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(57) ABSTRACT 

The present invention provides a system switching function 
for database management systems Which requires no standby 
resources idling during normal operation. One aspect of the 
invention is directed to a method for processing databases in 
a system Which includes a plurality of storage areas each 
storing a database and a plurality of computers each having a 
database management program running thereon Which man 
ages one of the plurality of storage areas. Each storage area is 
associated With only the computer managing the storage area. 
The method comprises, When a failure has occurred in one of 
the plurality of computers as a failed computer, obtaining 
preset substitution information indicating that the storage 
area managed by the database management program running 
on the failed computer is to be managed by the database 
management program running on another one of the plurality 
of computers as a substitute computer; and, based on the 
substitution information, changing association of the storage 
area With the failed computer to the substitute computer. The 
storage area is to be managed by the database management 
program running on the substitute computer. 
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METHOD AND SYSTEM FOR 
HIGH-AVAILABILITY DATABASE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of patent applica 
tion Ser. No. 10/769,351, ?led Jan. 30, 2004, Which claims 
priority from Japanese Patent Application No. 2003-115185, 
?led on Apr. 21, 2003, the entire disclosure of Which is incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a data processing 
technique, and more particularly to a technique Which is 
effective When applied to a database management system 
having a system sWitching function. 
[0003] There is a need for a robust system operating 24 
hours a day, every day in the World of Net business in Which 
service interruption could lead to loss of a great business 
opportunity. What is important With such a system is to local 
iZe the in?uence of a failure When it has occurred and quickly 
restore the system. To quickly recover from failure, database 
(DB) systems conventionally use a system sWitching tech 
nique in Which a standby system machine is installed in 
addition to a running system machine for performing service 
processing, beforehand, and When a failure has occurred in 
the running system machine, the standby system machine 
takes over the service processing. 
[0004] For example, in literature published by Morgan 
Kaufmann Publishers in 1993, Jim Gray and Andreas Reuter 
disclose a hot standby noninterrupted system employing an 
HA (high availability) system con?guration to provide resis 
tance to DB failure. Jim Gray and Andreas Reuter, Morgan 
Kaufmann Publishers, 1993 “TRANSACTION PROCESS 
ING: CONCEPTS AND TECHNIQUES”, pp. 646-648, pp. 
925-927. 
[0005] In the literature “Parallel Database Systems: The 
Future of High Performance Database Systems”, on the other 
hand, David DeWitt and Jim Gray disclose an architecture 
(technique) in Which the processing load on a database is 
distributed to a plurality of processors for parallel processing 
(COMMUNICATIONS OF THE ACM, Vol. 35, No. 6, 1992, 
pp. 85-98). In the “Shared everything, Shared disk” architec 
ture employed by the above technique, each computer for 
executing DB processing can access all data, Whereas in the 
“Shared nothing” architecture, each computer can access 
only the data stored in the disks connected to itself. Parallel 
Database Systems: The Future of High Performance Data 
base Systems (David DeWitt and Jim Gray, COMMUNICA 
TIONS OF THE ACM, Vol. 35, No. 6, 1992, pp. 85-98) 
[0006] The “Shared nothing” architecture is advantageous 
over the “Shared everything, Shared disk” architecture in that 
it requires feWer resources to be shared betWeen the compo 
nents conducting the DB processing and thereby provides 
higher scalability. The “Shared nothing” architecture also 
employs a system sWitching technique in many cases to pro 
vide high availability. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In a system sWitching method, a standby system 
machine needs to be set up in addition to a running system 
machine, as described above, and the standby system 
machine is in an idle state during normal service operation. It 
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is possible to assign a portion of the ordinary service process 
ing to the standby system machine in a mutual standby con 
?guration. In order to increase the speed at Which the systems 
are sWitched for restoration, hoWever, a Warm standby or hot 
standby method is often employed in Which the standby sys 
tem is started up to such an extent that it is ready to operate, 
making it necessary to prepare resources (processes and 
memory) for the standby system. Systems Which require such 
“standby resources” idling during normal operation are dis 
advantageous in terms of TCO (Total Cost of OWnership) 
reduction in system formation and operation since they do not 
fully utiliZe their oWn resources during the normal operation. 
[0008] Embodiments of the present invention are directed 
to solving the above problems. It is, therefore, a feature of the 
present invention to provide a control method for sWitching 
DB systems, Which requires no “standby resources” idling 
during normal operation as described above and exhibits a 
short system sWitching time in the case of occurrence of a 
failure. In particular, a speci?c embodiment is intended to 
provide a database processing method Which provides high 
availability for a parallel database management system using 
the “Shared nothing” architecture. 
[0009] A database management system employing the 
“Shared nothing” architecture stores, beforehand, inforrna 
tion on substitution relations betWeen DB servers indicating 
Which one of the DB servers is used as a substitute server if 

