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DATA PROCESSING METHOD, DATA 
PROCESSING APPARATUS, AND DATA 

PROCESSING PROGRAM 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to data processing of a 
system having the data structure in Which a plurality of 
objects are correlated by the pointer that operates a plurality 
of process in parallel that is served to refer, update, insert, 
and delete the object. 

[0002] (Related Art 1) 
[0003] The data management system having a function to 
take access quickly to the data by means of the index related 
to the present invention provides the folloWing four func 
tions as the method to take access to the basic data. 

[0004] (1) reference function: reference to the data 
correlated to a speci?ed key value 

[0005] (2) insertion function: insertion of a speci?ed 
key value and insertion of the speci?ed data corre 
lated to the speci?ed key value 

[0006] (3) deletion function: deletion of a speci?ed 
key value and the data correlated to the speci?ed key 
value 

[0007] (4) update function: update of the data corre 
lated to a speci?ed key value to the speci?ed data 

[0008] A plurality of these functions are requested for 
processing in parallel. The processing method for realiZing 
the respective functions is called as reference processing, 
insertion processing, deletion processing, and update pro 
cessing. 
[0009] Conventional technique used for realiZing these 
functions Will be described With reference to FIG. 1 and 
FIG. 2. Numeral 101 shoWn in FIG. 1 is an exemplary data 
structure. The numeral 101 shoWs an object group T com 
prising three objects A, B, and C. The object is the data unit, 
and the region is secured and released in object units. 
Furthermore, one data is stored in one object. 

[0010] The object B stores the key value 10 and the data 
correlated to the key value 10. Similarly, the object C stores 
the key value 20 and the data correlated to the key value 20. 
The object A stores the key held by the obj ect B (namely the 
key value 10), the storage position information of the object 
B (referred to as pointer hereinafter), and the key held by the 
object C (namely the key value 20) and the pointer of the 
object C. 

[0011] A method for realiZing the above-mentioned four 
functions Will be described herein under. It is required to set 
and release the lock in order to realiZe parallel operation of 
a plurality of the functions. A method for realiZation of the 
lock is described in, for example, “Gray, J. Reuter, A. 
TRANSACTION PROCESSING: CONCEPTS AND 
TECHNIQUES, Morgan Kaufmann Publishers, Inc., 1993, 
p449-484”. Herein, the lock of the respective S, X, IS, and 
IX modes locking described in the above-mentioned litera 
ture is used. The S-mode locking can be executed together 
With the IS-mode locking in parallel, the X-mode cannot be 
executed With locking in all modes in parallel, the IS-mode 
locking can be executed together With locking of S, IS, and 
IX modes in parallel, and the IX-mode locking can be 

Sep. 18, 2003 

executed together With the lock of IS and IX modes. The 
lock is set hierarchically in the strategy of lock setting. In 
detail, the IS-mode lock is set to the object group T in the 
case of the reference processing, the IX-mode lock is set to 
the object group T in the case of the insertion, deletion, and 
update processing, and the S-mode lock is set in the case of 
the reference to an object that takes access thereafter and the 
X-mode lock is set in the case of the update (probable). In 
other Words, the lock is set to the object group, and thereafter 
the lock is set to a speci?ed object. 

[0012] The resource name used When the lock is set to the 
object group that is knoWn commonly for all the respective 
processing is assigned. Furthermore, in the case that the lock 
is set to an object, the resource name corresponding to the 
storage position of the object (position information of the 
resource name Where the object is stored, for example, 
pointer value) is assigned. In other Wards, it is possible to set 
the lock to an object if the storage position is found. All the 
processing knoWs the storage position of the object (object 
Ain FIG. 1) located at the origin in the object group, and the 
storage point is not moved. 

[0013] The time chart of the respective processing is 
shoWn in FIG. 2. The time on these time charts elapses from 
the left to the right. A line segment having black circles on 
both ends represents a time period While the lock is being set 
to the object shoWn on the left side of the line segment, and 
the lock mode is shoWn above the line segment and the 
processing is shoWn under the line segment. A line segment 
having White circles on both ends represents the time period 
While the object shoWn on the left side of the line segment 
is being accessed (Without setting the lock), and the pro 
cessing is shoWn under the line segment. FIG. 2A shoWs a 
How chart of reference processing. Herein, an example in 
Which the object having the key value of 10 is referred is 
shoWn. FIG. 2B shoWs a How chart of insertion processing. 
Herein, an example in Which the object having the key value 
of 30 is inserted into the group T is shoWn. FIG. 2C shoWs 
a How chart of deletion processing. Herein, an example in 
Which the object having the key value of 20 is deleted is 
shoWn. FIG. 2D shoWs a How chart of update processing. 
Herein, an example in Which the object having the key value 
of 10 is updated is shoWn. 

