, an array of start positions 13
which specifies the starting address of a group of pointers for
cach field value may be provided within the array of pointers
to records 30. By providing such an array of pointers to
records 30 1n the information block in this manner, a set of
records that have a particular field value for a certain field
can be extracted quickly. The count (reference number 14)
and start positions (reference number 13) of pointers stored
in the array of pointers to records 30 are set in the value
control table 10, so the fact that the values and count are
present in the information block as 1s such that they are
usable at the time of tabulating 1s an advantage.

Here follows an explanation of the method of searching
for and tabulating table-format data according to the present
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invention. Note that in the following explanation, the indi-
vidual field information refers to the atorementioned “intor-

il

mation block,” and the field value number-specitying infor-
mation array refers to the alforementioned “array of pointers
to the value control table” while the record 1dentifying infor-
mation array refers to the aforementioned “array of pointers
to records.”

When table-format data 1s represented as an array of
records including a plurality of fields containing field values
tor each field, the method of extracting from the table-format
data the field value corresponding to a specific field and a
specific record according to the present mnvention comprises
the steps of:

keeping 1n a storage device, for each individual field, a

value control table contaiming field values which are
located 1n order of field value number each correspond-
ing to the field value belonging to the specific field, and
a field value number-specilying information array con-
taining information that specifies the field value num-
bers 1n the order of the records,

acquiring from the field value number-specifying infor-

mation array the field value number corresponding to
the specific record, and

obtaining from the field values stored 1n the value control

table the field value corresponding to the field value
number acquired as above.

In addition, with the method of obtaining field values
according to the present invention, in order to categorize the
field values corresponding to the field value number, cat-
egory numbers are stored in the value control table corre-
sponding to the field value number, and the category num-
bers are accessed at the time of obtaining the field value
corresponding to the field value number.

When table-format data 1s represented as an array of
records ncluding field values with respect to a field associ-

ated with a search condition, a single-search method of
searching through said table-format data for field values that
match a specific search condition comprises the steps of:

keeping 1n a storage device, for each individual field, indi-
vidual field information such that includes a value con-
trol table containing field values which 1s located in
order of field value numbers each corresponding to the
field value belonging to the field associated with the
search condition, a field value number-specitying infor-
mation array containing information that specifies said
field value numbers 1n the order of said records, and a
record 1identification information array storing in exclu-
stve areas for each of said field value numbers one or
more pieces of record 1dentification information related
to 1dentical field value numbers, and said value control
table includes, for each of said field value numbers,
record 1dentification information-specitying informa-
tion that indicates the area where said one or more
pieces of record identification imformation related to
identical field value numbers 1n said record 1dentifica-
tion information array,

using said record identification information-speciiying
information corresponding to field value numbers
related to field values within the field values contained
in said value control table that match said search
conditions, to acquire record i1dentification information
from said record identification information array that
matches said search conditions.

In addition, the multiple-field search method according to

the present invention comprises the steps of:

keeping 1n a storage device the result set of records that
match the search conditions obtained by the single-field
search method according to the present invention,
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selecting separate individual field information regarding
fields related to separate search conditions,

acquiring {from the field value number-specilying infor-
mation array regarding the separate individual field
information the field value number corresponding the

pieces of record identification information that match
the search conditions set 1n the result set,

regarding the separate individual field information, deter-
mining whether or not the field values 1dentified by the
extracted field value numbers match the separate search
conditions, and

regarding the separate individual field information, 11 the
field values 1dentified by the extracted field value num-
bers match the separate search conditions, extracting
the pieces of record identification imformation corre-
sponding to the field value numbers as pieces of record
identification information that match the separate
search conditions, and
Alternately, as a variation to the multiple-field search
method, 1t 1s possible to implement a so-called OR search. In
more detail, this method comprises the steps of:

keeping in a storage device the result set of records that
match the search conditions,

regarding other individual field information related to
other search conditions,

using field values within the field values stored 1n other
value control tables that match the search conditions
and record i1dentification mformation-specitying infor-
mation corresponding to related field values to extract
from a record identification information array the
records that match the other search conditions, and
store the records that match the search conditions 1n a
specified other record set, pl 1f necessary, regarding
still other search conditions, using still other record
identification 1nformation-speciiying information to
extract records that match still other search conditions,
and repeating the storage of still other result sets, and

obtaining a final result set by eliminating duplicate

records from the result sets thus obtained.

When table-format data 1s represented as an array of
records including a plurality of fields containing field values
for each field, the method of tabulating the table-format data
by each field value according to the present imnvention com-
prises the steps of:

11 n represents an integer equal to 1 or greater, for each of
n fields used 1n tabulation, keeping 1n a storage device
individual field information including a value control
table containing field values for that field correspond-
ing to a field value number that uniquely identifies the
field value, which 1s a field value number that 1s com-
mon to the various fields and has a stipulated order
from an 1nitial value, and a field value number-
specilying information array containing information
that specifies the field value numbers 1n the order of the
records,

if 1 represents an integer in the range 1=i=n, for the i”"
individual information field, the total number of the
field value numbers 1s represented by N, k. represents
an integer in the range 0=k ,=N.-1, M represents an
integer equal to 1 or greater, and 1f m 1s an integer in the
range 1=m=M, then 1mitializing elements P_(k,,

Kyy ..., k..., k) of n-dimensional M data spaces
having a size of [N, anX ... XNx ... XN 1N, xN,x. ..
XN X ... xXN

F22

for the n individual information fields, when 7 represents
an integer in the range 0=j=(total number of records)-
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1, extracting the respective field value numbers stored
in the j” position in each field value number-specifying
information array, and when the field value number
extracted from the i individual information field is
represented by q,, 1dentifying the elements P
J-,...,9, . ..,d,) of the data space, and

processing the identified values of the elements P_(q,,

oy o oo 5Ty -+ -5, )

When table-format data 1s represented as an array of
records including a plurality of fields containing field values
tor each field, the method of tabulating the table-format data
by the category of field values,

the method being characterized in comprising the steps of:

m(ql>

if n represents an integer equal to 1 or greater, for each of
n fields used 1n tabulation, keeping 1n a storage device
individual field information including a value control
table containing field values for that field and the cat-
cgory number of the field value corresponding to a field
value number that uniquely identifies the field value,
which 1s a field value number that 1s common to the
various lields and has a stipulated order from an 1nitial
value, and a field value number-specifying information
array containing information that specifies the field
value numbers 1n the order of the records,

if 1 represents an integer in the range 1=i=n, for the i”
individual information field, the total number of either
the field value numbers or the category numbers 1s rep-
resented by N, k. represents an integer in the range
0=k.=N.-1, M represents an integer equal to 1 or
greater, and 1f m 1s an mteger 1n the range 1=m=M,
then imitializing elements P_ (k,, k,, ..., k,...,k )of
n-dimensional M data spaces having a size of N,xN,
X ...xN.x...xN

Fi?

for the n mdividual information fields, when j represents
an integer 1n the range 0=j=(total number of records)-
1, extracting the respective field value numbers stored
in the j”” position in each field value number-specifying
information array, and when the field value number
extracted from the i”” individual information field or the
category number stored corresponding to the field value
number in the value control table of the i’ individual
information field 1s represented by q,, 1identifying the
elements P_(q,,9-,...,9,, ...,q,) of the data space,
and

processing the identified values of the elements P, (q;,
o PORNENYe N« [ §

With the method of tabulating counts 1n particular accord-
ing to the present mvention, M=1 1s true, and the step of
processing the value of the identified element P, includes
adding 1 to the current value of the element P, .

In addition, with the method of tabulating statistical quan-
tities according to the present invention, the step of process-
ing the value of the i1dentified element P, comprises: for at
least one element P, among the M elements P, ,

for separate individual field information kept 1n a storage
device, acquiring the field value numbers stored 1n the
i position in the field value number-specifying infor-
mation array,

from among the field values stored 1n the value control
table of the separate i1ndividual field information,
acquiring the field value corresponding to the field
value number thus acquired, and updating the current
value of the element P, and the value of the element P,

in combination with the field value thus obtained.
With the present invention, the information that specifies
the field value number may be the field value number 1tself.
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Alternately, 1n order to implement the so-called multi-
answer fields wherein multiple field values are allocated to
one field of a certain record, with the present invention, the
information that specifies the field value number may be a
binary value wherein 1 bit 1s allocated to each field value
number, thus setting whether or not 1t 1s set.

In addition, when table-format data is represented as an
array of records including a plurality of fields containing
field values for each field, the apparatus for searching for and
tabulating the table-format data according to the present
invention comprises:

a storage device for keeping, for each individual field, a
value control table containing field values for that field
corresponding to a field value number that uniquely
identifies the field value, which 1s a field value number
that 1s common to the various fields and has a stipulated
order from an 1nitial value, and a field value number-
specilying information array containing information
that specifies the field value numbers 1n the order of the
records,

means of acquiring from the field value number-
speciiying information array kept on the storage device
the field value number corresponding to the specific
record, and

means of obtaining from the field values stored in the
value control table kept on the storage device the field
value corresponding to the field value number acquired
as above.

When table-format data 1s represented as an array of
records including a plurality of fields containing field values
for each field, the storage medium upon which 1s recorded a
program for searching for and tabulating the table-format
data according to the present invention 1s recorded with a
program characterized in comprising;:

a step of keeping 1n a storage device, for each 1individual
field, a value control table containing field values for
that field corresponding to a field value number that
uniquely 1identifies the field value, which 1s a field value
number that 1s common to the various fields and has a
stipulated order from an 1nitial value, and a field value
number-speciiying information array containing infor-
mation that specifies the field value numbers in the
order of the records,

a step of acquiring from the field value number-speciiying
information array kept on the storage device the field
value number corresponding to the specific record, and

a step of obtaining from the field values stored 1n the value
control table kept on the storage device the field value
corresponding to the field value number acquired as
above.

The present mvention also proposes a sorting method
whereby an array of record identification information, e.g.
record numbers, specifying records including a plurality of
fields containing field values corresponding to fields of
information 1s rearranged on a specific field. With the sorting
method according to the present invention, an array of point-
ers to the value control table 1s formed wherein, for each
record, record identification information 1s associated with
field value number corresponding to the field values of a
certain fleld. Next, for each of the field value numbers, the
storage location aifter reordering said record identification
information 1s defined. Said record identification 1informa-
tion 1s sequentially extracted from the array, and said field
value number corresponding to said record identification
information thus extracted 1s determined, the record 1dentifi-
cation mformation thus extracted 1s stored 1n said storage
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location according to the record i1dentification information-
speciiying information corresponding to the field value
number thus determined, and the storage location where the
record 1identification information 1s to be stored 1s updated in
order to store the next record i1dentification information.

A preferred embodiment of the sorting method according
to the present mvention comprises the steps of keeping 1n a
storage device individual field information including a value
control table containing field values 1n the order of field
value numbers corresponding to field values for a field value
assoclated with search conditions, and a field value number-
specilying information array containing information that

speciflies field value numbers 1n the order of the records,
where the value control table further includes record 1denti-

fication information-specitying information that, for each
field value number, indicates the area 1n said record 1dentifi-
cation miformation-specitying information array where said
one or more pieces of record identification information

regarding identical field value numbers are stored, and 1s
constituted such that, record identification information 1s

stored at storage locations according to the record 1dentifica-
tion information-specifying information.

Moreover, the objects of the present invention may be
achieved by an apparatus for implementing the aforemen-
tioned methods, a computer-readable storage medium con-
taining a program according to this method, or a computer-
loadable program product according to the method 1n
question.

BRIEF EXPLANATION OF THE DRAWINGS

This and other objects of the present mvention will be
made clear in reference to the appended drawings and
embodiments. Here,

FI1G. 1 1s an explanatory diagram illustrating typical table-
format data.

FIGS. 2A and 2B are explanatory diagrams illustrating
table-format data storage techniques in the prior art.

FIG. 3 1s an explanatory diagram illustrating the principle
of the present invention.

FIG. 4 1s an explanatory diagram 1llustrating an informa-
tion block according to the present mnvention.

FIG. 5 1s an explanatory diagram illustrating an informa-
tion block according to the present mnvention.