one of the other DB servers has failed. With this arrangement, 
the database management system receives a query from a 
user, and if the DB server to Which a processing request is to 
be made is shut doWn, the database management system 
determines a substitute DB server based on the above infor 
mation on the substitution relations betWeen the DB servers 
and sends the processing request to the determined substitute 
server instead of the failed DB server. At that time, the data 
base management system adds a substitution instruction to 
the request. Receiving the above request, the (substitute) DB 
server determines Whether a substitution instruction is 
attached to the request, and if so, the (substitute) DB server 
performs data processing in place of the failed server. 
[0010] When performing the data processing in place of the 
failed server, the substitute server sWitches to the environ 
ment of the failed server. If the substitute server previously 
substituted for the same failed server and has already 
sWitched to its environment, no execution environment 
sWitching is carried out this time. It is arranged that the 
database buffer used to access the database for data process 
ing is the same as that used to access the DB storage area 
associated With the failed server. The database management 
system may automatically internally generate the above 
information on the substitution relations betWeen the DB 
servers indicating Which one of the DB servers is used as a 
substitute server if one of the other DB servers has failed. 
Furthermore, a plurality of substitute DB servers may be set 
for each DB server so that they can substitute for the DB 
server When it has been shut doWn, and a priority may be 
given to each substitute server. 

[0011] One aspect of the invention is directed to a method 
for processing databases in a system Which includes a plural 
ity of storage areas each storing a database and a plurality of 
computers each having a database management program run 
ning thereon Which manages one of the plurality of storage 
areas. Each storage area is associated With only the computer 
managing the storage area. The method comprises, When a 
failure has occurred in one of the plurality of computers as a 
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failed computer, obtaining preset substitution information 
indicating that the storage area managed by the database 
management program running on the failed computer is to be 
managed by the database management program running on 
another one of the plurality of computers as a substitute 
computer; and, based on the substitution information, chang 
ing association of the storage area With the failed computer to 
the substitute computer. The storage area is to be managed by 
the database management program running on the substitute 
computer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a diagram shoWing the general process 
according to an embodiment of the present invention; 
[0013] FIG. 2 is a diagram shoWing the functional blocks of 
a database processing system according to an embodiment of 
the present invention; 
[0014] FIG. 3 is a diagram shoWing a hardWare con?gura 
tion of a computer system according to the embodiment; 
[0015] FIG. 4 is a ?owchart shoWing a portion of the pro 
cessing procedure performed by a processing request control 
section and a substitution control section F according to the 
embodiment; 
[0016] FIG. 5 is a ?owchart shoWing a portion of the pro 
cessing procedure performed by a data processing control 
section and a substitution control section B according to the 
embodiment; 
[0017] FIG. 6 includes FIGS. 6A to 6E Which are diagrams 
each shoWing an example of substitution information accord 
ing to the embodiment; 
[0018] FIG. 7 includes FIGS. 7A and 7B Which are dia 
grams each shoWing a con?guration of substitute servers 
according to the embodiment; and 
[0019] FIG. 8 includes FIGS. 8A and 8B Which are dia 
grams each shoWing a con?guration of substitute servers 
according to the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Description Will be made of a database processing 
system applied to a database management system employing 
the “Shared nothing” architecture according to an embodi 
ment of the present invention. This database processing sys 
tem can immediately resume DB access processing When a 
failure has occurred (in a running system) Without employing 
any dedicated resources for its standby systems. First, the 
general process according to an embodiment of the present 
invention Will be brie?y described With reference to FIG. 1. 
[0021] The database management system (DBMS) of the 
present embodiment includes a processing request receiving 
server (or a front end server abbreviated as FES) 10 and a DB 
access server (or a back end server abbreviated as BES) 20. 