[0014] To shoW the situation of the parallel processing, an 
exemplary case in Which, for example, insertion processing 
of the key value of 30 and deletion processing of the key 
value of 20 are operated simultaneously is described. In the 
insertion processing 202, at ?rst the IX-mode lock is set to 
the object group T. The object region for storing the neW data 
is allocated (object D), and the key value 30 and correlated 
data are set in the region. On the other hand, in the deletion 
processing 203, the IX-mode lock is set similarly to the 
object group T, the lock is alloWed to accept parallel 
execution even though the lock competes With IX in the 
insertion processing, and it is not the case in Which any one 
of processing must Wait. Next, in both the insertion pro 
cessing 202 and the deletion processing 203, the X-mode 
lock is set to the object A, the one processing has set the lock 
at ?rst, and the other processing must Wait to set the lock 
until the one processing that has set the lock at ?rst releases 
the lock. 

[0015] At ?rst, the case in Which the deletion processing 
203 successively set the lock prior to the insertion process 
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ing 202 Will be described herein under. The insertion pro 
cessing must Wait until the deletion processing 203 releases 
the lock of the object A. The deletion processing 203 takes 
access to the object A to thereby acquire the pointer to the 
object B corresponding to the key value of 20, sets the 
X-mode lock to the object C, deletes the key value of 20 in 
the object A and the pointer to the object C (referred to as 
removal of the pointer hereinafter) to thereby release the 
lock to the object A (at this time point, Waiting of the 
insertion processing 202 is released), the object region that 
stores the object C is released and the lock of the object C 
is released, and the lock of the object group T is released 
?nally. This ?nal state is shoWn in FIG. 102. 

[0016] In response to release of the lock of the object Ain 
the deletion processing 203, in the insertion processing 202 
the lock of the object A is set successfully. In the insertion 
processing 202, the obj ectA accepts an access, the key value 
30 and the storage position of the object D are set to the 
object A, the lock of the object Ais released, and the lock set 
to the object group T is released. This state is shoWn in 104 
of FIG. 1. 

[0017] On the other hand, in the case that the lock is set 
successfully prior to the deletion processing in the insertion 
processing 202, the deletion processing 203 must Wait until 
the lock of the objectAis released in the insertion processing 
202. The insertion processing 202 carries out the processing 
in the same manner as described hereinabove, and the state 
103 shoWn in FIG. 1 is brought about. Thereafter, the 
deletion processing is executed, and 104 shoWn in FIG. 1 is 
brought about. 

[0018] The reference processing (key value of 10) is 
shoWn in 201 shoWn in FIG. 2A, and the update processing 
(key value of 10) is shoWn in 204 shoWn in FIG. 2D. The 
reason Why the lock of the object B has been set before the 
lock of the object A is released in the reference processing 
201 and the update processing 204 is that the error operation 
is to be prevented When deletion processing of the object B 
is operated in parallel. In detail, for example, if the lock of 
the object B is set after the lock of the object A is released, 
it is possible to release the region of the object B carrying out 
by the deletion processing during the release, and further 
more the released region is re-allocated to other use and the 
data that is set in the region is regarded by mistake as the 
data of the object B to cause error operation. 

[0019] Another method in Which the X-mode lock is set to 
the object group T for insertion, deletion, and update of the 
S-mode lock on the object group T may be employed as an 
easy method for the reference processing. Because parallel 
processing cannot be executed by means of the above 
mentioned method excepting in the case that the reference 
processing is executed in parallel With another reference 
processing, the resources such as disk and processor is used 
not effectively in comparison With the above-mentioned 
example, and the throughput and response time are poor. 

[0020] As described hereinbefore, though the related art 1 
is advantageous in that the object is deleted by setting the 
lock to tWo objects simultaneously, for example, the object 
B is locked in the state that the object Ais being locked, and 
the region of the object that has been deleted is released, 
hoWever, the related art 1 is disadvantageous in that the 
parallel execution performance is someWhat poor. 

[0021] (Related Art 2) 
[0022] B-tree index in the DB management system has the 
data structure that is formed by expanding from the related 
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art 1. 701 in FIG. 7 shoWs an exemplary three-step B-tree 
index comprising 7 pages (equivalent to the object in the 
related art 1). Pages P4, P5, P6, and P7 located at the bottom 
of 701 are called as leaf page, and store a pair of one or more 