FIG. 6 1s an explanatory diagram 1llustrating an informa-
tion block regarding “sex” used in an embodiment of the
present invention.

FIG. 7 1s an explanatory diagram illustrating an informa-
tion block regarding “age” used 1n an embodiment of the
present invention.

FIG. 8 1s an explanatory diagram 1llustrating an informa-
tion block regarding “sex” used in an embodiment of the
present invention.

FIG. 9 1s a flowchart of the operation of the method of
searching within a single field according to Embodiment 1
of the present invention.

FIG. 10 1s an explanatory diagram 1illustrating an informa-
tion block according to Embodiment 1 of the present inven-
tion.

FI1G. 11 1s an explanatory diagram 1llustrating an informa-
tion block according to Embodiment 1 of the present inven-
tion.

FIG. 12 1s a flowchart of the operation of the method of
searching upon an AND of multiple fields according to
Embodiment 2 of the present invention.

FI1G. 13 1s an explanatory diagram 1llustrating an informa-
tion block according to Embodiment 2 of the present inven-
tion.
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FIG. 14 1s an explanatory diagram 1llustrating an informa-
tion block according to Embodiment 2 of the present inven-
tion.

FIG. 15 1s an explanatory diagram illustrating the method
of multiple-field Boolean operation searching using bit flags
according to Embodiment 3 of the present invention.

FIG. 16 1s an explanatory diagram illustrating the method
of multiple-field Boolean operation searching using bit flags

according to Embodiment 3 of the present invention.

FIG. 17 1s a flowchart of the operation of the method of
tabulating according to Embodiment 5 of the present inven-
tion.

FIG. 18 15 a conceptual explanatory diagram of Embodi-
ment 6 of the present invention.

FIG. 19 1s a flowchart of the operation of Embodiment 6
of the present invention.

FIG. 20 1s a flowchart of the operation of cross-tabulating,
according to Embodiment 6 of the present invention.

FIG. 21 1s an explanatory diagram 1llustrating an informa-
tion block according to Embodiment 8 of the present inven-
tion.

FIG. 22 1s a flowchart of the operation of cross-tabulating
according to Embodiment 9 of the present invention.

FIGS. 23A and 23B are conceptual explanatory diagrams
of a cross-tabulation table.

FIG. 24 1s an explanatory diagram illustrating multi-
answer type fields.

FIG. 25 1s an explanatory diagram 1llustrating an informa-
tion block of a type compatible with multi-answer type fields
according to Embodiment 10 of the present invention.

FIG. 26 1s an explanatory diagram illustrating the method
of handling special values according to Embodiment 11 of
the present invention.

FIG. 27 1s a flowchart of the operation of the method of
searching upon multiple fields according to Embodiment 12
ol the present invention.

FIG. 28 1s a structural diagram of a searching and tabulat-
ing system for table-format data based on one embodiment
of the present invention.

FIG. 29 15 an explanatory diagram 1llustrating the method
of constructing an information block.

FIG. 30 1s an explanatory diagram illustrating the prepara-
tion for data population and initialization.

FIG. 31 i1s an explanatory diagram illustrating the first
pass ol data population.

FIG. 32 1s an explanatory diagram illustrating the second
pass of data population.

FIG. 33 1s an explanatory diagram illustrating the third
pass ol data population.

FIG. 34 1s an explanatory diagram illustrating the third
pass of data population.

FIG. 35 1s an explanatory diagram illustrating the third
pass of data population.

FIG. 36 1s an explanatory diagram 1illustrating the addition
of data to an information block.

FIG. 37 1s a diagram 1illustrating the structure of an infor-
mation block according to another embodiment of the
present invention.

FIG. 38 1s an explanatory diagram illustrating the nitial
state of sorting according to Embodiment 13 of the present
invention.

FIG. 39 1s an explanatory diagram 1llustrating the first step
of sorting according to Embodiment 13 of the present inven-
tion.
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FIG. 40 1s an explanatory diagram illustrating the second
step of sorting according to Embodiment 13 of the present
invention.

FIG. 41 1s an explanatory diagram illustrating the final
state of sorting according to Embodiment 13 of the present
invention.

FI1G. 42 1s an explanatory diagram 1llustrating sorting on a
partial set.

FIG. 43 1s an explanatory diagram illustrating the post-
processing of sorting on a partial set.

FIG. 44 1s an explanatory diagram 1illustrating the 1 mul-
lion records of data used in the searching and tabulating
tests.

FIG. 45 15 an explanatory diagram 1llustrating the results
of measurement of the searching and tabulating tests on 1
million records of data.

FIGS. 46A and 46B are flowcharts illustrating the OR
search process on multiple fields as a variation of Embodi-
ment 2 of the present invention.

FIG. 47 1s a flowchart 1llustrating the searching process
according to Embodiment 3 of the present invention.

FIG. 48 1s a flowchart illustrating the tabulating process
according to Embodiment 4 of the present invention.

FIG. 49 1s a flowchart illustrating the tabulating process
according to Embodiment 7 of the present invention.

FIG. 50 1s a flowchart illustrating the sorting process
according to Embodiment 13 of the present invention.

DESCRIPTION OF THE PR
EMBODIMENT

In order for the present invention to be better understood,
we shall use the table-format data illustrated 1n FIG. 1 as an
example of data, and make a detailed description of the
scarch method, tabulating method and sorting method
according to the present mvention 1n various embodiments.
The data illustrated 1n the example of FIG. 1 includes the
fields of “sex,” “age” and “occupation,” so as shown 1n the
individual figures in FIGS. 68, the information blocks
obtained are an information block regarding “sex,” an infor-
mation block regarding “age” and an information block
regarding “occupation.” The following description assumes
a situation wherein these information blocks are obtained.
Note that while one technique of constructing the informa-
tion blocks will be described later, note that the present
invention 1s in no way limited by the method of constructing
the information blocks.

As described later, the apparatus for searching for and
tabulating table-format data according to an embodiment of
the present invention 1s provided with the structure shown in
FIG. 28. As shown 1n FIG. 28, the apparatus for searching
for and tabulating table-format data 1s implemented by
means of a computer system such as an ordinary personal
computer. This computer system includes a CPU 100 that
executes programs to control the entire system and its ndi-
vidual constituent components, ROM (Read Only Memory)
110 that stores programs and the like, RAM (Random
Access Memory) 120 that stores working data and the like, a

hard disk storage device 130, a display device 140, and a
keyboard, mouse or other input device 150. The CPU 100,

ROM 110, RAM 120, and the like are connected to each
other via a bus 160. Other components that may also be
connected to the bus include a CD-ROM drive (not shown)
for accessing CD-ROM discs, an external network (not
shown) and an 1nterface (not shown) provided to connected
external terminals, and the like.

oy
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The program that performs the searching and tabulating
(and also depending on the case, sorting) of table-format
data may be contained on CD-ROM (not shown) and read by
a CD-ROM dnive (not shown), or stored 1n advance in ROM
110. In addition, once read from CD-ROM, the program may
also be stored 1n a specific area of the hard disk storage
device 130 . Alternately, the aforementioned program may
also be supplied from outside via the network, external ter-
minals or mterface (none of these are shown).

In addition, in the atorementioned search and tabulating
apparatus, 1n order to execute searching and tabulating (and
also depending on the case, sorting) processes on table-
format data, as described later, it 1s necessary to generate an
information block of a stipulated data format based on the
table-format data. This information block generation pro-
gram may be similarly contained on CD-ROM, stored 1n
ROM 110, or stored on the hard disk storage device 130.
Alternately, the aforementioned programs may also be sup-
plied from outside via the network, external terminals or
interface (none of these are shown). In addition, in this
embodiment, the data (information blocks) generated by the
alorementioned information block generating program that
generates the information blocks are stored in RAM 120 or
in a specific area of the hard disk storage device 130. Here
follows a description of the method of searching on a single
field according to Embodiment 1 of the present invention, 1n
the case of searching for records wherein the value of the
“age” field 1s “16” or “19.”” FIG. 9 1s a flowchart of the
operatlon of the method of searching within a single field.
This 1s implemented by the CPU 100 executing the search
program acquired by the aforementioned procedure and
stored 1n a stipulated area.

First, from among the information blocks regarding table-
format data, select the information block regarding “age™
shown 1n FI1G. 7 as the specific information block (Step 100).

Next, set “1” 1n the category number of those rows 1n
which the field value within the value control table of the
specific information block matches “16” or “19” which 1s
the aforementioned search condition, and set “0” 1n the cat-
egory number of other rows (Step 102). In the case of this
example as shown 1 FIG. 10, “1” 1s set in the category
number of those rows corresponding to a field value number

of “0” and field value number of 3.’

Next, the start positions and counts corresponding to the
rows wherein the category number 1s set to *“1” (namely, the
rows to which the field value numbers of “0” and *“3” are
applied) are acquired as pointer extraction information (Step
104). In the case of this example, the field value number of
“0” has a corresponding start position of “0” and count of
“45898.” On the other hand, the field value number of “3”

has a corresponding start position of “238137” and count of
“189653.”

By extracting from the array of pointers to records the
number of pointers specified by the aforementioned start
position and count, the record numbers that represents point-
ers to the records matching the aforementioned search con-
ditions are extracted (Step 106). In the case of this example,
as shown 1n FIG. 10, one can see that the pointers to records
corresponding to the field value number of “0” are stored 1n
the array of pointers to records at locations from the start
position ol “0,” or namely the beginning, up until the
45898 location, while the pointers to records correspond-
ing to the field value number of “3” are stored in the array of
pointers to records at 189653 locations starting from the
23831377 location. For example, when accessing the table-
format data 1n FIG. 1, the “age” corresponding to the record
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with the last record number of “999999” 15 16, so as shown
in FIG. 11, the last pointer among the stored pointers within
the array of record pointers which correspond to a field value
number of “0,” or namely an “age™ of “16,” 15 999999

Finally, 1n order to be used 1n subsequent processing, an
array ol the extracted record numbers 1s created as a result
set and saved (Step 108).

With the present invention, it 1s possible to implement not
only searches on a single field as described above, but also
searches on an AND of multiple fields. Here follows a
description of the method of performing searches on an
AND of multiple fields according to Embodiment 2 of the
present invention. In this example, we shall consider the case
ol obtaining a set of records that satisiy both the first search
condition of the “age” being “16” or “19” and the second
search condition of the “occupation” being “Student.” FIG.
12 1s a flowchart of the operation of the method of searching
upon an AND of multiple fields.

As described previously, for the first specific information
block which 1s the information block regarding “age” which
1s the first field, a result set of records wherein the “age™ 1s
“16” or “19” 1s obtained by means of the processing accord-
ing to Embodiment 1 (Step 120). Therefore, the processing
of this Step 120 corresponds roughly to that shown in FIG. 9.

Next, the information block regarding “occupation”
which 1s the second field shown 1n FIG. 8 1s selected as the
second specific information block (Step 122).

Next, set “1” 1n the category number of those rows in
which the field value within the value control table of the
specific mformation block matches “Student” which 1s the
alorementioned search condition, and set “0” 1n the category
number of other rows (Step 124). In the case of this example
as shown 1n FIG. 13, “1” 1s set 1n the category number of
those rows corresponding to a field value number of “0,” and
“0” 1s set 1n other rows.

Next, sequentially extract from the result set for the first
search condition those record numbers that represent point-
ers to records (Step 126). For example, as shown in FI1G. 14,
the record number “999999” 15 extracted.

Next, regarding the second specific information block,
extract from the array of pointers to the value control table
the field value numbers corresponding to the record number
obtained with respect to the atorementioned first search con-
dition (Step 128). For example, as shown in FIG. 14, the
field value number of “0” corresponding to the record num-
ber of 999999 1s extracted.

Next, a decision 1s made as to whether or not “1” 1s set in
the category number corresponding to the field value number
extracted with respect to the second specific information
block (Step 130). For example, as shown in FIG. 14, one can
see that “1” 1s set 1n the category number corresponding to
the field value number of “0.”

