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(57) ABSTRACT

A method of verifying the consistency in a hierarchical data-
base includes: generating a pointer record by acquiring a
reference point stored in the hierarchical database and asso-
ciating a first reference point identification value determined
from a storage location of the reference point with pointer
information retained at the reference point; generating a seg-
ment record by acquiring a segment stored in the hierarchical
database and associating verification data with a retention
address of the acquired segment, the verification data giving
a second reference point identification value in connection
with the calculation module, the calculation module calculat-
ing, for a segment in the hierarchical database, a reference
point identification value used to identity a reference point
which points to the segment; and verifying the consistency of
a chain formed in the hierarchical database from the reference
point to the segment by comparing the segment record with
the pointer record.
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INFORMATION PROCESSING APPARATUS,
AND INFORMATION PROCESSING
METHOD, PROGRAM, AND RECORDING
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Patent Application No. 2009-106589, filed on Apr. 24, 2009.

FIELD OF THE INVENTION

[0002] The present invention relates to a process of verify-
ing the consistency related to a database, and more particu-
larly to an information processing apparatus, and an informa-
tion processing method, program, and recording medium for
performing a process of verifying the consistency in a hier-
archical database.

BACKGROUND OF THE INVENTION

[0003] Hierarchical database systems require few
resources, operate at high speed, and allow accurate estima-
tion of the response time, and thus, they are suitably used for
applications requiring high reliability and availability, fast
processing speed, and large capacity. The hierarchical data-
base system (for example, IBM® IMS™ DL/I) is configured
to manage data elements in the form of a tree structure. In the
hierarchical database, a minimum data unit is called a seg-
ment occurrence (hereinafter, simply referred to as a “seg-
ment”), and the segment located at the top of the tree structure
is called a root segment. The root segment has one or more
dependent segments, and the dependent segment may also
have one or more dependent segments. Such a set of segments
in the form of a tree with the root segment at the top consti-
tutes the hierarchical database.

[0004] The hierarchical databases may be classified prima-
rily into two types, a sequential access type and a direct access
type, in accordance with the technique used to maintain the
tree structure of the segments in the database. In the sequen-
tial access type hierarchical database, the tree structure of the
segments is maintained by storing the segments in physically
neighboring storage locations. On the other hand, in the direct
access type hierarchical database, pointers provided in the
respective segments point to other segments to thereby main-
tain the tree structure of the segments in the database.
[0005] In the direct access type hierarchical database, the
segments each include a prefix portion in which a pointer
pointing to another segment related to that segment is stored,
and a data portion in which at least one data element consti-
tuting data to be processed by an application program or the
like is stored. More specifically, for the pointer in the prefix
portion, a relative byte address (RBA) value indicating a
retention address of the related segment is used. To access a
certain segment, the pointers may be followed sequentially
from the root segment.

[0006] The hierarchical database includes a large number
of pointers as described above, and it is indispensable to
maintain the consistency among the pointers. However, an
inconsistency may occur among the pointers due to an opera-
tion mistake in the database, defects in software or hardware,
and others. Taking this into consideration, in the hierarchical
database, a pointer checker program is executed periodically
so as to verify the consistency of the pointers.
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[0007] One example of such a pointer checker program is
IBM® IMST™ High Performance Pointer Checker. This
pointer checker program executes a process of verifying the
consistency of the pointers, independently of the database
management system (hereinafter, referred to as “DBMS”)
(see “User’s Guide” referenced below). To execute the pro-
cess of verifying the consistency of the pointers, the pointers
within the database are not read by tracing the chain. Rather,
the data on a disk is read and scanned sequentially from the
beginning, to extract the retention addresses of all the seg-
ments and also extract the pointer values which point to the
segments. These two types of values are then compared to
detect any inconsistency of the pointer values.

BRIEF SUMMARY OF THE INVENTION

[0008] The use of the conventional pointer checker pro-
gram, as described in “IMS High Performance Pointer
Checker for z/OS, V2R1, User’s Guide Vol. 17, Apr. 3, 2006,
Internet, URL; http://publib.boulder.ibm.com/cgi-bin/book-
mgr/BOOKS/fabp1b10/CCONTENTS, (hereinafter “User’s
Guide™), enables verification of the consistency of the point-
ers in a tree structure having a root segment at the top. How-
ever, it has been pointed out that there are cases, as will be
described below, where the above-described conventional
pointer checker program cannot verify whether a pointer for
chaining the root segment at the top of the tree structure to
another segment in the database has been correctly related
thereto.

[0009] FIG. 12 is a schematic diagram showing a series of
root segments chained in a hierarchical database. As shown in
FIG. 12, in a hierarchical database 500, each root segment is
recorded over a plurality of blocks 510a to 510e. Further, as
shown in FIG. 12, in each block 510, at least one root anchor
point (RAP) 520 is generated, each pointing to a specific root
segment.

[0010] In the case where a randomizing module is used to
access a root segment, the RAP to which the root segment is
chained is determined by the randomizing module. The RAP
is identified by the relative block number of a block generated
and the RAP number indicating the ordinal number within the
block. When a root segment is stored in a database, the ran-
domizing module determines the RAP to which the root seg-
ment is chained, in accordance with the key value stored in a
key field of the root segment. Then, the RBA value of the root
segment is stored in the determined RAP, and the update is
fixed by sync-point processing (SYNC). On the other hand, in
order to refer to a root segment having a desired key value, the
key value is passed to the randomizing module, the block
having the relative block number specified by the key value is
read, and the chain whose reference point corresponds to the
RAP specified by the RAP number within the block is traced
so as to refer to the target root segment.

[0011] The randomizing module converts the key value to
the relative block number and the RAP number, in accordance
with a predetermined mathematical algorithm such as a hash
function. Thus, there is a case where a plurality of root seg-
ments are chained from a single RAP, as shown in FIG. 12.
Such a chain is called a “synonym chain”.

[0012] Inthe example shown in FIG. 12, a synonym chain
has been established from a RAP 520, through a root segment
A 530 and a root segment B 540, to a root segment C 550. In
this case, the RAP 520 contains a retention address (RBA
value) of the root segment A which was generated firstly, and
the retention address of the next root segment B 540 is con-
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tained in a physical twin forward (PTF) pointer 536 which is
provided in a pointer field 532a in a prefix portion 532 of the
root segment A 530. Similarly, the retention address of the
root segment C 550 is contained in a PTF pointer 546 of the
root segment B 540. Furthermore, the synonym chain is
formed in correspondence with the order of the key values of
the root segments.

[0013] Asdescribed above, a root segment may be accessed
by tracing the chain from a specific RAP as the reference
point. This means that the root segment needs to be chained
from the RAP having a correct relative block number and a
correct RAP number. When a root segment is stored, however,
a program error may occur in the DBMS or in a database
generation utility or an error may occur in the randomizing
module, in which case the root segment may be chained from
an incorrect RAP. Furthermore, although the randomizing
module may be customized by a user in accordance with a
specific database, a wrong randomizing module may be used
temporarily due to an operation mistake or the like.

[0014] If a root segment is chained from a wrong RAP, it
will not be possible to reach the erroneously chained root
segment. Moreover, there may be a restriction that a synonym
chain should be formed in accordance with the order of key
values of the root segments.