keys (values appears at the bottom on a page, for example, 
key value of 50 and key value of 70 on page P6) and storage 
position information of the corresponding data, the pointer 
of the page on the right side (excepting the rightmost pate 
P7), the Max key value in the page (the value appears at the 
upper right in the leaf page), and the maximum key value of 
the data stored in the page (for example, the key value of 20 
is the Max key value in the page P4) respectively. The key 
range that is to be store is set to each leaf page, and it is 
shoWn by the in-page Max key value of the corresponding 
page and the page positioned at the right side of the 
corresponding page. For example, the key range of the page 
P5 that is to be stored is larger than the in-page Max key 
value of 20 of the page P4 that is positioned at the left side 
of the page P5, and smaller than or equal to the in-page Max 
key value of 40 of the page P5. Similarly, the key range that 
is to be stored in the pages P6 and P7 is the key larger than 
40 and smaller than or equal to 70, and larger than 70 
respectively. The page P4 that has no page positioned on the 
left side is served to store the key smaller than or equal to 
in-page Max key value (smaller than or equal to 20). 

[0023] The page called as upper page (the page P1, page 
P2, and page P3 of 701 in FIG. 7, called as node) is arranged 
above the leaf page. The upper page stores a pair of one or 
more pointers to the page located immediately under it and 
a key value, and the pointer to the page located on the right 
side (if there is). Herein, the key value is identical With the 
in-page Max key value of the page pointed by the pair of 
pointers. Particularly, the page P1 is called as root page. To 
search the leaf page in Which a certain key value is stored, 
it is the Way that an access is taken from the root page and 
the pointer that is paired With the minimum key value that 
is larger than the target key value is traced. The region is 
secured in page units. 

[0024] The deletion processing in Which the key value in 
a range from 20 to 40 Will be described With reference to 801 
in FIG. 8A. At ?rst, the IX-mode lock is set to the Whole 
B-tree index T and the S-mode lock is set to the root page 
P1, the pointer to the page P2 that is paired With the key 
value of 40 that is larger than the key value of 20, Which is 
the loWer limit of the speci?ed range, and is the minimum 
key value in the P1 is acquired, and the lock of the page P1 
is released. The S-mode lock is set to the page P2, the pointer 
to the page P4 that is paired With the key value of 20 that is 
larger than the key value of 20 and is the minimum key value 
in the page P2 is acquired, and the lock of the page P2 is 
released. The X-mode lock is set to the page 4, and all the 
keys in a range from the key value of 20 to 40, Which are the 
target in the page P4 to be deleted, are deleted. 

[0025] At that time, because only the key value of 20 
exists in the page P4, no key remains in the page, and the 
region of the page P4 is not released. The signi?cant reason 
is that it is required to reset the pointer to the target page to 
be released While a suitable lock is being set, and this 
resetting causes the poor parallel execution performance. 

[0026] Because the in-page Max key value of the page P4 
is 20 and it is knoWn that the value larger than 20 out of the 
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range of key value from 20 to 40, Which is the target to be 
deleted, is stored in the right side page, the pointer to the 
right page (pointer to the page P5) is acquired, and the lock 
of the page P4 is released. The X-mode lock is set to the page 
P5, and all the key values in the rage of key value from 20 
to 40, Which are the target to be deleted in the page P5, are 
deleted. At that time, because there is only the key value of 
40 in the page P5, no key value remains in the page, the 
region of the page P5 is not released. Because the in-page 
Max key value of the page P5 is 40, all the keys in the rage 
of key value from 20 to 40 are deleted. The lock of the page 
P5 is released, and the lock of the Whole B-tree index T is 
released ?nally to complete the deletion processing. The 
state in Which the deletion processing has been completed is 
shoWn in 702 in FIG. 7. 

[0027] Furthermore, the procedure for carrying out the 
insertion processing (key value of 60) starting from the state 
of 702 in FIG. 7 Will be described in 802 shoWn in FIG. 8. 
The IX-mode lock is set to the Whole B-tree index T and the 
page is accessed to the page P1 and page P3 in the same 
manner as described hereinabove, the X-mode lock is set to 
the page P6, and the page P6 is accessed. It is assumed that 
the data of the key value of 50 and 70 has been stored 
already in the page P6, and the page P has no suf?cient space 
for storing the data of the key value of 60. In this case, the 
page division processing called as splitting is carried out. At 
?rst, a page (assumed to be the page P8) is secured addi 
tionally. Herein, the divided key value is assumed to be 50. 
In detail, the data of the key value of 50 remains in the page 
P6, the data of the key value of 70 and the data of the key 
value of 60 to be inserted are transferred to the page region 
that has been secured additionally. The required setting is 
carried out to the page PS, the in-page Max key value of the 
page P6 is reset to 50, and the pointer on the right page is 
reset to the page P8. Thereafter, the lock of the page P6 is 
released, the X-mode lock is set to the page P3 to reset the 
pointer, the lock of the page P3 is released, and the lock of 
the Whole B-tree index T is released ?nally to complete the 
insertion processing. The state in Which the insertion pro 
cessing has been completed is shoWn in 703 in FIG. 7. 

