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SYSTEM FOR ACCESSING DATABASE TABLES
MAPPED INTO MEMORY FOR
HIGH PERFORMANCE DATA RETRIEVAL

ABSTRACT OF THE DISCLOSURE

A system and method that enables quick access to large
volumes of data on a realtime basis and is totally transparent to
application programs that use the data. This is accomplished by
placing information extracted from the database into a master file
stored in a data storage device and then loaded into memory for
access by application programs. When information in the database
changes the corresponding information is updated using an '
incremental file and an index file that are then loaded into memory for
access by applicétion programs. The master file, index file and
incremental file are linked in such as fashion to enable quick access

to data desired. ‘
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- SYSTEM FOR ACCESSING DATABASE TABLES
MAPPED INTO MEMORY FOR
HIGH PERFORMANCE DATA RETRIEVAL

Reference To Microfiche Appendix
A microfiche appendix having 3 microfiche and 216 frames is
included herewith and includes a detailed design specification of the

present invention.

BACKGROUND OF THE INVENTION

- Field of the Invention

The present invention is directed to a system for enhancing
application processing performance‘ involving read-only access to
database tables. More particularly, to a system to enhance execution
of complex business transaction applications, shch as those
performed in telecommunications billing systems, that requires quick
access to data stored in a database by placing a portion of the data

into RAM memory using a master file and an incremental file.

Description of the Related Art
In today's business data processing systems, business data is

stored in relational databases. The performance of these relational
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databases in accessing data is usually adequate to meet most needs.
However, for high performance applications the access to data stored
in these relational databases turns into a performance bottleneck and
hampers quick retrieval. Solutions have been developed in which

5 data is either cached from the database or simply loaded into memory
for access. However, these solutions don't provide the combination of
the flexibility to extract only the data needed and provide updates of
modified data in increments.

This is a particular problem in complex business transactions,

10 like those performed in telecommunications billing systems, require
access to data stored in a database to validate business rules or to
look up reference data. This type of data is mostly static and is not
frequently changed. Database access is often the performance
bottleneck for high volume data processing.

15 Therefore, what is needed is a system and method that aliows
for quick access to large volumes of static data on a realtime basis
and is totally transparent to application programs. In addition, when
data changes in a database a method and system is needed to nbtify
application programs of the change and have them access the most

20  ‘up-to-datedata. '

SUMMARY OF THE INVENTION
It is an object of the present invention to reduce database
bottlenecks seen by business application programs, by providing fast
25 read-only access to data extracted from a database and loaded in

memory.
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It is also an object of the present invention to provide a
method of accessing a database by placing information extracted from
the database into a first data structure in memory. Then the present
invention updates the information in memory periodically or when .
requested when a change in
the information occurs in the database by placing the updated
information into a second data structure in memory which is linked to

the first data structure.
It is a further object of the present invention to seamlessly

update data in memory provided to the applications to reflect changes
in the database.

It is another object of the present invention to provide
significant performance improvement over that seen in direct
database access.

It is also an object of the present invention to providea
standard interface for application programs to database data.

The above objects can be attained by a system and method
that partially or fully extracts data from a database and places the
data in RAM for access by application programs. Further, the
foregoing objects can be attained by a system and method that
updates data in RAM (random access memory), transparent to the
application programs, whenever the data changes in the database.

These together with other objects and advantages which will be
subsequently apparent, reside in the details of cohstruction and

operation as more fully hereinafter described and claimed, reference
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being had to the accompanying drawings forming a part hereof,

wherein like numerais refer to like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an overall modular configuration of the present
invention.

Figure 2 is an overall hardware and software layer
configuration of the present invention. '

Figure 3 is a data flow diagram of the present invention.

Figure 4 is a flowchart of the algorithm to create full extractions
in the present invention.

Figure 5 is a diagram depicting an example of the full and
incremental extraction of data in the present invention.

~ Figure 6 is a flowchart of the algorithm used to create

incremental extractions in the present invention.

Figure 7 1s a flowchart of the algorithm used to access
incremental extractions in the present invention.

Figure 8 is a flowchart of the algorithm used to advance to the_ ,
next valid entry in the present invention.

Figure 9 is a flowchart of the algorithm used to skip invalid
entries in the present invention. .

Figure 10 is an example identifying incremental information
using a database table and a trigger table in the present invention.

Figure 11 further illustrates the example shown in figure 10.

DESCRIPTION OF THE PREFERRED EMBODIMENTS




10

15

20

25

CA 02302303 2000-02-29

Page 5 Attorney Docket No.: 1330.1041

Figure 1 is an overall modular configuration of the present
invention illustrating the major modular components thereof.
-Referring to Figure 1, Xref Framework 10 has three
fundamental modules including: Xref Storage Manager 20 (XSM 20);
ExtractManager 30; and the Xref Interface 40. Each of these modules
will be discussed in detail below.

