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(7) ABSTRACT

A method and a system for executing a general database
processing independent of a specific user-defined function
are provided. In an implementation method, index definition
information for setting a specific user-defined function in
correspondence to a specific index which is used to carry out
an index access to data in a database region is created, and
module definition information for setting the specific index
which is used to carry out the index access to the data in the
database region in correspondence to an implementation
module for subjecting the data in the database region to a
specific processing is created. When it is determined in
response to a processing request for the database issued from
an end user, that the user-defined function contained therein
is set in correspondence to the specific index on the basis of
the index definition information, a specific implementation
module for carrying out an access using the specific index is
selected from the module definition information, and a
database processing is performed using the implementation
module thus selected.

UUSER REQUESTS 2

END
USER

INDEXTYPE
DEFNIION b
DEFINITION

REQUEST

TABLE
DEFINITION
REQUEST

RETRIEVAL

PROCESSING, UPDATE
PROCESSING
REQUEST

INDEX
DEFINITION
REQUEST

l f DATABASE MANAGEMENT SYSTEM

; [
MODULE DEFINITION] . 70 (QUER\{ ANALYSIS |J10 lr
INFORMATION
IREGISTRAT!ON UNIT PROCESS"NG UNIT
DEFINITION  |80[ _ DATABASE 20
PROCESSING CALCULATION 30 40
UNIT PROCESSING UNIT )
- USER-DEFINED INDEX MANAGEMENT UNIT TABLE
DICTIONARY 31 32 DATA
MANAGE- USER-DEFINED USER-DEFINED MANAGE.
PR
UNIT CONTROL CONTROL UNIT
I = !
§ oA WODULE EXECUTING UNIT
90 ] 100a {1000 100¢ § 1004
ADTFUNC- (' iNDEX INDEX KEY
TION IMPLE- 60
RETRIEVAL || UPDATE || CREATION
MENTATION : ! )
F DATABASE ACCESS UNIT |
-
5
DICTIONARY DATABASE REGION 14
INDEXTYPE 151
DEFINITION
INFORMATION USER- 6LEDATA
DEFINED TA
INDEX 52
DEFINITION V INDEX
INFORMATION
DATATYPE 53 T
DEFINITION V B D)
INFORMATION M 4
MODULE 54
DEFINITION
INFORMATION




Patent Application Publication

Jul. 31, 2003 Sheet 1 of 9

US 2003/0144992 A1

MODULE 3 FIG. 1
DEFINITION USER REQUESTS 2
REGISTERING ~ CUSTOMERNIZING END
USER USER USER

DEFINITI
HEQUESOTN DATATYPE

DEFINITION
REQUEST

DEFINITION
REQUEST

TABLE

INDEX
DEFINITION
REQUEST

UPDATE

REQUEST

DATABASE MANAGEMENT SYSTEM

~7 ‘ 1
INFORMATION L
[REGISTHATION UNIT PROCESSING UNIT
1
T |
DEFINTION |80[ _ DATABASE |20
PROCESSING CALCULATION 30 40
UNIT PROCESSING UNIT y
R : e
: USER-DEFINED INDEX MANAGEMENT UNIT TABLE
DICTIONARY 31 ~32 || Oata
MANAGE- USER-DEFINED USER-DEFINED MANAGE-
MENT INDEXSEARCH || INDEXMAINTENANCE MENT
UNIT PROCESSING PROCESSING
CONTROL CONTROL UNIT
5t 501 MODULE EXECUTING UNIT ]
%0 { —100a {1000 §,100cy ~100d
ADT FUNC- [ |NDEX INDEX " KEY
&AENT'“A’%%] [RETRIEVAL UPDATE || CREATION 6&0
| 1
[ DATABASE ACCESS UNIT ]
Q [ 4
\ o~ 5
DICTIONARY DATABASE REGION 4
INDEXTYPE |51 1 ‘ o
DEFINITION |y
INFORMATION USER-
INDEX 50 DEFINED TABLE DATA
DEFINITION |y INDEX
INFORMATION
DATATYPE 53 B [
DEFINITION |7 S S
INFORMATION A1 49
MODULE 54
DEFINITION |7
INFORMATION




Patent Application Publication

AN

1003
EXTERNAL
MEMORY

1004

Jul. 31,2003 Sheet 2 of 9 US 2003/0144992 A1

FIG. 2

1004 1004

COMPUTER SYSTEM

CPU

] ’\/1

MAIN INTERNAL MEMORY ﬂ1

DATABASE MANAGEMENT
SYSTEM

,/?1

= ;;;%;lf 1000

i
I l

002

001 1003

EXTERNAL
MEMORY

—  DICTIONARY

DATABASE
REGION

MANAGEMENT
PROCESSING
PROGRAM

MEMORY

|4

7

~__



US 2003/0144992 A1

Jul. 31, 2003 Sheet 3 of 9

Patent Application Publication

X3A0NI-000 3dAL

NIVINOO HOA
(suaju0aapinb) qI saow NO

HOYY3S-00d X3ANI 31V3HO

/* (SLNLNOD JIAOW) JHNLOId */ (078 SIUBIOd alrow
/* NOILYNY1dX3 */ 1x31 opinb

/* 4¥3ANOILONQO0Hd */ ‘3Lva seak sonpoid

/* (3002) AHLNNOQ NOILONAQHd */ ‘LN} Ajunoo
7+ 3L ‘(55e) HYHO i)

qy saiAow 378vL 31v3H0

¢

. Nv31008 SNHNL3Y
(962) HYHOHVA uonipuod ‘1x31 d) SNIVINOD NOILONNS OI1and

/* 1X31 40 SINZLNOD */ ‘(0002€) HYHOHVA  Slugjuod
/* HOHLNY */ .ammwmzzo loyjne
/* INYN 1X3L */ '(S52) HYHD eweu el

/* H3GNNN LX3L */ .._.w,__ ou xal JI18Nd
1X31 3dAL 31V3HO

(0002€) HYHOHVA HO4
X3ANIFD0Q 3dAL X3AN! 3LY3HO

{(I1dNVX3

€ Ol

90€ -]

X3ANI NV 3NIJ30

T

G0o¢E

318v1 V¥ 3INI43d

T

NOILYWHOSN! NOILINIZ3d

#0€ -1 IINAON NOLLY LINIWITdWI
10y H31S193Y
cog -] 3FdALVIVAVINISEA

i

20¢g |

NOILYINHOSNI NOILINIZ3d
JINCOW NOILY LNIWI 1N
X3ANI H318193Y

ir

L0E -

3dALX3ANI
NV 3INI43d




Patent Application Publication  Jul. 31, 2003 Sheet 4 of 9 US 2003/0144992 A1

FIG. 4
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DATABASE PROCESSING METHOD AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application relates to prior U.S. application
Ser. No. 08/917,711 filed on Aug. 26, 1997, assigned to the
present assignee, the disclosure of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates in general to a data-
base processing method and a system for processing a
database, and more particularly to a database processing
method and a system in which an index access is carried out
using a user definition function by which a data type and its
behavior can be defined by a user.

[0003] Currently, in a database language SQL, the stan-
dardization of an SQL3 (ISO, ANSI) has been promoted. As
one of the primary functions of the SQL3, there is an ADT
(Abstract Data Type).

[0004] By the ADT is meant a data type to be defined by
some user definition wherein the object-oriented concept is
introduced thereinto, and the operation for the ADT data is
defined in the form of a method (a function or a procedure)
by a user. If the ADT is employed, then it is possible to
implement the complicated data structure as data in the
database. In addition, the behaviour (accompanying func-
tion) of the ADT data can be defined in the form of an ADT
function.

[0005] In the definition of the ADT, both the specification
of the attributes used to express the ADT value, and the
specification of the ADT functions used to implement the
behaviour thereof are defined. The ADT definition informa-
tion is, similarly to table definition information and the like,
managed as the dictionary information in a database man-
agement system in many cases.

[0006] For the definition of the ADT function, it is also
possible to specify a module which is described with a
general programming language such as an SQL itself or a C
language to be compiled in order to be registered in a
system. The relation between the program module used to
implement the ADT function and the ADT function is
described in an ADT definition statement for defining the
ADT (e.g., a CREATE TYPE statement in the SQL).