[0028] As described hereinbefore, to maintain the high 
parallel execution performance of the B-tree index, the 
region of the page is not released even though no data 
remains in the page due to the deletion of the data. Accord 
ingly in general, the storage efficiency becomes poor With 
repetition of insertion and deletion of the data, and the 
access performance becomes poor concomitantly. To sup 
press the deterioration of the performance, a method (rear 
rangement) has been employed generally, in Which the 
access is inhibited at the proper timing, the data stored in the 
index is sent out temporarily to the region, and the data is 
re-packed. 

[0029] As described hereinabove, tWo pages are not 
locked simultaneously in the related art 2. Therefore, the 
parallel execution performance is high. On the other hand, 
because the page is referred by mistake in some cases as 
described in the related art 1, the region cannot be released 
successively even though the data is deleted. 

BRIEF SUMMARY OF THE INVENTION 

[0030] As obvious in the description of the related art 1 
and the related art 2, the capability of release processing of 

Sep. 18, 2003 

the region in the data deletion processing and the high 
capability of parallel execution have been considered to be 
in tradeoff relation. 

[0031] One object of the present invention is to provide a 
system having the data structure in Which a plurality of 
objects are correlated by the pointer and the processing for 
reference, update, insertion, and deletion of the object can be 
operated in parallel, that is characteriZed in that the parallel 
execution capability of reference, update, and insertion in 
the system is high, and the deletion processing is carried out 
in parallel With the reference, update, and insertion process 
ing at high performance. 

[0032] Another object of the present invention is to pro 
vides a system that is capable of reclaiming the free object 
region to improve the storage ef?ciency and access ef? 
ciency Without suppression of data reference, update, and 
insertion to the B-tree index, the storage ef?ciency and 
access ef?ciency of Which B-tree index have been loWered 
due to repetition of the data insertion and deletion (the object 
that has been deleted but retains the un-released region 
increases, or the target object is accessed through needless 
objects). 
[0033] In the case of the present invention, for transfer 
betWeen objects by tracing the pointer in reference, update, 
and insertion processing, the lock of an un-transferred object 
is released and then the lock is set to the transferred object 
to thereby improve the reference, update, and insertion 
parallel execution capability. At that time, the IS-mode (in 
the case of reference processing) or the IX-mode (in the case 
of update and insertion processing) is set to the object group 
at the beginning of the processing, and the lock is released 
after the processing is completed. 

[0034] On the other hand, for the deletion processing, after 
the pointer to the deletion target is separated or relocated and 
all processing that acquires the lock to the object group is 
completed, the region of the deletion target object is 
released. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0035] FIG. 1 is a diagram shoWing the data structure of 
the related art 1 and an embodiment 1. 

[0036] FIG. 2A to FIG. 2D are diagrams shoWing time 
charts in the related art 1. 

[0037] FIG. 3A to FIG. 3D are diagrams shoWing time 
charts in the embodiment 1 of the present invention. 

[0038] FIG. 4 is a diagram shoWing the parallel process 
ing in the embodiment 1 of the present invention. 

[0039] FIG. 5 is a diagram shoWing the data structure in 
an embodiment 2 of the present invention. 

[0040] FIG. 6A to FIG. 6D are diagrams shoWing time 
charts in the embodiment 2 of the present invention. 

[0041] FIG. 7 is a diagram shoWing the data structure in 
a related art 2 and an embodiment 3 of the present invention. 

[0042] FIG. 8A to FIG. 8C are diagrams shoWing time 
charts in the related art 2 and embodiment 3 of the present 
invention. 
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[0043] FIG. 9 is a diagram showing an exemplary system 
structure for realizing the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] (Embodiment 1) 
[0045] An exemplary system structure for realizing the 
present invention is shoWn in FIG. 9. The exemplary system 
structure described herein is used commonly for embodi 
ments 1 to 3. The system is provided With a computer system 
1 having a processor 2 and memory 3, an external memory 
4 connected to the computer system 1, and a plurality of 
terminals 7 connected to the computer system 1 through a 
netWork 6. 

[0046] A data management system 10 expressed in the 
form of a program that is interpretable by the processor 2 is 
provided in the memory 3, and the command is read and the 
arithmetic processing is carried out by the processor 2. The 
data management system comprises a system control section 
11, an object management section 12, and a lock manage 
ment section 13. The system control section 11 receives the 
reference, insertion, update, and deletion request from the 
terminal 7, analyses the request content, leaves the control to 
the object management section 12, and sends the processing 
result to the terminal 7 through the netWork 6. The object 
management section 12 manages the object 5 stored in the 
external memory 4 according to the command received from 
the system control section 11. The lock management section 
12 provides the lock function to a speci?ed resource to the 
object management section 12. 