In the case that “1” 1s set 1n the category number, add
pointers to records corresponding to locations within the
array of pointers to the value control table where pointers
indicating the field value number 1n question where “1” 1s set
in the category number, for example, record numbers, to the
final result set (Step 132). For example, as shown in FIG. 14,
the record number “999999” 1s added to the final result set.

In the case that the category number 1s “0” then the final
result set 1s not updated.

Note that as would be easily understandable to a person
skilled 1n the art, the aforementioned method of searching
upon an AND of multiple fields can be applied to searches
other than AND searches, so such variations as a method of
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searching upon an OR of multiple fields, for example, would
be possible. FIG. 46A 1s a flowchart illustrating one example
ol the processing of an OR search process on multiple fields.
This process 1s also implemented by the CPU 100 executing
a program stored in a stipulated area. As shown 1n FIG. 46,
first, after the result set 1s obtained with respect to the first
search condition (Step 4601), an mformation block for the
second search condition 1s selected (Step 4602). Next,
regarding this information block, a category number 1s set
with respect to the second search condition (Step 4603).
While skipping record numbers contained in the result set
from the first search condition, the array of pointers to the
value control table 1s scanned sequentially with respect to
the second specific information block (Step 4604). In more
detail, the record numbers wherein the category number was
made “1” regarding the second search condition, and a deci-
sion 1s made as to whether or not this record number was
found within the result set according to the first search con-
dition (Steps 4611-4615). If the number 1s not found within
the result set according to the first search condition, that
number 1s added to the result set (Step 4614). After this
process 1s complete, a second result set 1s generated by com-
bining the record numbers stored in the result set from the
first search condition and the record numbers belonging to
the field value numbers for which the category number 1s set
with respect to the second information block (Step 4615),
and this can be provided as output.

Alternately, the process shown i FIG. 46B may be
executed. In this example, after the first result set 1s obtained
based on the search conditions regarding the first specific
information, independently thereof, a second result set 1s
obtained based on the second search conditions regarding
the second specific information (Steps 4621-4624), and an
OR of the first result set and second result set (Step 4625) 1s
performed using a bitmap (Step 4626), and a new result set 1s
created based on this (Step 4627). Note that 1n the process of
FIG. 46B, steps 4602 and 4603 correspond to Steps 4621
and 4622 of FIG. 46 A, and step 4625 corresponds to Step
4601 of FIG. 46A.

FIGS. 15 and 16 are explanatory diagrams illustrating the
method of multiple-field Boolean operation searching using
bit flags according to Embodiment 3 of the present
invention, illustrating the case of performing a search under
the same search conditions as the search according to the
alforementioned Embodiment 2 of the present invention.
Multiple-field Boolean operation searching using bit tlags 1s
defined to mean a search wherein the search conditions are
expressed by a Boolean operation among search conditions
for each field. In this case, as in Embodiment 1, a result set
obtained by means of a search on a single field should not be
constructed of an array of record numbers but rather 1t is
more advantageous for the result set to be constructed 1n the
form of bit flags. Namely, in accordance with the process
illustrated 1n FIG. 47, the result set 1s generated by allocating
one bit each to all of the records, and a bit value of “1” or “0”
expresses whether or not each record matches the search
conditions. In more detail, 1n the same manner as 1n the other
embodiments, an information block containing field values
pertaining to the search condition 1s selected (Step 4701),
and then the category number 1s set to “1” on rows that
match the search conditions (Step 4702). Next, the corre-
sponding category number 1s accessed for each record and
the bit value to be stored 1n the result set 1s determined (Steps
4703-4707). By forming the result set 1n this manner, the
s1ze of the result set for each field corresponds to the number
of records 1n the table-format data, so the size of the result
set 15 1dentical for each field, and as a result, 1t 1s simple to
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perform Boolean operations, e.g., AND, OR and XOR, on
elements 1n the result set.

In this example, the result set A shown 1n FI1G. 15 and the
result set B shown 1n FIG. 16 are joined under AND condi-
tions to obtain the desired search result set 1n bit tlag format.
In addition, the search result set in bit flag format thus
obtained can be converted to a result set in the format of an
array ol pointers to records, and thus combined with the
alorementioned method of searching on multiple fields
according to Embodiment 2 of the present invention.

Next, we shall add an explanation of the method of tabu-
lating various types of table-format data according to the
present invention. The tabulating method according to
Embodiment 4 of the present invention comprises counting
the number of records that have a specific field value 1n a
specific field. In Embodiment 4 of the present invention, we
shall consider the case of counting the number of records
that have the field value of “Male” or that have the field value
of “Female” 1n the “sex” field. As 1illustrated in FIG. 6,
according to a preferred embodiment of the present
invention, the mformation block regarding *“sex™ contains a
count of the records that contain the field value of “Male”
(its value being “632564”") and a count of the records that
contain the field value of “Female” (its value being
“367436), so a simple tabulation of the number of records
can be obtained immediately by accessing the array of
counts within the information block.

In addition, by combining the category numbers described
regarding the method of searching on single fields with the
method of tabulating according to the aforementioned
Embodiment 4 of the present invention, counting the number
of records can be performed easily even in the case of more
complicated conditions. For example, in the method of
searching for records in which the value of the “age™ field 1s
“16” or “19” described 1n Embodiment 1 of the present
invention, 1t 1s possible to tabulate the counts corresponding
to field value numbers 1n which “1” 1s set as the category
number, and thus tabulate the number of records matching,
the search conditions. In this manner, by using the category
number, even 1n the case that the value control table 1s of a
large size or 1n the case that complex conditions are given,
the count can be found efficiently. More generally, as shown
in FIG. 48, it 1s sufficient to find the field value numbers in
which “1” 1s set in the category number (Step 4802) and then

add the corresponding counts (Step 4803).

Next, we shall provide additional explanation of Embodi-
ment 5 of the present invention. In this embodiment, we shall
calculate the average age of the “Males.” The average age
can be calculated by the formula (total “age” of the males)/
(count of males), and also the count of males can be obtained
by the tabulation method described in the aforementioned
Embodiment 4 of the present invention. Therefore, in this
embodiment, it comes down to the problem of finding the
total “age” of the males. FIG. 17 1s a flowchart 1llustrating
the operation of Embodiment 5 of the present invention. In
the same manner as 1n other embodiments, this process 1s
also 1mplemented by the CPU 100 executing a program
stored 1n a stipulated area.

First, the imformation block regarding “sex” as shown in
FIG. 6 1s selected as the first information block (Step 140),
and the field value numbers of “0”” corresponding to the field
value of “Male” are detected from within the value control
table of the specific information block (Step 142). Next, the
count corresponding to the field value number of “0” is
“632564” so the total number of males 1s determined to be
632564, and also, the start position corresponding to the
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field value number of “0” 1s “0” so the pointers to records
wherein the sex 1s male are determined to be stored in the
locations starting from the beginning until the 632564”
location, and thus a list of the pointers to these records,
namely, an array of record numbers 1s kept as the result set
(Step 146).

Next, the information block regarding “age™ 1llustrated 1n
FIG. 7 1s selected as the second specific information block
(Step 148) and from the array of pointers to the value control
table of the second specific information block, the field value
number corresponding to the record specified in the result
set regarding the first specific information block 1s extracted
(Step 150), and the field value related to the extracted field
value number, namely the *“age” 1s extracted (Step 152).
Finally, find the total age by sequentially adding the
extracted “age” values (Step 154), and repeat steps 150, 152
and 154 until all of the specified records 1n the aforemen-
tioned result set are processed (Step 156). The total age thus
obtained 1s divided by the count to find the average age (Step

158).

Next, we shall add an explanation of Embodiment 6 of the
present invention. In this example, we find the average age of
the male students and the average age of female students.
FIG. 18 1s a conceptual explanatory diagram of Embodiment
6 of the present invention, while FIG. 19 1s a flowchart of the
operation of Embodiment 6 of the present invention.

In this embodiment, the tabulation 1s performed by first
selecting the information block regarding “occupation™ as
the first information block (Step 170), and using the search
condition of “occupation 1s student” to create from among
all records a result set containing the records wherein the
“occupation 1s student” (Step 172).

Next, select the information block regarding “sex’ as the
second information block and also select the information
block regarding “age™ as the third information block (Step

174), and sequentially extract pointers to records from the
It set (Step 176).

beginning of the resu.

Using the extracted pointers to records, the array of point-
ers to the value control table of the second information block
1s accessed to get the sex corresponding to the extracted
pointers to records, and also, the array of pointers to the
value control table of the third information block 1s accessed
to extract the age corresponding to the extracted pointers to
records (Step 178). Totals for both male and female sexes are
incremented by 1 for each extraction, to calculate the total

extracted age for both males and females (Step 180).

A check 1s made as to whether or not all pointers to
records of the result set have been processed (Step 182), and
if all pointers to records have been processed, the average
ages for both male and female students 1s calculated by

dividing the total ages for males and females by the total
number (Step 184).

Next, we shall add an explanation of Embodiment 7 of the
present mvention made with reference to the flowchart of
operation 1llustrated 1 FIG. 20. In this embodiment, the
so-called cross-tabulation 1s implemented. Note that the pro-
cessing program shown in FIG. 20 1s also read and executed
by the CPU 100. In this embodiment, we shall consider the
case of finding counts by sex/by occupation taking the entire
set of records regarding the table-format data of FIG. 1.

Regarding the two fields of “sex” and “occupation” used
in tabulation, the respective value control tables and the field
value number specilying information array, namely, the
array of pointers to the value control table, which express
two pieces ol individual field information, namely the first
and second information blocks are kept in a storage device
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(Step 190). The memory device may be implemented 1n the
form of, for example, memory, virtual storage, memory-
mapped file or the like.

Regarding the first information block regarding sex, as
shown 1n FIG. 6, the total number of field value numbers for
sex 1s <2, and regarding the second information block
regarding occupation, as shown in FIG. 8, one can see that
the total number of field value numbers for occupation 1s
“4” Thus, an mitialized 2x4 (2 row by 4 column) two-
dimensional array 1s generated as the space to store tabula-

tion data (Step 192).

Regarding the first and second information blocks, the
field value numbers q, and q,, respectively, are extracted
sequentially from the beginning of the array of pointers to
the value control table, and these are used to 1dentify a single
clement P(q,, q,) in the two-dimensional array (Step 194),

and then the value of the identified element P(q,, g, ) 1s incre-
mented by 1 (Step 196).

A check 1s made as to whether or not all field value num-
bers (namely, a number of field value numbers equal to the
total number of records) have been extracted from the array
of pointers to the value control table (Step 198), and if field
value numbers still remain, then return to Step 194, but i
not, terminate the tabulation process. This completes the
two-dimensional cross table.

In the atorementioned Embodiment 7 of the present
invention, tabulation 1s performed on the entire set of records
in the table-format data of FIG. 1, but 1t 1s also possible to
perform the same type of tabulation on a partial set of
records, for example, tabulating a count of 16 year olds by
sex/occupation. In order to do this, a single-field search 1s
first performed using the age of 16 as the search condition,
and then the 1dentifying information for records that match
an age of 16 1s acquired and kept. Next, as described previ-
ously with regard to searches on an AND of multiple fields,
1t 1s sufficient to take the records contained in this result set,
namely the partial set of records as the object of the
operation, and sequentially extract record identifying infor-
mation contained in the result set starting ifrom the
beginning, and then extract the field value numbers corre-
sponding to the record identifying information from the
array of pointers to the value control table, and take the field
value numbers thus obtained as the row and column coordi-
nates ol a two-dimensional array while incrementing the
count of element values by “1.” Namely, 1n this process, as
shown 1 FIG. 49, a process roughly equivalent to that
shown 1n FIG. 9 1s executed to generate a result set for con-
taining pointers to records (Step 4901). Next, this result set
1s used to execute a process roughly equivalent to that of
FIG. 20. Here, first, in the same manner as in FIG. 20, the
first and second 1information blocks regarding the fields used
in tabulation (Step 4902), and next, an 1nitialized two-
dimensional array 1s generated (Step 4903).