[0022] The processing request receiving server (FES) 10 
receives a query 50 from a user, analyZes it, generates a DB 
access request, and sends the DB access request to a DB 
access server. The FES 10 returns a DB access result to the 

user as necessary. The DB access server (BES) 20, on the 
other hand, receives the DB access request from the process 
ing request receiving server (FES) 10, processes data in a DB 
storage area according to the request, and returns a result to 
the processing request receiving server (FES) 10 as necessary. 
The FES 10 and the BES 20 are each implemented by one or 
a plurality of processes. 
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[0023] The database management system of the present 
embodiment employs the “Shared nothing” architecture, and 
by use of various methods the database (for example, a table 
or an index) managed by this system, is divided into a plural 
ity of subtables or subindexes Which are each stored in one of 
a plurality of DB storage areas. Each DB storage area is 
associated With (controlled by) a predetermined DB access 
server. Each DB access server only accesses the data (for 
example, table data or index data) in the DB storage area 
associated With it. In the example of FIG. 1, normally, the 
BES 1 only processes access requests to the DB storage area 
1, While the BES 2 only processes access requests to the DB 
storage area 2. The BES 1 and the BES 2 do not access the 
same DB storage area. 

[0024] Normally, both the BES 1 and the BES 2 are in 
operation and therefore all resources (that is, processes and 
memories implementing the DB access servers) are in use. 
Then, for example, When a failure has occurred in the poWer 
supply, etc., of the information processing apparatus (on 
Which the BES 1 is running) and thereby the BES 1 has been 
shut doWn, another server in operation (in this example, the 
BES 2) takes over the processing to continue the service. That 
is, the BES 2 processes the DB access request made to the 
BES 1. 

[0025] Speci?cally, receiving the query request 50 from a 
user (application program), the FES 10 analyZes the query 
request to determine the DB storage area that stores the data 
to be accessed. If the DB access server designated to access 
the determined DB storage area is shut doWn, the FES 10 
determines Which DB access server Will be a substitute server 
based on substitution information for failed servers at step 13. 
In this example, the BES 2 is determined to be the substitute 
server. The FES 10 then adds a substitution instruction to a 
DB access request 40 at step 14 and transmits the request to 
the DB access server BES 2 at step 15. The substitution 
instruction may be a ?ag or an identi?er identifying the BES 
1. This example uses a ?ag. 
[0026] Receiving the DB access request 40 from the FES 10 
(step 21), the DB access server BES 2 determines Whether the 
DB access request is for the DB storage area 2 managed by the 
BES 2 itself or another DB storage area at step 22. This 
determination is made based on the value of the substitution 
instruction (?ag). If the substitution instruction ?ag is set to 
ON, the DB access server BES 2 recogniZes from the substi 
tution information for failed servers that the access request is 
for the DB storage area 1 originally managed by the BES 1. 
The DB access server BES 2 obtains the substitution infor 
mation for the failed servers 30 Which is stored in a storage 
device 4 such as a hard disk device at step 23, and sWitches to 
the execution environment of the DB access server BES 1 at 
step 24. For example, the environment variables and memory 
information of the process implementing the DB access 
server BES 2 are replaced With those for the DB access server 
BES 1. 

[0027] The DB access server BES 2 performs DB access 
processing in the neW execution environment at step 25 to 
access the DB storage area 1 and manipulates data according 
to the request. In this example, the DB access server BES 2 
transmits to the FES 10 the table data 62 (that is, a value of 12) 
stored in the DB storage area 1 (61) in the database 60 as the 
execution result. Receiving the table data, the FES 10 returns 
it to the user. 

[0028] In this example, it is assumed that the substitution 
information for failed servers 30 is stored in the DBMS by a 
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user such as a manager of the DBMS beforehand. However, 
the DBMS may automatically internally generate this infor 
mation, making it possible to reduce the burden on the man 
ager. 
[0029] Thus, the DB access server BES 2 processes an 
access request to the DB storage area 1 in place of the DB 
access server BES 1 When a failure has occurred in the DB 
access server BES 1. Such a server is referred to as a substitute 

server in this speci?cation. When a DB access server BES 
Works as a substitute server andperforms processing, the BES 
process is not changed for substitute server processing, elimi 
nating the need for generating an extra process. 
[0030] As described above, a substitute server for each 
server may be registered or determined beforehand. With this 
arrangement, When a failure has occurred in a BES, the PBS 
detects the failed BES, and by use of a substitution instruc 
tion, the PBS instructs the substitute server in operation to 
perform processing in place of the failed BES, making it 
possible to immediately resume the DB access processing 
When a failure has occurred Without employing any dedicated 
resources for the standby system. 
[0031] In this example, the PBS and the BESs are each 
installed on a different information processing apparatus. 
HoWever, they may be set up on the same information pro 
cessing apparatus, making it possible to e?iciently use the 
hardWare resources. Furthermore, the functions of the PBS 
and the BES of the present embodiment may be implemented 
as those of a single DB server, making it unnecessary for the 
manager of the database management system to handle the 
PBS and the BES separately, thereby reducing the manage 
ment cost. 