[0047] An exemplary method that exhibits high reference, 
update, and insertion parallel execution capability and that is 
capable of deletion processing in parallel With reference, 
update, and insertion processing is disclosed With reference 
to FIG. 3A to FIG. 3D and FIG. 4, in comparison With FIG. 
1 used for description of the related art 1. 

[0048] Numeral 301 of FIG. 3A is a time chart shoWing 
the reference processing in the present embodiment. In 
comparison With 201 of FIG. 2A, the releasing timing of the 
lock of the object Ais replaced With the setting timing of the 
S-mode lock to the object B. In detail, in the related art, the 
lock is set to the object A, the value of the pointer to the 
object B is stored, the lock is then set to the object B, and 
the lock of the object A is released thereafter. On the other 
hand, in the present embodiment, the lock is set to the object 
A, the value of the pointer to the object B is stored, and the 
lock of the object Ais released. Thereafter, the lock is set to 
the object B. Numeral 302 of FIG. 3B is a time chart 
shoWing the insertion processing in the present embodiment. 
This is the same as 201 of FIG. 2. 

[0049] Numeral 304 of FIG. 3D is a time chart for 
shoWing the update processing in the present embodiment. 
In comparison With 204 of FIG. 2D, the lock releasing 
timing of the object A is replaced With the X-mode lock 
setting timing of the object B. 

[0050] Numeral 303 of FIG. 3C is a time chart shoWing 
the deletion processing in the present invention. The 
numeral 303 of FIG. 3C is signi?cantly different from 204 
of FIG. 2D, and described With comparison. Setting of the 
IX-mode lock to the object group T and setting of the 
X-mode lock to the object A are the same, and all the 
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processing that acquires the lock of the object group T is 
stored. Thereafter, the pointer to the object C that is the 
deletion target is separated from the object A. In this 
embodiment, at that time the completion of all the process 
ing stored as described hereinabove is Waited. A Waiting 
method in Which the completion is noti?ed to the deletion 
processing from the processing side that sets the lock to the 
object group T at the time point When the lock is released or 
a method in Which the deletion processing checks the 
completion of other processing at every certain interval may 
be employed as the method for Waiting. After the completion 
of all the processing stored as described hereinabove is 
detected by employing any one of the above-mentioned 
methods, the region of the object C is released. 

[0051] Because another processing Will not take an access 
to the released region, it is not necessary to set the lock to 
the object C. The reason is described exemplarily With 
reference to FIG. 4. FIG. 4 shoWs that the deletion pro 
cessing 401, reference processing 402, insertion processing 
403, update processing 404, and update processing 405 are 
carried out in parallel. The processing that does not set the 
lock to the object group T at the time point of 406, namely 
the time point just after the X-mode lock is set to the object 
A in the deletion processing 401, (herein, the update pro 
cessing 404 and update processing 405) cannot access to the 
object C. The reason is that though it is necessary to access 
to the object A at the time point When the pointer to the 
object C is set before access to the object C, because the 
deletion processing 401 inhibits With the X-mode, the 
pointer to the object C has been separated When the object 
A is seen With the update processing 404 and update 
processing 405. Furthermore, in some cases, the reference 
processing 402 and the update processing 403 acquire the 
data With seeing the object C, the reason is that these 
processing have detected the completion of the all. 

[0052] The above-mentioned IS-mode and IX-mode are 
examples, and the lock mode that is equivalent to these 
group or that is loWer in the parallel execution capability 
may be used instead. 

[0053] According to the above-mentioned processing 
method, the parallel execution capability for reference, 
insertion, and update processing is improved in comparison 
With the conventional processing, and the mis-access of 
other processing to the region that has been released by 
deletion processing is prevented. More in detail, because one 
processing Will not lock tWo objects simultaneously in the 
reference, insertion, and update processing in the above 
mentioned embodiment, high parallel execution capability 
that is equivalent to the conventional art can be realiZed. 
Furthermore, because the region of the object is released 
after completion of another processing that sets the lock to 
the deletion processing target object group after the pointer 
has been separated in the deletion processing, the region is 
released safely Without inhibition of execution of other 
processing. 

[0054] (Embodiment 2) 
[0055] The second embodiment Will be disclosed With 
reference to FIG. 5 and FIG. 6A to FIG. 6D. 

[0056] Numeral 501 shoWn in FIG. 5 is a typical data 
structure used for managing the data corresponding to a 
certain hash value by the chain (herein, the hash function is 
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de?ned as remainder obtained When a key value is divided 
by 10, and it is assumed to be a part for managing the key 
corresponding to a hash value=2 and the data). The proce 
dure carried out in the case that the deletion processing of 
the key value of 32 and the insertion processing of the key 
value of 12 are requested to the data structure as described 
hereinabove Will be described herein under together With the 
time charts of the processing shoWn in FIG. 6. 

