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(57) ABSTRACT 

The system manages at least a database in multiple database 
storage units, and the database is duplicated for redundancy. 
The system maintains the database redundancy for security. 
The system enables the maintenance and reorganization of 
the database storage units Without interrupting the on-going 
operations involving the access to the database storage units. 
The non-stop ongoing database access is available by allocat 
ing a pair of a main storage unit and an intermediate storage 
unit that maintains the substantially identical data. During 
certain predetermined operations, the main storage unit is 
being dedicating to the on-going transactions While the inter 
mediate database storage unit is manipulated to contain data 
that corresponds to a speci?ed time. For example, the content 
of the intermediate storage is subsequently copied or used to 
update another database. When the above duplication or 
incorporation is completed, the intermediate storage unit is 
updated for the transactions that have taken place during the 
above operations to be synchronized With the main storage 
unit. 
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METHOD AND SYSTEM FOR MANAGING 
MULTIPLE DATABASE STORAGE UNITS 

FIELD OF THE INVENTION 

[0001] The current invention is generally related to manag 
ing multiple database storage units, and more particularly 
related to managing multiple database storage units to dupli 
cate the database Without interrupting the on-going opera 
tions involving the access to the database storage units. 

BACKGROUND OF THE INVENTION 

[0002] High availability (HA) systems have multiple struc 
tures. A database management system is duplicated as a high 
performance solution in order to avoid a complete shutdoWn 
due to a poWer failure or a CPU failure in one database 
management system. For example, Jim Gray and Andreas 
Reuter (1993) disclosed hot-standby non-stop operations as a 
database failure solution based upon the HA system. (Trans 
action Processing: Concepts and Techniques, Morgan Kauf 
mann Publishers, 1993). In order to secure high reliability in 
disk devices, Redundant Array of Inexpensive Disks (RAID) 
are also combined. Patterson et al. (1988) disclosed the RAID 
structures in details. (A Case for Redundant Array of Inex 
pensive Disks, ACM SIGMOD, 1988). Furthermore, a replica 
database is based upon a common access function for access 
ing distributed systems. For example, Date (1990) disclosed 
the above replica database technologies. (An Introduction to 
Database Systems: Volume 1, Fifth Edition, Addison-Wesley 
Publisher, 1990). 
[0003] Despite the above described prior art technologies, 
it is still necessary to respond to an enormous change in the 
database amount, the users as Well as the data load in the 
current computing environment. The current environment 
includes a Web site that is simultaneously accessed by over 
several tens of thousands of users and or Data WareHouse 
(DWH) systems that manage large databases With daily addi 
tion of over ten TB of analysis data. Although it is possible to 
initially design a system based upon data division methods, 
the memory amount, the number of processors and servers, 
and disk distribution, it is necessary to minimize the initial 
con?guration of the system for the least start-up cost. For this 
reason, the initial database is redesigned and recon?gured 
When the database data amount and the number of users 
increased. To accomplish the redesign and recon?guration, in 
the prior art, the operation of the database system is at least 
temporarily terminated While the data division method, the 
memory amount, the number of processors and servers as 
Well as the disk storage amount are being recon?gured in 
accordance With the necessary modi?cations. 
[0004] The reason for ceasing the database operations 
includes a number of factors. For example, in response to ever 
increasing services and access from clients such as Web 
broWsers, it is necessary to add a server in the database man 
agement system to process the above described demands. The 
database data amount also has ever increased due to increased 
client service, increased application programs as Well as 
diversi?ed vieWs or reports from the database. Due to these 
factors, it is necessary to add disk storage units for storing the 
increased database. It is also necessary to equalize the data 
base access load modifying a schema for data division meth 
ods. Furthermore, it is necessary to periodically recon?gure 
the database in order to prevent search ef?ciency from declin 
ing due to an imbalanced database structure that is caused by 
certain operations such as the deletion of a large amount of 
data from the database. 
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[0005] The above described operations for maintenance 
and or recon?guration are generally performed While the 
database system is shut doWn at night or runs the batch opera 
tion during the Weekend. HoWever, since database systems on 
the Web are usually globally accessed for tWenty-four hours a 
day, it is not possible to cease the database operations at night 
or to run the batch operation. For this reason, it is desired to 
perform the above described maintenance/recon?guration in 
parallel With the database access Without interfering the data 
base operations. Furthermore, it is also desired to summarize 
the statistical trends of the activities With respect to the data 
base While the database system is continuously operated. 