Thereafter, a number that indicates the storage position of
pointers in the result set (hereinafter referred to as the “stor-
age position number” depending on the case) 1s 1nitialized
(Step 4904). In accordance with the program, regarding the
various storage position numbers, the CPU 100 extracts an
array ol pointers corresponding to the value control table 1n
the first and second information block and identifies an ele-
ment P(q,, q,) within the two-dimensional (Step 4905), and
next, the P(q,, gq,) 1s incremented (Step 4906). By executing,
this process with respect to all storage position numbers
(namely, by processing the atorementioned field value num-
bers within the result set), 1t 1s possible to achieve cross-
tabulation regarding a partial set obtained by searching or

the like.
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Next, we shall add an explanation of Embodiment 8 of the
present invention. In this example, cross-tabulation 1s 1imple-
mented 1n the situation wherein the field values of the field
are divided into several categories, by counting the counts
for each category of field value. For example, referring to the
information block regarding “occupation” shown in FIG. 8,
one sees that the four field values of “student.,”
“programmer,” “teacher” and “other” are registered for
“occupation.” As the categories based on these field values,
one can envision the case of recategorization into the three
types ol “income earner,” “non-income earner” and
“unknown.” In this example, 1n this situation, a new category
ol “presence ol income” 1s created to create a Cross-
tabulation of counts depending on sex/presence of income.

The information block regarding “occupation” shown 1n
FIG. 21 includes a value control table wherein category
numbers are applied to each field value number based on the
“presence of income™ 1n particular. In this example, students
are assigned a category number of “1” (non-income earner),
while programmers and students are assigned a category
number of “0” (income earner), and “other” 1s assigned a
category number of “2” (unknown).

As a general rule, the cross-tabulation in Embodiment 8 of
the present mvention has a process sequence roughly the
same as that of the cross-tabulation in Embodiment 7, but 1t
differs in the point that it uses as the coordinates that specity
the element of the two-dimensional array to store the tabula-
tion data, the field value number of the first information
block regarding sex and the field value number of the second
information block regarding occupation.

Since any of the field value numbers or category numbers
can be used as the coordinates of elements 1n the two-
dimensional array, in Embodiment 8 of the present
invention, with respect to the first and second information
blocks, the respective field value numbers stored 1n each
array ol pointers to the value control table are extracted
sequentially, and the coordinates of the element P 1n the
two-dimensional array 1s 1dentified based on either the field
value number 1tself extracted from the array of pointers to
the value control table or the category number stored in the
value control table corresponding to the field value number.

In the example described above, the information block on
“sex” 1s used as the first information block, and the informa-
tion block on “occupation™ 1s used as the second information
block (see Step 190 of FIG. 20). In the next processing step
(Step 191), since the information block on “sex™ contains
two field value numbers and the information block on “occu-
pation” contains three category numbers, an mnitialized 2x3
(2 row by 3 column) two-dimensional array 1s generated.

In the subsequent processing steps also, the field value
number g, of the first block and the category number g, of
the second block are extracted, so these are used to 1dentity a
single element P(q,, g,) and then the value of the element P
1s incremented (see Steps 194 and 196).

While the cross-tabulation according to Embodiments 7
and 8 described above 1s particularly tabulation 1n the form
of finding counts, but note that the present imnvention may
also be expanded to cross-tabulation wherein an average age
1s found depending on multiple fields (e.g., by sex/by
occupation). In Embodiment 9, cross-tabulation of the afore-
mentioned type 1s performed.

In order for the tabulation method of a type wherein
counts are found by incrementing the elements of a two-
dimensional array one at a time, as in the alorementioned
Embodiment 7 of the present invention, to be expanded to
cross-tabulation of a type that requires operations other than
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the totaling of counts such as finding an average age, the
variation shown in the operation flow chart in FIG. 22 1s
adopted.

To wit, according to Embodiment 9 of the present
ivention, 2 two-dimensional arrays are used for tabulation,
so regarding the first two-dimensional array, the counts by
sex/by occupation are counted in the same manner as the
alorementioned Embodiment 7, and regarding the second
two-dimensional array, the total age by sex/by occupation
are calculated.

Here follows a more detailed explanation.

First, a first, second and third information block for the
three fields of sex, occupation and age are loaded into the
storage device (Step 200).

Corresponding to the total number of field value numbers
for sex and occupation of “2” and “4” respectively, an 1nitial-
1zed 2x4 (2 row by 4 column) two-dimensional array for
storing tabulation data 1s created (Step 202).

Starting from the beginning of the array of pointers to the
value control table of the first and second information
blocks, the field value numbers q,, q, and q, are extracted
sequentially to 1dentity the coordinates (q,, q,) of an element
of the two-dimensional array (Step 204) and then the value
of the element P,(q,, q,) of the first two-dimensional array
thus 1dentified 1s incremented by 1 each (Steps 206).
Moreover, with respect to the mformation block regarding
“age,” the field value corresponding to the field value num-
ber of q, (namely, the age) 1s acquired (Step 208), and the
acquired age 1s added to the element P,(q,, gq,) of the 1denti-
fied second two-dimensional array (Step 210).

After this processing, a check 1s made as to whether or not
all subject records have been processed (Step 212), and 1f
not, then control returns to Step 204, but it so, then the
operation P,(q,, q,)/P,(q,, q,) 1s performed among the vari-
ous elements of two-dimensional array P, and two-
dimensional array P, (Step 206). Thereby, the average age
by sex/by occupation i1s obtained and a cross-tabulation table
ol averages 1s created.

FIG. 23A 1s a conceptual explanatory diagram of a cross-
tabulation table obtained in the aforementioned Embodi-
ment 7 of the present invention. In this manner, in the afore-
mentioned Fmbodiment 7, counts for all combinations of
sex/occupation are tabulated. However, as shown 1 FIG.
23B, among the by sex/by occupation categories, there may
be cases wherein one wishes to know 1n particular the count
of only those persons having a sex of female and occupation
of student. By means of the present invention, the count 1n
this case 1s obtained by finding the size of the result set from
a search of an AND of the multiple fields of “female” AND
“student.”

Similarly, 1 the aforementioned Embodiment 9 of the
present mnvention, a cross-tabulation table of the average age
1s found for all combinations of sex/occupation, but 1t 1s also
possible to find in particular the average age of only those
persons having a sex of female and occupation of student. In
this case, the count 1s found from the size of the result set
from a search of an AND of the multiple fields of “female”
AND “student,” and the total of ages 1s found by adding the
ages belonging to records specified by the 1dentifying infor-
mation for records contained 1n the result set, and by calcu-
lating the fraction (total of ages)/(count), it 1s possible to find
the desired value (e.g., the average age) regarding a specific
cell in the cross-tabulation table for average age.

Next, we shall add an explanation of Embodiment 10 of
the present invention. FIG. 24 1s a diagram 1llustrating multi-
answer type fields, while FIG. 25 1s an explanatory diagram
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of an information block of a type compatible with multi-
answer type fields according to Embodiment 10 of the
present 1mvention. “Multi-answer” refers to the situation
wherein, for example, when answers are obtained to the
question “What kinds of writing implements are now on the
table?” then multiple answers such as “pencil, eraser” or
“paper, pencil” are obtained from the same person. To wit, 1n
the case of multi-answer, 1t 1s possible to specily multiple
field values for a single field of a single record. FIG. 24
shows a list of the responses to the alorementioned question
obtained from 1 million people, given as 1s.

In order to process such data, by means of Embodiment
10 of the present invention, as shown 1n FIG. 25, the array of
pointers to the value control table of the information block
differs from the array of field value numbers itself as
described above, but rather 1 bit 1s allocated to each field
value number 1n the poimters in the array. Therefore, 1t 1s
possible to indicate whether or not a record specifies that
field value number by means of turning bits on/off (namely,
a binary number). Thereby, 1t 1s possible to specily multiple
field values contained 1n a single field 1n a single record. For
example, 1 FIG. 25, the pointers (bit pointers) within the
array ol pointers are 4-bit 1n size, and when the highest bit 1s
on (namely, “17), this means that the response of “paper” 1s
included, when the second bit 1s on the response of “ruler” 1s
included, and when the third bit 1s on this means the
response of “eraser” 1s included. Moreover, when the lowest
bit 1s on, this means the response of “pencil” 1s included.

The pointer corresponding to record number “0” has the
value “3.” This can be considered to be “2'+2°” Therefore,
this can be understood as the responses of “pencil” and
“eraser” being included corresponding to this record num-
ber. In addition, the pointers corresponding to record number
“1” and record number 2 have the values “4” and “10,”
respectively, and these can be considered to be “2*” and
“2°42'>” Therefore, one can thus know that the responses
corresponding to these record numbers include “ruler” along
with “eraser” and “paper,” respectively.

By means of this embodiment, each bit in the pointer
value 1s given meaning so a plurality of field value numbers
can be indicated. Therefore, even 1n the case in which a
record has a plurality of field values, this can be expressed
by means of the pointer value.

Note that the present invention has an advantage 1n that 1t
can be easily adapted to a multi-answer situation by simply
moditying the constitution of one portion of the information
block. In fact, an information block thus modified can be
used to replace the information blocks adopted 1n the various
alorementioned embodiments of the present invention.

Next, we shall add an explanation of Embodiment 11 of
the present invention. FIG. 26 1s an explanatory diagram
illustrating the method of handling blanks, error values and
other special values that occur during tabulation processing,
according to Embodiment 11 of the present invention. As
shown 1n this figure, 1n Embodiment 11, cross-tabulation 1s
executed by taking blanks to be one category. When han-
dling actual data, there may be cases 1n which blanks or
log(-1) or other mathematical errors appear. With the
present invention, even 1 such special values (blanks, errors,
etc.) are present, 1t has the advantage 1n that they are regis-
tered 1n the value control table as field values, and the regis-
tered special values can be used as 1s as categories for
searches or tabulation.

Next, we shall add an explanation of Embodiment 12 of
the present mvention. We shall describe delay evaluation
using the tlowchart of the operation of the method of search-
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ing upon multiple fields according to Embodiment 12 of the
present invention shown i FIG. 27. In this embodiment, in
the same manner as 1 Embodiment 2 of the present
invention, we shall consider the case of obtaining a set of
records that satisty both the first search condition of the
“age” being “16” or “19” and the second search condition of
the “occupation” being “Student.”

In the aftorementioned Embodiment 2 of the present
invention, the category numbers for all records are set 1n
advance for all records (Step 124 of FIG. 12), but 1n the case
of Embodiment 12, the setting of the category numbers 1s
performed for only the category numbers corresponding to
the field value numbers actually accessed based on the result
set from the search on the first search condition.

As described previously, from the first specific informa-
tion block which 1s the information block regarding “age”
which 1s the first field, a result set of records wherein the
“age” 1s “16” or “19” 1s obtained according to Embodiment
1 of the present invention (Step 220).

Next, the second specific information block which 1s the
information block regarding “occupation” which 1s the sec-
ond field shown 1n FIG. 8 15 selected (Step 222), and the
value of all category numbers in the value control table of
the second specific information block 1s 1nitialized to *“-1"
for example (Step 224).

Next, from the result set regarding the first search
condition, record numbers that represent pointers to records
are extracted sequentially (Step 226). In the case of this
example, as shown 1n FI1G. 14, the record number “999999”
1s extracted, for example.

Next, regarding the second specific information block,
extract from the array of pointers to the value control table
the field value number corresponding to the record number
obtained under for the alorementioned first search condition
(Step 228). In the case of this example, as shown 1n FIG. 14,
the field value number of “0” corresponding to the record
number of “999999” 1s extracted, for example.

Next, a check 1s made as to whether the value of the cat-
cgory number corresponding to the field value number
extracted with respect to the second specific information

block 1s “~1" or not (Step 230).

In the case that the category number 1s “-1,” this means
that the category number has not yet been set for that field
value number, so a decision 1s made as to whether or not the
field value corresponding to this field value number matches
the aforementioned second search condition (Step 232), and
if 1t matches then the category number 1s set to “17 (Step
234), but 11 1t does not match, then the category number 1s set
to “0” (Step 236).