[0007] The use of the ADT results in the function coping
with the multimedia data being able to be implemented in
the form of a function of the database management system.
This means that the processing which has been convention-
ally executed with an application program can be imple-
mented in the database system at a high speed and with a low
development cost.

[0008] On the other hand, in a general search system, in
order to implement a certain special function at a high speed,
the access method unique to that function is utilized in many
cases. As a typical one, an index is given as an example.

[0009] For example, in a full text search system, there is
used a dedicated index which is constituted by keywords
extracted from the documents for search some keywords in
documents at a high speed, a character component table or
the like. In addition, in many database management systems,
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by using an access method such as a B-tree index self-
contained in the system, the promotion of a user query
processing, i.e., a retrieval processing has been made.

[0010] With respect to the ADT data as well, there can be
considered the utilization of a special index for implement-
ing the evaluation peculiar to a certain ADT, i.e., the
retrieval evaluation or the high speed evaluation (retrieval
evaluation). In order to have sufficiently the benefits of the
ADT, however, the means for adding an access method of
the user definition, i.e., an index is required for the database
management system.

[0011] Now, in the conventional database processing
method, as for one approach of adding the user-defined
index, there is given as an example a method wherein an
access method to implement the ADT function at a high
speed is contained in the module for implementing the ADT
function. In this case, however, since the module for imple-
menting the ADT function has a function of accessing to the
user-defined index, the user definition index of interest is
fastened to the ADT, and hence will lose the independency
for the ADT.

[0012] Therefore, in the above-mentioned conventional
database processing method, if the function of accessing to
the user definition index is self-contained in the ADT
function, then, there arises a problem that however usefully
and generally the index is designed, that index can not be
utilized from other ADTs.

[0013] In addition, it is impossible to support the indexes
coping with all the data such as not only the B-tree index, but
also the index for text search or the index for image search,
within the above-mentioned conventional database manage-
ment system. Then, there arises another problem that if the
indexes coping with many data are supported, then the
database management system will become larger in scale,
and hence all the worse, the unnecessary index module will
be self-contained for some users’.

SUMMARY OF THE INVENTION

[0014] In the light of the foregoing problems associated
with the prior art, it is therefore an object of the present
invention to provide a database processing method and a
system by which a general database processing can be
carried out independent of a specific user-defined function,
and a recording medium for implementing the method and
the system.

[0015] 1t is another object of the present invention to
provide a relational database processing method and a
system by which an implementation module for carrying out
a specific index access can be made independent of a
user-defined function, and a recording medium for imple-
menting the method and the system.

[0016] Tt is still another object of the present invention to
provide a relational database processing technology by
which only an implementation module required for a data-
base can be self-contained.

[0017] The outline of the typical one of the inventions
disclosed in the present application will be simply described
as follows.

[0018] That is, a relational database processing method of
executing a function, which is previously defined and reg-
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istered in a database, in accordance with a processing
request to execute a database processing, includes the step of
selecting, when a user-defined function in processing
request for the database is set in correspondence to a specific
index on the basis of the above-mentioned index definition
information, a specific implementation module for carrying
out an access using the specific index from the module
definition information, and the step of executing the data-
base processing using the implementation module thus
selected.

[0019] As described above, according to the database
processing method of the present invention, by preparing the
function in which the user-defined function in processing
request is defined in the index definition information, the
implementation module corresponding to the above-men-
tioned user-defined function is executed to carry out the
index access. As a result, it is possible to execute the
database processing by the user-defined index independent
of a specific user-defined function.

[0020] Other objects, features and advantages of the
present invention will become apparent from reading the
following description of the embodiments of the invention
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a block diagram showing a schematic
structure of software for implementing a database process-
ing method according to one embodiment of the present
invention;

[0022] FIG. 2 is a schematic view showing an example of
a hardware construction for implementing the database
processing method according to the embodiment of the
present invention;

[0023] FIG. 3 is a view showing an example of the steps
to define a new index type and then to build an index of the
index type in the database processing method according to
the embodiment of the present invention;

[0024] FIG. 4 is a view showing an example of a structure
of index type definition information 51, which is stored in a
dictionary 5, according to the embodiment of the present
invention;

[0025] FIG. 5 is a view showing an example of a structure
of index definition information 52, which is stored in the
dictionary 5, according to the embodiment of the present
invention;

[0026] FIG. 6 is a view showing an example of a structure
of module definition information 54, which is stored in the
dictionary 5, according to the embodiment of the present
invention;

[0027] FIG. 7 is a flow chart of a typical flow showing the
steps to define a new index type according to the embodi-
ment of the present invention;

[0028] FIG. 8 is a flow chart of a typical flow showing the
steps to register the module definition information according
to the embodiment of the present invention;

[0029] FIG. 9 is a flow chart of a typical flow showing the
steps to build an index according to the embodiment of the
present invention;
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[0030] FIG. 10 is a flow chart of a typical flow showing
the steps to analyze ADT functions in a query according to
the embodiment of the present invention; and

[0031] FIG. 11 is a flow chart of a typical flow showing
the steps to access an index according to the embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The description will hereinafter be given with
respect to, in a database processing method of the present
invention, an embodiment according to the present invention
wherein a user-defined function which is previously defined
and registered with a database is executed in accordance
with a processing request to carry out the database process-
ing.

[0033] FIG. 1 shows a schematic structure of a software
for implementing a database processing method according to
the present embodiment. In FIG. 1, reference numeral 1
designates a database management system; reference
numeral 2 designates user requests; reference numeral 3
designates module definition information; reference numeral
4 designates a database region; reference numeral 5 desig-
nates a dictionary; reference numeral 10 designates a query
analysis processing unit; reference numeral 20 designates a
database calculation processing unit; reference numeral 30
designates a user definition index management unit; refer-
ence numeral 31 designates a user-defined index search
processing control unit; reference numeral 32 designates a
user-defined index maintenance processing control unit;
reference numeral 40 designates a table data management
unit; reference numeral 41, a user-defined index; reference
numeral 42, table data; reference numeral 50, a module
execution unit; reference numeral 51, index type definition
information; reference numeral 52, index definition infor-
mation; 53, data type definition information; 54, module
definition information; 60, a database access unit; 70, a
module definition information registration unit; 80, a defi-
nition processing unit; 90, a dictionary management unit;
and 100z to 10d, various kinds of modules.

[0034] As shown in FIG. 1, in the present embodiment,
both the registering of the user-defined index 41 and the
access thereto are implemented in the following manner.
Now, the kind of index which a registering user tries and
adds newly to the database management system 1 will
hereinbelow be called an index type.

[0035] In the present embodiment, the modules used to
implement retrieval, update and the like for the index to
which a certain index type is applied are registered, as the
implementation module of the user-defined function simi-
larly to the ADT, in the database management system 1 by
a registering user. As apparent from FIG. 1, the various
kinds of modules 100a to 1004 shown in the figure are
user-defined function implementation modules registered
the database management system 1.

[0036] First of all, a registering user who tries and adds
newly an index to the database management system 1
registers, as the index type definition information 51, the
information in which the database management system 1
recognizes the index type of interest to execute the imple-
mentation module of the index type of interest, in the
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database management system 1. In the example shown in
FIG. 1, this processing is executed in accordance with an
index type definition request contained in user requests of a
registering user.

[0037] Next, the index of a certain index type is created for
one or more data items in the table stored previously in the
database, so that in response to a retrieval request issued
from an end user, to use the index of interest becomes
possible. The instruction of creating the index of interest is
issued, similarly to the table definition, to the database
management system 1 by a customernizing user. In the
example of FIG. 1, this processing is executed in accor-
dance with an index definition request within the user
requests 2.

[0038] The created index is selected as the most suitable
access path in the query analysis processing unit 10 in
accordance with the retrieval request issued from an end
user. Then, the created index is accessed under the control of
the user-defined index management unit 30 to offer higher
performance on retrieval.