[0057] In the deletion processing 601 shoWn in FIG. 6, 
deletion of the object B is requested. At ?rst, the IX-mode 
lock is set to the object group T, and the X-mode lock is set 
to the object A. The pointer to the object B stored in the 
object A is acquired, (as the lock of the object A is main 
tained) the X-mode lock is set to the object B, and the object 
B is accessed. It is con?rmed that there is the object B, 
namely the object of the key value of 32, and all the 
processing that sets the lock to the object group T is stored 
at this time point (it is assumed that the insertion processing 
602 is carried out in parallel at this time point and the lock 
is set to the object group T). The pointer to the object B 
stored in the object A is reset to the pointer stored in the 
object B (the pointer to the object C) (replacement of the 
pointer), the lock of the objectA and the object B is released 
(502 in FIG. 5), and completion of the stored processing is 
Waited for. 

[0058] On the other hand, in the insertion processing 602, 
the IX-mode lock is set to the object group T, the object 
region for insertion is secured (assumed to be the object D), 
and the key value of 12 and correlated data are set. Subse 
quently, the X-mode lock is set to the object A (if the 
deletion processing is maintaining the lock, the lock is set 
after releasing), the pointer stored in the object Ais set to the 
pointer to the object D, the pointer from the object A is 
replaced so as to point the object D, the lock of the object 
A is released, and the lock of the object group T is released 
?nally to thereby complete the insertion processing (503 in 
FIG. 5). 
[0059] The lock of the object T is released in the insertion 
processing 602. Thereby, the deletion processing 601 
releases the region of the object B (Without setting the lock), 
the lock of the object group T is released, and the deletion 
processing is completed (504 in FIG. 5). 
[0060] Next, the procedure of the reference processing 
(key value of 62) 603 Will be described herein under. At ?rst, 
the IS-mode lock is set to the object group T, the pointer is 
traced successively from the objectA to search the object of 
the key value of 62. For transfer betWeen objects, the lock 
of the object of the starting point is released and then the 
S-mode lock is set to the transfer target object. In the case 
that the operation is carried out in parallel With the above 
mentioned deletion processing 601, if the state at the time 
When the object A is accessed is the state of 502 in FIG. 5, 
the pointer to the object C is stored Without access to the 
object B. Therefore, the processing enclosed With the dashed 
line of 603 in FIG. 6C is not carried out. The processing 
enclosed With the dashed line is carried out While the object 
B is remaining in the state 501. At that time, access of the 
objectAcauses storage of the pointer to the object B, and the 
pointer to the object C is stored With the processing enclosed 
With the dashed line. The processing changes depending on 
the reference timing as described hereinabove. 

[0061] Subsequently, the procedure of update processing 
(key value of 62) 604 Will be described herein under. At ?rst, 

Sep. 18, 2003 

the IX-mode lock is set to the object group T, the pointer is 
traced successively from the object A to search the object of 
the key value of 62, and the correlated data is updated When 
the object of the key value of 62 is found. For transfer 
betWeen objects, the lock of the object located at the starting 
point is released and then the X-mode lock is set to the 
transfer target object. In the case that the operation is carried 
out in parallel With the above-mentioned deletion processing 
601, if the state at the time When the object A is accessed is 
the state 502 in FIG. 5, the processing enclosed With the 
dashed line of 604 in FIG. 6D is not carried out Without 
access to the object B. 

[0062] According to the above-mentioned processing 
method, high parallel execution capability of the reference, 
insertion, and update processing can be realiZed Without 
mis-access to the region that has been released by deletion 
processing. Furthermore, the operation is realiZed similarly 
to the embodiment 1 also in the data management in Which 
the hash function is used as described herein under. In the 
reference, insertion, and update processing, one processing 
has high parallel execution capability Without setting the 
lock to tWo objects simultaneously, and in the deletion 
processing, the pointer to the deletion target object is sepa 
rated, and after completion of other processing that set the 
lock to the object group the region is released. Thereby, the 
region is released Without inhibition of execution of other 
processing and Without use of erroneous data. 

[0063] (Embodiment 3) 
[0064] A free page reclaim processing method that is 
capable of parallel execution With the data deletion and data 
insertion processing in the B-tree index described in the 
related art 2 Will be disclosed With reference to FIG. 7 and 
FIG. 8A to FIG. 8C. The free page reclaim processing is 
executed instead of the rearrangement at the proper time 
point When the storage efficiency decreases concomitantly 
With repeated insertion and deletion of the data and the 
access performance becomes poor concomitantly. 