In the case that the category number 1s not “-1,” then a
decision 1s made as to whether or not the value of the cat-
cgory number corresponding to the field value number
extracted above 1s set to “1” (Step 238). It the value of the
category number 1s set to *“1,” then add to the final result set a
pointer to the record, e.g. the record number, corresponding,
to the location within the array of pointers to the value con-
trol table at which 1s stored a pointer which indicates the
field value number in which the category number 1s set to
“1” (Step 240). In this example, as shown 1n FIG. 14, record
number “999999” for example, 1s added to the final result
set. If the category number 1s “0”” then the final result set 1s
not updated.

The delay evaluation as shown in the aforementioned
Embodiment 12 is effective 1n the following types of cases.
For example, consider the case 1n which a customer database
of 1 million people exists and one wishes to implement a
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telephone survey, and thus extract a sample of 100 people.
For example, when the people are narrowed down to those
who satisty stipulated conditions (sex, age, occupation, etc.)
one can come up with 10,000 people, and then in order to
ensure randomness, a search 1s performed based on the num-
bers (e.g., “12”") at the end of the telephone number.

In this case, in Embodiment 12, first the elements of the
“category number array” are filled with “-17 to evaluate
only the aforementioned set of 10,000 people. Namely, for
the result set of a si1ze of 10,000 people, the elements of the
category number array are accessed and 1if the element 1s

“~1” then and only then the telephone number 1s accessed
and the results of the access are given as elements of the
“category number array.” Thereby, it 1s possible to keep the
number of checks down to 10,000. In this manner, by means
of Embodiment 12, it 1s possible to reduce the number of
processing steps greatly in comparison to an ordinary AND
search.

In addition, by using the information block according to
the present invention, data that has a structure like that of a
telephone number consisting of the “country code+area
code+central office code+number” can be divided and regis-
tered 1n multiple information blocks, and this has an advan-
tage 1n that searching and tabulation regarding a country
code, area code or other partial data can be performed easily.

In addition, by using the category number according to the
embodiments ol the present invention as described
previously, it 1s possible to generate new categories for ages,
for example, by taking the ages “10-19 to be the “tens,” the
ages “20-29” to be the “twenties” and so on, and methods of
searching and tabulating similar to those described above
can be applied to the new categories thus generated.

As described above, the apparatus for implementing
searching and tabulating according to embodiments of the
present mvention 1s implemented by means of an ordinary
computer system shown 1n FIG. 28, for example a personal
computer including a CPU 100, ROM 110, RAM 120, a hard
disk 130, a display 140 or other output device, and a
keyboard/mouse 150 or other input device 150 connected to
each other via a bus 160. Therefore, as described above, the
program for constructing the mformation block for imple-
menting the aforementioned embodiment (information
block generating program) may also be recorded on
CD-ROM, ROM 110 or the hard disk storage device 130, or

may be supplied from outside via a network (not shown).

With reference to the flowchart shown 1n FIG. 29, here
follows one example of the method of constructing an 1nfor-
mation block of the format shown m FIG. 5 for the table-
format data shown 1n FIG. 2B.

Step 300: Data Preparation

First, data of the format shown in FIG. 2B 1s prepared.
Next, this 1s divided by field. In FIG. 2B, it can be divided
into the fields of “sex,” “age” and “occupation.”

Step 311: Generation of the Information Block for the “Sex”
Field

Generate one information block and this 1s to be the infor-
mation block for the “sex” field, for example.
Step 312: Generation of the Value Control Table

Next, initialize the value control table and scan the “sex”
field data from the beginning to end, while counting the
number of instances of each field and storing this data. In the
case of this example, up until this step, the field values of
“female” and “male” are set 1n the array of field values 11 of
the atorementioned value control table, while the values of
“367436 and “632564” respectively are set in the array of
counts 14 of the aforementioned value control table corre-
sponding to the aforementioned field values.
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Next, the field values (*“female” and “male”) within the
array of field values 11 are sorted according to a stipulated
basis. Naturally, at the time of this sort, the array of counts
14 must also be reordered with the sorting of the array of
field values 11.

Moreover, set the start position 1n the array of start posi-
tions 13 of the value control table. This start position 1s
found as the cumulative total of counts corresponding to the
start position from the first count 1n the array of counts 14
within the value control table. Naturally, the value of the first
start position 1s “0.”

Next, copy the content of the array of start positions 13 to
the array of category numbers 12. The array of category
numbers 12 1s used later as a work area at the time of creat-
ing the array of pointers to records.

Step 313: Creation of the Array of Pointers to the Value
Control Table

Next, allocate a storage area for the array of pointers to the
value control table 20 (The size of the storage area 1s the
total count 1n the aforementioned array of counts 14.)

Next, extract one field value at a time from the “sex” field
data from the beginning to the end, examine each field value
to see 11 1t matches the field value at each entry of the value
control table, and if it matches the n” field value, then set
“n—1"" as a pointer to the value control table 1n the aforemen-
tioned array of pointers to the value control table.

Step 314: Creation of the Array of Pointers to Records

Next, allocate a storage area for the array of pointers to
records 30. In this example, the size of the storage area 1s the
total of the counts 1n the aforementioned array of counts 14.
In the array of pointers to the value control table 20, from the
beginning row to the ending row, extract one pointer to the
value control table at a time. Extract the J value of the array
of pointers to the value control table 20, and assuming its
value 1s “K” then extract the category number corresponding,
to the K+17 record of the value control table, and assuming,
its value is “L” then store “J-1" in the L+1” element of the
array ol pointers to records 30, and increment by 1 the cat-
egory number corresponding to the K+1? record of the value
control table.

The aforementioned operation completes the creation of
the information block for the “sex” field (Step 310). Infor-
mation blocks for the “age” field and “occupation™ field can
be created 1n the same manner (Step 320 and Step 330), and
thus information blocks for the entire table-format data are
obtained.

FIGS. 30 through 35 are explanatory diagrams for the
procedure of creating the information block regarding
“occupation” in the table-format data shown i FIG. 1.

FI1G. 30 15 a diagram 1llustrating populating with new data
in the case 1n which categories are already defined and the
types of attribute values are known 1n advance. Here, the
value control table 1s created according to known category
definitions. Since the start positions and counts are
unknown, these are iitialized to “0.” In addition, storage
arcas are allocated for the array of pointers to the value
control table and array of pointers to records and these are
similarly nitialized.

FIG. 31 shows the pass in which the array of pointers to
the value control table and the counts in the value control
table are completed. The data to be populated 1s taken one
item at a time starting from the beginming and its value
examined as to which item (namely, which field value
number) in the value control table 1t matches, and then it 1s
stored 1n the array of pointers to the value control table and
the corresponding count 1n the value control table 1s updated
by “+1” at a time. The example of FIG. 31 shows the state
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alter the processing of the second item of data to be popu-
lated 1s complete.

FIG. 32 shows the second pass for completing the value
control table. The accumulation of counts uses the corre-
spondence to the start position to find the start positions.
Moreover, the value of the start position 1s copied to the
category number. In the figure, the setting of the category
number 1s complete.

FIGS. 33-35 show the thuird pass of data population. In
this pass, one value (pointer) at a time 1s taken from the
beginning of the array of pointers to the value control table,
and the offset in the array of pointers to the value control
table, namely the record number, 1s stored at the position in
the array of pointers to records specified by the category
number within the value control table referenced by that
value. FIGS. 33, 34 and 35 respectively show the processing
of the first, second and last pieces of data of the array of
pointers to the value control table of the information block
regarding “occupation.”

Note that 1n the aforementioned explanation, the field of
the category number 1s used as a work area, but any array
that 1s an array of mtegers with a number of elements equal
to or greater than the number of rows 1n the value control
table, namely the total number of field value numbers, can
also be used as the work area.

On the other hand, the population with new data in the
case that categories are not defined in advance 1s 1mple-
mented by scanning the data to be populated and acquiring a
list of values to be registered 1n the value control table and
then, performing the aforementioned process of population
with new data in the case that the categories are defined.

Next, consider the case of adding an additional “Student”
record to the information block regarding “occupation” after
the population with new data 1s complete as shown in FIG.
35. FIG. 36 is an explanatory diagram for this addition of a
record.

In this case, the field value number 0 which indicates
“Student” 1s added to the end of the array of pointers to the
value control table, and then the count of students in the
value control table 1s 1increased by “1.” Next, 1t 1s necessary
to allocate space for storing the record number, namely the
value of the pointer to the value control table (=1000000),
within the array of pointers to records. To this end, the value
at the end of the array of pointers to records corresponding to
“Student” (1n this example, 999999) 1s extracted and
“1000000,” which 1s the expansion address, 1s stored.
However, its sign may be reversed, for example, 1n order to
identily this as an expansion address, and stored as
“~1000000.” Then, the end value of “999999” which was
extracted previously as the expansion 1s stored, and finally,
the pointer value of “1000000” corresponding to the newly
added record 1s stored.

By adopting this method of adding data, the need to move
large amounts of data at the time of adding data 1s avoided.
In addition, 1n order to suppress the drop 1n access elficiency
arising from the increase in the number of pointers when
large numbers of records are added, it 1s suilicient to repeat
the same processing as the third pass of the population with
new data at appropriate timing.

FIG. 37 illustrates the structure of an information block
according to another embodiment of the present mvention.
In the case that the structure shown 1n this figure 1s adopted,
increases 1n the number of pointers are avoided and changes
to data can be performed easily. In FIG. 37, the array of
starting locations contains addresses that indicate the begin-
ning ol the area where the array of pointers to records 1s
disposed. For example, “0” 1s stored as the start position for
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the field value of “Student.” On the other hand, for the field
value of “Programmer,” the value of “n (where n>455214)"
1s allocated as the start position.

Next, we shall add an explanation of Embodiment 13 of
the present invention. In this embodiment, a sort of records 1s
implemented using the aforementioned information block.
FIG. 38 illustrates the initial state of sorting records on the
“occupation” field. The raw data shown 1n this figure shows
the array of record numbers to be sorted. For example, an
array of pointers to records obtained for fields other than
“occupation,” or a result set from a search can be used as the
raw data. In the case of this example, for simplicity 1n the
explanation, the record numbers of the raw data are arranged
in the order <0, 1, 2, ..., 9” but one must note that the order
of record numbers prior to the sort will generally be random.
The field values 1n the “occupation™ field corresponding to
cach record number are arranged in the order “Teacher,
Programmer, Student, . . . , Other.”

On the right side of this figure, the initial state of the
various arrays contained in the information block regarding
“occupation” 1s shown. The mnformation block regarding
“occupation” 1s created by the mformation block construc-
tion method explained with reference to FIGS. 29-35. At the
time of performing a sort of records on the “occupation”
field, the value control table and array of pointers to the
value control table of an information block regarding “occu-
pation” prepared 1n advance 1s used. As the start position, the
start positions set at the time of construction of the informa-
tion block are used as 1s. The start positions are copied to the
corresponding end positions. The area to contain the end
position may be, for example, the area allocated for the
count (the count array). The array of pointers to the value
control table may be prepared in advance 1n record number
order, for example. In the case of this example, the array of
record numbers of the raw data are 1n descending order, so
the connection between the record numbers of the raw data
and the array of pointers to the value control table exhibits a
simple relationship. In addition, the array of pointers to the
value control table 1s an array for storing the sorted result set,
so an area of the same size as the data to be sorted 1s allo-
cated. The aforementioned end positions are used as an array
for storing the sorted results in the array of pointers to
records.