[0015] The conventional pointer checker program dis-
closed in the User’s Guide referenced above is not able to
verify whether the root segment is chained from a correct
RAP within a hierarchical database. Moreover, it cannot
address the restriction about the order of the key values of the
root segments in the synonym chain. Accordingly, there has
been a demand for development of a technique which enables
verification of the consistency in such a pointer chain from a
RAP as a reference point to a root segment.

[0016] The present invention has been accomplished in
view of the foregoing problems of the conventional tech-
niques, and the present invention provides an information
processing apparatus and an information processing method,
program, and recording medium which can efficiently verify
the consistency of a chain from a reference point to a segment,
which is formed in a hierarchical database.

[0017] To achieve the above, in the present invention, a
reference point stored in a hierarchical database is acquired,
and a pointer record is generated by associating a first refer-
ence point identification value determined from a storage
location of the reference point with pointer information
retained at the reference point. Further, a segment stored in
the hierarchical database is acquired, and a segment record is
generated by associating verification data with a retention
address of the segment, where the verification data gives a
second reference point identification value used to identify
the reference point which is supposed to point to the acquired
segment (i.e., a reference point identification value for the
proper reference point to which the segment belongs). The
verification data gives the second reference point identifica-
tion value in connection with a calculation unit such as the
above-described randomizing module. The generated seg-
ment record and the generated pointer record are compared
with each other to verify the consistency of a chain formed in
the hierarchical database from the reference point to the seg-
ment.

[0018] According to the above configuration of the present
invention, the first reference point identification value
obtained from the storage location and the verification data
which gives the second reference point identification value in
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connection with the calculation unit such as the randomizing
module are contained in the work records to be compared.
This enables determination as to whether a prescribed seg-
ment is chained from a proper reference point.

[0019] In the present invention, a second pointer record
may also be generated by associating the verification data,
which gives the second reference point identification value in
connection with the calculation unit such as the randomizing
module, with pointer information which is retained in the
acquired segment and points to a twin segment thereof. In this
case, it can be determined that the chain is inconsistent in the
case where a mismatch is found between the reference point
identification values for the segment record and the pointer
record whose retention address and pointer information coin-
cide with each other.

[0020] According to the above configuration, the reference
point identification values are contained in both the pointer
record and the segment record generated for a segment. This
enables verification of the consistency of the reference point
identification values between the twin segments chained by a
pointer, and accordingly, enables verification of the consis-
tency through the entire chain from the reference point to the
segment.

[0021] Further, in the present invention, a key value
retained in the acquired segment may be contained in the
segment record and the second pointer record. In this case, it
can be determined that the chain is inconsistent in the case
where a contradiction in magnitude relation between the key
values is found for the segment record and the pointer record
whose retention address and pointer information coincide
with each other. Here, the contradiction in magnitude relation
between the key values is found when the key value of the
segment record is smaller than the key value of the pointer
record in the case where the key values should appear in
ascending order from the pointing side (source) to the pointed
side (destination), or when the key value of the segment
record is greater than the key value of the pointer record in the
case where the key values should appear in descending order.
[0022] According to the above configuration, the key value
is contained in both the pointer record and the segment record
generated for a segment. This enables verification of the
consistency of the key values in a chain from a segment to a
twin segment thereof, and accordingly, enables verification of
the perfectibility of the chain formed in the hierarchical data-
base from the reference point to the segment.

[0023] Furthermore, in the present invention, the key value
retained in the acquired segment may be provided to the
calculation unit to call and cause the calculation unit to cal-
culate the second reference point identification value, and the
segment record and the second pointer record may be gener-
ated by attaching thereto the calculated second reference
point identification value itself as the verification data. Alter-
natively, the segment record and the second pointer record
may be generated by attaching thereto the key value retained
in the acquired segment as the verification data. In this case,
prior to comparison of the records, the key value contained in
the segment record or the second pointer record may be
provided to the calculation unit to call and cause the calcula-
tion unit to calculate the second reference point identification
value, to thereby verity the consistency. In the case where the
key value retained in the acquired segment is contained in the
segment record and the second pointer record, the reference
point identification value may be derived from the key value,
so that the key value can be used as the verification data.
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According to this configuration, it is unnecessary to call the
calculation unit during the process of reading the database, so
that the total time required for the database reading process
can be reduced, and the size of each work record can also be
decreased.

[0024] Still further, in the present invention, the segment
records and the pointer records may be sorted and matched
against each other, to detect an inconsistency in a chain.
According to this configuration, the consistency of the chain
from the reference point to the segment can be verified using
the logic for verifying the consistency of other pointer values
related to the hierarchical database. This also has the advan-
tage that there is no need of an extra logic.

[0025] Furthermore, in the present invention, as the refer-
ence point identification value, a value derived from an iden-
tification value for identifying a unit storage area in which the
reference point is stored and an identification value for iden-
tifying the order of precedence of the reference point in the
unit storage area may be used. Still further, in the present
invention, the segment constituting the chain to be verified
may be a root segment, and the reference point may be a root
anchor point. Moreover, in the present invention, the process
of verifying the consistency of the chain formed in the hier-
archical database from the reference point to the segment may
be implemented on an information processing apparatus
capable of accessing a hierarchical database, which is differ-
ent from the database management system. Alternatively, a
database management system for managing the hierarchical
database may also be provided on an information processing
apparatus which implements the process of verifying the
consistency of the chain formed in the hierarchical database
from the reference point to the segment. Moreover, according
to the present invention, an information processing method,
program, and recording medium having the above-described
features are provided.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE FIGURES

[0026] FIG. 1 shows functional blocks which are imple-
mented on a database management apparatus according to an
embodiment of the present invention;

[0027] FIG. 2 shows a data structure in a database accord-
ing to an embodiment of the present invention;

[0028] FIGS. 3A and 3B show details of the data structure
related to the database of the embodiment;

[0029] FIGS. 4 and 5 constitute a flowchart for a consis-
tency verification process which is carried out by the database
management apparatus according to the embodiment of the
present invention;

[0030] FIGS. 6A and 6B show a process of generating work
records, together with a data structure being used;

[0031] FIG. 7 shows a flow of the consistency verification
process of the embodiment of the present invention, together
with a data structure being used;

[0032] FIG. 8 is a flowchart for another consistency verifi-
cation process which is carried out by the database manage-
ment apparatus of the embodiment of the present invention;
[0033] FIGS. 9A and 9B show a process of generating work
records in the other process of verifying the consistency of a
chain, together with a data structure being used;

[0034] FIG. 10 shows a flow of the other consistency veri-
fication process of the embodiment of the present invention,
together with a data structure being used;
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[0035] FIG. 11 shows, by way of example, a hardware
configuration of a database management apparatus; and
[0036] FIG. 12 is a schematic diagram showing a series of
root segments which are chained in a hierarchical database.

DETAILED DESCRIPTION OF THE INVENTION

[0037] The present invention will now be described with
reference to a specific embodiment, although the present
invention is not restricted thereto. In the following, an
embodiment of the present invention will be described by
giving as an example a database management apparatus hav-
ing a function of verifying the consistency of pointers within
a hierarchical database.