[0039] In the index type definition request, there is con-
tained the information relating to the index type name, the
data type of data to maintain the index (hereinafter, referred
to as an index key, when applicable) and so on. In the index
definition request, there is contained the information relating
to an index of which index type we should create, which
table data 42 we should require in order to create and
maintain the index, which case the use of the index of
interest corresponds to, and the like. Both the index type
definition information and the index definition request are
stored in the dictionary § which the dictionary management
unit 90 manages at all times.

[0040] Next, the database processing according to the
present embodiment will hereinbelow be described in detail
with reference to FIG. 1.

[0041] Asystem for implementing the database processing
method of the present embodiment includes:

[0042] the query analysis processing unit 10 for
receiving an SQL (Structured Query Language) as a
database query request issued from an end user,
carrying out an optimization processing by which the
most suitable access path for a database access is
determined through parsing, and semantic analysis
processing, and generating an internal processing
code to access the database by the most suitable
access path thus determined;

[0043] the database calculation processing unit 20 for
controlling the database access on the basis of the
internal processing code generated by the processing
unit 10; the user-defined index management unit 30
for controlling the execution of the module to access
the user-defined index 41;

[0044] the table data management unit 40 for con-
trolling an access to the table data 42 in accordance
with a request instruction issued from the database
calculation processing unit 20; the module execution
unit 50 for executing the various kinds of modules
100a to 100d in accordance with a request instruc-
tion issued from either the database calculation pro-
cessing unit 20 or the user-defined index manage-
ment unit 30;

Jul. 31, 2003

[0045] the database access unit 60 for carrying out an
access to the database region 4 in which both the
user-defined index 41 and the table data 42 are
stored; the module definition information registra-
tion unit 70 for receiving and analyzing the module
definition information 3 relating to the module for
implementing an access to either the ADT function
inputted from an end user or the user-defined index
41 to require the registration of the information 3
thus analyzed in the dictionary §; and

[0046] the definition processing unit 80 for requiring,
when the user request 2 is a request for various kinds
of definitions, either the registration or the deletion
of the associated information in or from the dictio-
nary 5 on the basis of the analysis result of the query
analysis processing unit 10; the dictionary manage-
ment unit 90 for carrying out either the registration
processing, the reference processing or the deletion
processing for the associated information in, to or
from the dictionary 5.

[0047] The definition information relating to the table, the
index and the like is stored in the dictionary 5. In the
definition information which is stored in the dictionary 5,
there are contained the index type definition information 51,
the index definition information 52, the data type definition
information 53, and the module definition information 54.

[0048] 1In this connection, the index type definition infor-
mation 51 is information which is inputted in accordance
with the index type definition request. Also, the index
definition information 52 is information which is inputted in
accordance with the index definition request used to create
the index.

[0049] In addition, the data type definition information 53
is information relating to the ADT, i.e., the information
relating to both the data types constituting the new ADT and
the ADT functions used to implement the behaviour of the
ADT data. Some of the ADT functions are implemented by
using the user-defined index 41. The data type definition
information 53 is information which is inputted from a
registering user in accordance with the data type definition
request contained in the user request 2.

[0050] Also, the module definition information 54 which
is inputted from a registering user contains therein informa-
tion which represents the module calling trigger at when the
module used to either implement the ADT function or
implement the user-defined index 41 is executed.

[0051] As for the registered modules, there are the module
to implement the ADT function, the module used to access
the user-defined index 41, the module used to maintain
(insertion, update and deletion) the user-defined index 41,
the module to create the input key for maintaining the
user-defined index 41, and the like. The various kinds of
modules 1004 to 1004 shown in FIG. 1 correspond to those
modules, respectively.

[0052] FIG. 2 shows an example of a hardware construc-
tion of the present embodiment.

[0053] In the hardware construction of the present
embodiment, as shown in FIG. 2, a computer system 1000
includes a CPU 1002, a main internal memory 1001, exter-
nal memories 1003 such as magnetic disks, and a large
number of terminals 1004.
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[0054] The database management system 1 which is pre-
viously described with reference to FIG. 1 is provided on
the main internal memory 1001. Also, in the external memo-
ries 1003, there are stored both the dictionary 5 containing
therein the various kinds of definition information relating to
the database which is managed by the database management
system 1, and the database region 4 containing therein both
the defined table data 42 and the user-defined index 41. In
addition, a processing program 1100 which is used to
implement the database management system 1 by the com-
puter system 1000 is also stored in the associated external
memory 1003.

[0055] FIG. 3 shows an example of the procedure to
define a new index type and then to build an index of the
index type of the present embodiment. In FIG. 3, reference
numerals 301 to 306 designate processing steps or proce-
dures, respectively.

[0056] As shown in FIG. 3, in the steps to define a new
index type and to build an index of the present embodiment,
there are shown the steps when a registering user adds a new
index type for the database management system 1 and the
customernizing user builds an index of the index type, and
the outline thereof is as follows.

[0057] (1) Define an index type (procedure 301).

[0058] (2) Register the index implementation module
information (procedure 302).

[0059] (3) Define a data type (procedure 303).

[0060] (4) Register ADT implementation module
information (procedure 304).

[0061] (5) Define a table (procedure 305).
[0062] (6) Define an index (procedure 306).

[0063] First of all, in the definition of an index type
(procedure 301), the information relating to the index type
which is intended to be added is registrated in the dictionary
5. In the definition of an index type, a registering user
specifies the following two items.

[0064] (A) An index type name which is used as an
identifier to specify which type the index belongs to
when creating the index of interest.

[0065] (B) The number of data items of the data, i.c.,
the index key, which is required as the input for the
update processing when updating the index in con-
junction with the operation of inserting, updating or
deleting the table data 42 and the data types thereof.

[0066] As for the interface during the registration, there is
considered the syntax becoming close to an SQL format
such as “CREATE INDEX TYPE statement” shown in the
example of FIG. 3. Hereinbelow, an example of description
of the syntax “CREATE INDEX TYPE statement” is shown
in an extended version of BNF (“Backus Normal Form” or
“Backus Naur Form”).

[0067] CREATE INDEX TYPE: index-type-name
[0068] [FOR {data-type-name [, data-type-name, . . .
]

[0069]
[0070]

|[ADT-name
[ADT-name WITH attribute-name
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[0071] [, attribute-name, . . . ]}
[0072] ]

[0073] In the above-mentioned example of the syntax,
both the data type of the index key of the item (B) and the
number of data items thereof (the number of enumerated
data types) are specified in the FOR phrase. In addition, it is
indicated that the index key is utilized as the input when
updating the data which is of the following types

[0074] (a) One or more legacy (basic) data types.
[0075] (b) The ADT shown by the ADT-name.

[0076] (c) The data of one or more attributes out of
the ADT data represented by the ADT-name.

[0077] The number of data items of the index key of
interest is represented by the number of data types or
attribute names after the WITH phrase in the above-men-
tioned example of description of the syntax.

[0078] In “CREATE INDEX TYPE statement” shown in
FIG. 3, the index type is defined in which the index type
name is DOC-INDEX and the index key is only of a
VARCHAR type.

[0079] Next to procedure 301 for the definition of an index
type, the module definition information 54 of the module to
implement the above-mentioned index is registered in pro-
cedure 302. Hereinbelow, there is given one example of the
user interface when registering the module definition infor-
mation 54 of the index implementation module based on the
index type shown in FIG. 3.

udimodule {
index-type-name : DOC-INDEX
_p_doc__insert {
module calling trigger: AS__INDEX_ INSERT

b
_p_doc__delete {
module calling trigger: AS_ INDEX_DELETE

_p_doc_update
module calling trigger: AS__INDEX__UPDATE

_p_doc_scan {
module calling trigger: AS__INDEX__ SCAN

[0080] First of all, udimodule shows that the module
definition information which has been inputted by a regis-
tering user is the definition information of the module to
implement the user-defined index 41. Then, as for the name
of the user-defined index type associated therewith, DOC-
INDEX is shown in “index-type-name”. Subsequently, the
information relating to the individual modules is indicated.

[0081] The module “_p_doc_insert” shows that it is the
module which is executed at a trigger of the index mainte-
nance when inserting the table data, on the basis of the
module calling trigger “AS_INDEX_INSERT”.