Xref Storage Manager XSM-20

Still referring to Figure 1, the XSM 20 module is used to extract
the information stored in database 60 and‘transfer it to Xref files 50.
Xréf files 50 comprise several standard flat files. A flat file is
sequential file of a single record type with no linked structures or
direct record access capability. Each Xref file 50 contains only entries
(possibly converted) returned by a system query language ("SQL")
select statement as configured for the database 60. This provides the
ability to produce a partial and or a full database extraction based on
business needs. Application 70 and application 80 are notified when
full extracts or updates are available by XSM 20. Applications 70 and
80 utilize the high performance access to data provided by the Xref
Framework 10 for the specific business process that they perform. An
example of such a business process where performance is essential
Is rating and billing of large telecommunication customer accounts.
XSM 20 is able to extract incremental updates from database 60 and
place them into separate update files which are part of the Xref Files
50. These incremental updates contain information for rows in the
database 60 that have been changed, added or deleted since the last
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full extraction of the database 60. .The incremental extraction is
needed because full extraction is a slow process and it would
introduce a performance problem to force the applications 70 and 80
using the Xref Interface 40 to reload a new version of the full
extracted Xref files 50 for each new extraction. The applications 70
and 80 are notified as soon as an incremental update is available by

XSM 20 sending a message to the Xref interface 40.

ExtractManager-30 |
Still referring to Figure 1, ExtractManager 30 is a module that

sends messages to the XSM 20 and tells XSM 20 which database 60
table(s) to extract and whether to perform a full or incremental
extraction. The ExtractManager 30 is run periodically to send a
message to XSM 20 requesting XSM 20 to create incremental
extracts. This ensures that applications 70 and 80 using extracted

data, are provided with updates at periodic intervals.

Xref Interface-40

Still referring to figure 1, Xref Interface 40 is the part of the
framework used by applications to manage and access data stored in
Xref files §0. The Xref Interface 40 manages the mapping of Xref files
50 to memory and handles access of incremental updates,
transparent to applications 70 and 80. Memory (not shown) storing |
the Xref data extracted from database 60 is shared by applications 70

and 80 to improve performance and save resources. Xref Interface
40 provides several different access methods to query data, as well
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as methods for stepping through some or all entries. The queries

supported are: searching for a certain entries using a key; searching

for the best matching entry using a key; searching using a key and an
effective date. Also supported is stepping through some or all entries
in the order provided in the Xref Files 50 starting at the entry returned
by a query with resbect to incremental updates and effective date.
Figure 2 is an overall hardware and software layer
configuration of the present invention. As shown in Figure 2, the
present invention is implemented in a distributed client server system
format comprising an application server 100 and a database server
120. The application server 100 is implemented using application

code 102 (C++ programming language) running on a HP-UNIX 110

~ platform. The application server 100 also uses an Oracle database

106 to store persistent objects. XSM 20, ExtractManeger 30 and
applications 70 and 80 using the Xref Interface 40 reside on the

application server 100. The Xref Framework 10 uses the Oracle client
libraries to access the database server 120. The Xref Framework 10
components communicate using an asynchronous message queuing

system, see 130 figure 3, provided by the infrastructure 104. The de-

'co'upling of the Xref components using queues allows distributed

deployment and flexible configuration of the system.

The database server 120 hosts the Oracle database 116
running on a HP__UNIX 110 platform. The Xref Framework 10 uses
Oracle database 114 triggers to identify data to be included in
incremental updates.
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As would be appreciated by a person of ordinary skill in the art
any suitable general purpose computer, programming Ianguage and
database may be used to impiement the present invention.

Figure 3 is a data flow diagram of the present invention. The
XSM 20 is started and sends a broadcast message to all applications
70 and 80 announcing its availability via queue 130. Applicatiohs 70
and 80 send a registration message to XSM 20 via Xref Interface 40
and message queuing system 130 to indicate which database tables
62 they want to use. The ExtractManager 30 is started and sends a
message using the message queuing system 130 to XSM 20 to
generate a full extraction of one or multiple tables 62 in database 60.
Database 60 contains table 62 and trigger table 64.

When XSM 20 receives the message from the message
queuing system 130 to perform a full extraction, XSM 20 executes a
query to retrieve all data from table 62 and writes the information to
the Xref master file 56. When the extraction process has finished,
XSM 20 sends a message using the message queuing system 130, to
all registered applications 70 and 80 interested in the extracted table,
to announce that a full extraction is ready for use. Application 70
uses the Xref Interface 40 to load the data into shared memory 150
from master file 56 and aiso to access the data thr0ug.h the Xref
Interface 40 from shared memory 150. If application 80 is interested
in the same data as used by application 70 and both processes reside
on the same application server 100, as shown in Figure 2, the Xref