[0038] FIG. 1 shows functional blocks which are imple-
mented on a database management apparatus 100 according
to an embodiment of the present invention. The database
management apparatus 100 is generally a large-scale general-
purpose computer such as a mainframe computer. The data-
base management apparatus 100 manages a database 110,
processes requests to access data in the database 110, and also
has a function of verifying the consistency of various pointers
in the database 110. The functional units within the database
management apparatus 100 shown in FIG. 1, which will be
described later in detail, are implemented on the database
management apparatus 100 as a program is deployed on a
memory and the program is executed to control the operations
of the hardware resources.

[0039] The database 110 of the present embodiment is con-
figured in accordance with a so-called hierarchical data
model in which data is expressed in a tree structure. The
database 110 is managed by a database management system
(DBMS) such as IMS™ which is implemented by the data-
base management apparatus 100. The storage area for the
database 110 is provided by a disk device or other storage
device connected to the database management apparatus 100
via an I/O interface.

[0040] The record stored in the database 110 is made up of
a group of data pieces called segment occurrences (hereinaf-
ter, simply referred to as “segments”). In the database 110 of
the present embodiment, each segment is configured to
include a pointer value, which points to another related seg-
ment, and a data element. In the database 110, the segments
point to one another with the pointers, whereby a tree struc-
ture of the records is maintained.

[0041] Hereinafter, the data structure in the database 110
will be described with reference to FIGS. 2, 3A, and 3B. FIG.
2 shows the data structure in the database according to an
embodiment of the present invention. The database 110 is
made up of a plurality of blocks 200a to 2004 serving as unit
storage areas. Each block 200 may include aroot anchor point
(hereinafter, referred to as “RAP”’) 210 which points to a root
segment that becomes the top of a record in the database 110.
The RAP 210 becomes a reference point of a chain which is
traced when data is stored in the database 110 or the data is
read from the database 110. It is noted that, in the case where
the virtual storage access method (VSAM) is being used in
the database 110, the unit storage area including at least one
RAP as described above is called a control interval (CI).
[0042] Each RAP 210 within the database 110 is referred to
by using a RAP identification value which is derived by
combining the relative block number (RBN) for identifying
the block 200 and the RAP number for identifying the order of
precedence of the RAP within that block. That is, the RAP
identification value is obtained from the storage location of



US 2010/0274771 Al

that RAP. It is noted that, in the following, the RAP identifi-
cation value may also be represented by “BBBR”, where
“BBB” corresponds to the relative block number and “R”
corresponds to the RAP number. In the example shown in
FIG. 2, the RAP 210a is referred to by BBBR=0011, with
RBN=001 and RAP number=1. Similarly, the RAP 2104 is
referred to by BBBR=nnnm, with RBN=nnn and RAP
number=m.

[0043] The number of RAPs per unit block is designated
upon initialization of the database 110, and at least one RAP
210 is generated in each block on initialization. That is, in the
database 110, (NxM) RAPs are generated, where N repre-
sents the number of blocks in which the RAPs are generated
and M represents the number of RAPs per unit block.
[0044] FIGS. 3A and 3B show details of the data structure
related to the database of the present embodiment. FIG. 3A
shows a detailed data structure of a root segment recorded in
the database of the present embodiment. A root segment 220
includes a prefix portion 222 in which information for man-
agement thereof is stored, and a data portion 224 in which at
least one data element constituting the data to be processed by
an application program or the like is stored.

[0045] The prefix portion 222 of the root segment 220 is
provided with a SC field 226 in which a segment code (SC) for
identifying the type of the segment is held, a DB field in which
a delete byte (DB) indicating, among others, whether the
segment has been deleted or not is held, and a pointer field
228. Inthe SC field 226 of'the root segment 220, the SC value
(=1) indicating that the segment is the root segment is held. In
the pointer field 228, various pointer values pointing to other
segments related to the root segment 220 are stored. The
pointer field 228 of the root segment 220 includes a physical
twin forward (PTF) pointer which points to another root
segment which is in a twin relationship with the root segment
220.

[0046] FIG. 3B shows a series of root segments chained in
the database of the present embodiment. Each root segment
220 is stored on a disk, with it being started at a storage
location expressed by a predetermined retention address.
Here, the retention address refers to a position of the start
address of the root segment 220 as compared with a prede-
termined reference address in the database 110, i.e., a relative
byte address (RBA). In the RAP 210, a retention address of
the root segment pointed to by the RAP is stored as pointer
information.

[0047] The root segment A 220a shown in FIG. 3B is
pointed to by the RAP 210 which is referred to by a prede-
termined RAP identification value (BBBR=0011), and a
retention address (RBA=0100) of the root segment A 220a is
held in the RAP 210. The root segment A 2204 has a PTF field
230q in which a retention address (RBA=0200) of the root
segment B 2205 which is in a twin relationship is held. Simi-
larly, the root segment B 2204 has a PTF field 23056 in which
a retention address (RBA=8000) of the root segment C 220c¢
which is also in a twin relationship is held. Furthermore, the
root segment C 220c has a PTF field 230c¢ in which an address
value (RBA=0000) indicating an end of the chain is held.
[0048] In the example shown in FIG. 3B, in the database
110, the root segment A 220a, the root segment B 2205, and
the root segment C 220c¢ are chained, with the RAP 210 as a
reference point. Such a chain starting at a RAP and linking a
plurality of root segments is referred to as a “synonym chain”.
[0049] In the database 110 of the present embodiment, a
hierarchical structure is established which allows a desired
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root segment to be accessed by tracing a chain, from a corre-
sponding RAP as the reference point, by referring to the
pointer values recorded in the RAP and in the PTF fields of the
root segments. A prescribed randomizing module 130, shown
in FIG. 1, is associated with the database 110, and the RAP to
which aroot segment is chained is determined by the random-
izing module 130. More specifically, the randomizing module
130 converts a provided key value to a relative block number
and a RAP number, in accordance with a prescribed math-
ematical algorithm such as a hash function.

[0050] The data storing and reading to and from the data-
base 110 of the present embodiment will further be described.
In the case where a new root segment is to be stored in the
database 110, its key value is provided to the predetermined
randomizing module 130 to determine the RAP to which the
new root segment is to be chained. Here, if the randomizing
module 130 determines, e.g., the RAP 210 as a new storage
location, the retention address of the new root segment is
stored in the PTF field 230c¢ of the root segment C 220¢. On
the other hand, in the case where the root segment C 220c is
to be referred to, the prescribed key value corresponding to
the root segment C 220c¢ is provided to the randomizing
module 130, and a chain is traced, from the RAP 210 specified
by the key value as a reference point, to thereby refer to the
target root segment C 220c.

[0051] Hereinafter, referring again to FIG. 1, the function
of'verifying the consistency of'the pointers in the hierarchical
database according to the embodiment of the present inven-
tion will be described in detail. The database management
apparatus 100 according to the embodiment of the present
invention includes: a reading unit 120 configured to sequen-
tially read the blocks constituting the database 110 to gener-
ate various work records, which will be described later; a
verification unit 140 configured to verify the consistency
regarding the database 110 by using the generated work
records; and an error output unit 150 configured to output the
detected error in the form of a report. The work records are
stored in a storage area which is provided by a primary stor-
age device, such as a memory, or a secondary storage device,
such as a hard disk, in the database management apparatus
100.