[0032] FIG. 2 schematically shoWs the con?guration of a 
database management system according to the present 
embodiment. FIG. 2 shoWs application programs 6 created by 
users and a database management system 2 for managing the 
entire database system including queries and resources. The 
database management system 2 includes a processing request 
receiving server (or a front end server abbreviated as PBS) 10 
and a DB access server (or a back end server abbreviated as 

BES) 20. The database management system 2 further 
includes a data buffer 230 and has a database 3 for perma 
nently or temporarily storing data to be accessed, and substi 
tution information for failed servers 30. 

[0033] The processing request receiving server (PBS) 10 
receives a query from an application program 6, analyZes it, 
generates a DB access request, and sends the DB access 
request to a DB access server. The processing request receiv 
ing server (PBS) 10 returns a DB access result to the appli 
cation program 6 as necessary. The DB access server (BES) 
20 receives the DB access request from the processing request 
receiving server 10 and accesses the database 3 stored in an 
external storage apparatus through the database buffer 23 0. In 
the above example of FIG. 1, the substitute server (the BES 2) 
uses the database buffer used by the failed original BES (1) to 
perform DB access processing. That is, the failed original 
BES and the substitute server (BES) share the database buffer. 
[0034] The above database management system 2 is con 
nected to other systems through a network. It should be noted 
that the processing request receiving server (PBS) 10 and the 
DB access server (BES) 20 may not necessarily be set up on 
the same information processing apparatus. They may be 
each installed on a different information processing apparatus 
and connected to each other through a netWork, functioning 
as a single database management system. Further, the data 
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base management system may include a plurality of FESs to 
distribute requests received from a large number of users. Still 
further, the database management system may include a plu 
rality of BESs, making it possible to increase the level of 
parallel operation on data and perform data processing on 
even a large-scale database at high speed. 
[0035] The processing request receiving server 10 includes 
a processing request control section 211 for performing syn 
tax analysis and semantic analysis of a query, determining an 
appropriate processing procedure, generating code according 
to the processing procedure, and making a DB access request 
to the DB access server 20. The processing request receiving 
server 10 also includes a substitution control section F 212 
for, When the processing request control section 211 makes a 
DB access request, determining the operational state of the 
target DB access server to Which the request is to be sent, 
changing the target DB access server as necessary (at step 
213), and instructing the neW target DB access server to 
substitute for the original target DB access server (at step 
214). 
[0036] The DB access server 20 includes a data processing 
control section 221 for performing access control of data in 
the database 3 according to a DB access request (generated 
code) received from the processing request receiving server 
10. The DB access server 20 also includes a substitution 
control section B 222 for, When the data processing control 
section 221 has received the DB access request, determining 
Whether the request indicates that substitution is required, and 
sWitching to the necessary execution environment for the 
substitute server (at step 223). The substitution control sec 
tion B has a function to control restoration of the data and 
transaction for the failed server. Speci?cally, When a failure 
has occurred in a server (original server), the substitution 
control section B (in the substitute server) restores the DB 
storage area, etc., for the original server and cancels the 
current ongoing processing so as to be able to restore the 
transaction. 
[0037] FIG. 3 is a diagram shoWing a hardWare con?gura 
tion of a computer system according to the present embodi 
ment. This computer system includes information processing 
apparatuses 3000, 3100, and 3200. 
[0038] The information processing apparatus 3000 is made 
up of a CPU 3002, a main memory 3001, a communications 
control apparatus 3003, an I/O control apparatus 3004, and a 
terminal 3006. An application program 3008 executed by the 
CPU 3002 runs on the main memory 3001. When the appli 
cation program 3008 has sent the user query 50 to the pro 
cessing request receiving server 10 of the DBMS 2, the query 
request (the sent user query) goes through the communica 
tions control apparatus 3003 of the information processing 
apparatus 3000, a netWork 3007, and the communications 
control apparatus 3003 of the information processing appa 
ratus 3100 before reaching the processing request receiving 
server 10. 