Interface 40 will share the memory 150 already used by Application .
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70. The sharing of memory saves important resources and improves
performance since the data only needs to be loaded to memory once.
Still referring to Figure 3, application 90 modifies the data in the
table 62 that was extracted earlier. This change in table 62 causes
database triggers 114, shown in Figure 2, to be executed in database
60. The database triggers 114 then copy the modified data to the
trigger table 64 and mark it with a time stamp, sequence number and
a fype code for the modification. The ExtractManager 30 is executed
periodically and sends a message using the message queuing system
130 instructing XSM 20 to create an incremental extraction. XSM 20
scans the corresponding trigger table 64 for rows that have not been
included in the last full extraction. This is determined using the time
stamp on each row. XSM 20 uses this data to create an incremental
file 52 and an index file 54. XSM 20 then sends a notification
message to all registered applications 70 and 80 using the message
queuing system 130, announcing that a new incremental update is
available. After receiving the notification message, the Xref Interface
40 is used by application 70 and 80 to load the incremental file 52' and

. the index file 54 into shared memory 150. Applications 70 and 80 are

now provided with the updated information. This processing is
transparent\ to the applicaﬁon logic of application 70 and 80. Once
either application 70 or 80 terminate or are no longer interested in
Xref data, application 70 or 80 send a message to XSM 20 to using
the message queuing system 130. XSM 20 will not send further
update messages to applications 70 or 80.

Full Extraction
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Still referring to Figure 3, the XSM 20 provides the capability of
creating full database extractions and saving the extracted information
to a Xref master file 56. For each database table 62, a SQL select
statement can be created for the extraction process. This provides
the ability to do a partial or a full database extraction based on
business needs. Creating a full extraction of a large table is
processor intensive. Full table extractions need to be created in two
situations. First, upon start up of the system, the Xref files 50 must be
created. Second, when incremental update information reaches such
a volume that the application accessing the data is noticeably slowed.
This process is usually executed outside heavy load operating hours
to avoid disturbing other applications utilizing the database. When
creating a full extract, the rows in the 'trigger table 64 can either be
deleted or kept to provide the history of modifications applied to the
table 60. In the case where the rows in the trigger table 64 are kept,
the rows need to be marked so that they are not included in the next
incremental extract. This marking can either be achieved by adding
an additionai column to the trigger table 64 in order to mark rows or to
use a time stamp on each row to identify the updates that were
performed after the last full extract took place. The description that is
provided herein utilizes a time stamp for this purpose.

Figure 4 is a flowchart of the algorithm used to create full
extractions in the present invention. Once a request for a full
database extraction is received, the extraction process starts by
Initiating XSM 20, shown in Figure 1, in operation 1000 of Figure 4. In
Figure 4, XSM 20 starts by retrieving 1010 the SQL select statement
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configured for the table to be extracted. This provides the flexibility to
only extract the data required for the business process and helps to
save resources. _

Still referring to figure 4, XSM 20 now extracts all the data in
the database table using the created SQL select statement in
operation 1030. If other applications are allowed to update the table
while the extraction is in process, it is possible that the trigger table 64
will contain entries that are also contained in the full extraction. These
additional entries are filtered out when generating an increméntal
extraction. In operation 1040, the extracted data is converted into
structures in memory 150 and data conversion is performed if
necessary. The data structures are the data containers in memory
150 where the data is accessed. This provides a mechanism to have
different data representations in applications using the database 60
and applications 70 and 80 using the present invention. In operation
1050, a determination is made whether data conversion or custom
order requirements should take place. If such data conversion or
customs order requirements are necessary, then in operation 1060
the data conversion or order (sorting) requirements take place. This
also allows applications 70 and 80, using the present invention, to use
different primary keys or ordering rules than those defined in the
database 60.

Still referring to Figure 4, in operation 1070 the sorted data is
written to the Xref master file 56 shown in Figure 3. XSM 20 theﬁ

sends a message to all registered applications 70 and 80, shown in
figure 3, announcing the availability of a new full table extract as
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shown in operation 1080. Processing then terminates for full ex_tracts
in operation 1090.
Incremental Extracts

Referring to Figure 3, incremental extractions can be used to
reduce the time spent extracting Xref data from the database 60.
Instead of extracting the whole table, 6nly the information that has
changed since the last full extractioh Is extracted. This also improves
application performance as the incremental file 52 can be loaded into
shared memory 150 independent of the master file 56. Incremeﬁtal
extraction takes less time and the applications, 70 and 80, using the
Xref Interface 40 will only need to reload the updated information. As
disk access is slow relative to RAM memory access, this is a major
performance advantage. XSM 20 is able to extract incremental

updates into separate files 92, 54. The incremental updates contain

information for rows in the table 62 that have been changed, added or

deleted since the last full extraction of the table 62. The Xref Interface
40 provides a completely transparent interface to the incremental
information and an application 70 or 80 using a Xref table will not
know if it is receiving an entry from the full extraction or from the
incremental extraction. In this way incremental updates can be
switched on or off for individual database tables 60 without having any
impact on the applications 70 or 80 using those tables 60. For further
performance tuning, the master file 56 and the incremental file 54 cén
be merged periodically. This keeps the size of the incremental file
small, which in tum increases the access performance and avoids the

need to perform performance intensive full extractions.
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ldentifying Incremental Information