SUMMARY OF THE INVENTION 

[0006] In order to solve the above and other problems, 
according to a ?rst aspect of the current invention, a method 
of managing a plurality of databases in response to continu 
ous transactions, the databases including at least a ?rst data 
base, a second database and a third database, including: main 
taining ?rst data in the ?rst database and a duplicate set of 
second data in the second database in response to database 
transactions; determining a point in time for a predetermined 
database management task; discontinuing the database trans 
actions to and from the second database; continuing the data 
base transactions to and from the ?rst database; rolling back 
the second data in the second database to the point in time; 
resolving the second database and the third database; rolling 
forWard the second data in the second database to match the 
?rst data in the ?rst database; and resuming the database 
transactions to and from the second database. 

[0007] According to a second aspect of the current inven 
tion, a system for managing a plurality of databases in 
response to continuous transactions, the databases including 
at least a ?rst database, a second database and a third data 
base, including: a ?rst database storage unit for storing ?rst 
data in ?rst database; a second database storage unit for 
storing a duplicate set of second data in second database; a 
third database storage unit for storing a duplicate set of third 
data in third database; and database management unit con 
nected to the ?rst database storage unit, the second database 
storage unit and the third database storage unit for continuing 
database transactions to and from the ?rst database as Well as 
maintaining the ?rst data in the ?rst database and the dupli 
cate set of the second data in the second database, the database 
management unit determining a point in time for a predeter 
mined database management task and discontinuing the data 
base transactions to and from the second database so as to roll 
back the second data in the second database to the point in 
time, the database management unit resolving the second data 
in the second database and the third data in the third database, 
the database management unit rolling forWard the second 
data in the second database to match the ?rst data in the ?rst 
database so as to resume the database transactions to and from 

the second database in the second database storage unit. 

[0008] These and various other advantages and features of 
novelty Which characterize the invention are pointed out With 
particularity in the claims annexed hereto and forming a part 
hereof. HoWever, for a better understanding of the invention, 
its advantages, and the objects obtained by its use, reference 
should be made to the draWings Which form a further part 
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hereof, and to the accompanying descriptive matter, in Which 
there is illustrated and described a preferred embodiment of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a diagram illustrating one preferred 
embodiment of the database system according to the current 
invention. 
[0010] FIG. 2 is a block diagram illustrating one preferred 
embodiment of the database management unit according to 
the current invention. 
[0011] FIG. 3 is a diagram illustrating one example of chro 
nologically organiZed sales records. 
[0012] FIG. 4 is a diagram illustrating a database before and 
after a change in the database division method is made. 
[0013] FIG. 5 is a How chart illustrating the steps involved 
in a preferred process of processing a database management 
command according to the current invention. 
[0014] FIG. 6 is a block diagram illustrating preferred disk 
processes of Writing data that are used in the process accord 
ing to the current invention. 
[0015] FIG. 7 is a How chart illustrating the steps involved 
in a preferred process of managing a database buffer accord 
ing to the current invention. 
[0016] FIG. 8 is a block diagram illustrating one preferred 
process of updating disk storage units in the database man 
agement system according to the current invention. 
[0017] FIG. 9 is a block diagram illustrating a second pre 
ferred process of updating disk storage units in the database 
management system according to the current invention. 
[0018] FIG. 10 is a block diagram illustrating a third pre 
ferred process of updating disk storage units in the database 
management system according to the current invention. 
[0019] FIG. 11 is a How chart summarizing the steps 
involved in the above described ?rst, second and third pre 
ferred processes of managing a plurality of databases accord 
ing to the current invention. 
[0020] FIG. 12 is a How chart illustrating steps involved in 
a preferred process of incorporating the extracted data 
according to the current invention. 
[0021] FIG. 13A illustrates a pair of a ?rst relational data 
base and a second relational database that contains a duplicate 
set of data. 
[0022] FIG. 13B is a ?rst relational database is functionally 
paired to an OLAP database along With an information man 
agement unit. 
[0023] FIG. 14 is a How chart illustrating steps involved in 
a preferred process of generating a response to an OLAP 
inquiry according to the current invention. 
[0024] FIG. 15 is a table illustrating exemplary content of 
the system log. 

DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0025] In general, the database service is discontinued from 
time to time. For example, in response to increasing client 
access from Web broWsers, it is necessary to add a server to 
process the increased demand for the database management 
system. Another example includes the increasing amount of 
data due to additional services to the clients via neW softWare 
application programs. These neW softWare application pro 
grams enable the user to see the data in a database in diver 
si?ed manners. The increased data also requires that storage 
devices equally store approximately the same amount of the 
data so that the database access is also distributed among the 
storage devices. Furthermore, since certain data is deleted 
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from the database, the database system also needs to be peri 
odically arranged to maintain the balanced storage load. To 
maintain the database service in the above described environ 
ment, the folloWing system is proposed. 
[0026] Referring noW to the draWings, Wherein like refer 
ence numerals designate corresponding structures through 
out the vieWs, and referring in particular to FIG. 1, a diagram 
illustrates one preferred embodiment of the database system 
according to the current invention. The preferred embodiment 
includes application programs 1 through n that access the 
database Which is stored in a Storage Area NetWork (SAN) 80 
and is accessed through a database management unit 20, a 
data extraction unit 200, an On Line Analytical Processing 
(OLAP) server system 60 and a data update unit 600. In 
general, a relational database system includes some of the 
application programs 1 through n, the data extraction unit 200 
and the database management unit 20. On the other hand, the 
OLAP system generally includes others of the application 
programs 1 through n, the OLAP server system 60 and the 
data update unit 600. 
[0027] Both the relational database and the OLAP systems 
are connected to the SAN 80. The relational database system 
utiliZes the storage space that is divided in storage areas 
1-300, 2-301, 3-302, 3-302, 4-303, 51-304, 52-305, 53-306, 
51-307, 52-308 and 53-309. Furthermore, if the storage areas 
51-304, 52-305, 53-306, 51-307, 52-308 and 53-309 are 
equipped With an automatic Writing function, they are orga 
niZed into a main volume that includes the storage areas 
51-304, 52-305 and 53 -306 and a sub volume that include the 
areas 51-307, 52-308 and 53-309. For example, if the data 
base management unit 20 Writes data in the storage areas 
51-305, 52-305 and 53-306 in the main volume, the same data 
is automatically Written in the areas 51-307, 52-308 in the sub 
volume as indicated by a set of arroWs. The OLAP system 
includes divided storage areas 1-700, 1-701 and 1-702. Fur 
thermore, in response the above data Write operation, the data 
extraction unit 200, the OLAP server 60 and the data update 
unit 600 together update the data in the storage areas 1-700, 
1-701 and 1-702 in the OLAP system as also indicated by 
arroWs to re?ect the change in the relational database system. 
The OLAP system data update is performed according to a 
predetermined division scheme such as a diagonal block divi 
sion sheme. Lastly, as indicated by another arroW, some of the 
application programs 10-1 through 11-n access the updated 
OLAP data in the storage areas 1-700, 1-701 and 1-702 in the 
OLAP system. 
[0028] The SAN 80 is designed to accommodate ?exibility 
among storage devices. In order to avoid the discontinuance 
of the database service, the database management unit 20 
must be able to provide the folloWing characteristics such as 
scalability of storage space, sharing of the data and redun 
dancy of the data. To provide the scalability, the storage 
device for storing databases and the server device for process 
ing the database access operation should be independent, and 
the server or storage devices should be added or deleted 
Without disturbing the continuous database operations. To 
provide the data sharing, a plurality of server devices shares a 
common storage area for accessing and updating irrespective 
of platforms that access the common data space. Lastly, to 
provide the redundancy, the database management system 
maintains a duplicate set of sensitive data or remotely copies 
at a distant location. The SAN 80 is considered to be one 
solution for implementing the above desired characteristics 
of performance, scalability, storage management e?iciency 
and data protection. 
[0029] Still generally referring to FIG. 1, one exemplary 
application of the above described preferred embodiment of 
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the database system according to the current invention 
includes a real -time retail sales database system for managing 
a database from a large number of point-of-sales (POS) ter 