[0082] Likewise, the module “_p_doc_delete” shows that
it is the module which is executed at a trigger of the index
maintenance when deleting the table data, on the basis of the
module calling trigger “AS_INDEX DELETE”. Also, the
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module “_p_doc_update” shows that it is the module which
is executed at a trigger of the index maintenance when
updating the table data, on the basis of the module calling
trigger “AS_INDEX_UPDATE”.

[0083] In addition, the module “_p_doc_scan” shows that
it is the module which when the retrieval instruction
employing the index of the present index type is issued
thereto, is executed in order to implement that retrieval.

[0084] By completing both the definition of an index type
(procedure 301) and the registration of index implementa-
tion module definition information (procedure 302) as
described above, it becomes possible that the database
management system 1 recognizes the module used to imple-
ment the index, and also the index of the defined index type
is created and used.

[0085] Next, the definition of the data type including the
ADT function as the interface through which the index of the
defined index type is used is carried out (procedure 303). In
this connection, the definition of the data type is carried out
in “CREATE TYPE statement” of the SQL.

[0086] In the example of “CREATE TYPE statement”
shown in FIG. 3, there is defined the ADT of a “TEXT" type
having both the attributes of the data, i.e., text_no, text-
_name, author and contents which are respectively of INT,
CHAR, CHAR and VARCHA types, and the ADT function
CONTAINS which returns the BOOLEAN type.

[0087] With respect to the ADT which was defined in
procedure 303 of the definition of a data type, the module
definition information 54 of the module to implement the
ADT is registered in procedure 304. Hereinbelow, there is
given an example of the user interface when registering the
definition information of the ADT implementation module
on the basis of the definition of a data type shown in FIG.
3.

adtmodule {
ADT name: TEXT
__p__text_contains {
module calling trigger: AS_ FUNCTION,
ADT function name: CONTAINS

__p__text_insert {
module calling trigger: AS__INSERT_TRIGGER
ADT function name: NULL

_p__text_delete {
module calling trigger: AS_DELETE_ TRIGGER
ADT function name: NULL

_p_text_key_ create {
module calling trigger: AS_KEY_ CREATION
ADT function name: NULL
index type name: DOC-INDEX

[0088] First of all, adtmodule shows that the module
definition information 3 which has been inputted by a
registering user is the definition information of the ADT
implementation module. Then, as for the name of the ADT
associated therewith, TEXT is shown in “ADT name”.

[0089] The module “_p_text _contains” shows that it is
executed in order to implement the ADT function “CON-
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TAINS”. “AS_FUNCTION” is specified as a module calling
trigger to the module used to implement the ADT function.

[0090] The module “_p_text_insert” shows that it is
executed when inserting the data of a TEXT type (“AS_IN-
SERT_TRIGGER” shows that a time point of insertion
corresponds to a module calling trigger).

[0091] In addition, the module “_p_text_delete” shows
that it is executed when deleting the table data including the
data of a TEXT type (“AS_DELETE_TRIGGER” shows
that a time point of deletion corresponds to a module calling
trigger).

[0092] In addition, the module “_p_text _key create” rep-
resented by “AS_KEY_CREATION” shows that it is the
module which is executed in order to create an index key
during the maintenance of the index of a DOC-INDEX type
represented by the index type name.

[0093] From the foregoing, the interface which is used to
use and maintain the index of the index type of interest is
established, and also the decision of use of the index from
a user query has been made.

[0094] Under the definition of the above-mentioned index
type and ADT, a table which will be stored in the database
region 4 is defined in the subsequent procedures 305 and
306, and also the user-defined index 41 which is previously
defined is created for the table.

[0095] The definition of the table is, in the SQL as in the
example of procedure 305 of FIG. 3, carried out in “CRE-
ATE TABLE statement”. In this example, there is defined a
movies_lib table which is constituted by columns of the
data, i.e., title, country, produce_year, guide, and movie-
_contents which are respectively of CHAR, INT, DATE,
TEXT, and BLOB types.

[0096] In the definition of an index (procedure 306) in
which the creation of the user-defined index 41 is carried
out, information relating to the index which is intended to be
created is registered. In the definition of an index, the
following three items are specified in addition to the index
name which is used to recognize an index to be created.

[0097] (A) An index type name of an index to be
created.

[0098] (B)Atable name, an attribute name or an ADT
function name used to decide the data for use in
creation of an input key for index maintenance.

[0099] (C) An ADT function name which will be an
interface through which the defined index is used.

[0100] As for the interface during the above-mentioned
creation of an index, there is considered the syntax coming
close to the SQL format such as “CREATE INDEX state-
ment” shown in the example of FIG. 3. Hereinbelow, an
example of description of the syntax of “CREATE INDEX
statement” will be shown in the extended version of the BNF
form.

[0101] CREATE INDEX table-name
[0102] ON {column-name
[0103]

[0104] [, column-name . .

[column-name . . . attribute-name

. attribute-name . . .]
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[0105]

[0106]
[0107] FOR function-name [, function-name]
[0108] TYPE index-type-name

[0109] In the TYPE phrase, an index of which type of the
item (A) we should create is specified. In the ON phrase,
which column and attribute of the specified table name of the
item (B) we should use in the data for index maintenance is
specified. Then, in the FOR phrase, the ADT function is
specified which will become the interface through which the
user-defined index 41 of the item (C) is used. In the
information of the item (B), it is possible to specify a
plurality of table data.

[0110] In “CREATE INDEX statement” shown in FIG. 3,
there is made the definition of an index in which the added
index type is DOC-INDEX, the index name is DOC-
SEARCH, and the table data 42 for maintenance is contents
attribute in guide column of movies_lib table.

[0111] In addition, in “CREATE INDEX statement”, by
using the index type definition information of the dictionary
5, it is also possible to check whether or not the index of the
specified index type can be properly created for the data type
of the table column which is specified below the ON phrase
in which the creation of the index is designated.

[column-name (ADT function-name

IN ADT-name)}

[0112] By executing the above-mentioned procedures, the
definition of an index type and the definition (creation) of an
index are carried out. In this connection, in the case where
the index key constituting the index to which a certain index
type is applied specifies certain ADT data, i.e., in the case
where both a certain index type and a certain data type are
simultaneously registered in the database management sys-
tem 1, the creation procedures such as the procedure
example of FIG. 3 are not carried out, but alternatively (3)
the definition of a data type and (4) the registration of ADT
implementation module definition information may be car-
ried out before (1) the definition of an index type and (2) the
registration of index implementation module definition
information.

[0113] Next, the description will hereinbelow be given
with respect to an example of a structure of the dictionary 5,
in which the various kinds of definition information previ-
ously shown is stored, in the database processing method of
the present embodiment with reference to FIGS. 4, § and 6.

[0114] FIG. 4 shows an example of a structure of the
index type definition information 51 which is stored in the
dictionary 5.

[0115] As shown in FIG. 4, the index type definition
information 51 which is stored in the dictionary 5 of the
present embodiment contains therein both index type infor-
mation 51a@ and index key information 51b.

[0116] The index type information 51a includes index
type information entries 511 for the number of user-defined
index types, and each of the index type information entries
511 contains therein an index type name, an index type
identifier (id) and data relating to the number of index keys.

[0117] The index type name shows the name of the index
type which is specified by a user on the basis the definition
of an index type, and the index type identifier (id) is the
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identifier which the database management system 1 assigns
to the index type name when defining an index type. Also,
the index type identifier (id) is used, instead of the index type
name, as the identifier of the index type within the database
management system 1.

[0118] The number of index keys is the number of index
keys which are required for maintaining the index of the
index type of interest, and it represents the number of index
key data types which are specified in “CREATE INDEX
TYPE statement”.

[0119] The index key information 516 includes index key
information entries 512 for the total sum of the numbers of
index keys of the individual index types.

[0120] Each of the index key information entries 512
contains therein an index type id showing which index type
the index key information 51b relates to, a data type of the
index key of interest, a definition length of the index key of
interest, and a specified number of the index key of interest.
In this connection, the above-mentioned specified number
shows the order which is specified in “CREATE INDEX
TYPE statement”.

[0121] The index type information entries 511 and the
index key information entries 512 have a relation of the ratio
of one to n (n is the number of index keys) by the index type
id.