Referring to Figure 3, to be able to create incremental file 52
containing only the modifications performed since the last full
extraction, the modified information must be tagged. This
implementation uses trigger table 64 for this purpOSe. On each
update to the database table 62, the information about the
modification is stored in the trigger table 64 using the database
triggers. The trigger table 64 contains the complete row data, a field
used to distinguish between insertions, updates and deletions and a
sequence number that is needed to keep the database operations in a
consistent order. The database trigger (not shown) provides the .
necessary Idgic for generating the sequence number. XSM 20 uses
the pﬁmary key, see 641 in figure 10 and 561 in figure 5, to link
entries in the trigger table 64 to entries in the master file 56 when
performing an incremental extract. If a field that is a part of the
primary key is updated in a row, XSM 20 cannot link the trigger table
64 entry (new key) to the master file 56 entry (old key), because the

old primary key is not stored in the trigger table 64. For this reason all

updates involving pnmary key modifications must be carried out in two
operations. The first operation is to delete the old row and the second
Is to insert the updated row into the table. An alternative solution is to
keep the old primary key and the new primary key in the trigger table.
An example of identifying incremental information is provided in
figure 10. Figure 10 depicts an example where table 62, shown in
Figure 3, contains business data and trigger table 64, shown in figure

3, that is used to capture the data that needs to be included in
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incremental updates. In this example, table 62 is initially filled with
three data rows 624, 625 and 626. The trigger table 64 is initially

empty. In this example, the table 62 contains effective dated data.
This means that for a particular primary key muitiple entries can exist
over time. For processing only the entry active on the processing
date is considered.

Referring td Figure 10, the table 62 comprises three items,
First, the primary key column 621 used to identify logical objects.
Second, the effective date column 622 used to specify the date when
a particular entry is active. Third, the data column 623 that contains
the busihess data contained in the row. '

Still referring to Figure 10, the trigger table 64 ponsists of six
columns. The first three columns 641, 642 and 643 replicate the data
of columns 621, 622 and 623 in table 62. The update type 644
column is used to distinguish between insertions, updates and
deletions. The sequence number column 645 is needed to keep
database operation in a confsistent order. The time stamp column 646
IS u'sed to determine whether trigger table entries have been included
In the last full extract when performing a full extract.

Starting with this data scenario shown in figure 10 a full extract
Is created of the table 62. The master file 56 contains the data as
depicted' in figure 5, discussed in detail below. The master file 56,
shown in figure 5, comprises the three fields 561, 563, 565 containing
the data of columns 621, 622 and 623 in table 62.

After the initial full extract is performed, one or multiple

applications 90, as shown in figure 3, modify table 62 containing the
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business data. Each modification fires database triggers that write the

information about the modification to the trigger tabie 64.

Referring to figure 11 for this example, the -following events

discussed below take place.

1. The data in the row 624 with the primary

key 1 gets updated to 'b’. This event gets marked

in the trigger table as row 647 with the sequence
number 5000 shown in Figure 11.

2. The data in the row 624 with the primary key 1 is
updated again, this time to x. This event is marked in
the trigger table as row 648 with the sequence number
5001. Now tWo entries, 647 and 648, exist in the trigger
table for the primary key 1. Since only the entry with the
largest sequence number 648 for the primary key 1 will
get processed the first update 647 will be ignored when
performing an incremental extraction.

3.  Arow 627 with a primary key of 2 is inserted.
This event is marked in the trigger table as row 649 with
the sequence number 5002 in ﬁgure 11.

4. A new effective dated entry 628 is inserted for the
row with the primary key 3. This event is marked in the
trigger table as rbw 650 with the sequence number 5003
In ﬁ‘gure 11.

5. A row 629 with a primary key of 4 gets inserted.
This event gets marked in the trigger table as row 651
with the sequence number 5004 in figure 11. '
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6. The row 626 with a primary key of 5 is deleted.
This event is marked in the trigger table as row 652 with

the sequence number 5005 in figure 11.
7. After all these events have taken place the tables

5 contain the data as depicted in figure 11.

Starting with this data scenario an incremental extract is
created of table 62. The incremental file 52 and the index file 54
contain the data as depicted in figure 5. The incremental file 52
layout contains the three fields 521, 523, 525 containing the data of

10 the columns 641, 642 and 643 in trigger table 64. '
Extracting Incremental Information .