FIG. 39 1s an explanatory diagram 1llustrating the first step
of sorting according to Embodiment 13 of the present inven-
tion. In the first step, the beginning record 1n the raw data (in
this example, the one with record number=0) 1s processed.
The field value of the “occupation” field of the record with
record number “0” 1s ‘“Teacher.” At this time, the field value
number “2” which specifies a field value of ““Ieacher” 1s
stored 1n the array of pointers to the value control table cor-
responding to record number “0.” Then, the value “5” of the
end position corresponding to the field value number of “2”
1s extracted and this value of ©“5” 1s used as an address to set
this record number “0” in the 57 position of the array of
pointers to records where the sorted result set 1s stored. Next,
the value of the end position corresponding to this field value
number of “2” 1s incremented by “+1,” “5” 1s increased to
g 7

FIG. 40 1s an explanatory diagram illustrating the second
step of sorting according to Embodiment 13 of the present
invention. In the second step, the second record 1n the raw
data (in this example, the one with record number=1) 1s pro-
cessed. The field value of the “occupation” field of the
record with record number “1” 1s “Programmer.” At this
time, the field value number *“1”” which specifies a field value
of “Programmer” 1s stored in the array of pointers to the
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value control table corresponding to record number “1.”
Then, the value “3” of the end position corresponding to the
field value number of “1” 1s extracted and this value of “3” 1s
used as an address to set this record number “1” in the 3™
position of the array of pointers to records where the sorted
result set 1s stored. Next, the value of the end position corre-
sponding to this field value number of *“1” 1s incremented by
“+1,7 so “3” 1s increased to “4.” Thereafter, the same opera-
tion as in the aforementioned first and second steps are
repeated for the remaining record numbers of ©2, 3,4, 5,6, 7,
8, 97 1n the raw data. FI1G. 41 shows the final state of the sort
thus obtained. As can be seen from the sorted result set in
this figure, the sort according to Embodiment 13 of the
present invention results 1n the records being sorted in the
order of the “occupation” field value numbers, being reor-
dered into the order of 2,4, 6,1, 7,0, 3, 5, 8, 9” by record
number.

In the aforementioned explanation of Embodiment 13, the
case 1s envisioned wherein the raw data contains all records
in the original table-format data, namely the entire set.
However, the sort according to the present invention 1s also
clfective on only a portion of records, namely on a partial
set. Here follows an explanation of sorting a partial set 1n
reference to FIGS. 42 and 43.

FI1G. 42 15 a diagram 1llustrating the state of completion of
the aforementioned sorting on a partial set. In the case of this
example, the raw data given consists of a record with a
record number of “0”” 1n which the field value of the “occu-
pation” field 1s “Teacher,” and a record with a record number
of “1” 1 which the field value 1s “Programmer.” When the
sorting 1s applied to both of these records, sort results as
shown by the sorted result set in this figure are obtained. At
this time, the result set 1s contained 1n the array of pointers to
records. Therefore, an area of the same size as the entire set
1s allocated to store the sort results from a partial set.

Thus, 1n the case of a sort on a partial set, 1t 1s preferable
that the result set be compressed to the same size as the
partial set. FIG. 43 shows the post-processing for this sorting
on a partial set. This post-processing, namely the compres-
sion of the result set, comprises taking the difference
between the start position and end position for each field
value 1n the value control table, and extracting the count and
storage position in the sort results corresponding to the field
value 1n question, and then arranging the sort results based
on the extracted count and storage position.

Next, we shall again add a general explanation of the
alorementioned sorting of the entire set or partial set, using
the flowchart in FIG. 50. Here, for both cases of an entire set
and a partial set, the raw data 1s considered to have storage
position numbers attached in order starting from the begin-
ning. For example, in FIGS. 38 and 41, the storage position
numbers match the record numbers. However, in the case
that the order of arrangement of raw data does not follow the
record number, the storage location number differs from the
record number. Note i1t goes without saying that the sorting
described 1n detail regarding the atorementioned embodi-
ment can be implemented by the CPU 100 executing a pro-
gram stored 1n a stipulated area.

In the sorting, first, the storage location number 1s 1nitial-
1zed (Step 5001). Next, the corresponding pointer within the
array ol pointers to the value control table 1s accessed for a
certain storage location number (Step 5002), and then 1den-
tify the value of the end position where the field value num-
ber specified by the pointer 1s positioned (Step 5003).

Thereatter, the corresponding record number 1s stored at
the position within the array of pointers to records 1dentified
by the aforementioned end position (Step 5004 ). Then, 1n the
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value of the end position i1dentified 1 Step 5003 1s incre-
mented (Step 5005). The processing 1n the alorementioned
Steps 5002 through 5005 1s performed for all of the raw data
(see Steps 5006 and 5007), and thereby, 1t 1s possible to
obtain an array of pointers to records containing the stipu-
lated record numbers. One can see that the example of FIG.
39 corresponds to Step 5002 through Step 5005 1n the case
that the storage position number 1s “0,” and one can also see
that FIG. 40 corresponds to Step 5002 through Step 5005 in
the case that the storage position number 1s “1.” In addition,
in the case of sorting a partial set, after Steps 5001 through
5007 are executed, 1t 1s sullicient to compress the result set
by means of the sort post-processing (see Step S008).

The sort according to the alforementioned Embodiment 13
of the present invention 1s a so-called “ascending order™ sort,
namely a sort wherein the sort results are arranged in order
of increasing field value numbers of the sorted field values.
However, the sort results may also be arranged 1n “descend-
ing order,” wherein they are arranged 1n order of decreasing
field value numbers of the sorted field values. The “descend-
ing order” sort 1s implemented by modilying the start posi-
tion used 1n the case of an “ascending order™ sort. In the case
of this example, the starting positions for an *“ascending

order’’ sort are as tollows:

Student 0
Programmer 3
Teacher 5
Other 6

In contrast, the start positions for a “descending order” sort
become:

Other 0

Teacher 10-6=4
Programmer 10-5=5
Student 10-3=7

A sort performed according to Embodiment 13 of the
present invention as such has the following advantages.

First, a high-speed sort 1s achieved. For example, 1n an
operating environment using Pentium Pro® 200 MHz/
Windows 95®, the novel sort according to the present mven-
tion achieved a sort time for 1 million of 145 ms. In contrast,
in the case of a conventional Quicksort, the time required to
sort 1 million integers was 1530 ms.

Second, constant performance 1s obtained regardless of
the type of field values stored as values. The present sort
gives performance 1dentical to that for integers even when
the data type of the field values 1s text or floating point, for
example. In contrast, in the case of the conventional Quick-
sort or other algorithms, the speed 1s highest when the type
of data handled 1s integer and lowest when the type 1s
variable-length text.

Third, the sorting speed does not drop even if the data size
increases. With this sort, the sorting speed 1s expressed by
O(n) where n 1s the data size. On the other hand, with Quick-
sort or other conventional high-speed sorting methods, the
sorting speed 1s O(n-log(n)), for example.

Fourth, sorts on multiple fields can be divided into sorts
on each field. For example, in Embodiment 13 of the present
invention described with reference to FIGS. 38-41, among
the raw data, records corresponding to a field value of “Stu-
dent” are arranged 1n the order record number “2.” record
number “4.” and record number “6.”” And this order of record
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numbers (namely, record number *“2,” record number “4,”
and record number “6”") 1s preserved in the final sorted result
set. This means that the order of records 1n the sorted result
reflects the order of records prior to sorting within the scope

of satisiying the purpose of the sort. By taking advantage of
this characteristic of the present sort, a sort on multiple fields
can be achieved by performing sequential sorts on each 1ndi-
vidual field. In contrast, with the conventional Quicksort, the
state prior to sorting 1s known not to be retlected in the order
of the sort results.

SPECIFIC EXAMPLES

In the aforementioned various embodiments of the present
invention, the value control table contains a value list of the
field values. For example, 1n the example shown i FIG. 7,
the field value column contains a list including the values
“16.” <17, “18,” . . . . In addition, the value control table
includes category numbers set for each field value number.
Here follows an explanation of a specific example 1llustrat-
ing how the combination of such a value list and category
number for a field value can be used to determine 1mmedi-
ately whether or not multiple values for a certain field match

search conditions by means of several comparative judg-
ments.

For example, consider the case wherein the following list
1s given as the value list, sorted by the magnitude of the
value:

0.1,0.2, ...,
100.0, 100.1, 100.2, . . .,

1000.0

and “value 1s greater than 100” 1s given as the search condi-
tion.

First, from the value list, find the smallest value that does
not satisty the condition (1n this example, 100). Then, set “0”
as the category number for all the values in the value list
betore the smallest value, namely “100.” In addition, set “1”
as the category number for all values 1n the value list after
“100.” Thereby, 11 the smallest value can be found,
thereafter, the category number 1s set without performing
any comparison operations, and thus a field value or field
value number having a value satisfying the search conditions
can be obtained.

By using the bisection method or other known methods 1n
the prior art, the smallest value can be found by a small
number of comparison operations. For example, i1 there are
N varnations 1n the values present 1n the value list, then the
number of comparison operations required to {ind the afore-
mentioned smallest value 1s roughly log,(IN).

In contrast, 1in the event that the value list 1s not sorted on
the magnitude of the value, 1f there are similarly N variations
in the values present 1n the value list, then N comparison
operations are required to find the value that satisfies the
search condition.

Since the value list 1s sorted and category numbers are set
in the value control table 1n this manner, the determination of
whether or not the stipulated search conditions are met can
be speeded up.

In addition, as would be naturally understandable to a
person skilled 1n the art, the content of the aforementioned
value list and the search conditions are no more than a single
specific example for explaining this example, and according
to the present invention, the determination of whether or not
the stipulated search conditions are met can be speeded up
for various value lists and for various combinations of search
conditions.

Next, we shall describe tests of searching for and tabulat-
ing 1 million records of data. The platform used 1n the tests
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was an ordinary personal computer equipped with a Pentium
Pro® 200 MHz processor and 128 MB of memory. FIG. 44

1s a table showing the data used in the tests. The data con-
sisted of one million numbers 1n the range from “000000” to
“999999” 1n the form of table-format data divided into three
fields consisting of the 0,000°s unit, the 100’s unit and the
1’s unit. Field values 1n the range from “00” to “00” appear
10,000 times apiece for each field.

FIG. 45 1s a list of the test results showing the time
required to search for/tabulate 1 million records, measured
depending on the result set type. The result set type 1s one
two types, namely the alorementioned bit flag type and array
of poimnters type. The times 1n the test results are given 1n
units of milliseconds (ms; Y1000 seconds).

The search performed in the aforementioned test i1s a
search of an AND of multiple fields, by connecting the three
fields of “x10,0000,” “x100” and “x1” with an AND condi-

tion. The search was a cascade of the fields “x10,000,”
“x100” and “x1” 1n this order. The intermediate and final
result sets from the search take the form of a bit flag or array
of pointers as described above. The measured times are
given as the average of five measurements.

In addition, the tabulation 1n these tests consists of count-
ing the number of times the various values (00 through 99)
of the “x100” and “x1” fields appear 1n the result sets
obtained from the search tests. The size of the table for this
cross-tabulation 1s (100x100=)10,000 cells. The times are
given 1n units of milliseconds and the average of 5 measure-
ments 1s given as the measured times.

The constitution of the searching and tabulating system
for table-format data 1s 1n no way limited to the examples
described 1n the atorementioned embodiments, but rather the
various constituent elements of the searching and tabulating
system may be implemented 1n software (program), stored
on a disk device or the like and, 1f necessary, the searching
and tabulating system can be installed on a computer to per-
form the searching and tabulating of table-format data.
Moreover, the program thus implemented may be stored on a
floppy disk or CD-ROM or other portable storage medium,
and can be used 1n a general purpose fashion in a situation 1n
which such a system 1s used.

The present invention 1s 1n no way limited to the afore-
mentioned embodiments but various modifications are pos-
sible within the scope of the invention recited 1n the patent
claims, and 1t goes without saying that these are also
included within the scope of the present invention.

For example, 1n the AND searches and OR searches illus-
trated 1n the aforementioned Embodiment 2, searches were
executed on two fields, but this 1s not a limitation, since 1t 1s
clear that searches on three or more fields can also be imple-
mented.

In addition, in the atorementioned Embodiment 7 and
Embodiment 8, a two-dimensional array was generated 1n
order to perform a tabulation on two fields, but this 1s not a
limitation, as 1t 1s possible to generate a three-dimensional or
higher-dimensional array 1n order to perform a tabulation on
three or more fields, and i1t goes without saying that these can
be used to perform the aforementioned tabulation. Consider-
ing the tabulation of three fields, field value numbers q,, -,
J5 1n each of the three information blocks are extracted, and
this 1s used to identily one element P(q,, g, q,) 1n the three-
dimensional array.

Moreover, regarding the aforementioned Embodiment 9
also, 1t goes without saying that it 1s possible to performed
tabulation on three or more fields in the same manner as in
Embodiment 7 and Embodiment 8.