[0065] The process procedure used in the case that the free 
page reclaim processing is executed in the state of 703 
shoWn in FIG. 7 is shoWn in 803 in FIG. 8C. At ?rst, the 
IX-mode lock is set to the Whole B-tree index. The lock 
mode to the page is enclosed in in the folloWing descrip 
tion. Next, the page is traced from the root page toWard the 
leftmost leaf page (page P1[S], P2[S], and P4[X]). It is 
con?rmed that the number of data is 0 in the leaf page P4, 
and a ?ag for indicating that this page is to be reclaimed is 
set (symbol “R” in a circle in the page P4 of 704 in FIG. 7). 
Subsequently, the page P2 that is located at the upper 
position than the page P4 is accessed and the pointer to 
the page P4 is separated (704 in FIG. 7). Then, the pate P5 

that is located at the right side of the page P4 is accessed to con?rm that the number of data is 0, and a ?ag for 

indicating that this page is to be reclaimed is set. Next, the 
page P2 that is located at the upper position is accessed [X], 
the pointer to the page 5 is separated. Then, it is con?rmed 
that no key remains in the page P2, and a ?ag for indicating 
that the page is to be reclaimed to the page P2 is set. 
Subsequently, the page P1 that is located at the position 
upper than the page 2 is accessed [X], and the pointer to the 
page P2 is separated (705 in FIG. 7). The page P6 that is 
located on the right side of the page P5 is accessed to 
con?rm that the number of data is one or more, the page P8 
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that is located on the right side of the page P6 is accessed 
to con?rm that the number of data is one or more, the page 
P7 that is located on the right side of the page P8 is accessed 
[X] to con?rm that the number of data is one or more, and 
thus the ?ag setting and pointer separation of the reclaimable 
page are completed. At this time point, the processing that 
sets the lock to the Whole B-tree indeX is stored, and the 
completion of the processing is Waited. After all the stored 
processing has been completed, the region of the pages P2, 
P4, and P5 that is to be reclaimed is released, and the lock 
of the Whole B-tree indeX is released to complete the free 
page reclaim processing (706 in FIG. 7). 

[0066] In the ?nal form obtained by means of the free page 
reclaim processing method described hereinabove, the key 
that is stored in the page from Which the region is released 
is taken over by the page that is located on the right side. For 
example, the page P6 is served to store the data of the key 
value of 50 or loWer. Concomitantly, in the case that setting 
of a ?ag for indicating that the page is to be reclaimed is 
detected on the accessed page in the reference, insertion, and 
update processing, the processing is changed partially so 
that the page is transferred to the page located on the right 
side for accessing. 

[0067] By applying processing method described herein 
before, the region of the free page is recovered Without 
signi?cant damage of the parallel eXecution capability for 
reference, insertion, and update processing and Without 
suppression of data reference, update, and insertion, and it is 
possible to improve the storage ef?ciency and access effi 
ciency. 
[0068] As described hereinbefore in the embodiments, the 
system having the data structure correlated to a plurality of 
objects by means of the pointer that operates a plurality of 
processing for reference, insertion, and deletion of the object 
in parallel is highly capable of parallel eXecution of the 
reference, update, and insertion and is capable of executing 
the deletion processing in parallel With the reference, update, 
and insertion processing. 

[0069] Furthermore, the system is capable of suppressing 
the data reference, update, and insertion of the B-tree indeX 
that has become poor in the storage ef?ciency and access 
ef?ciency due to repeated data insertion and deletion and is 
capable of reclaiming the region of the free page Without 
temporary use of the resource, and it is possible to improve 
the storage efficiency and access efficiency. 

[0070] According to the present invention, the system is 
capable of executing the reference, insertion, and update 
processing in parallel, and is capable of preventing other 
processing from mis-accessing to the region that has been 
released by deletion processing, and the releasing (reclaim) 
after deletion processing is made possible. 

1. A data processing method of a system having the data 
structure in Which a plurality of objects that belong to an 
object group are correlated by means of the pointer and that 
operates a plurality of processing for reference, update, 
insertion and deletion of an object in parallel, 

said data processing method comprising: 

?rst step for separating or replacing a pointer to a 
deletion target in deletion processing; 
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second step for judging the completion of all process 
ing that acquires the lock to the object group; and 

third step for releasing the region of a deletion target 
object in response to the completion of said all 
processing. 

2. The data processing method according to claim 1, 
Wherein all other processing that acquires the lock of said 
object group and a pointer to a deletion target is separated or 
replaced in said ?rst step. 

3. The data processing method according to claim 1, 
Wherein the lock that has been set to the correlated object is 
released after completion of said ?rst step. 

4. The data processing method according to claim 2, 
Wherein the lock that has been set to the correlated object is 
released after completion of said ?rst step. 