Still referring to Figure 3, XSM 20 uses the trigger table 64 to
identify the rows in the database 60 ‘that have been altered since the
last full extraction. The ExtractManager 30 is executed periodically

15 and sends a message to XSM 20 requesting a new incremental
extract using the message queuing system 130. This ensures that
applications are provided with up-to-daté data without continuously
accessirig the database. XSM 20 only reads the rows that have not
been included in the last full extract, this is determined using the time

20 stamp on each row. When XSM 20 extracts the rows from the trigger
table 64, the entries are ordered by primary key and sequence
number. By sorting according to primary key and sequence number,
all entries with the same primary key are grouped together and all but
the last one (with the largest sequence-number) are disregarded.

25 Only the entry for a primary key with the largest sequence number is

used, as discussed above, since all other entries represent outdated
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entries that have been superceded by updated higher sequence
numbers.
Storing Incremental Information

Incremental information is stored in a separate file called the
incremental file 52 shown in figures 3 and 5. The reason for use of a
separate file is it is not possible to extend the master file without
forcing all applications 70 and 80 using it to first unload the old
version and then load the new version which would have a negative
performance impact on the applications. The incremental file 52
shown in Figure 5 only contains the inserted/updated rows (deleted
rows are managed using the Index file), and additional information
needed for quick access of incremental data.

The incremental file 52, shown in Figures 3 and 5, is created by
the XSM 20 shown in Figure 3. Referring to Figure 5, in addition to a
copy of the fields 525 from the inserted or updated rows, two
additional ﬁelds are stored in the incremental file. The first is the
update type field 527 that contains the update type code which can be
either ‘U'(pdated), I'(nserted) or ‘D'(eleted). When procesSing the
incremental information extracted from the database 60, the XSM 20
searches the master file 56 for the' updated entry to determine how
the row should be stored in the incremental file 52. Depending upon
the type of update and if the entry can be found in the master file 56,
the update type 527 is transformed as provided in the following table.

Update | Exists in Master File | Action to be Taken
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Insert Yes Transform into

Insert Keep as ‘Insert

Update Yes Keep as ‘Update’

Update Transform into

Delete Yes Keep as ‘Delete’

Delete

Still referring to Figure 5, the second field in the incremental file
52 is the index field 529 that is an index to predecessor row in the |
master file 56. For updated rows the index is the row number in the
master file 56 for the updated entry. For inserted rows, the index field
529 is the row number for the last entry in the master file 56 that has a
primary key 561 with a value less than the inserted row (i.e. the row
‘preceding’ the inserted one). It is possible for several entries in the
incremental file 52 to have the same index 529 in the case that they
are all successors to the same entry in the master file 56. '

When the XSM 20, shown in Figure 3, is done creating the
incremental file 52, it will create an index file 54 shown in Figures 3
and 5. Referring to Figure 5, the index file 54 provides information
about deleted rows and a reference to quickly find inserted or updated

entries in the incremental file 52 from the master ﬁle 56. Each row in

the master file 56 has a corresponding row in the index file 54. The
index file 54 has three fields: deleted 545; updated 541, and

successor 543. The deleted 545 field is a flag indicating if the
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corresponding row in the master file 56 has been deleted. The
updated 541 field is an index to the incremental file 52. In this case, a
row in the master file 56 has been updated, the corresponding row in
the index file 54 will have the update 541 field set to the index of the
corresponding entry in the incremental file 52 for the updated version
of the row. The successor field 543 is used in the case when an
insert has been made. Upon an insertion, the successor field 543 will
then contain the index'of the first inserted successor in the
incremental file 52 of the corresponding row in the master file 56. |t
should be noted that this can be either a later effective date version
for the same primary key 561 or a row with a primary key value that is
larger than the value for the primary key of the row in the master file
O06. A value -1 is used in the successor 543 field of the index file 54
for non-valid entries (i.e., to indicate that the row has not been
updated or does not have any successors).

Still referring to Figure 5, in this example the ﬁrSt row in the
master file 56 has been updated which is the first row in the
incremental file 52. However, the first row in the master file 56 also
has a successor which is the second row in the incremental file 52.
The successor has a primary key 561 value that is greater than the
value for the row in the master file 56. The second row in the master
file 56 has two successors as shown in the incremental file 52. The
first one is an effective;date-successor that has the same primary key
561 equal to the value 3 as the row in the master file 56 but a different
effective date 563 of 1/3/98 as shown in the incremental file 52. The

second successor in the incremental file 52 has a primary key 521
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equal to the value 4 which is greater than the row in the master file

56. These two successors share the same predecessor entry in the
index file 54 and they therefore will have the same index value of 1.
The third entry in the master file 56 has been deleted as indicated in
the index file 54 column 545.