[0039] The information processing apparatus 3100 is made 
up of a CPU 3002, a main memory 3001, a communications 
control apparatus 3003, an I/O control apparatus 3004, exter 
nal storage apparatuses 3005 (magnetic disk drives, etc.), and 
a terminal 3006. The database management system 2 includ 
ing the processing request receiving server 10, described 
above With reference to FIG. 2, is executed by the CPU 3002 
and runs on the main memory 3001 in the information pro 
cessing apparatus 3100. An external storage apparatus 3005 
stores the database 3 managed by the database management 
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system 2. A program 3101 implementing the database man 
agement system 2 is stored in another external storage appa 
ratus 3005. The processing request receiving server 1 0 writes/ 
reads data to/ from the external storage apparatuses 3005 
through the I/O control apparatus 3004 and exchanges data 
with other information processing apparatuses connected to 
the processing request receiving server 10 through the com 
munications control apparatus 3003 and the network 3007. 
[0040] The information processing apparatus 3200 is made 
up of a CPU 3002, a main memory 3001, a communications 
control apparatus 3003, an I/O control apparatus 3004, exter 
nal storage apparatuses 3005 (magnetic disk drives, etc.) and 
a terminal 3006. The database management system 2 includ 
ing the DB access server 20, described above with reference 
to FIG. 2, is executed by the CPU 3002 and runs on the main 
memory 3001 in the information processing apparatus 3200. 
An external storage apparatus 3005 stores the database 3 
managed by the database management system 2. A program 
3101 implementing the database management system 2 is 
stored in another external storage apparatus 3005. The DB 
access server 20 writes/reads data to/from the external storage 
apparatuses 3005 through the I/O control apparatus 3004 and 
exchanges data with other information processing appara 
tuses connected to the DB access server 20 through the com 
munications control apparatus 3003 and the network 3007. 
[0041] The external storage apparatuses 3005 each storing 
a database 3 associated with (managed by) one of the two 
information processing apparatuses 3200 are shared disks 
and can be accessed by other information processing appara 
tuses. Clusterware or the like that controls the normal opera 
tion and the switchover operation of the database manage 
ment system 2 performs access control to the above shared 
disks. 
[0042] FIG. 4 is a ?owchart showing a portion of the pro 
cessing procedure performed by the processing request con 
trol section and the substitution control section F according to 
the present embodiment. 
[0043] First of all, step 401 receives a query from a user, 
and based on information obtained as a result of analyZing the 
query from the user, step 402 determines the DB access server 
designated to access the DB storage area used for executing 
the query. Then, step 403 determines whether the determined 
DB access server is in operation. If it is in operation, the 
processing proceeds to step 407 which transmits a processing 
request to the determined DB access server. 

[0044] If, on the other hand, the DB access server has been 
shut down and therefore is not in operation, the processing 
proceeds to step 404 which obtains the substitution informa 
tion for failed servers 30 concerning the failed DB access 
server. Then, step 405 determines a substitute server based on 
the obtained substitution information for failed servers 30. 
Step 406 adds a substitution instruction to a processing 
request, that is, sets the substitution instruction ?ag to ON. 
After that, the processing proceeds to step 407 which trans 
mits the processing request to the substitute DB access server. 

[0045] FIG. 5 is a ?owchart showing a portion of the pro 
cessing procedure performed by the data processing control 
section and the substitution control section B according to the 
present embodiment. The DB access processing below is 
performed after the transmission of a processing request illus 
trated by the ?owchart of FIG. 4. 
[0046] First, step 501 receives an execution request from 
the FES, and step 502 determines whether the received execu 
tion request indicates that substitution is required. If the sub 
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stitution instruction ?ag is set to ON, the processing proceeds 
to step 503 which obtains the substitution information for 
failed servers 30 to check for the server (failed server) to be 
substituted for by this DB access server. Step 504 obtains the 
name of the server to be substituted for from the obtained 
substitution information for failed servers 30 and switches to 
the execution environment of the server. Step 505 performs 
DB access processing in the new execution environment, 
accessing the DB storage area assigned to the failed DB 
access server in place of the server to manipulate data. 

[0047] If, on the other hand, the substitution instruction ?ag 
is set to OFF at step 502, no execution environment switching 
operation is carried out, and step 505 accesses the DB storage 
area assigned to this server to manipulate data. 

[0048] Step 504 may check the current execution environ 
ment and may not switch execution environments when the 
BES (this BES) which is to process the processing request is 
the currently running BES. Furthermore, at step 505, this BES 
may return to its original execution environment after the DB 
access processing has been performed. The above steps may 
be optimally controlled by a balancer or a scheduler for con 
trolling the processing request. 
[0049] FIG. 6 includes FIGS. 6A to 6E which are diagrams 
each showing an example of the substitution information 
according to the present embodiment. In the example of FIG. 
6A, the substitution information for failed servers 30 includes 
the server name of each DB access server and the server name 

of the substitute server for each DB access server. When a DB 
access server has failed, the substitute server accesses the DB 
storage area assigned to the failed DB access server in place 
of the failed DB access server. A substitution information 
entry 600 indicates that when the DB access server BES 1 has 
been shut down due to a failure, the BES 2 takes over the 
processing as a substitute server. 