[0052] The reading unit 120 of the present embodiment
includes a RAP record generation unit 122 for generating a
work record related to a RAP, and a root record generation
unit 124 for generating a work record related to a root seg-
ment. The RAP record generation unit 122 and the root record
generation unit 124 constitute a reference point record gen-
eration unit and a data record generation unit, respectively, of
the present embodiment. Further, the verification unit 140 of
the present embodiment includes a chain verification unit 142
which uses the work records generated by the work record
generation units 122 and 124 to verify the consistency in a
chain (hereinafter, referred to as a “RAP chain”) which chains
at least one root segment with a RAP as a reference point.

[0053] In the embodiment described below, it is assumed
that the reading unit 120 generates the work records related to
the RAP and the root segments, and that the verification unit
140 uses the work records to verify the consistency in the
RAP chain. Alternatively, according to another embodiment,
the reading unit 120 may be configured to generate work
records related to other pointers or key values in the hierar-
chical database, in which case the verification unit 140 may
use the work records to carry out a process of verifying the
consistency of the other pointers or key values. Further, in this
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case, the process of verifying the consistency of the other
pointers or key values may be carried out in parallel with the
process of verifying the consistency in the RAP chain.
[0054] The RAP record generation unit 122 identifies the
RAP within the read block, and combines the RBN of the
block with the order of precedence of the RAP within that
block to derive a RAP identification value. The RAP record
generation unit 122 then generates a work record (hereinafter,
referred to as a “pointer record”) by associating the RAP
identification value derived from the storage location of the
RAP with the pointer value held in the RAP, and passes the
generated work record to the verification unit 140.

[0055] When the root record generation unit 124 identifies,
within the read block, a segment having a SC value (=1)
indicating that the segment is a root segment, the root record
generation unit 124 provides the randomizing module 130
with the key value of the root segment to cause the random-
izing module 130 to calculate a RAP identification value. The
RAP identification value obtained in this manner is the one
that has been calculated by the correct randomizing module
130 and the one for the proper RAP to which the root segment
is supposed to be chained. The root record generation unit 124
generates a work record (hereinafter, referred to as a “seg-
ment record”) by associating the RAP identification value
acquired from the randomizing module 130 with the retention
address of the identified root segment, and passes the gener-
ated work record to the verification unit 140.

[0056] The root record generation unit 124 also generates a
pointer record by associating the RAP identification value
acquired from the randomizing module 130 with the pointer
value held in the PTF field of the root segment, and passes the
generated pointer record to the verification unit 140. It is
noted that the pointer record does not have to be generated
when the pointer value held in the PTF field indicates an end
of the chain.

[0057] The pointer record set 160 generated includes the
records related to both the RAP and the root segments, while
the segment record set 170 generated includes the records
related to the root segments.

[0058] The chain verification unit 142 uses the received
pointer record set 160 and segment record set 170 to verify the
consistency of the RAP chain. When the chain verification
unit 142 detects an inconsistency in the RAP chain, it notifies
the error output unit 150 to that effect. The error output unit
150 informs a predetermined management terminal (not
shown), for example, of the notified inconsistency errors col-
lectively in the form of a report.

[0059] The function of verifying the consistency in the
RAP chain according to the embodiment of the present inven-
tion may optionally verify the correctness of the order of the
chained root segments, in correspondence with the restriction
that the synonym chain should be formed in accordance with
the order of the key values of the root segments. In this case,
the root record generation unit 124 may generate the segment
record and the pointer record by further attaching thereto the
key value of the identified root segment. When the chain
verification unit 142 receives the records including the key
values, it may use the received pointer record set 160 and
segment record set 170 to compare the magnitudes of the key
values in the records, to thereby verify the correctness of the
chained order of the root segments.

[0060] Hereinafter, referring to FIGS. 4 to 7, the process of
verifying the consistency of a chain, formed in a hierarchical
database, from a RAP as a reference point to the root seg-
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ments will be described in detail. It is noted that the consis-
tency verification process described with reference to FIGS. 4
to 7 corresponds to the case where the optional verification of
the order of key values of the root segments is not designated.
[0061] FIGS. 4 and 5 constitute a flowchart for the consis-
tency verification process which is carried out by the database
management apparatus 100 of the embodiment of the present
invention. The process flows in FIGS. 4 and 5 are connected
at a point A. The process shown in FIG. 4 starts in step S100
when the process is called, e.g., in response to a request from
a management terminal (not shown) to start the consistency
verification process, or in response to a given schedule.
[0062] InstepS101,thereadingunit 120 reads ablock from
within the database 110, and passes the process to the RAP
record generation unit 122. In step S102, the RAP record
generation unit 122 identifies a RAP from the read block, to
determine whether there is a RAP to be processed. If it is
determined in step S102 that there is a RAP to be processed
(YES), the process proceeds to step S103.

[0063] FIGS. 6A and 6B show the process of generating
work records, together with the data structure being used.
FIG. 6A shows the process of generating a pointer record for
a RAP, performed in steps S103 and S104 in FIG. 4, together
with the data structure being used. In step S103, the RAP
record generation unit 122 acquires a pointed destination
RBA 254 held in the RAP identified from within the block. In
step S104, the RAP record generation unit 122 combines the
RBN ofthe current block with the RAP number indicating the
order of precedence of the RAP within the block to derive a
RAP identification value (BBBR), and attaches the RAP
identification value to the pointed destination RBA 254 to
thereby generate a pointer record 250 for the RAP. The pro-
cess then loops back to step S102.

[0064] Through the loop of steps S102 to S104, the pointer
record is generated for each of M pieces of RAPs included in
each block. If it is determined in step S102 that there is no
more RAP to be processed (NO), the process proceeds to step
S105, where the process is passed to the root record genera-
tion unit 124.

[0065] In step S105, the root record generation unit 124
identifies, from the read block, any segment having the SC
value (=1) indicating that the segment is the root segment, to
determine whether there is a root segment to be processed. If
it is determined in step S105 that there is a root segment to be
processed (YES), the process proceeds to step S106.

[0066] FIG. 6B shows the process of generating a segment
record and a pointer record for a root segment, performed in
steps S106 to S108 in FIG. 4, together with the data structure
being used. In step S106, the root record generation unit 124
acquires, from the identified root segment, data including its
start RBA 262, a pointed destination RBA 272 held in the PTF
field 230, and a key value held in a key field 232 in the data
portion.

[0067] In step S107, the root record generation unit 124
calls the randomizing module 130 by using the acquired key
value as an argument, to acquire the RAP identification value
calculated by the randomizing module 130. In step S108, the
root record generation unit 124 generates a segment record
260 for the root segment by attaching the calculated RAP
identification value (BBBR) 264 to the start RBA 262 of the
root segment. If the root segment is not the end of the RAP
chain, the root record generation unit 124 also generates a
pointer record 270 for the root segment by attaching the
calculated RAP identification value (BBBR) 274 to the
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pointed destination RBA 272 in the PTF field. The process
then loops back to step S105. In this case, the pointer record
270 for the root segment may be generated by further attach-
ing thereto a pointing source RBA 278, so that the chained
order of the root segments can be determined from the work
record.

[0068] Through the loop of steps S105 to S108, the work
records related to the root segments are generated for all the
root segments stored in each block. Ifit is determined in step
S105 that there is no more root segment to be processed (NO),
the process proceeds to step S109.