In addition, while the searching, tabulating and/or sorting,
are 1mplemented by reading a stipulated program into an
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ordinary computer system and then executing the program 1n
the aforementioned embodiments, the present invention 1s in
no way limited to this, but rather 1t goes without saying that
it may be constituted such that a board computer used exclu-
stvely for data processing 1s connected to a personal com-
puter or other ordinary computer system, and this board
computer can execute the aforementioned processing.
Theretfore, 1n this s pacification, the word means does not
necessarily mean a physical means, but rather it includes the
case 1n which the functions of the various means are imple-
mented by software and the case in which some or all of the
functions are implemented by hardware. Moreover, the func-
tions of a single means may be implemented by two or other
physical means, or the functions of two or more means may
be implemented by one physical means. According to the
aforementioned description, by means of the present
ivention, it 1s possible to process large amounts of data
expressed 1n table format without using the conventional
data tables which required long access times, so the speed of
tabulating and searching, can be greatly increased.

FIELD OF THE INVENTION

The present invention 1s particularly suited for use in sys-
tems that handle large amounts of data, for example, data-
bases and data warehouses. More specifically, 1t 1s suited to
large-scale scientific and technical calculation, control sys-
tems for plants and power supply and the like, methods of
planning of delivery and resource distribution, and to order
management and the management of clerical work such as
securities trading.

What 1s claimed 1s:

1. [When table-format data is represented as an array of
records consisting of a plurality of fields containing field
values for each field, a] 4 method of extracting [from said
table-format data the] a field value corresponding to a spe-
cific field and a specific record from table-format data repre-
sented as an array of records comnsisting of a plurality of

fields containing field values for each field,

said method [being characterized in] comprising the steps

of:

keeping [in a storage device], for each individual field,
a value control table containing field values [for that
field corresponding to a field value number that
uniquely 1dentifies said field value, which 1s a field
value number that 1s common to the various fields
and has a stipulated order from an initial value,] and
a field value number-specifying information array
[containing] in a storage device, wherein the field
values contained in the value control table corre-
spond to field value numbers that uniquely identify
the respective field values and have a stipulated
order from an initial value, and the field value num-
bers are common to various fields such that the field
value numbers having the stipulated ovder are
assigned to the values of each field in a manner com-
mon to the various fields, and wherein the field value
number-specifying information array contains 1nior-
mation that specifies said field value numbers 1n the
order of said records,

acquiring from said field value number-specitying
information array the field value number correspond-
ing to said specific record, and

obtaining [from the field values stored in said value
control table] the field value corresponding to the
acquired field value number [acquired as above]
from the field values contained in the value control
table.
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2. The method according to claim 1, characterized in that,
in order to categorize the field values corresponding to said
field value number, category numbers [are stored in said
value control table] corresponding to said field value number
arve stoved in the value control table, and

said category numbers are accessed at the time of obtain-
ing the field value corresponding to said field value
number.

3. The method according to claim 1, characterized in that
said information that specifies the field value number is the
field value number 1tself.

4. The method according to claim 1, characterized in that
said 1nformation that specifies the field value number 1s a
binary value wherein 1 bit 1s allocated to each field value
number, thus setting whether or not [it is set] each field value
number is specified.

5. A computer program product that is loadable into [the]
a memory ol a computer, and that implements a method
according to claim 1.

6. [When table-format data is represented as an array of

records consisting of a plurality of fields containing field
values for each field, a] 4 method of searching [through said]
table-format data for records including field values that
match specific search conditions, the table-format data

being represented as an array of recorvds consisting of a
plurality of fields containing field values for each field

said method [being characterized in] comprising the steps
of:

keeping [in a storage device], for each individual field,

a value control table containing field values [for that

field corresponding to a field value number] and a

field value number-specifving information array in a

storage device, wherein the field values contained in

the value control table correspond to field value

numbers that uniquely [identifies said field value,

which 1s a field value number that 1s common to the

various fields and has] identify the respective field

values and have a stipulated order from an 1initial
value, and [a] the field value numbers are common to
various fields such that the field value numbers hav-

ing the stipulated ovder arve assigned to the values of

each field in a manner common to the various fields,
and wherein the field value number-speciiying infor-
mation array [containing] contains information that
specifies said field value numbers 1n the order of said
records,

setting search conditions containing a specific field and
the field value to be searched for 1n said field,

examining the field value numbers within the corre-
sponding field value number-specitying information
array 1n the order of said records, regarding the field
related to said search conditions,

determining whether or not the field values 1n said
value control table specified by said field value num-
ber match said search conditions thus set, and

accumulating records that match said search conditions
as a result set.

7. The method according to claim 6, [characterized in]
further comprising the steps of:

keeping [in a storage device] the result set of records that
match said search conditions in the storage device,

regarding fields related to other search conditions,

acquiring from said field value number-specifying infor-
mation array regarding said other fields the field value
number corresponding records that match said search
conditions set 1n said result set,
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regarding said other fields, determining whether or not the
field values 1dentified by said extracted field value num-
bers match said other search conditions,

regarding said other fields, if the field values 1dentified by
said extracted field value numbers match said other
search conditions, extracting said records correspond-
ing to said field value numbers as records that match
said separate search conditions, and

11 necessary, extracting said field value numbers with
respect to still other fields regarding still other search
conditions, and repeating the determination of match-
ing and extraction of records.

8. The method according to claim 6, [characterized in]

further comprising the steps of:

keeping [in a storage device] the result set of records that
match said search conditions in a storage device,

regarding fields related to other search conditions,

using field values within the field values stored in other
value control tables that match said search conditions
and record identification mformation-specifying infor-
mation corresponding to related field values to extract
from a record identification information array the
records that match said other search conditions, and
store the records that match the search conditions 1n a
specified other record set,

11 necessary, regarding still other search conditions, using
still other record identification information-speciiying
information to extract records that match still other
search conditions, and repeating the storage of still
other result sets, and

obtaining a final result set by eliminating duplicate

records from the result sets[thus obtained].

9. The method according to claim 6, characterized 1n that
said value control table comprises, for each of said field
value numbers, a start position that indicates the starting
point of said exclusive area, and a count that indicates the
number of records that have i1dentical field value numbers,
and

a stipulated record identification information array 1s
identified by accessing said start position and count.

10. The method according to claim 6, characterized 1n that
[the] category numbers for categorizing the field values cor-
responding to said field value numbers are stored 1n said
value control table [are stored corresponding to said field
value number] such that the category number corresponds to
the field value number, and

said category number 1s used to i1dentify the field values

that match the search conditions.

11. The method according to claim 6, characterized 1n that
said information that specifies the field value number is the
field value number 1tself.

12. The method according to claim 6, characterized 1n that
said 1nformation that specifies the field value number 1s a
binary value wherein 1 bit 1s allocated to each field value
number, thus setting whether or not [it is set] each field
number is specified.

13. A computer program product that is loadable into [the]
a memory of a computer, and that implements a method
according to claim 6.

14. [When table-format data is represented as an array of
records consisting of a plurality of fields containing field
values for each field, a] 4 method of tabulating [said] table-
format data represented as an array of records consisting of
a plurality of fields containing field values for each field,

said method [being characterized in] comprising the steps
of:
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iI n represents an iteger equal to 1 or greater, for each
of n fields used 1n tabulation, keeping 1n a storage
device individual field information consisting of a

value control table containing field values [for that
field corresponding to a field value number that s
uniquely 1dentifies said field value, which 1s a field
value number that 1s common to the various fields
and has a stipulated order from an 1mitial value, and a
field value number-specilying information array con-
taining] ard a field value number-specifyving infor- 10
mation arrvay, wherein the field values contained in
the value control table correspond to field value
numbers that uniquely identify the respective field
values and have a stipulated ovder from an initial
value, and the field value numbers ave common to 15
various fields such that the field value numbers hav-
ing the stipulated order arve assigned to the values of
each field in a manner common to the various fields,
and wherein the field value number-specifyving infor-
mation array contains information that specifies said ¢
field value numbers 1n the order of said records,

if 1 represents an integer in the range 1=i=n, for the i”’
individual information field, the total number of said
field value numbers 1s represented by N, k. repre-
sents an integer in the range 0=k, =N -1, M repre- 35
sents an integer equal to 1 or greater, and 1 m 1s an
integer 1n the range 1=m=M, then mmtializing ele-
ments P_(k,,k,,....k, ...,k )olf n-dimensional M
data spaces having a size of N;xN,x . .. xN.x . ..
XN, 30

for said n individual information fields, when j repre-
sents an 1teger in the range 0=j=(total number of
records)—1, extracting the respective field value
numbers stored in the i position in each field value
number-speciiying information array, and when the 35
field value number extracted from the i” individual
information field 1s represented by q,, 1dentifying the

clements P_(q,, 9>, . . ., q,, . .., q,) of said data
space, and

processing [said] identified values of the identified ele- 40
ments P_ (9,95, -+, -..,0,)-

15. The method according to claim 14, characterized 1n
that said information that specifies the field value number 1s
the field value number itself.

16. The method according to claim 14, characterized 1n 45
that said information that specifies the field value number 1s
a binary value wherein 1 bit 1s allocated to each field value
number, thus setting whether or not [it is set] each field
number is specified.

17. A computer program product that is loadable into [the] so
a memory ol a computer, and that implements a method
according to claim 14.

18. [When table-format data is represented as an array of
records consisting of a plurality of fields containing field
values for each field, a] 4 method of tabulating [said] table- 55
tormat data represented as an array of records consisting of
a plurality of fields containing field values for each field,

said method [being characterized in]Jcomprising the steps
of:
if n represents an mteger equal to 1 or greater, for each 60
of n fields used in tabulation, keeping [in a storage
device] individual field information consisting of a
value control table containing field values for that
field and the category number of said field value
[corresponding to a field value number that uniquely 65
1dentifies said field value, which 1s a field value num-
ber that 1s common to the various fields and has a
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stipulated order from an initial value,] and a field
value number-specifying information array [contain-
ing] ir a storage device, wherein the field values con-
tained in the value control table correspond to field
value numbers that uniquely identify the respective
field values and have a stiuplated ovder from an ini-
tial value, and the field value numbers are common
to various fields such that the field value numbers
having the stipulated ovder are assigned to the val-
ues of each field in a manner common to the various

fields, and wherein the field value number-specifying
information array contains information that specifies
said field value numbers 1n the order of said records,

if 1 represents an integer in the range 1=i=n, for the 1"
individual information field, the total number of
either said field value numbers or said category num-
bers 1s represented by N, k. represents an integer 1n
the range 0=k .=N -1, M represents an integer equal
to 1 or greater, and 1 m 1s an integer i1n the range

1 <m<M, then 1nitializing elements P_ (k,, kK, k, . ..,

k ) of n-dimensional M data spaces having a size of
NyxNox .o xNox ..o xN

for said n individual information fields, when j repre-
sents an integer 1n the range 0=j=(total number of

records)—1, extracting the respective field value

numbers stored in the i position in each field value

number-speciiying information array, and when the
field value number extracted from the i” individual
information field or the category number stored cor-
responding to said field value number 1n the value
control table of said i” individual information field is
represented by q,, identitying the elements P_ (q,, 9,,
., q, - ..q,)of said data space, and

processing said 1dentified values of the elements P, (q;,
oy o v e 5o v v 5, )

19. The method according to claim 18, characterized in
that M=1 1s true, and the step of processing the value of said
identified element P, consists of adding 1 to the current
value of said element P _ .

20. The method according to claim 18, characterized 1n
that the step of processing the value of said i1dentified ele-
ment P, consists of:

for at least one element P, among the M elements P_,

[for separate individual field information kept in a storage
device,] acquiring the field value numbers stored in the
i position in the field value number-specifying infor-
mation array for separate individual field information
kept in the storage device,

[from among the field values stored in the value control
table of said separate individual field information,}
acquiring the field value corresponding to said acquired
field value number [thus aquired] from the field values
stored in the value control table for the separate indi-
vidual field information, and

updating the current value of said element P_ and the
value of said element P, 1n combination with said field
value thus obtained.