[0122] FIG. 5 diagrammatically shows an example of a
structure of the index definition information 52 which is
stored in the dictionary 5 of the present embodiment. In
FIG. 5, reference numeral 52a designates index definition
information, reference numeral 521 designates an index
definition information entry, reference numeral 52b desig-
nates data information for index key creation, reference
numeral 522 designates a data information entry for index
key creation, reference numeral 52¢ designates ADT func-
tion information for an index access, and reference numeral
523 designates an ADT function information entry for an
index access.

[0123] As shown in FIG. 5, as for the index definition
information 52 which is stored in the dictionary § of the
present embodiment, there are three kinds of information,
i.e., the index definition information 524, the data informa-
tion 52b for index key creation, and the ADT function
information 52¢ for index access.

[0124] The index definition information 52¢ includes
index definition information entries 521 for the number of
created indexes, and each of the index definition information
entries 521 contains therein an index name, an index id, data
relating to the number of data for key creation, and an index
type id.

[0125] Now, the index name represents the name of the
index which is specified from a user on the basis of the
definition of an index, and the index id represents the
identifier which the database management system 1 assigns
to the index name when defining the index. The index id is
used, instead of the index name, as the identifier of the index
within the database management system 1.

[0126] By the number of data for key creation is meant the
number of items of the table data 42 which is required for
maintaining the index which is specified in “CREATE
INDEX statement”. Then, the index type id shows the type
of the index of interest.
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[0127] The data information 52b for index key creation is
the information relating to the table data 42 used to create an
index key. In accordance with this information, the required
table data 42 is obtained. The data information 52b for index
key creation includes data information entries 522 for index
key creation for the total sum of the numbers of data used to
create the keys of the individual indexes.

[0128] Each of the data information entries 522 for index
key creation contains therein an index id showing which
index the data information 52b for index key creation relates
to, a specified number, a table name, a column name, and an
attribute name or a function name. In this connection, the
specified number represents the order which is specified in
“CREATE INDEX statement”.

[0129] The ADT function information 52¢ for an index
access is the information relating to the ADT function which
will become the interface through which the index is used,
and it includes ADT function information entries 523 for an
index access for the number of created indexes.

[0130] Each of the ADT function information entries 523
for an index access contains therein an index (id) showing
which index the ADT function information 52¢ for an index
access relates to, and an ADT function name which will be
an interface.

[0131] Now, by setting a plurality of different ADT func-
tion names in correspondence to the index id showing the
specific index a plurality of different ADT definition func-
tions can hold both the specific user definition index 41 and
the specific implementation module of the various kinds of
modules 100a to 1004 in common.

[0132] FIG. 6 shows an example of a structure of the
module definition information 54 which is stored in the
dictionary 5.

[0133] As shown in FIG. 6, the module definition infor-
mation 54 which is stored in the dictionary 5 according to
the present embodiment contains therein two kinds of infor-
mation, i.c., index module definition information 54a and
ADT module definition information 54b. The index module
definition information 544 is definition information relating
to the module used to implement the user-defined index 41,
and ADT module definition information 54b is definition
information relating to the module used to implement the
user-defined data type (ADT).

[0134] The index module definition information 54a
includes index module definition information entries 541 for
the number of modules used to implement the user-defined
index 41. Each of the index module definition information
entries 541 contains therein a module name relating to the
specified module used to implement an access to the user-
defined index 41, an index type id, and a module calling
trigger.

[0135] The index type id is an index type id showing
which index type we should implement. The module calling
trigger represents a trigger when the relational module is
executed in order to implement the user-defined index 41.

[0136] The ADT module definition information 54b
includes ADT module definition information entries 542 for
the number of modules used to implement the ADT. Each of
the ADT module definition information entries 542 contains
therein a module name relating to the specified module used
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to implement the behaviour of the ADT, an ADT name, a
module calling trigger, an executed ADT function name, and
an index type id.

[0137] The ADT name represents a behaviour of which
ADT the relational module (recognized in the module name)
is executed in order to implement, or the operation for which
ADT that relational module is executed when have carried
out.

[0138] The module calling trigger represents a trigger
when the relational module is executed in order to imple-
ment the user-defined index 41. If a module calling trigger
is provided for implementing the behaviour of the ADT by
the relational module, i.e., if the module calling trigger is
provided for implementing the ADT function, which is
clearly described in the query request (SQL statement)
issued from an end user, by the relational module then
“AS_FUNCTION?” is set in the module calling trigger along
with the specification by an end user.

[0139] When “AS_FUNCTION” is set in the module
calling trigger, the name of the ADT function for executing
the module of interest is shown in the executed ADT
function name.

[0140] When “AS_KEY_CREATION” is specified as the
module calling trigger to the module definition information
3 from a registering user, “AS_KEY_CREATION” is set in
the module calling trigger of the ADT module definition
information 54b, and also the index type id showing an
index of which index type the index key creation module is
provided for is set in the index type id.

[0141] In addition, by modifying not only the index type
names and the indexes id of the index type definition
information 51 and the index definition information 52, but
also the module name and the index id of the module
definition information 54, the module which is executed for
the specific ADT function name can be modified to modify
the contents of the database processing.

[0142] Next, the description will hereinbelow be given
with respect to the processing for the procedures to add and
to create a new index shown in FIG. 3 with reference to flow
charts shown in FIGS. 7 to 9.

[0143] FIG. 7 is a flow chart of a typical flow showing the
processing procedure of processing the definition of an
index type in the present embodiment.

[0144] As shown in FIG. 7, in the processing of the
definition of an index type according to the present embodi-
ment, there is shown an example of a typical flow of the
processing of procedure 301 of the definition of an index
type, which processing is executed by the definition pro-
cessing unit 80. First of all, in Step 811, the index type id for
recognizing the index type is determined for the index type
name which has been inputted from a registering user to be
assigned thereto.

[0145] Then, the index type information entries 511 (refer
to FIG. 4) are created on the basis of the index type id thus
determined and the user input information, and then they are
registered in the dictionary 5 (Step 812). In response to a
request issued from the definition processing unit 80, the
dictionary management unit 90 carries out the registration of
the index type information entries 511 in the dictionary 5.
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[0146] Next, likewise, the index key information entries
512 are created using the index type id to be registered in the
dictionary 5 (Step 813).

[0147] In the example shown in FIG. 3, the index type
“890” is, for example, assigned to the index type DOC-
INDEX which has been specified by a registering user. In
addition, since it is specified that the data type of the index
key is VARCHAR alone, first of all, the index type infor-
mation entry 511 as shown hereinbelow is created to be
registered in the dictionary 5 as shown in FIG. 4.

[0148] Index name: DOC-INDEX
[0149] Index type id: 890
[0150] The number of index keys: 1

[0151] Since with respect to the index key information
51b, the specified length of the VARCHAR is 32,000 and the
number of specifications of the index keys is one, the
following index key information entry 512 in which the
specified number is also one is created to be registered in the
dictionary 5 as shown in FIG. 4.

[0152] Index type id: 890

[0153] Data type: VARCHAR
[0154] Defined length: 32,000
[0155]

[0156] FIG. 8 is a flow chart of a typical flow showing the
processing procedure of processing the registration of mod-
ule definition information in the present embodiment.

[0157] As shown in FIG. 8, in the processing of the
registration of a module definition information of the present
embodiment, there is shown a typical flow of the processing
in the module definition information registration unit 70 for
implementing both procedure 302 of the registration of
index implementation module definition information and
procedure 304 of the registration of ADT implementation
module definition information which procedures 302 and
304 were previously described with reference to FIG. 3.

[0158] First of all, in Step 71, it is judged whether the
module definition information 3 which has been inputted
from a registering user who adds the user-defined index 41
is definition information of the index module or definition
information of the ADT module.

[0159] Then, when it is judged in Step 71 that the inputted
module definition information 3 is definition information of
the index module, the processing proceeds to Step 72. Then,
reference is made of the index type information S1a which
is stored in the dictionary 5, and the index type id is obtained
from the index type name which a registering user has
specified on the basis of the module definition information
3.

[0160] Thereafter, the index module definition informa-
tion entries 541 are created on the basis of that index type id
and the user input information and then they are registered
in the dictionary 5 (Step 73), thereby completing the pro-
cessing (Step 78).