[0069] In step S109, the reading unit 120 determines
whether there is another block to be processed in the database
110. Ifitis determined in step S109 that there is another block
to be processed (YES), the process loops back to step S101 to
process the next block. If it is determined in step S109 that
there is no more block to be processed (NO), it indicates that
all the work records necessary for the consistency verification
process have been obtained, so that the process proceeds to
the point A.

[0070] FIG. 5 shows a process flow following the point A
shown in FIG. 4. Through the processes in steps S201 to
S211, the chain verification unit 142 uses the received seg-
ment record set 170 and pointer record set 160 to verify the
consistency of a chain from a RAP as a reference point to at
least one root segment.

[0071] In the present embodiment, as a technique of veri-
fying the consistency ofa chain having the RAP as areference
point, it is possible to suitably adopt the technique of sorting
and merging the segment record set 170 and the pointer
record set 160 using the RBA as a sort key and comparing the
values of the pointed destination RBA and the start RBA.
According to this technique, in the case where there is found
a pair of RBA values matching each other and if the RAP
identification values match for that pair, it is determined that
the chain corresponding to the compared two RBA values is
consistent. On the other hand, if there is no pair of RBA values
matching each other or if the RAP identification values do not
match, an inconsistency is detected.

[0072] Hereinafter, the process of verifying the consistency
of'a RAP chain will be described in more detail. In step S201,
the chain verification unit 142 sorts both the segment record
set 170 and the pointer record set 160, using the RBA as a sort
key. In step S202, the chain verification unit 142 sets a first
pair of the sorted work records as a processing object. In step
S203, the chain verification unit 142 performs matching on
the pair as the processing object. Specifically, it compares the
retention address (start RBA) of the segment record with the
pointer value (pointed destination RBA) of the pointer record.
[0073] In step S204, the chain verification unit 142 deter-
mines whether the compared retention address (start RBA)
and pointer value (pointed destination RBA) coincide with
each other. Ifitis determined in step S204 that the RBA values
match (YES), the process proceeds to step S205. In step S205,
it is further determined whether the RAP identification values
for the pair of the processing object coincide with each other.
[0074] 1Ifitis determined in step S205 that the RAP identi-
fication values do not match (NO), the process proceeds to
step S206. In this case, although the chain has been estab-
lished corresponding to the compared two RBA values, the
root segment located downstream is not chained from the
proper RAP from which it is supposed to be chained. Further,
in this case, the part of the chain located downstream of the
root segment for which an inconsistency has been detected is
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inconsistent. Thus, in step S206, the chain verification unit
142 notifies the error output unit 150 of an error to the effect
that the RAP identification values do not match.

[0075] Ifitis determined in step S205 that the RAP identi-
fication values match (YES), the process proceeds directly to
step S207. In step S207, the segment record and the pointer
record are each advanced to the next record, and the next pair
is set as a processing object. The process then proceeds to step
S208.

[0076] Referring again to step S204, if it is determined in
step S204 that the RBA values do not match (NO), the process
proceeds to step S210. In this case, the chain itself is not
established for the compared two RBA values. Thus, in step
S210, the chain verification unit 142 notifies the error output
unit 150 of an error to the effect that the pointer is inconsis-
tent. In step S211, either the segment record or the pointer
record is advanced to the next record, depending on the mag-
nitudes of the RBA values of the retention address and the
pointer value, and the next pair is set as a processing object.
The process then proceeds to step S208. For example, in the
case where the matching is to be performed in ascending
order of the RBA values, the record with the smaller RBA
value is advanced to the next record.

[0077] In step S208, it is determined whether the pair of
segment record and pointer record as the processing object is
alast pair. If it is determined in step S208 that it is the last pair
(YES), the process is finished in step S209. If it is determined
in step S208 that it is not the last pair (NO), the process loops
back to step S203, where matching is performed on the next
pair of the processing object.

[0078] FIG. 7 shows a flow of the process of verifying the
consistency of a RAP chain according to the embodiment of
the present invention, together with the data structure being
used. InFIG. 7, achainis formed in the database 110, from the
RAP 210a referred to by a specific RAP identification value,
BBBR=0011, as a reference point, through a root segment A
220a and a root segment B 2205 to a root segment C 220c.
Here, it is assumed that the root segment C 220¢, which is
supposed to be chained from the RAP 2105 referred to by the
RAP identification value BBBR=0511, has been incorrectly
chained from the RAP 210a (BBBR=0011) as the reference
point.

[0079] When the database 110 shown in FIG. 7 is read, the
work record generation units 122 and 124 generate a set of
pointer records 250 for the RAP, and a set of segment records
260 and a set of pointer records 270 for the root segments.
Then, the chain verification unit 142 sorts the sets of pointer
records 250 and 270 and also sorts the set of segment records
260, and performs matching on the record sets. As a result,
pairs PAIR1 and PAIR?2 that are consistent and a pair PAIR3
that is inconsistent are detected. That is, it is determined that
the root segment C 220c¢ with RBA=8000 has been chained
from a wrong RAP 210a with BBBR=0011.

[0080] Here, assumed that, besides the root segment C
220c, the root segment B 2205 is also supposed to be chained
from the RAP 2104 having the RAP identification value
BBBR=0511. In this case, an inconsistency of the RAP iden-
tification values will not be detected when the pointer record
of the root segment B 2205 is checked against the segment
record of the root segment C 220c¢. However, an inconsistency
of'the RAP identification values is detected when the pointer
record of the root segment A 220a is checked against the
segment record of the root segment B 2205, and accordingly,
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it is recognized that the chain from the root segment B 2205
to the root segment C 220c¢, located downstream thereof, is
also incorrect.

[0081] According to the process of verifying the consis-
tency of the RAP chain in the embodiment of the present
invention, the RAP identification value obtained from the
storage location and the proper RAP identification value
obtained through calculation by the randomizing module 130
are contained in the work records being compared. This
makes it possible to determine whether a certain root segment
is chained from a correct RAP.

[0082] Furthermore, the RAP identification values are con-
tained in both the pointer record 270 and the segment record
260 which are generated for the root segment. This enables
verification of the consistency of the RAP identification val-
ues between two root segments in a twin relationship which
are chained by a pointer, and consequently, enables verifica-
tion of the consistency through the entire chain from the RAP
to the root segment at the end of the chain.

[0083] Hereinafter, referringto FIGS. 4 and 8 to 10, another
process of verifying the consistency of a chain, formed in a
hierarchical database, from a RAP as a reference point to at
least one root segment will be described in detail. It is noted
that the consistency verification process described with ref-
erence to FIGS. 4 and 8 to 10 corresponds to the case where
the option to verify the consistency of the order of key values
of'the root segments is designated. This process is called, e.g.,
when the option is designated in a request to start the verifi-
cation process, issued from a management terminal (not
shown), or when the option is designated in a schedule.
[0084] FIG. 8 is a flowchart for the other consistency veri-
fication process which is carried out by the database manage-
ment apparatus 100 according to the embodiment of the
present invention. FIG. 8 continues from the point A shown in
FIG. 4. In this other process of verifying the consistency of a
chain, the process flow up to the point A is the same as the one
described above, except for steps S104 and S108.