5. The data processing method according to claim 1, 
Wherein a processing completion notice is received from 
other processing that acquires the lock of said object group 
in said second step. 

6. The data processing method according to claim 2, 
Wherein a processing completion notice is received from 
other processing that acquires the lock of said object group 
in said second step. 

7. The data processing method according to claim 1, 
Wherein said data structure is a B-tree indeX, said data 
processing method is additionally provided With the fourth 
step for accessing to the page successively from the loWer 
page, and for setting a ?ag for indicating the release to a 
page on Which the data is not stored to separate a pointer, and 
said ?agged page is released in said third step. 

8. A data processing method of a system having the data 
structure in Which a plurality of objects that belong to an 
object group are correlated by means of the pointer and that 
operates a plurality of processing for reference, update, 
insertion and deletion of an object in parallel, 

said data processing method comprising the processing 
steps of: 

in reference processing, setting the IS-mode lock of an 
object group When the processing starts, and releas 
ing the lock of an un-transferred object, and then 
setting the lock of a transferred object When the 
pointer is traced for transfer betWeen objects; 

in update processing, setting the IX-mode lock of an 
object group When the processing starts, releasing 
the lock of an un-transferred object, and then setting 
the lock of a transferred object When the pointer is 
traced for transfer betWeen objects; 

in insertion processing, setting the IX-mode lock of an 
object group When the processing starts; and 

in deletion processing, after a pointer to a deletion 
target is separated or replaced and all the processing 
that acquires the lock of an object group is com 
pleted, releasing the region of the deletion target 
object. 

9. The data processing method according to claim 8, 
Wherein instead of said IS-mode and IX-mode, a lock mode 
that is equivalent to these pairs or loWer in parallel execution 
capability is used. 

10. A data processing apparatus of a system having the 
data structure in Which a plurality of objects that belong to 
an object group are correlated by means of the pointer and 
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that operates a plurality of processing for reference, update, 
insertion and deletion of an object in parallel, 

said data processing apparatus comprising: 

means for separating or replacing a pointer to a deletion 
target in deletion processing; 

means for judging that all the processing has acquired 
the lock of an object group; and 

means for releasing the region of the deletion target 
object in response to completion of all the process 
ing. 

11. A data processing apparatus of a system having the 
data structure in Which a plurality of objects that belong to 
an object group are correlated by means of the pointer and 
that operates a plurality of processing for reference, update, 
insertion and deletion of an object in parallel, 

said data processing apparatus comprising: 

means for, in reference processing, setting the IS-rnode 
lock of an object group When the processing starts, 
releasing the lock of an un-transferred object, and 
then setting the lock of a transferred object When the 
pointer is traced for transfer betWeen objects; 

means for, in reference processing, setting the IX-rnode 
lock of an object group When the processing starts, 
releasing the lock of an un-transferred object, and 
then setting the lock of a transferred object When the 
pointer is traced for transfer betWeen objects; 

means for, in insertion processing, setting the IX-rnode 
lock of an object group When the processing starts; 
and 

means for, in deletion processing, after a pointer to a 
deletion target is separated or replaced and all the 
processing that acquires the lock of an object group 
is completed, releasing the region of the deletion 
target object. 

12. A data processing program for operating a computer 
for data processing of a system having the data structure in 
Which a plurality of objects that belong to an object group 
are correlated by means of the pointer and that operates a 
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plurality of processing for reference, update, insertion and 
deletion of an object in parallel, 

said data cornputer serving as: 

?rst means for separating or replacing a pointer to a 
deletion target in deletion processing; 

second means for judging that all the processing has 
acquired the lock of an object group; and 

third means for releasing the region of the deletion 
target object in response to completion of all the 
processing. 

13. A data processing program for operating a computer 
for data processing of a system having the data structure in 
Which a plurality of objects that belong to an object group 
are correlated by means of the pointer and that operates a 
plurality of processing for reference, update, insertion and 
deletion of an object in parallel, 

said data cornputer serving as: 

means for, in reference processing, setting the IS-rnode 
lock of an object group When the processing starts, 
and releasing the lock of an un-transferred object, 
and then setting the lock of a transferred object When 
the pointer is traced for transfer betWeen objects; 

means for, in reference processing, setting the IX-rnode 
lock of an object group When the processing starts, 
releasing the lock of an un-transferred object, and 
then setting the lock of a transferred object When the 
pointer is traced for transfer betWeen objects; 

means for, in insertion processing, setting the IX-rnode 
lock of an object group When the processing starts; 
and 

means for, in deletion processing, after a pointer to a 
deletion target is separated or replaced and all the 
processing that acquires the lock of an object group 
is completed, releasing the region of the deletion 
target. 