[0161] On the other hand, when it is judged in Step 71 that
the inputted module definition information 3 is the definition
information of the ADT module, the processing proceeds to
the module calling trigger judgement processing in Step 74.

Specified number: 1
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Then, it is judged whether the module trigger specification
from a registering user is “AS_FUNCTION” specification,
“AS_KEY_CREATION” specification or other specifica-
tion.

[0162] When itisjudged in Step 74 that the module trigger
specification from a registering user is “AS_FUNCTION”
specification, the name of the ADT function which is imple-
mented by the module of interest is held in order to create
the module definition information entries (Step 76), and then
the processing proceeds to Step 77.

[0163] When itisjudged in Step 74 that the module trigger
specification from a registering user is “AS_KEY_CRE-
ATION” specification, reference is made of the index type
information 51a which is stored in the dictionary 6, and the
index type id is obtained from the index type name which a
registering user has specified on the basis of the module
definition information 3 to be held (Step 75), and then the
processing proceeds to Step 77.

[0164] On the other hand, when it is judged in Step 74 that
the module trigger specification from a registering user is a
specification other than “AS_FUNCTION” specification
and “AS_KEY_CREATION” specification, the processing
proceeds directly to Step 77.

[0165] InStep 77, the ADT module definition information
entries 542 are created on the basis of the information which
is previously held in Step 75 or Step 76, and then they are
registered in the dictionary 5, thereby completing the pro-
cessing (Step 78).

[0166] The ADT function name which is previously held
in the executed ADT function name is set in the entry in
which the module calling trigger is “AS_FUNCTION”. In
addition, the index type id which is previously held in the
index type id is set in the entry in which the module calling
trigger is “AS_KEY_CREATION”. Then, the dictionary
management unit 90 carries out a registration in the dictio-
nary 5 for another.

[0167] FIG. 9 is a flow chart of a typical flow showing the
processing-procedure of processing the definition of an
index according to the present embodiment.

[0168] As shown in FIG. 9, in the processing of the
definition of an index in the present embodiment, there is
shown an example of a typical flow of the processing of the
definition of an index (procedure 306) in the definition
processing unit 80. First of all, in Step 821, the index id used
to recognize the index is determined to be assigned to the
index name which has been inputted from a registering user.

[0169] Then, the index definition information entries 521
are created on the basis of the index id of interest and the
user input information and then they are registered in the
dictionary 5 (Step 822). In response to a request issued from
the definition processing unit 80, the dictionary management
unit 90 carries out the registration of the index definition
information entries 521 in the dictionary 5.

[0170] Likewise, the data information entries 522 for
index key creation are created on the basis of the information
(user input information) for use in access to the table data 42
which is required for creating the index id and the index, and
then they are registered in the dictionary 5 (Step 823).

[0171] The data information entries 522 for index key
creation are created for the number of data for key creation
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within each of the index definition information entries 521.
Then, the order number of the data for index key creation
which is described with “CREATE INDEX statement” is set
in the specified number within each of the entries.

[0172] Next, the ADT function information entries 523 for
an index access are created using the specified ADT function
name as the interface through which the index id and the
index are used and then they are registered in the dictionary
5 (Step 824), thereby completing the processing (Step 825).

[0173] The ADT function information entries 523 for an
index access are also created for the number thereof which
has been specified in “CREATE INDEX statement”. Inci-
dentally, in the example shown in FIG. 3, the number of
entries relating to the index DOC-INDEX is only one
containing the ADT function name “CONTAINS”.

[0174] FIG. 10 is a flow chart of a typical flow showing
the processing procedure of the ADT function analysis
processing according to the present embodiment.

[0175] As shown in FIG. 10, in the ADT function analysis
processing of the present embodiment, there is shown an
example of a typical flow of the analysis processing relating
to the ADT function when the ADT function comes out in
the user requests (SQL statement) in the query analysis
processing unit 10.

[0176] First of all, in Step 12, by using the ADT function
name as an object of analysis, and the table name and the
column name to which the ADT function of interest is
applied, the ADT function information entries 523 for an
index access, the index definition information entries 521
and the data information entries 522 for creating the rela-
tional index key which entries 523, 521 and 522 are stored
in the dictionary 5 are obtained.

[0177] Next, it is judged whether or not the relational entry
is present in the dictionary 5, i.e., the obtained entry was
present therein (Step 13). Then, when it is judged in Step 13
that the relational index definition information 52 is present
in the dictionary 5, by using the index which is recognized
on the basis of the index id of the obtained information, it is
determined to use the access path used to implement the
required ADT function (Step 14).

[0178] Next, in Step 15, the module execution information
for an index retrieval is obtained, as the information used to
access to the index the use of which has been determined,
from the index module definition information 54a stored in
the dictionary 5 using the index type id (in the associated
index definition information entry 521).

[0179] Then, in Step 18, by using the index id of the index
the use of which has been determined and the module
information (module name) for use in implementation of the
access to the index of interest, the internal processing code
for an index access is created, thereby completing the
processing (Step 19).

[0180] On the other hand, when it is judged in the judge-
ment processing of Step 13 that the corresponding index
definition information 52 is absent, no index is used, but the
access path is determined through which the ADT function
implementation module is executed for one table data to
implement the ADT function (Step 16).

[0181] Then, in Step 17, the ADT function implementation
module information is obtained using the ADT function
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name, and the internal processing code for the database
processing is created using the information of interest (mod-
ule name)(Step 18).

[0182] In accordance with the instruction of the created
internal processing code for the database processing, in the
database calculation processing unit 20, the user definition
index management unit 30 executes the database processing
in cooperation with the table data management unit 40.

[0183] FIG. 11 is a flow chart of a typical flow showing
the processing procedure of the index processing according
to the present embodiment.

[0184] Asshown in FIG. 11, in the index processing of the
present embodiment, there is shown the processing in the
user definition index management unit 30. More specifically,
there is shown an example of the index processing in the
user-defined index management unit 30 when receiving the
request issued from the database calculation processing unit
20.

[0185] First of all, in Step 301, it is judged whether the
processing request issued from an end user is the index
retrieval request or the index update request. When it is
judged in Step 301 that the processing request is the index
retrieval request, the processing proceeds to Step 310, and
then information for executing the module used to imple-
ment the index retrieval is obtained. Thereafter, the index
retrieval module is executed on the basis of that information
to carry out the index retrieval (Step 311). The result of
retrieving the index is returned back to the database calcu-
lation processing unit 20 (Step 312), thereby completing the
processing (Step 309).

[0186] On the other hand, when it is judged in Step 301
that the processing request is the update processing, the
preparation of the data used to update the index is carried out
as the preliminary preparation for the processing of updating
the index. As for the input data for the processing of
updating the index, there are the input data which is created
using the key creation module which is specified in the ADT
module definition information 54b by a registering user, and
the input data to which the data, which has been obtained by
making reference to the table data 42, is directly applied.
Then, in Step 302, the judgement between the two kinds of
input data is determined on the basis of whether or not the
module definition information 54 for executing the key
creation module is present in the dictionary 5.

[0187] When it is determined in Step 302 that the rela-
tional key creation module execution information is present
in the dictionary 5, that information is obtained (Step 303),
and then the key creation module is executed using that
information thus obtained to create the key (Step 304). Then,
the key thus created is specified as the input key for the index
update (step 305).

[0188] On the other hand, when it is determined in Step
302 that the relational key creation module execution infor-
mation is absent in the dictionary 5, the data of the update
table data is specified as the key for index update (Step 306).

[0189] Next, in Step 307, the information used to execute
the index update module is obtained. Then, by using the
above-mentioned specified key for index update, the index
update module is executed to update the index (Step 308).
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[0190] Next, under the structure previously described with
reference to FIG. 1 and the definition of the database of
FIG. 3 (adding of the user-defined index 41), the description
will hereinbelow be given with respect to the database
processing employing a user-defined index by using a con-
crete command example.

[0191] First of all, the description will now be given by
taking the following update request (SQL statement) issued
from an end user as an example.