minal devices that are located in various regions. The infor 
mation in the database includes sales, inventory, purchase 
orders, product shipping schedules and so on. Since the chro 
nological information is critical to provide commercially 
vital information such as a sales trend of certain products, the 
relational database is also generated based upon real-time 
sales data. Based upon the above generated relational data 
base, it is also preferable to include the OLAP system that 
instantaneously provides multi-dimensional analyses of the 
relational data. To provide the instantaneous analyses, the 
OLAP system is coupled With the relational database system 
according to the current invention. 
[0030] NoW referring to FIG. 2, a block diagram illustrates 
one preferred embodiment of the database management unit 
20 according to the current invention. The preferred embodi 
ment of the database management unit 20 includes a system 
control unit 21, a logic process unit 22, a physical process unit 
23 as Well as a data buffer unit 24. The database management 
unit 20 is connected to the application programs 10-1 to 11-11 
as Well as a set of a database storage unit 30, a system log unit 
40 and a dictionary storage unit 50 to provide interface and 
management functions. The database management unit 20 is 
also optionally connected to other database storage units via 
a netWork. The database storage unit 30, the system log unit 
40 and the dictionary storage unit 50 are partially or entirely 
included in the SAN 80. 
[0031] The database storage unit 30, the system log unit 40 
and the dictionary storage unit 50 respectively contain a pre 
determined set of information. The database storage unit 30 
contains information in predetermined database records. The 
dictionary storage unit 50 contains a list of information on the 
correlation betWeen the stored areas and the content With an 
associated division schema or method that Was used in storing 
the content. One example of a division method or schema is a 
key range division. Other examples include a hash division 
method, a round robin division method and a combination of 
the above methods. The list also contains information on the 
page siZe and the association betWeen the main volume that 
includes the storage areas 51-304, 52-305 and 53-306 and the 
sub volume that include the areas 51-3 07, 52-308 and 53-309. 
Schema divided storage areas in the disk units of the server or 
OLAP server systems that are connected via the SAN 80 are 
mapped onto the storage areas in the main and sub volumes, 
and the information on the mapping is stored in the dictionary 
information in the dictionary unit 50. By updating the dictio 
nary information, the area-volume mapping betWeen the pri 
mary storage areas in the server or OLAP server systems and 
the secondary storage areas in the main and sub volumes is 
maintained. The above mapping information is organiZed in a 
table format With an index to an area name Where the infor 
mation is stored. The system log 40 stores records of each 
insertion, update and deletion of any record in the database 
stored in the database storage unit 30. 
[0032] Still referring to FIG. 2, other units perform the 
folloWing functions. The system control unit 21 accepts a 
query input from a user and returns the inquiry result. The 
system control unit 21 also maintains databases and controls 
other systems by executing commands such as a data load 
command, a data recon?guration command and a rearrange 
ment command. The logical processing unit 22 further 
includes an inquiry analysis unit 220 for analyZing sentence 
structures and meaning; an optimization unit 221 for select 
ing an optimiZed process; and a code generation unit 222 for 
generating a code based upon the optimiZed process. The 
logical processing unit 22 also includes a code interpretation 
unit 222 for interpreting the generated code for execution. 
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The logical processing unit 22 additionally includes a com 
mand analysis unit for executing commands such as a ?xed 
command, a variable command, an area-volume mapping 
command and a main-sub volume control command. If a 
division method change command is executed, the informa 
tion in the dictionary is updated. The physical processing unit 
23 further includes a data access control unit 230, a database 
buffer management unit 231 and exclusion control unit 232. 
The data access control unit 230 accesses a speci?ed piece of 
data and determines if a predetermined condition is met for 
the accessed data. The data access control unit 230 further 
edits and adds a data record. The database buffer management 
unit 231 controls the read and Write access of the database 
records via the database buffer 24. The exclusion control unit 
232 controls the exclusive access to the database during pre 
determined tasks. 