Figure 6 is a flowchart of the algorithm used to create
incremental extractions in the present invention. The algorithm
shown in Figure 6 is used by XSM 20 to create an incremental
extraction from database 60. This incremental extraction, combined
with the previously extracted master file 56, is used to provide
applications 70 and 80 using the Xref Interface 40 with the most up--
to-date information. ‘ '

Referring to Figure 6, the XSM 20, shown in figure 3, is started
in order to execute an incremental table extraction in operation 1110.
In operation 1120, the XSM 20 starts by retrieving the SQL select
statement configured for table 62, shown in Figure 3, to be extracted.
This provides the flexibility to only extract the data required for the
business process and help to reduce resources required. In operation

1 130, the XSM 20 extracts the data in the trigger table 64, that has

not been included in the last full extract, using the configured sQL
select statement from operation 1120. The time stamp on each row is:
used to determine whether the row has been included in the last full
extract. In operation 1140, the extracted data is converted into ‘
structures in memory and data conversion is perfon'néd if necessary.
This provides a mechanism to have different data representations in

applications using the database and applications using the present




10

15

20

25

CA 02302303 2000-02-29

Page 21 ’ Attorney Docket No.: 1330.1041

invention. Data conversion or custom order requirements can make it
necessary to sort the data at this point and this determination that
sorting is required is made in operation 1145. If sorting is required
this is done in operation 1150. This also allows applications 70 and
80 to use different primary keys or ordering rules than those defined in
the database. In operation 1160, XSM 20 compares the sorted
entries to entn'és In the master file 56, shown in Figure 3. [n this
operation it is determined whether trigger table 64 entries represent
update, insert or delete 'operations. If multiple entries for one primary
key exist in trigger table 64, only the entry with the highest sequence
number is considered. Only the entry for a primary key with the
largest sequence number is used since all other entries represent
outdated entries that have been superceded by updated with higher
sequence numbers. XSM 20 determines the index 529 for each entry
in incremental file 52 and maintains a list for all index 529 entries. In
operation 1170, the index 529 information is now written to index file
54. In operation 1180, the sorted and filtered data is now written to
the incremental file 2. Then in operation 1190, XSM 20 sehd's a
message to all registered applications 70 and 80 announcing the
availability of a new incremental update information. Finally, in
operation 1200, the incremental extraction process terminates.
Loading Incremental Information

When XSM 20 is done extracting the iricremental information in
operation 1180, it sends a message to applications 70 and 80 that
have registered as Xref users that a new incremental file 52 is now

available. The applications 70 and 80 then load the new incremental
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file 52 and the corresponding index file 54 into shared memory 150.
This is done automatically without user input by the present invention.

Figure 7 is a flowchart of the algorithm used to access
incremental extractions in the present invention. The algorithm shown
in Figure 7 is executed by the Xref Interface 40, shown in Figure 3,
and is activated when an application uses the Xref Interface 40 to look
up data entries. ltis tfansparent to applications 70 and 80 whether
the data returned is stored in the master file 56 or incremental file 52.
The algorithm accepts a full primary key or partial primary key 'as a
search parameter.

Referring to Figure 7, Xref interface 40 is activated to find an
entry in operation 1300. The Xref interface is prbvided with a search
key to perform the operation. Xref Interface 40 starts by performing a
binary search for the search key in the master file 56 in operation
1310. In operation 1310, if no exact match is found, the binary search
returns the closest matching entry with a key value smaller than the
search key. If the binary search operation 1310 determines that
several matching entries exist, the first one is returned. In operation
1320, if the search key Is smaller than the primary key 561 of the first
entry in the master file 56, NULL is returned. If no entry was found by
the binary search, then in operation 1340, the first entry of the
incremental file 52 is used as the current.entry. ‘This is done to handle
the case where entries have been inserted with keys smaller than the
primary key 561 of the first entry in the master file 56. In operation
1330, if an entry was found by the binary search, it is evaluated using

the index file 54 to determine whether the current entry has been
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updated or deleted. [n operation 1350, further detailed in figure 9, if
the entry has been updated or deleted the Xref interface 40 reads the
next record until the next valid entry in the either the incremental file
52 or master file 56 is reached. A valid entry refers to an entry that is
up-to-date and has not been updated or deleted. This is also
discussed in the description of the skip invalid entries algorithm
provided below. In operation 1360, if the primary key of the current
entry has a value smaller than the search key, then processing
proceeds to operation 1370. In operation 1370, further detailed in
figure 8, the next logical successor of the current entry is taken from
the master file 56 or incremental file 52. This is also discussed in the
algorithm to advance to next valid entry described below. In
operation 1360 and 1370, processing continues until the key of the
current entry has a value greater than or equal to the search key. In
operation 1375, Xref interface 40 then compares the primary key 561
of the current entry to determine if it matches the search key. If the
two keys do not match, then, in operation’ 1420, a NULL value is
returned and processing terminates in operation 1430. If the keyé

match, then in operation 1380 Xref interface 40 checks whether the

extracted table contains effective dated data. Effective dated data
can have multiple entries for the same primary key over time. Only
one entry is active at one particular point in time. If the data is
effective dated the algorithm has tb find the entry active on the
processing date. In operation 1410, if the data is not effective dated,
the current entry is returned as the search result and processing

terminates in operation 1430. If the data is effective dated, Xref
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interface 40 advances until an entry which is active on the search '
date is found in operation 1390. If such an entry is found in operation
1400, Xref interface 40 returns the entry in operation 1410. If no entry
is found then in operation 1400, then in operation 1420 a NULL value
s returned.