[0192]

[0193] VALUES (“independence day”, 12, 1996,
TEXT (8734, “ID4”, “Mr. X”, text_v), con-
tents_v)

INSERT INTO movies_lib

[0194] In this connection, the ADT function TEXT is the
function for creating the ADT data (instance), i.e., the
constructor function and creates the TEXT type data with a
text number (8734), a text name (“ID4”), an author (“Mr.
X”), and the contents of the text (VARCHAR type data
represented by a variable text_v) as arguments.

[0195] In the above-mentioned example of the SQL state-
ment, there is shown the request of inserting into movies_lib
table, the data having, as values, the BLOB type data which
is represented in the form of title (title): “independence day”,
country (production country code): 12, produce_year (pro-
duction year): 1996, guide (explanation): TEXT type data
(created by the constructor function), movie_contents (pic-
ture): variable contens_v. In addition, the code 12 which is
specified in the country column is a code representing the
production country U.S.A.

[0196] The maintenance of the user-defined index is car-
ried out in the user-defined index management unit 30 in
conjunction with insertion of the table data 42 in accordance
with the flow chart shown in FIG. 11.

[0197] As shown in FIG. 5, since the index DOC-
SEARCH is created in the index definition information 52a
of movies_lib table, a processing of updating the index
DOC-SEARCH is executed.

[0198] First of all, the contents attribute data in the guide
column is prepared as the data for index key creation on the
basis of the data information 52b for index key creation.

[0199] Then, the p_text_key_create module which is rep-
resented by the ADT module definition information 54b
(refer to FIG. 6) is executed with the prepared data as an
input to create the index key for use in update of DOC-
SEARCH index. The index key thus created is the VAR-
CHAR type data which is 32,000 in definition length.

[0200] Next, the module _p_doc_insert which is repre-
sented by the module calling trigger of AS_INDEX_ IN-
SERT in the index module definition information 54a is
executed with the created index key as an input, thereby
executing the index update processing (refer to FIG. 6).

[0201] Next, the description will hereinbelow be given by
taking the retrieval request (SQ statement) issued from an
end user as an example. “SELECT title, movie_contents
FROM movies_lib WHERE CONTAINS (guide, “indepen-
dence”)”.

[0202] Now, the function CONTAINS is the function of
returning TRUE (BOOLEAN type) in the case where the
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word which is specified by a second parameter is contained
in the specified ADT data as a first parameter.

[0203] In the above-mentioned example of the SQL state-
ment, there is shown the retrieval request of fetching title
(title) and movie_contents (picture) of the table data in
which “independence” is contained in the guide column
(explanation) of movies_lib table.

[0204] Inthe query analysis processing unit 10, the imple-
mentation of the ADT function is determined by using the
index DOC-SEARCH which is of a DOC-INDEX user-
defined index type in accordance with the flow of the flow
chart shown in FIG. 10.

[0205] Then, the index retrieval module _p_text_contents
is executed so that the table data 42 is established as the
retrieval result, and the values of title and movie_contents as
the fetching column specified by the table data management
unit 40 are returned as the query result back to an end user.

[0206] The processing of the flow chart which has here-
inabove been shown is executed in the form of a program in
the computer system 1000 which is given as an example.

[0207] However, such a program is not limited to the
program stored in only the external memory 1003 which is
physically, directly connected to the computer system 1000
as shown in FIG. 2. That is, such a program may be stored
in the storage medium, from/to which it can be read out/
written, such as a hard disk device, a floppy disk device, a
cassette streamer, or a DAT which is not physically, directly
connected to the computer system 1000. Of course, the form
of a program which is stored from the external in the
memory of the computer for implementing the present
invention is also included in the present invention.

[0208] As set forth hereinabove, according to the database
processing method and the system of the present invention,
in the case where the user-defined function in processing
request is the function which is defined in the index defini-
tion information, since the implementation module corre-
sponding to the above-mentioned user-defined function is
executed to carry out the index access, the general database
processing can be executed independent of a specific user-
defined function.

[0209] In addition, according to the database processing of
the present embodiment, a plurality of different user defi-
nition functions are set in correspondence to the specific
index by using the index definition information, whereby a
plurality of different user-defined functions hold in common
the implementation module by which the data of the data-
base region is subjected to the specific processing. As a
result, it is possible to make the implementation module for
use in a specific index access independent of the user-
defined function.

[0210] In addition, according to the database processing of
the present embodiment, both the index definition and the
module definition information are modified, whereby the
implementation module which is set in correspondence to
the specific user-defined function is modified. Therefore, it
is possible to self-contain only the required implementation
module.

[0211] Although the present invention has been specifi-
cally described with reference to the above-mentioned
embodiments, it is to be understood that the present inven-
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tion is not limited to the above-mentioned embodiments, and
hence the various changes and modifications will occur to
those skilled in the art without departing from the scope and
true spirit of the present invention. The scope of the inven-
tion is therefore to be determined solely by the appended
claims.

What is claimed is:

1. A database processing method of executing a function
which is previously defined and registered in a database, in
accordance with a processing request issued from an end
user to perform a database processing, said method com-
prising the steps of:

creating index definition information such that a specific
user-defined function is set in correspondence to a
specific index which is used when carrying out an index
access to data of a database region;

creating module definition information such that a specific
index, which is used when carrying out an index access
to the data of the database region, is set in correspon-
dence to an implementation module for subjecting the
data of the database region to a specific processing;

recognizing that for a processing request for the database
issued from an end user, a user-defined function under
request is set in correspondence to the specific index by
the index definition information, and selecting from the
module definition information, a specific implementa-
tion module for carrying out an access using the
specific index on the basis of the recognition by said
recognizing step; and

executing the database processing using the selected

implementation module.

2. A database processing method according to claim 1,
wherein a plurality of different user-defined functions are set
in correspondence to a specific index by the index definition
information, so that the plurality of different user-defined
functions hold in common an implementation module for
accessing to a user-defined index.

3. A database processing method according to claim 1,
wherein the contents of the database processing for a spe-
cific user-defined function are modified by modifying the
index in the index definition information, the index of
interest in the module definition information, and the imple-
mentation module set in correspondence to the index of
interest.

4. A database processing method according to claim 1,
wherein when the processing request for the database is a
update request, an index key is created by the implementa-
tion module for creating an index key which is set in
correspondence to the specific user-defined function by the
module definition information, and the index is updated by
the created index key.

5. A database processing method according to claim 1,
wherein when the processing request for the database is a
update request, a data for update is specified as a key for
index update to update the index.

6. A relational database processing method of executing a
function which is previously defined and registered in a
database, in accordance with a processing request issued
from an end user to execute a database processing, said
method comprising the steps of:
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creating a table of index definition information such that
a specific user-defined function is set in correspondence
to a specific index which is used when carrying out an
index access to data of a database region, and

a table of module definition information such that a
specific index, which is used when carrying out an
index access to the data of the database region, is set in
correspondence to an implementation module for sub-
jecting the data of the database region to a specific
processing;

detecting, for a processing request for the database issued
from an end user, the correspondence between a user-
defined function under request and the specific index on
the basis of said index definition information table;

selecting from said module definition information table, a
specific implementation module for carrying out an
access using the specific index corresponding to the
detection result by said detecting step; and

executing the database processing using the selected
implementation module.

7. A relational database processing method according to
claim 6, wherein the table of the index definition information
contains therein, as data items, information of an index
identifier, data for index key creation, and a user-defined
function for an index access, and the table of the module
definition information contains therein information relating
to the specified module for implementing an access to a
user-defined index, and information relating to the specified
module for implementing the behaviour of a user-defined
data type.

8. A relational database processing method according to
claim 6, wherein a plurality of different user-defined func-
tions are set in correspondence to a specific index by the
index definition information, so that the plurality of different
user-defined functions hold in common an implementation
module for accessing to a user-defined index.

9. A relational database processing method according to
claim 6, wherein the contents of the database processing for
a specific user-defined function are modified by modifying
the index in the index definition information, the index of
interest in the module definition information, and the imple-
mentation module set in correspondence to the index of
interest.

10. A relational database processing method according to
claim 6, wherein when the processing request for the data-
base is a update request, an index key is created by the
implementation module for creating an index key which is
set in correspondence to the specific user-defined function
by the module definition information, and the index is
updated by the created index key.