[0050] FIG. 7 includes FIGS. 7A and 7B which are dia 
grams showing con?gurations of substitute servers corre 
sponding to FIGS. 6B and 6C, respectively, while FIG. 8 
includes 8A and 8B which are diagrams showing con?gura 
tions of substitute servers corresponding to FIGS. 6D and 6E, 
respectively. 
[0051] The substitution information shown in FIG. 6B cor 
responds to the con?guration of substitute servers shown in 
FIG. 7A. Substitution information entries 601 and 602 in FIG. 
6C indicate that a DB access server BES 3 (705) on the 
information processing apparatus 701 and a DB access server 
BES 4 (706) on the information processing apparatus 702 are 
set as each other’s substitute servers. That is, they are in a 
mutual substitution con?guration. Speci?cally, when the 
BES 3 has been shut down, the BES 4 takes over the process 
ing from the BES 3 (as indicated by the substitution informa 
tion 601). When the BES 4 has been shut down, on the other 
hand, the BES 3 takes over the processing from the BES 4 (as 
indicated by the substitution information 602). 
[0052] Further, the BES 5 and the BES 6 on the information 
processing apparatus 703 and the BES 7 and the BES 8 on the 
information processing apparatus 704 are also in a mutual 
substitution con?guration. Speci?cally, when the BES 5 has 
been shut down, the BES 7 takes over the processing from the 
BES 5, and when the BES 6 has been shut down, the BES 8 
takes over the processing from the BES 6. On the other hand, 
when the BES 7 has been shut down, the BES 5 takes over the 
processing from the BES 7, and when the BES 8 has been shut 
down, the BES 6 takes over the processing from the BES 6. 
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[0053] The notational convention used by FIGS. 7 and 8 
Will be described With examples. In FIG. 7A, the parentheses 
“(“and”)” in the indication “(BES 4*)” in the DB server 705 
indicates that the DB server is not operating as the BES 4, that 
is, the DB server does not access the DB storage area RD 4 for 
the current DB processing (it is operating as the BES 3). 
Further, the asterisk “*” in the same indication indicates that 
the DB server 705 is designated as the substitute server for the 
server to Which the asterisk “*” is attached (that is, BES 4). 
[0054] FIG. 7A shoWs the following operational states of 
servers. A failure has occurred in the information processing 
apparatuses 701 and 703, and as a result the BES 3, BES 5, 
and BES 6 have been shut doWn. A request for data manipu 
lation requiring access to the DB storage area RD 3 is trans 
mitted to the DB access server 706 after a substitution instruc 
tion is attached to it. Receiving the request, the process 
implementing the DB access server 706 performs the pro 
cessing as the BES 3, accessing the RD 3. 
[0055] A request for data manipulation requiring access to 
the RD 5 is transmitted to the DB access server 709 after a 
substitution instruction is attached to it. Receiving the 
request, the process implementing the DB access server 709 
performs the processing as the BES 5, accessing the RD 5. 
[0056] The substitution information shoWn in FIG. 6C cor 
responds to the con?guration of substitute servers shoWn in 
FIG. 7B. Substitution information entries 607, 608, and 609 
in FIG. 6C indicate that a DB access server BES 9 (715) on an 
information processing apparatus 712, a DB access server 
BES 10 (716) on an information processing apparatus 713, 
and a DB access server BES 11 (717) on an information 
processing apparatus 714 are set as one another’s substitute 
servers. That is, they are in a unidirectional ring substitution 
con?guration. Speci?cally, When the BES 9 has been shut 
doWn, the BES 10 takes over the processing from the BES 9 
(as indicated by the substitution information 607). When the 
BES 10 has been shut doWn, on the other hand, the BES 11 
takes over the processing from the BES 10 (as indicated by the 
substitution information 608). Further, When the BES 11 has 
been shut doWn, the BES 9 takes over the processing from the 
BES 11 (as indicated by the substitution information 609). 
[0057] FIG. 7B shoWs the folloWing operational states of 
servers. A failure has occurred in the information processing 
apparatus 712, and as a result the BES 9 has been shut doWn. 
A request for data manipulation requiring access to the DB 
storage area RD 9 is transmitted to the DB access server 716 
after a substitution instruction is attached to it. Receiving the 
request, the process implementing the DB access server 716 
performs processing as the BES 9, accessing the RD 9. 