[0033] NoW referring to FIG. 3, a diagram illustrates one 
example of chronologically organiZed sales records. The 
records are managed for each month, each quarter or four, 
months and each year. For example, the sales records in the 
year, 1997 are organiZed and stored in Area 1 or 3-300 While 
those in the year, 1998 are organiZed and stored in Area 2 or 
3-301. Similarly, the ?rst tWo quarters of the year 1999 is 
stored respectively in Area 3 3-302 and Area 4 3-303. Each 
month of the third quarter of the year 1999 is stored respec 
tively in Area 51 51-304 for July, Area 52 52-305 for August 
and Area 53 53-306 for September. The above relations 
betWeen the storage areas and the stored data content are 
organiZed in the dictionary 50. The key range is a data 
description While the area name is a storage space. For 
example, the database is divided is based upon the folloWing 
table de?nition sentences: 

CREATE TABLE sales record table 
(sales code CHAR (l 6), 
sales item CHAR (l 6), 
territory code CHAR (l 6), 

time code DATE, 
sales amount DEC(l 0)) 

In the above example, no area is de?ned for the fourth quarter 
in the year 1999, the areas 51-04, 52-305 and 53-306 for 
respectively July, August and September, 1999 are consid 
ered as a combined ?fth storage area. 

[0034] NoW referring to FIG. 4, a diagram illustrates a 
database before and after a change in the database division 
method is made in September, 1999. For example, the fol 
loWing de?nition changes the data for July, August and Sep 
tember stored respectively in the areas 51-304, 52-305 and 
53-306 to be combined into a single area 5-307 as a third 
quarter of 1999. 

ALTER TABLE sales record table 
MERGE AREA (area 51-304, area-52-305, area 53-306) 
INTO ((area 5-307) time code>=”l999-O9’); 
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As a result of the above change, the dictionary 50 noW has a 
single entry for ‘1999-09’ in the area 5, Which includes the 
three previous entries for ‘ 1999-07,’ ‘1999-08 ’ and ‘1999-09’ 
in the areas 51, 52 and 53. 

[0035] FIG. 5 is a How chart illustrating the steps involved 
in a preferred process of processing a database management 
command according to the current invention. The logical 
processing unit 22 of the database management unit 20 as 
shoWn in FIG. 2 processes the folloWing steps. It is deter 
mined Whether or not a command is an analysis request, a 
command request or an execution request in step 225. If it is 
a command request, the process proceeds to a step 224 for 
analyZing the command. If it is a table de?nition command in 
a step 226, a division method and each corresponding area are 
registered in the dictionary in a step 227 based upon the table 
de?nition command. If it is a table modi?cation command in 
a step 228, a modi?cation for each corresponding area is 
registered in the dictionary in a step 229 based upon the table 
modi?cation command. If it is an area mapping command in 
a step 230, each area and the corresponding main and sub 
volumes are registered in the dictionary in a step 231 based 
upon the area mapping command. If it is a main-sub volume 
command in a step 232, a connection or a disconnection is 
registered in the dictionary in a step 233 based upon the 
main-sub volume control command. If the command is not 
any of the above described command, the process terminates. 
On the other hand, if the request is determined to be an 
execution command in the step 225, the code is interpreted for 
execution in a step 223 and the process terminates. Lastly, the 
request is determined to be an analysis request in the step 225, 
an inquiry analysis is performed in a step 220 While an opti 
miZation process is executed in a step 221. Based upon the 
steps 220 and 221, an appropriate code is generated in a step 
222, and the process terminates. 
[0036] NoW referring to FIG. 6, a block diagram illustrates 
preferred disk processes of Writing data that are used in the 
process according to the current invention. As shoWn in FIG. 
6A, a disk device containing a pair of a main volume and a sub 
volume Writes data Without a predetermined automatic dupli 
cating process. A database buffer unit 231A issues a data 
Write command to both a main volume disk 2-3 0A and a sub 
volume disk 2-31A that are not equipped With an automatic 
double Writing or duplicating feature. That is, by using certain 
softWare, the tWo disk volumes maintain the same data With 
out the duplicating feature. On the other hand, as shoWn in 
FIG. 6B, a database buffer unit 231B issues a data Write 
command to both a main volume disk 2-3 0B and a sub volume 
disk 2-31B that are equipped With an automatic double Writ 
ing or duplicating feature. With the duplicating feature, a disk 
area 2-30 of the main volume 2-30B has been corresponded to 
a disk area 2-31 of the sub volume 2-31B. By using the 
correspondence, the data to be Written to the disk area 2-30 
Will be automatically also Written to the disk area 2-31. In 
other Words, the tWo disk volumes 2-30B and 2-31B maintain 
the identical data. The folloWing area volume mapping de? 
nition corresponds the area 2-30B of the main volume to the 
area 2-31B of the sub volume. 
[0037] CREATE AREA area 2 as PRIMARY main vol 
ume2 