[0085] FIGS. 9A and 9B show the process of generating
work records according to the other process of verifying the
consistency of a chain, together with the data structure being
used. FIG. 9A shows the process of generating a pointer
record for a RAP, performed in steps S103 and S104 in FIG.
4, together with the data structure. In this other process, in
step S104, the RAP record generation unit 122 generates a
pointer record 280 for a RAP by attaching a RAP identifica-
tion value (BBBR) 282 to a pointed-side RBA 284, and also
attaching thereto a key value 286 of “NULL”.

[0086] FIG. 9B shows the process of generating a segment
record and a pointer record for a root segment, performed in
steps S106 to S108 shown in FIG. 4, together with the data
structure. In this other process, in step S108, the root record
generation unit 124 generates a segment record 290 for a root
segment by attaching a RAP identification value 294 calcu-
lated by the randomizing module 130 to a start RBA 292 of
the root segment, and also attaching thereto a key value 296
held in the key field 232 in the data portion.

[0087] Furthermore, in step S108, the root record genera-
tion unit 124 generates a pointer record 300 for the root
segment by attaching the calculated RAP identification value
304 to a pointed-side RBA 302 in the PTF field 230, and also
attaching thereto a key value 306 in the key field 232. In this
case, a pointing source RBA 308 may also be attached, so that
the chained order of the root segments can be determined
from the work record.
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[0088] Subsequently, in the processes in steps S301 to 5313
shown in FIG. 8, the chain verification unit 142 uses the
received segment record set and pointer record set to verify
the consistency of a chain from a RAP as a reference point to
at least one root segment, and also verify the order of the key
values.

[0089] In step S301, the chain verification unit 142 sorts
both the set of segment records 290 and the set of pointer
records 280 and 300, using the RBA as a sort key. In step
S302, the chain verification unit 142 sets the first pair of the
sorted work records as a processing object. In step S303, the
chain verification unit 142 performs matching on the pair as
the processing object, and in step S304, it determines whether
the compared retention address (RBA) and pointer value
(RBA) coincide with each other. If it is determined in step
S304 that the RBA values match (YES), the process proceeds
to step S305. In step S305, it is further determined whether the
RAP identification values for the pair as the processing object
coincide with each other.

[0090] 1Ifitis determined in step S305 that the RAP identi-
fication values do not match (NO), the process proceeds to
step S306. In step S306, the chain verification unit 142 noti-
fies the error output unit 150 of an error to the effect that the
RAP identification values do not match. If it is determined in
step S305 that the RAP identification values match (YES), the
process proceeds directly to step S307.

[0091] In step S307, the chain verification unit 142 deter-
mines whether there is no contradiction in magnitude relation
of the key values. For example, in the case where there is a
restriction that the root segments should be chained in ascend-
ing order of their key values, the key value for the segment
record needs to be greater than the key value for the pointer
record. Ifthe root segments should be chained in descending
order of their key values, the key value for the pointer record
needs to be greater than the key value for the segment record.
In step S307, the determination as to whether there is a con-
tradiction or not is made in accordance with whether the
magnitude relation of the key values conforms to the restric-
tion.

[0092] Ifitis determined in step S307 that there is a con-
tradiction in magnitude relation of the key values (NO), the
process proceeds to step S308. In step S308, the chain veri-
fication unit 142 notifies the error output unit 150 of an error
to the effect that the order of the keys is inconsistent. If it is
determined in step S307 that there is no contradiction in
magnitude relation of the key values (YES), the process pro-
ceeds directly to step S309. In step S309, the segment record
and the pointer record are each advanced to the next record,
and the next pair is set as a processing object. The process
then proceeds to step S310.

[0093] Referring again to step S304, if it is determined in
step S304 that the RBA values do not match (NO), the process
proceeds to step S312, where the chain verification unit 142
notifies the error output unit 150 of an error to the effect that
the pointer is inconsistent. In step S313, either the segment
record or the pointer record is advanced to the next record, in
accordance with the magnitude of the RBA value, and the
next pair is set as a processing object. The process then
proceeds to step S310.

[0094] In step S310, it is determined whether the pair of
segment record and pointer record as the processing object is
alast pair. If it is determined in step S310 that it is the last pair
(YES), the process is finished in step S311. If it is determined
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in step S310 that it is not the last pair (NO), the process loops
back to step S303, where matching is carried out for the next
pair as the processing object.

[0095] FIG. 10 shows a flow of the other consistency veri-
fication process according to the embodiment of the present
invention, together with the data structure being used. In FIG.
10, a chain is formed in the database 110, from the RAP 210a
referred to by the RAP identification value BBBR=0011 as a
reference point, through a root segment D 2204 and a root
segment E 220e, to a root segment F 220f. Here, it is assumed
that all the root segments 220d, 220e, and 220f have been
chained from a correct RAP.

[0096] When the database 110 shown in FIG. 10 is read, a
set of pointer records 280 for the RAP as well as a set of
segment records 290 and a set of pointer records 300 for the
root segments are generated by the work record generation
units 122 and 124. Then, both the set of pointer records 280,
300 and the set of segment records 290 are sorted and
matched against each other by the chain verification unit 142,
whereby the pairs PAIR4 and PAIR6 in which there is no
contradiction in magnitude relation of the key values and the
pair PAIRS in which there is a contradiction in magnitude
relation of the key values are detected. In PAIRS, the key
value for the pointer record is greater than the key value for
the corresponding segment record, and it is thus determined
that the root segments 2204, 220e, and 220fare not chained in
ascending order of the key values. Although PAIR6 appears to
be consistent at first glance, it can be notified in the report that
the chain is inconsistent, because the neighboring PAIRS is
inconsistent.

[0097] According to the above-described process of veri-
fying the consistency in the RAP chain in the case where the
option to verify the consistency in the order of key values of
the root segments has been designated, the key values are
contained in both the pointer record and the segment record
generated for the root segment. This enables verification of
the consistency in the order of key values in a chain between
a root segment and its twin segment. Consequently, it is
possible to verify the perfectibility of the chain from the
reference point to the segment, formed in the hierarchical
database.

[0098] It has been assumed in the above description that
both the RAP identification value and the key value are con-
tained in the pointer record and the segment record generated
for the root segment. This means that the RAP identification
value itself is used as verification data. Alternatively, in
another embodiment, it may be configured such that the RAP
identification values are not contained in the case where the
key values are contained.

[0099] Inthis embodiment, the process in step S107 shown
in FIG. 4 is not performed, and in step S108, the root record
generation unit 124 generates the segment record 290 and the
pointer record 300 for the root segment by attaching thereto
the key value 296 and 306 held in the key field 232 in the data
portion, while not attaching thereto the RAP identification
value 294 and 304. Then, prior to the determination in step
S305 shown in FIG. 8, the chain verification unit 142 calls the
randomizing module 130 associated with the database 110,
by using as an argument the key value included in the work
record for the root segment to be subjected to matching, to
thereby acquire the RAP identification value calculated by the
randomizing module 130. In step S305, it is determined
whether the RAP identification values coincide with each
other for the pair of the processing object. In this case, the key
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value is used as the verification data which gives the RAP
identification value in connection with the randomizing mod-
ule 130.

[0100] In this embodiment, it is unnecessary to call the
randomizing module 130 during the process of reading the
database 110. This can reduce the total time required for the
database reading process, and also reduce the size of each
work record. It is noted that whether to attach the RAP iden-
tification value in addition to the key value may be chosen in
accordance with the environment and/or the characteristics of
the database to be verified.