[0058] The substitution information shoWn in FIG. 6D cor 
responds to the con?guration of substitute servers shoWn in 
FIG. 8A. Substitution information entries 610, 611, and 612 
in FIG. 6D indicate the substitute servers for a DB access 
server BES 12 (804) on an information processing apparatus 
801, a DB access server BES 13 (805) on an information 
processing apparatus 802, and a DB access server BES 14 
(806) on an information processing apparatus 803. In particu 
lar, the substitution information entries 611 and 612 indicate 
that the BES 12 is set as the substitute server for both the BES 
13 and the BES 14. That is, they are in an n11 substitution 
con?guration, Where n is 2 in the above example. 
[0059] FIG. 8A shoWs the folloWing operational states of 
servers. A failure has occurred in the information processing 
apparatus 803, and as a result the BES 14 has been shut doWn. 
A request for data manipulation requiring access to the DB 
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storage area RD 14 is transmitted to the DB access server 804 
after a substitution instruction is attached to it. Receiving the 
request, the process implementing the DB access server 804 
performs processing as the BES 14, accessing the RD 14. 
[0060] The substitution information shoWn in FIG. 6E cor 
responds to the con?guration of substitute servers shoWn in 
FIG. 8B. Substitution information entries 613, 614, and 615 
in FIG. 6E indicate that DB access servers BES 16 (813), BES 
17 (814), and BES 18 (815) are set as the substitute servers for 
a DB access server BES 15 (812) on an information process 
ing apparatus 808. When the BES 15 has been shut doWn, the 
substitute server for the BES 15 is determined based on the 
values of the substitution priority order entries in the substi 
tution information. That is, these DB access servers are in an 
n-stage substitution con?guration. 
[0061] The actual substitution server for the BES 15 is 
determined as folloWs. First of all, the BES 16, indicated by 
the substitution information 613, is designated as the substi 
tute server (candidate). If the BES 16 also has been shut doWn, 
the BES 17, indicated by the substitution information 614, is 
set as the substitute server (candidate) according to the sub 
stitution priority order. Further, if the BES 17 also has been 
shut doWn, the BES 18 is set as the substitution server. 
[0062] FIG. 8B shoWs the folloWing operational states of 
servers. A failure has occurred in the information processing 
apparatus 808, and as a result the BES 15 has been shut doWn. 
Furthermore, another failure has occurred in the information 
processing apparatus 809, and as a result the BES 16 also has 
been shut doWn. A request for data manipulation requiring 
access to the DB storage area RD 15 is transmitted to the DB 
access server 814 after a substitution instruction is attached to 
it according to the substitution information 614. Receiving 
the request, the process implementing the DB access server 
814 performs processing as the BES 15, accessing the RD 15. 
[0063] The above processing illustrated by the ?oWcharts 
in FIGS. 4 and 5 is executed by programs running on the 
computer system shoWn in FIG. 3. In some embodiments, the 
programs may not be stored in external storage apparatuses 
directly and physically connected to the computer system, 
unlike the example of FIG. 3. Instead, the programs may be 
stored on computer-readable/Writable storage media such as 
hard disk drives and ?exible disk drives. Furthermore, they 
may be stored in external storage apparatuses connected to a 
different information processing apparatus Which is con 
nected through a netWork to an information processing appa 
ratus constituting the computer system shoWn in FIG. 3. 
[0064] Embodiments of the present invention can provide a 
method and system for processing a database, capable of 
quickly resuming DB processing service in the case of occur 
rence of a failure Without employing any “standby resources” 
idling during normal operation in a database management 
system using the “Shared nothing” architecture. 
[0065] The above-described arrangements of apparatus and 
methods are merely illustrative of applications of the prin 
ciples of this invention and many other embodiments and 
modi?cations may be made Without departing from the spirit 
and scope of the invention as de?ned in the claims. The scope 
of the invention should, therefore, be determined not With 
reference to the above description, but instead should be 
determined With reference to the appended claims along With 
their full scope of equivalents. 