21. The method according to claim 18, characterized 1n
that said information that specifies the field value number 1s
the field value number itself.

22. The method according to claim 18, characterized 1n
that said information that specifies the field value number 1s
a binary value wherein 1 bat 1s allocated to each field value
number, thus setting whether or not [it is set] each field is
specified.

23. A computer program product that is loadable into [the]
a memory ol a computer, and that implements a method
according to claim 18.
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24. [When table-format data is represented as an array of

records consisting of a plurality of fields containing field
values for each field, an] An apparatus for searching [for]
and tabulating [said] table-format data represented as an
array of records consisting of a plurality of fields containing

field values for each field,

[said apparatus being characterized in] comprising:

a storage device for keeping, for each individual field, a
value control table containing field values [for that
field corresponding to a field value number that
uniquely 1dentifies said field value, which 1s a field
value number that 1s common to the various fields
and has a stipulated order from an initial value,] and
a field value number-specilying information array
[containing] in the storage device, wherein the field
values contained in the value control table corre-
spond to field value numbers that uniquely identify
the respective field values and have a stipulated
order from an initial value, and the field value num-
bers are common to various fields such that the field
value numbers having the stipulated ovder are
assigned to the values of each field in a manner com-
mon to the various fields, and whevein the field value
number-specifving information array contains inior-
mation that specifies said field value numbers in the
order of said records,

field value number acquisition means for acquiring the
field value number corrvesponding to a specific
record from said field value number-specitying
information array [kept on said storage device the
field value number corresponding to said specific
record], and

field value obtaining means for obtaining the field value
corresponding to the acquired field value number
from the field values stored 1n said value control
table kept on said storage device [the field value cor-
responding to the field value number acquired as
above].

25. The apparatus according to claim 24, characterized in
that said storage device keeps individual field information
that has said value control table, said field value number-
specilying information array, and a record identification
information array storing [in exclusive areas for each of said
field value number] one or more pieces of record identifica-
tion information related to 1dentical field value numbers in
exclusive areas for each field value number, and said value
control table includes, for each of said field value numbers,
record 1dentification information-speciiying information
that indicates the area where said one or more pieces of
record 1dentification information related to identical field
value numbers in said record identification information
array, and

furthermore, has search means for using said record i1den-
tification 1nformation-specitying information corre-
sponding to field value numbers related to field values
within the field values contained 1n said value control
table that match stipulated search conditions, to acquire
record 1dentification information from said record 1den-
tification information array that matches said search
conditions.

26. [When table-format data is represented as an array of
records consisting of a plurality of fields containing field
values for each field, a] 4 computer-readable storage
medium upon which i1s recorded a program for searching
[for] and tabulating [said] table-format data represented as
an array of recovds consisting of a plurality of fields contain-

ing field values for each field,
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[said storage medium being recorded with a] tie program

[characterized in] comprising:

a step of keeping [in a storage device], for each indi-
vidual field, a value control table containing field
values [for that field corresponding to a field value
number that uniquely identifies said field value,
which 1s a field value number that 1s common to the
various lields and has a stipulated order from an 1ni-
tial value,] and a field value number-specifying infor-
mation array [containing] iz a storage device,
wherein the field values contained in the value con-
trol table correspond to field value numbers that
uniquely identify the vespective field values and have
a stipulated ovder from an initial value, and the field
value numbers arve common to various fields such
that the field value numbers having the stipulated
order are assigned to the values of each field in a
manner common to the various fields, and wherein
the field value number-specifving information array
contains 1iformation that specifies said field value
numbers 1n the order of said records,

a step of acquiring [from said field value number-
specilying information array kept on said storage
device] the field value number corresponding to said
specific record from the field value number-
specifving array, and

a step of obtaining the field value corresponding to the
acquired field value number from the field values
stored 1n said value control table kept on said storage
device [the field value corresponding to the field
value number acquired as above].

27. [When table-format data is represented as an array of
records consisting of a plurality of fields containing field
values for each field, a] 4 computer-readable storage
medium upon which i1s recorded a program for searching
[through said] table-format data for records that contain a
field value that matches search conditions, the table-format
being represented as an array of recorvds consisting of a
plurality of fields containing field values for each field

said program [being characterized in] comprising:

a step of keeping [in a storage device], for each indi-
vidual field, individual field information [such] that
includes a value control table [containing field values
for that field corresponding to a field value number
that uniquely i1dentifies said field value, which 1s a
field value number that 1s common to the various
fields and has a stipulated order from an 1initial
value], a field value number-specifying information
array [containing information that specifies said field
value numbers in the order of said records,] and a
record identification information array [storing in
exclusive areas for each of said field value numbers
one or more pieces of record identification informa-
tion related to 1dentical field value numbers, and said
value control table includes] irn a storage device,
wherein the value contrvol table contains the field
values, the field values for each field correspond to
field value numbers that uniquely identify the respec-
tive field values and have a stipulated ovder from an
initial value, and the field value numbers are com-
mon to various fields such that the field value num-
bers having the stipulated ovder are assigned to the
values of each field in a manner common to the vari-
ous fields, wherein the field value number-specifving
information array contains information that specifies
the field value numbers in order of the records,
wherein the recovd identification information array
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stores one or more pieces of information related to
identical field value numbers in exclusive areas for
each field value number, and wherein the value con-
trol table includes, for each [of said] field value
[numbers] rumber, record identification
information-specifying information that indicates
the area [where said] storing the one or more pieces
of record 1dentification information related to 1denti-
cal field value numbers 1n said record identification
information array, and

a step of using said record 1dentification 1nformation-
specilying information corresponding to field value
numbers related to field values within the field values
contained in said value control table that match said

search conditions, to acquire record identification
information from said record identification informa-
tion array that matches said search conditions.

28. A [sorting method whereby an array of record identi-
fication information specitying records consisting of a plu-
rality of fields containing field values for each field 1s rear-
ranged on a specific field,]

[said method being characterized in] method for sorting
recorvds by rearranging an arvray of vecovd identifica-
tion information in terms of a specific field, wherein the
record identification information specifies vecovds con-
sisting of a plurality of fields containing field values for
each field, comprising the steps of:
keeping [in a storage device], for each individual field,

a value control table containing field values [for that
field corresponding to a field value number that
uniquely 1dentifies said field value, which 1s a field
value number that 1s common to the various fields
and has a stipulated order from an initial value,] and
a field value number-specilying information array
[containing information that specifies said field value
numbers in the order of said records,] in a storage
device, wherein the field values contained in the
value control table correspond to field value num-
bers that uniquely identify the respective field values
and have a stipulated order from an initial value, and
the field value numbers are common to various fields
such that the field value numbers having the stipu-
lated ovder arve assigned to the values of each field in
a manner common to the various fields, and wherein
the field value number-specifyving information array
contains information that specifies the field value
numbers in ovder of the records, wherein

the value control table further [including] includes, for
each field value number, record 1dentification
information-specifying information that|, corre-
sponding to said field value number,] indicates [the]
arn area in said record identification information-
specifying information array [where said] storing
one or more pieces of the record identification infor-
mation regarding identical field value numbers [are
stored],

[for each of said records,] associating said record iden-
tification information with field value numbers corre-
sponding to the field values of said fields for eact
record,

[for each of said field value numbers,] defining [the] a
storage location after reordering said record 1dentifi-
cation information record for each value number,

sequentially extracting said record i1dentification infor-
mation from said array,

determining said field value number corresponding to
said extracted record identification information [thus
extracted],
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storing said extracted record 1dentification information
[thus extracted] in said storage location according to
the record i1dentification mmformation-speciiying
information corresponding to the determined field
value number [thus determined], and

updating said storage location where said record 1denti-
fication information 1s to be stored, in order to store
the next record identification information.

29. The method according to claim 28, characterized 1n
that said record identification information-specitying infor-
mation comprises a start position that indicates [the] a start-
ing point of [the] an area of said storage location, and an end
position that 1s mitially equivalent to the start position and
whose value is incremented upon [said update] updating the
storage location.

30. A computer program product that 1s loadable into the
memory of a computer, and that implements a method
according to claim 28.

31. [A sorting] Ar apparatus [that rearranges] for sorting
recorvds by rearranging an array ol record identification
information [specifying] in terms of a specific field, wherein
the vecord identification information specifies records con-
s1sting of a plurality of fields containing field values for each

field Jon a specific field],
said apparatus [being characterized in] comprising:

a storage device for keeping, for each individual field, a
value control table containing field values [for that
field corresponding to a field value number that
uniquely 1dentifies said field value, which 1s a field
value number that 1s common to the various fields
and has a stipulated order from an initial value,] and
a field value number-specifying information array
[containing], wherein the field values contained in
the value control table correspond to field value
numbers that uniquely identify the respective field
values and have a stipulated ovder from an initial
value, and the field value numbers ave common to
various flelds such that field value numbers having
the stipulated ovder are assigned to the values of
each field in a manner common to the various fields,
and wherein the field value number-specifving infor-
mation array contains information that specifies said
fleld value numbers 1n the order of said records,
wherein

the value control table further [including] includes, for
each field value number, record i1dentification
information-specifying information that|, corre-
sponding] corresponds to said field value number]|.]
and indicates [the] an area [in said record identifica-
tion information-specilying information array where
said] storing one or more pieces of record identifica-
tion information regarding 1dentical field value num-
bers [are stored] in the array of the record identifica-
tion information,

[for each of said records,] means of associating said
record 1dentification information with field value

numbers corresponding to the field values of said
fields for each record,

[for each of said field value numbers, definition] means
for defining the storage location after reordering said
record 1dentification mformation record for each field
value number,

[field value number determination] means for sequen-
tially extracting said record identification informa-
tion from said array and determining said field value
number corresponding to the extracted record 1dent-
fication information [thus extracted],
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[record identification information storage] means for
storing said extracted record 1dentification informa-
tion [thus extracted] in said storage location accord-
ing to the record i1dentification 1nformation-
specilying information corresponding to the
determined field value number [thus determined],
and

[updating] means for updating said storage location
where said record identification information 1s to be
stored, 1n order to store the next record 1dentification
information.

32. A computer-readable storage medium upon which 1s
recorded a [sorting] program for sorting records by rearrang-
ing fon a specific field] an array of record identification
information [specifying] in terms of a specific field, wherein
the vecord identification information specifies records con-
sisting of a plurality of fields containing field values for each

field,

[said sorting] zke program [being characterized in] com-
prising:

a step of keeping [in a storage device], for each indi-
vidual field, a value control table containing field
values [for that field corresponding to a field value
number that uniquely identifies said field value,
which 1s a field value number that 1s common to the
various fields and has a stipulated order from an 1ni-
tial value,] and a field value number-specifying infor-
mation array [containing] in a storage device,
wherein the field values contained in the value con-
trol table correspond to field value numbers that
uniquely identify the vespective field values and have
a stipulated ovder from an initial value, and the field
value numbers ave common to various fields such
that the field value numbers having the stipulated
order arve assigned to the values of each field in a
manner common to the various fields, and wherein
the field value number-specifyving information array
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contains 1information that specifies said field value
numbers in the order of said records, wherein the
value control table further includes, for each field
value number, record i1dentification information-
specifying information that|, corresponding] corre-
sponds to said field value number[,] ard indicates
[the] ar area [in said record identification
information-specitying information array where
said] storing one or more pieces of record identifica-
tion information regarding 1dentical field value num-

bers [are stored] in the array of the record identifica-
tion information,

[for each of said records,] a step of associating said

record 1dentification information with field value

numbers corresponding to the field values of said
fields for each recovd,

[for each of said field value numbers,] a step of defining

[the] a storage location after reordering said record
identification [information] record for each field
value number,

a step of sequentially extracting said record identifica-

d

tion information from said array,

step of determining said field value number corre-
sponding to said extracted record identification
information [thus extracted].

step of storing said extracted record identification
information [thus extracted] in said storage location
according to the record identification information-
specilying information corresponding to the deter-
mined field value number [thus determined], and
step of updating said storage location where said
record 1dentification information 1s to be stored, 1n
order to store the next record i1dentification 1nforma-
tion.
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