[0101] Hereinafter, a hardware configuration of the data-
base management apparatus will be described. FIG. 11
shows, by way of example, the hardware configuration of the
database management apparatus 100. FIG. 11 shows the case
where the database management apparatus 100 is composed
of a large-scale general-purpose computer such as a main-
frame 50. The mainframe 50 includes at least one central
processing unit 52, a main storage device 54, a storage control
unit 56, a channel subsystem 58, at least one control device
60, and at least one input/output device 62a to 62d.

[0102] The main storage device 54 stores data and pro-
grams which are input from the input/output devices 62a to
62d. When receiving designation of an address from the cen-
tral processing unit 52 or the channel subsystem 58, the main
storage device 54 sends the data stored at that address to the
central processing unit 52 or the channel subsystem 58. The
main storage device 54 is configured such that it can quickly
read/write the stored data, thereby enabling high-speed pro-
cessing by the central processing unit 52.

[0103] The central processing unit 52 is responsible for
overall control of the mainframe 50, and runs an operating
system 53, for example. The operating system 53 controls
execution of the programs and input/output processing in the
mainframe 50. The operating system 53 may control execu-
tion of another program running on the central processing
unit 52. For example, it can control, in addition to execution
of the program corresponding to the consistency verification
program of the present embodiment, execution of a DBMS
program for managing the hierarchical database. The operat-
ing system 53 may further control data transfer in each of the
input/output devices 62a to 62d.

[0104] The storage control unit 56 is connected to the cen-
tral processing unit 52 via a bus 64 which enables two-way or
one-way communication. The storage control unit 56 is also
connected to the main storage device 54 via a bus 66, and also
connected to the channel subsystem 58 via a bus 68. The
storage control unit 56 may perform a so-called queuing
process in which it temporarily stored an access request
received from the central processing unit 52 or the channel
subsystem 58, for example, and sends the access request to
the main storage device 54 at a predetermined time.

[0105] The channel subsystem 58 is connected to the
respective control devices 60 via data transfer paths 76. The
channel subsystem 58 controls data transfer between the
input/output devices 62a to 62d and the main storage device
54. This reduces the processing load for the central process-
ing unit 52 to communicate with the input/output devices 62a
to 624, so that the arithmetic processing by the central pro-
cessing unit 52 and the input/output processing by the input/
output devices 62a to 62d can be carried out in parallel. As a
result, an efficient operation of the mainframe 50 is ensured.
[0106] Furthermore, the channel subsystem 58 performs
data transfer to and from the input/output devices 62a to 62d



US 2010/0274771 Al

using at least one channel path 72. Each channel path 72 has
a channel 74 provided in the channel subsystem 58. Each
channel path 72 also has at least one control device 60 and a
data transfer path 76. Here, the data transfer path 76 may be,
e.g., a serial link based on ESCON® (Enterprise Systems
Connection Architecture). Alternatively, the data transfer
path 76 may be, in place of or in addition to ESCON®, a
parallel OEMI, or FICON® (Fibre Connection).

[0107] The control device 60 is connected to at least one of
the input/output devices 62a to 62d via a bus 78, to control the
atleast one of the input/output devices 62a to 62d. The control
device 60 may control the timing of data transfer in the
respective input/output devices 62a to 62d.

[0108] Each of the input/output devices 62a to 62d carries
out data transfer to and from the main storage device 54,
through the control device 60, the channel subsystem 58, and
the storage control unit 56 in sequence. Here, the input/output
device 62a is specifically a magnetic tape drive, while the
input/output devices 625 to 624 are hard disk drives. In place
thereof, or in addition thereto, each of the input/output
devices 62a to 62d may be a punch card reader, a display
device, a keyboard, a printer, a communication device, any of
various sensors, or other storage device. One of the input/
output devices 62 may be connected to the database 110 to
control accesses.

[0109] In the above description, the database management
apparatus 100 has been configured as the mainframe 50.
Alternatively, the database management apparatus 100 may
be configured as a midrange computer, a workstation, a per-
sonal computer, or the like.

[0110] As described above, according to the embodiment
of the present invention, the information processing appara-
tus, and the information processing method, program, and
recording medium are provided which perform a consistency
verification process with which the consistency of a chain
formed in a hierarchical database from a reference point to a
segment can be verified efficiently.

[0111] According to the embodiment of the present inven-
tion, in a chain from a RAP as a reference point to a root
segment, which is formed in a hierarchical database, the
consistency between the RAP and the root segment, or the
consistency between one root segment and another root seg-
ment which is in a twin relationship with that root segment,
can be verified. Consequently, the consistency through the
entire chain from the RAP as the reference point to at least one
root segment can be detected efficiently.

[0112] Thereis aprobability, as explained above, that a root
segment may have not been chained from a correct RAP even
in the case where a pointer is consistent in the chain from the
RAP. The embodiment of the present invention is able to
determine the correctness of the RAP to which the root seg-
ment is chained. Accordingly, it is possible to suitably detect
any inconsistency in the chain from the RAP as a reference
point to at least one root segment, which would occur in the
database (i) when a root segment has been stored using a
wrong RAP identification value different from the one
assigned thereto by the randomizing module, due to a pro-
gram error in the DBMS or in the database generating utility
during the process of storing the root segment, (ii) when the
randomizing module has calculated a wrong value due to an
error, at the time when the root segment is stored, or (iii) when
a wrong randomizing module has been used temporarily, due
to an operation mistake.
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[0113] As another process of verifying the consistency of a
synonym chain, the following technique may be used. Spe-
cifically, during the reading process, the RAP information,
including the pointer and the RAP identification value for the
RAP, and the root segment information, including the start
RBA, PTF pointer value, and key value for the root segment,
are separately copied on a table reserved in a memory. Then,
in the case where the root information having the retention
address which coincides with the pointer value for the RAP is
searched for afterwards and there is found the matching one,
the randomizing module is called, using the key value as an
argument, to detect inconsistency by comparing the RAP
identification value in the RAP information with the RAP
identification value calculated. This technique of deploying
the table on the memory and searching the table, however, has
a limitation on the memory area, and if the key fields of the
root segments occupy about a half of the storage area in the
database, a memory having a huge capacity is required. There
is a case where even a four-gigabyte memory may be
required, depending on the definitions of the database and
segments. Particularly in the case where it is necessary to
verify the consistency of the pointers related to hundreds or
thousands of databases, using a several gigabyte memory for
the process of verifying the pointers within one database may
cause processing in the system to be delayed or stopped,
which is generally unacceptable.

[0114] In contrast, according to the above-described
embodiment of the present invention, in the case where the
process of verifying the consistency of the key values as
described above is not designated, the increase of memory
size required for the segment records and pointer records
prepared for verification of the consistency of a chain from
the RAP as a reference point is limited to only the byte size of
the RAP identification value, which may be, e.g., four bytes
per record. This rate of increase in memory size is only about
10% as compared with the size of the entire work record
(including other information about the database, a segment
code, and information about the pointer types and others;
which generally account for about 40 bytes). Even in the case
where the process of verifying the consistency of the key
values is designated, it generally requires an increase of
memory size of only the byte size of the key value, which may
be several bytes. Furthermore, even if the key value requires
several tens of bytes, the technique of the present invention
still has an advantage over the technique of deploying the
information on the memory in that adverse effects on storage
capacity and processing time are small.