1-3. (canceled) 
4. A method for processing databases in a system compris 

ing a processing request server, a plurality of storage areas, 
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and a plurality of database access servers, Wherein each stor 
age area in the plurality of storage areas includes at least one 
database, Wherein each database access server in the plurality 
of database access servers is associated With a storage area 
from among the plurality of storage areas thereby enabling 
said each database access server to manage and access its 
associated storage area, the method comprising: 
When a failure has occurred in a ?rst database access server 

from among the plurality of database access servers, 
then obtaining precon?gured substitution information 
including a mapping betWeen the ?rst database access 
server and a second database server from among the 
plurality of database access servers, Wherein the ?rst 
database access server is different from the second data 

base server; 
based on the mapping, re-associating a ?rst storage area 

associated With the ?rst database access server such that 
the ?rst storage area becomes associated the second 
database access server thereby enabling the second data 
base access server to manage and access the ?rst storage 

area; 
receiving at the processing request server a processing 

request directed to the ?rst database access server; 
determining if the ?rst database access server is in opera 

tion; 
if the ?rst database access server is in operation, then 

forWarding the processing request to the ?rst database 
access server, Wherein the ?rst database access server is 
con?gured to process the forwarded processing request; 

if the ?rst database access server is not in operation, then: 
identifying the second database access server as a substi 

tute for the ?rst database access server based on the 

precon?gured substitution information; and 
transmitting another processing request to the second data 

base access server, Wherein the second database access 
server is con?gured to receive said another processing 
request, obtain execution environment information for 
the ?rst database access server, sWitch an execution 
environment of the second database access server to that 
of the ?rst database access server based on the execution 
environment information, process said another process 
ing request on behalf of the ?rst database access server, 
and return to an original execution environment of the 
second database access server after completion of pro 
cessing said another processing request. 

5. The method of claim 4, Wherein the mapping associates 
an identi?er of the ?rst database access server With an iden 
ti?er of the second database access server, the mapping indi 
cating that the storage area associated With the ?rst database 
access server is to be associated With the second database 
access server When a failure occurs in the ?rst database access 

server. 

6. The method of claim 5, Wherein the mapping further 
indicates that a storage area associated With second database 
access server is to be associated With the ?rst database access 
server When a failure occurs in the second database access 
server. 

7. The method as recited in claim 4, Wherein the precon 
?gured substitution information comprises a substitution 
con?guration in Which a group of database access servers 
from the ?rst database access server to a last database access 
server are associated With each other such that the ?rst data 
base access server is to manage a storage area for the second 
database access server, the second database access server is to 
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manage a storage area for a third database access server, and 
the last database access server is to manage a storage area for 
the ?rst database access server. 

8. The method as recited in claim 4, Wherein the precon 
?gured substitution information comprises an n-to-l substi 
tution con?guration Whereby one database access server is to 
manage storage areas for n other database access servers. 

9. A system for processing databases, the system compris 
ing: 

a processing request receiving server; 
a plurality of storage areas, each storage area including at 

least one database; and 
a plurality of database access servers, each database access 

server being associated With a storage area in the plural 
ity of storage areas, thereby enabling said each database 
access server to manage and access its associated stor 

age area, 
Wherein the processing request receiving server is con?g 

ured to: 
receive a processing request directed to a ?rst database 

access server in the plurality of database access serv 

ers; 
determine Whether the ?rst database access server is in 

operation; 
forWard the processing request to the ?rst database 

access server, Wherein the ?rst database access server 

is con?gured to process the forWarded processing 
request When the ?rst database access server is in 
operation; and 

When the ?rst database access server is not in operation: 
obtain precon?gured substitution information includ 

ing a mapping betWeen the ?rst database access 
server and a second database access server in the 

plurality of database access servers; 
identify the second database access server as a sub 

stitute for the ?rst database access server based on 

the precon?gured substitution information; 
transmit another processing request to the second 

database access server, Wherein the second data 
base access server is con?gured to receive said 
another processing request, obtain execution envi 
ronment information for the ?rst database access 
server, sWitch an execution environment of the sec 
ond database access server to that of the ?rst data 
base access server based on the execution environ 

ment information, process said another processing 
request on behalf of the ?rst database access server, 
and return to an original execution environment of 
the second database access server after completion 
of processing said another processing request. 

10. The system as recited in claim 9, Wherein the precon 
?gured substitution information comprises a substitution 
con?guration in Which a group of database access servers 
from the ?rst database access server to a last database access 
server are associated With each other such that the ?rst data 
base access server is to manage a storage area for the second 
database access server, the second database access server is to 
manage a storage area for a third database access server, and 
the last database access server is to manage a storage area for 
the ?rst database access server. 

11. The system as recited in claim 9, Wherein the precon 
?gured substitution information comprises an n-to-l substi 
tution con?guration Whereby one database access server is to 
manage storage areas for n other database access servers. 
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12. The system of claim 9, wherein the mapping associates 
an identi?er of the ?rst database access server With an iden 

ti?er of the second database access server, the mapping indi 
cating that a storage area associated With the ?rst database 
access server is to be associated With the second database 
access server When a failure occurs in the ?rst database access 

server. 
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13. The system of claim 9, Wherein the precon?gured sub 
stitution information includes a plurality of mappings 
betWeen database access servers, each mapping including 
priority information indicating a priority of said each map 
ping With respect to other mappings. 

* * * * * 