Figure 8 is a flowchart of the algorithm used to advance to the
next valid entry in the present invention. The algorithm of Figure 8
takes a master file 56 or incremental file 52 entry as a parameter and
returns the next valid entry. Valid entries refér to entries that are up-
to-date. Entries that have been updated or deleted are not
considered valid entries. A master file 56 entry that has been updated
Is superceded by an entry in the incremental file and is therefore not
valid. The next valid entry can either be located in the master file 56
or the incremental file 52.

Figure 8 further detaiis operation 1370 shown in figure 6.
Operation 1500 advances to the next valid entry in master file 56 or
incremental file 52. In operation 1510, a determination is made |
whether the entry is a master file 56 entry or a incremental file 52
entry. If the entry is a master file 56 entry, then, in operation 1520,
the index file 52 entry is used to determine whether a successor exist
for the entry. If successors exist, then processing returns the first
successor from the iIncremental file 52 in operation 1540. If no
successors exist, then the next entry is retrieved from the master file
96, in operation 1550. In operation 1570, invalid entries are skipped,
as further discussed below. In operation 1530, if the entry is an

incremental file 52 entry, a determination is made whether the next
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. entry in the incremental file 52 has the same predecessor index as the

current entry. If the index is not the same, then the next entry from
master file 56 is retrieved. Operation 1570 skips invalid entries as
further described below. In operation 1560, If the index is the same,
the next entry is returned in the incremental file 52.

Figure 9 is a flowchart of the algorithm used to skip invalid
entries in the present invention and serves to further detail operation
1370 shown in figure 6. The flowchart of Figure 9 further details the
operation of operatibn 1570 shown in Figure 8 and discussed above.
The algorithm shown in figure 9 takes a master file 56 entry as a
parameter and skips the invalid entries starting at the current entry.
Invalid entry refers to an entry that is not up-to-date. Invalid entries
have been updated or deleted. A master file 56 entry for which a
update exists is not valid or up-to-date. The next valid entry can
either be located in the master file 56 or the incremental file 52. If the
current entry is a valid entry the algorithm does not skip any entries.

Figure 9 further details skip processing shown in operation
1350 of figure 7 and operétic’m 1570 of figure 8 In operation 1610,
the index file 54 entry is examined corresponding to the master file 56
entry to determine if the entry has been updated. If an update entry
exists, then in operation 1670 the update entry is returmed from the
incremental file 52. If no update exist, then, in operation 1620, the
index file 54 entry is examined to determine if the entry has been
deleted. In operation 1660, if the entry has not been déleted, itis a
valid entry and is returned by the algbrithm. In operation 1630, if the

entry was deleted, the index file 54 entry is examined to determine
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whether successors exist for the entry. This is indicated by the
successor field 543 in the index file 54. In operation 1650, if
successors exist, the first successor is returned from the incrémental
file 52. Once either operation 1650, or 1660, or 1670 complete
processing, processing terminates in operation 1680. However, if no
successors are found to exist in operation 1630, then, in operation
1640, the next entry is retrieved from the master file 56 and continues

processing until a valid entry is found. In 1640, If processing reaches
the last entry in the master file, NULL is returned.

Alternate Embodiments

The procedures presented herein are not inherently related to
any particular computer. In particular, various general-purpose
machines may be used with programs described herein. The
recommended configuration is a multiprocessor UNIX server.
However, any suitable opérating system may be used.

Further, any number of comptiter languages may be used. For
example, Java may be used instead of C++. Different versions of
UNIX may also be used as well as any comparable operating system.

Almost any processor or computer may be used such as a Sun
computer.

The many features and advantages of the invention are
apparent from the detailed specification and, thus, it is intended by the
appended claims to cover all such features and advantages of the
invention which fall within the true spirit and scope of the invention.

Further, since numerous modifications and changes will readily. occur
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to those skilled in the art, it is not desired to limit the invention to the
exact construction and operation illustrated and described, and
accordingly all suitable modifications and equivalents may be resorted

to, falling within the scope of the invention.
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What is claimed is:

1. A method of accessing a database, comprising:

placing information extracted from the database into a first data
structure in a storage device; and

updating the information in the storage device periodically or
when requested when a change in the information occurs in the
database by placing the updated information into a second data

structure in the storage device which is linked to the first data

structure.

- 2. A method of accessing a database as recited in claim 1,
wherein the information extracted from the database is convertible to

different data formats and different data values.

3. A method of accessing a database as recited in

claim 1, wherein the first data structure and second data structures
are tables.

4. A method of accessing a database as recited in claim 3,
wherein the first data structure is a master file and the second data

structure is an incremental file.