[0115] Moreover, according to the embodiment of the
present invention, the consistency of the RAP chain can be
verified using the logic of sorting the segment records and the
pointer records and checking them against each other. This
technique has an advantage over the above-described tech-
nique of deploying the table on the memory in that the extra
logic for checking the valid keys, including searching the
table and copying the information to the table, is unnecessary.
[0116] The consistency verification function of the
embodiment of the present invention has been described
above by giving as an example the database having a specific
data structure. The consistency verification function of the
present invention, however, may be applied to any type of
hierarchical database, as long as a chain may be formed
therein from a reference point, derived by a certain module, to
a prescribed segment.
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[0117] While the functional units and processing per-
formed thereby have been described above for easy under-
standing of the present invention, the present invention is not
limited to the specific functional units performing specific
processing as described above. The functions for implement-
ing the above-described processing may be assigned to any
functional units, in consideration of processing efficiency as
well as programming efficiency upon implementation.
[0118] The above-described functions of the present inven-
tion may be implemented using a device-executable program
which is written in a legacy programming language or an
object-oriented programming language such as assembler, C,
C++, Java®, JavaBeans®, Java® Applet, JavaScript®, Perl,
Ruby, or the like. The program may be stored in a device-
readable recording medium for distribution or may be trans-
mitted for distribution.

[0119] While the present invention has been described with
reference to a specific embodiment, the present invention is
not restricted to the above-described embodiment. Rather,
various additions, modifications, deletions, as well as other
embodiments are possible within the range conceivable by
those skilled in the art, and they are included in the scope of
the present invention as long as they exert the functions and
effects of the present invention.

What is claimed is:
1. An information processing method for verifying a hier-
archical database, comprising:
generating a pointer record by acquiring a reference point
stored in the hierarchical database and associating a first
reference point identification value determined from a
storage location of the reference point with pointer infor-
mation retained at the reference point;
generating a segment record by acquiring a segment stored
in the hierarchical database and associating verification
data with a retention address of the acquired segment,
the verification data giving a second reference point
identification value in connection with a calculation
module, the calculation module calculating, for a seg-
ment in the hierarchical database, a reference point iden-
tification value used to identity a reference point which
points to the segment; and
verifying the consistency of a chain formed in the hierar-
chical database from the reference point to the segment
by comparing the segment record with the pointer
record.
2. The information processing method according to claim
1, further comprising:
generating a second pointer record by associating the veri-
fication data, which gives the second reference point
identification value, with pointer information which is
retained in the acquired segment and points to a twin
segment thereof.
3. The information processing method according to claim
2, wherein the generating the segment record comprises:
attaching a key value retained in the acquired segment to the
segment record, and
wherein the generating the second pointer record com-
prises: attaching the key value retained in the acquired
segment to the second pointer record.
4. The information processing method according to claim
3, wherein the verifying the consistency comprises: sorting
the generated segment records and the generated pointer
records and checking the segment and pointer records against
each other to detect an inconsistency in the chain.
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5. The information processing method according to claim
1, wherein the generating the segment record comprises:
providing the calculation module with the key value
retained in the acquired segment to call and cause the
calculation module to calculate the second reference
point identification value, and

generating the segment record by attaching thereto the
calculated second reference point identification value
itself as the verification data.

6. The information processing method according to claim

1, wherein

the generating the segment record comprises: generating
the segment record by attaching thereto a key value
retained in the acquired segment as the verification data,
and

wherein the verifying the consistency comprises: before
comparing the records, providing the calculation mod-
ule with the key value included in the segment record to
call and cause the calculation module to calculate the
second reference point identification value.

7. The information processing method according to claim

1, wherein the verifying the consistency further comprises:
determining that the chain is inconsistent in the case where
a mismatch between the reference point identification
values is found for the segment record and the pointer
record whose retention address and pointer information
coincide with each other.
8. The information processing method according to claim
7, wherein the verifying the consistency further comprises:
determining that the chain is inconsistent in the case where
a contradiction in magnitude relation between the key
values is found for the segment record and the pointer
record whose retention address and pointer information
coincide with each other.

9. The information processing method according to claim

1, wherein the segment constituting the chain comprises a
root segment and the reference point comprises a root anchor
point.

10. A computer program product for verifying a hierarchi-

cal database, the computer program product comprising:

a computer readable storage medium having computer
readable program code embodied therewith, the com-
puter readable program code configured to:

generate a pointer record by acquiring a reference point
stored in the hierarchical database and associating a first
reference point identification value determined from a
storage location of the reference point with pointer infor-
mation retained at the reference point;

generate a segment record by acquiring the segment stored
in the hierarchical database and associating verification
data with a retention address of the acquired segment,
the verification data giving a second reference point
identification value in connection with a calculation
module, the calculation module calculating, for a seg-
ment in the hierarchical database, a reference point iden-
tification value used to identify a reference point which
points to the segment; and

verify the consistency of a chain formed in the hierarchical
database from the reference point to the segment by
comparing the segment record with the pointer record.

11. The computer program product according to claim 10,

wherein the computer readable program code is further con-
figured to:
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generate a second pointer record by associating the verifi-
cation data, which gives the second reference point iden-
tification value, with pointer information which is
retained in the acquired segment and points to a twin
segment thereof.

12. The computer program product according to claim 11,
wherein the computer readable program code configured to
generate the segment record is further configured to: attach a
key value retained in the acquired segment to the segment
record, and

wherein the computer readable program code configured to

generate the second pointer record is further configured
to: attach the key value retained in the acquired segment
to the second pointer record.

13. The computer program product according to claim 12,
wherein the computer readable program code configured to
verify the consistency is further configured to: sort the gen-
erated segment records and the generated pointer records and
checking the segment and pointer records against each other
to detect an inconsistency in the chain.

14. The computer program product according to claim 10,
wherein the computer readable program code configured to
generate the segment record is further configured to:

provide the calculation module with the key value retained

in the acquired segment to call and cause the calculation
module to calculate the second reference point identifi-
cation value, and

generate the segment record by attaching thereto the cal-

culated second reference point identification value itself
as the verification data.

15. The computer program product according to claim 10,
wherein the computer readable program code configured to
generate the segment record is further configured to:
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generate the segment record by attaching thereto a key
value retained in the acquired segment as the verification
data, and

wherein the computer readable program code configured to
verify the consistency is further configured to: before
comparing the records, provide the calculation module
with the key value included in the segment record to call
and cause the calculation module to calculate the second
reference point identification value.

16. The computer program product according to claim 10,
wherein the computer readable program code configured to
verify the consistency is further configured to:

determine that the chain is inconsistent in the case where a
mismatch between the reference point identification val-
ues is found for the segment record and the pointer
record whose retention address and pointer information
coincide with each other.

17. The computer program product according to claim 16,
wherein the computer readable program code configured to
verify the consistency is further configured to:

determine that the chain is inconsistent in the case where a
contradiction in magnitude relation between the key val-
ues is found for the segment record and the pointer
record whose retention address and pointer information
coincide with each other.

18. The computer program product according to claim 10,
wherein the segment constituting the chain comprises a root
segment and the reference point comprises a root anchor
point.