11. A relational database processing method according to
claim 6, wherein when the processing request for the data-
base is a update request, a data for update is specified as a
key for index update to update the index.

12. A relational database processing system for executing
a function which is previously defined and registered in a
database, in accordance with a processing request to perform
a database processing, said system comprising:

a table for registering therein index definition information
such that a specific user-defined function is set in
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correspondence to a specific index which is used when
carrying out an index access to data of a database
region;

a table for registering therein module definition informa-
tion such that a specific index which is used when
carrying out an index access to the data of the database
region, is set in correspondence to an implementation
module for subjecting the data of the database region to
a specific processing;

detection means responsive a processing request for the
database issued from an end user, for detecting the
correspondence between a user-defined function under
request and the specific index on the basis of said index
definition information table;

selection means responsive to the specific index corre-
sponding to the detection result provided by said detec-
tion means for selecting from said module definition
information registeration table, a specific implementa-
tion module for carrying out a database access; and

execution means for executing the database processing
using the implementation module selected by said
selection means.

13. A computer readable recording medium for storing
therein a program of implementing, using a computer, a
relational database processing of executing a function which
is previously defined and registered in a database, in accor-
dance with a processing request to perform a database
processing, said program comprising:

program means for creating index definition information
such that a specific user-defined function is set in
correspondence to a specific index which is used when
carrying out an index access to data of a database
region;

program means for creating module definition informa-
tion such that a specific index which is used when
carrying out an index access to the data of the database
region, is set in correspondence to an implementation
module for subjecting the data of the database region to
a specific processing;

program means responsive to a processing request for the
database issued from an end user, for detecting on the
basis of the index definition information, whether the
correspondence between a user-defined function in
request and the specific index is present or absent;

selection program means for selecting from the module
definition information, a specific implementation mod-
ule for carrying out an access using the specific index
corresponding to the detection result provided by said
detection program means; and

program means for performing the database processing
using the implementation module selected by said
selection program means.

14. A database processing method of executing, in accor-
dance with a query from an end user, a user-defined function,
which a registering user has previously defined and regis-
tered for a database in accordance with a query from the end
user, to perform a database processing, said method com-
prising the steps of:
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registering, when the registering user defines unique
indexes as an index type, information relating to data
items which establish an index key constituting the
index of interest in the form of a table in a database
management system,

registering, when creating an index using the index type
which the registering user has defined, information
used to identify a specified index type, information
relating to table data required for maintaining the index
of interest, and information relating to the user defini-
tion function used to carry out retrieval using the index
of interest in the form of a table in said database
management system,

maintaining, in response to a data processing request for
the table in which the index of interest is created, issued
from the end user, the index of interest using table data
which has been specified on the basis of the informa-
tion relating to the tables;

determining, in response to a judgement indicating that
the information relating to the user-defined function is
contained in a query request issued from the end user,
that the index of interest be maintained as an index for
use in implementation of the query; and

executing, in order to carry out the query, the database

processing using the index thus determined.

15. A database processing method according to claim 14,
wherein index type definition information representing a
type of the index which the registering user adds to said
database management system is registered in the index type
definition table, and the index type definition information is
used as information used to execute an implementation
module of the index type of interest.

16. A database processing method according to claim 15,
wherein the index type definition information contains
therein an index type name as an identifier for specifying,
when creating the index, which type the index corresponds
to, and an index key representing input data required for an
index update processing.

17. A database processing method according to claim 14,
wherein said step of maintaining the index of interest
includes a step of creating the index key on the basis of the
registered information relating to the data items which
establish the index key constituting the index, and the step
of maintaining the index of interest using the index key thus
created.

18. A computer readable recording medium for storing
therein a program for implementing, using a computer, a
database processing by executing, in accordance with a
query from an end user, a user-defined function, which a
registering user has previously defined and registered for a
database in accordance with a query from the end user, said
program comprising:

program means for registering, when the registering user
defines a unique index as an index type, information
relating to data items becoming an index key consti-
tuting the index of interest in the form of a table in a
database management system;

program means for registering, when creating an index
using the index type which the registering user has
defined, information used to identify a specified index
type, information relating to table data required for
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maintaining the index of interest, and information
relating to the user-defined function used to carry out
retrieval using the index of interest in the form of a
table in said database management system;

program means for creating, in response to a data pro-
cessing request for the table, in which the index of
interest is created, issued from the end user, the index
key on the basis of the registered information relating
to the data items which establish the index key consti-
tuting the index, and for maintaining the index of
interest using the index key thus created;

program means for determining, in response to a judge-
ment indicating that the information relating to the
user-defined function is contained in a query request
issued from the end user, the index of interest being
maintained as an index for use in implementation of the
query; and

program means for performing, in order to carry out the
query, a database processing using the index thus
determined.

19. A method of executing, using a computer, a retrieval
database processing of executing a function previously
registered in a database in accordance with a processing
request to execute a database processing, said method com-
prising the steps of:

registering in a table index definition information which is
used to set a specific user-defined function in corre-
spondence to a specific index which is used when
carrying out an index access to data in a database
region;

registering in another table module definition information,
which is used to set the specific index used when
carrying out the index access to the data in the database
region in correspondence to an implementation module
for subjecting the data in the database region to a
specific processing;

in response to a processing request for the database issued
from an end user, enabling the correspondence between
the user-defined function under the request and the
specific index to be detected on the basis of said index
definition information registration table; and

enabling, in order to execute the database processing, a
specific implementation module for carrying out an
access using a specific index corresponding to the
detection result to be selected from the module defini-
tion information registration table.

20. A method according to claim 19, further comprising
the steps of:

registering, when a registering user defines a unique index
as an index type, information relating to data items
which establish an index key constituting the index of
interest in the form of a table in a database management
system,

registering, when creating an index using the index type
which the user has defined, information used to distin-
guish a specified index type, information relating to
table data required for maintaining the index of interest,
and information relating to the user-defined function
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which is set in correspondence to the index of interest
in order to carry out the retrieval using the index of
interest; and

maintaining, in response to a data processing request for
the table, in which the index of interest is created,
issued from the end user, the index of interest using the
table data which has been specified on the basis of the
information relating to the table which has been regis-
tered,

thereby determining, in response to a judgement indicat-
ing that the information relating to the user-defined
function is contained in a query request issued from the
end user, that the index of interest be maintained as an
index for use in the database processing of implement-
ing the query.

21. A computer readable program product for recording
therein a program for implementing, using a computer, a
relational database processing software (architecture) for
executing a function, which is previously defined and reg-
istered in a database, in accordance with a processing
request to execute a database processing, said software
comprising:

product means for registering in a table index definition
information which is used to set a specific user-defined
function in correspondence to a specific index which is
used when carrying out an index access to data in a
database region;

product means for registering in another table module
definition information, which is used to set the specific
index used when carrying out the index access to the
data in the database region in correspondence to an
implementation module for subjecting the data in the
database region to a specific processing;

product means for enabling, for a processing request for
the database issued from an end user, the correspon-
dence between the user-defined function in the request
and the specific index to be detected on the basis of the
index definition information registration table; and

product means for enabling, in order to execute the
database processing, a specific implementation module
for carrying out an access using a specific index cor-
responding to the detection result to be selected from
the module definition information registration table.
22. A computer readable program product according to
claim 21, further comprising:

program means for registering, when a registering user
defines a peculiar index as an index type, information
relating to data items which establish an index key
constituting the index of interest in the form of a table
in a database management system;

program means for registering, when creating an index
using the index type which the user has defined, infor-
mation used to distinguish a specified index type,
information relating to table data required for main-
taining the index of interest, and information relating to
the user-defined function used to carry out retrieval
using the index of interest in the form of a table in said
database management system; and

program means for maintaining, in response to a data
processing request for the table, in which the index of
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interest is created, issued from the end user, the index
of interest using the table data which has been specified
on the basis of the information relating to the table
which has been registered;

thereby determining, in response to a judgement indicat-
ing that the information relating to the user-defined
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function is contained in a query request issued from the
end user, that the index of interest be maintained as an
index for use in the database processing of implement-
ing the query.