[0038] SECONDARY sub volume2; 

By the above area volume mapping de?nition, the dictionary 
50 contains information on the names of the volume such as 
“main volume 2” and “sub volume 2” for the areas such as 
“area 2” 

[0039] FIG. 7 is a How chart illustrating the steps involved 
in a preferred process of managing a database buffer accord 
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ing to the current invention. The database buffer unit 231 as 
shoWn in FIG. 7 processes the folloWing steps. The database 
buffer management process is initiated When a Write or a read 
operation is requested to Work on a page in the database in a 
step 231. It is determined Whether or not a requested page 
exists in a predetermined database buffer in a step 2310. If the 
requested page exists, the preferred process reports the buffer 
in a step 2311. On the other hand, if the requested page does 
not exists in the database buffer in the step 2310, a page to be 
purged is initially determined in a step 2312 before reading 
the requested page. Then, it is determined Whether or not a 
double Writing is necessary in a step 2313. If the disk device 
is equipped With the double Writing feature, the data is Written 
to a pair of the disks via an operating system softWare pro 
gram in a step 2314. On the other hand, the disk device is not 
equipped With the double Writing feature, the data is initially 
Written only to a main disk volume in a step 2315. Subse 
quently, the same data is Written to a sub disk volume in a step 
2316. Finally, the requested data page is Written to the data 
base buffer in a step 2317. The preferred process terminates. 
[0040] FIG. 8 is a block diagram illustrating one preferred 
process of updating disk storage units in the database man 
agement system according to the current invention. For 
example, the disk storage units include a relational database 
and an OLAP database, and information is updated from the 
relational database to the OLAP database While the relational 
database is continuously accessed for transactions. This pre 
ferred process is accomplished Without the above described 
double Writing feature in the disk storage units. In other 
Words, the data duplication is accomplished by predeter 
mined softWare. The database management system includes a 
database buffer management unit 231, a data extraction unit 
200, a data update unit 600, a ?rst data storage unit or a main 
storage volume 2-30, a second data storage unit or a sub 
storage volume 2-31, a system log unit and a set of third data 
storage units 1-700 through m-702. In general, a common 
database such as a relational data base is duplicated and 
maintained in both the main and sub data storage volumes 
2-30 and 2-31 via the database buffer management unit 200. 
The system log unit 40 maintains the changes that are made to 
the database stored in the data storage units 2-30 and 2-31. 

[0041] Still referring to FIG. 8, the database management 
system folloWs the folloWing three steps. In a speci?ed time 
data generation phase (i), the main storage volume 2-30 and 
the sub storage volume 2-31 are not disassociated, but a mode 
is set to Write only to the main storage volume 2-30 to update 
its database for the incoming transactions. The database 
buffer management unit 231 continues to update the data in 
the main volume storage 2-30 as Well as the transaction data 
in the system log unit 40 in response to continuous transac 
tions. Subsequently, the sub storage volume 2-31 Will be 
rolled back or adjusted to contain complete data as the result 
of all transactions that have taken place up to a speci?ed point 
in time. To complete the data in the sub storage volume 2-31 
according to the speci?ed time, the data extraction unit 200 
extracts a relevant portion of the transaction data in the system 
log unit 40, and the data in the sub storage volume 2-31 is 
modi?ed. 

[0042] In the data extraction/Update phase (ii), the updated 
or rolled back data in the sub storage volume 2-31 noW Will be 
incorporated into a third database such as an OLAP database 
that is stored in a plurality of disk storage units 1-700 through 
m-702. To synchroniZe the data in the sub storage volume 
2-3 1 and that of the third database, the data extraction unit 200 
extracts the relevant portion of the data to be incorporated 
from the sub storage volume 2-31. Based upon the extracted 
data, the data update unit 600 updates corresponding portions 