©. A method of accessing a database as recited in claim 4,
wherein the first data structure and second data structure are

accessible by a plurality of application programs.
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6. A method of accessing a databaseas recited in claim 5,
wherein the first data structure and the second data structure are

linked by a third data structure.

7. A method of accessing a database as recited in claim 6,

wherein the third data structure is an index file.

8. A method of accessing a database as recited in claim 7,

- wherein the placing information extracted from the database into a

first data structure in the storage device further comprises:

creating a first system query language statement;

extracting information from the database using the system first
query language statement;

sorting the extracted information based on primary key:

placing the sorted information into the master file in the storage
device; and

sending a message to said plurality of application programs

that the master file has been created.

9. A method of accessing a database as recited in claim 8.
further cohpﬁsing:

placing the data contained in the master file, the index file and
the incremental file into memory for access by a plurality of application

programs.
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10. A method of accessing a database as recited in claim 9,
further compﬁsing:
updating the information in memory when an incremental

extraction is done.

11. A method of accessing a database as recited in claim
10, wherein the updating the information in the storage device
periodically or when requested when a change in the information
occurs in the database, further comprises:

creating a second system query language statement;

extracting information from the database using the second
system query language statement;

extracting update information from a table indicating by key

which information of the extracted database information has been

updated, added or deleted:

converting the extracted information and the extracted update
information into update data structures:

sorting the update data structures by primary key;

comparing the update data structures to the ,maste'r file;

creating another index file based on the comparison of the

update data structures to the master file:

creating another incremental file based on the master file ahd
the index file; and

sending a message to said plurality of application programs |

that another index file and another incremental file have been created.
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12. A method of accessing a database as recited in claim 11,

wherein the information can be effective dated data and accessed by

effective date.

13. A method of accessing a database, comprising:
creating a first system query language statement;
extracting information from the database using the system first
query language statement;
sorting the extracted information based on primary key;
placing the sorted information into a master file in a data
storage device;
sending a message to a plurality of application programs that
the master file has been created; and
updating the information in the data storage device periodically
or when requested when a change in the information occurs in the '
database, comprising: |
' creating a second system query language statement:
extracting information from the database using the
sepond system query language statement;
extracting update information from a table indicating by
key which information of the extracted database information has been
updated, added or deleted,;
converting the extracted information and the extracted
update information into update data structures:
sorting the update data structures by primary key:
comparing the update data structures to the m’aster file;
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creating another index file based on the comparison of
the update date structures to the master file; '

creating another incremental file based on the master
file and the index file; and ‘

sending a message to said plurality of application
programs that another index file and another incremental file have

been created.

14. A system to access a database, comprising:

an Xref storage manager to extract information from the
database and place the information into a first data structure in a
storage device and to update the information in the storage device
periodicélly or when requested when a change in the information
occurs in the database by placing the updated information into a
second data structure in the data storage device which is linked to the

ﬁrst data structure.

15. A system to access a database as recited in claim 14,

wherein the information extracted from the database is convertible to

different data formats and different data vaers.

16. A system to access a database as recited in claim 15,

wherein the first data structure and second data structures are tables.
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17. A system to access a database as recited in claim 16,
wherein the first data structure is a master file and the second data

structure is an incremental file.

18. A system to access a database as recited in claim 17,
further comprising: ‘

a plurality of application programs; and

a Xref Interface to interface with the plurality of application
programs and retrieve information stored in the mastér file and -

incremental file requested by the plurality of application programs.

19. A system to access a database as recited in claim 18,
wherein the first data structure and the second data structure are
linked by a third data structure.

20. A system to access a database as recited in claim 19,

wherein the third data structure is an index file.

21. A system to access a database as recited in claim 20,
wherein the Xref Storage Manager creates a system query language
statement and uses this system query language statement to retrieve

the information from the database.

22. A system to access a database as recited in claim 21,
wherein the Xref Storage Manager sorts the extracted information

pased on primary key and places‘the sorted information into the
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master file in the storage device.

23. A system to access a database as recited in claim 22,
wherein the Xref Storage Manager sends a message to said plurality

of application programs that the master file has been created.

24. A system to access a database as recited in claim 23,
wherein the Xref interface places the data contained in the master file,

the index file and the incremental file into memory for access by a

plurality of application programs.

25. A system to access a database as recited' In claim 24,

wherein the Xref Interface updates the information in memory when
an incremental extraction is done.

26. A system to access a database as recited in claim 25,
wherein the Xref Storage Manager updates the information in the
storage device periodically or when requested when a change in the
information occurs in the database by extracting update information
from a table indicating by key which information of the extracted
database information has been updated, added or deleted and
creating another incremental file, and another index file based on the

master file and the update information.

27. A system to access a database as recited in claim 26,
wherein the Xref Storage Manager sends a message to said plurality
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of application programs that 'another index file and another

incremental file have been created.

28. A system to access a database as recited in claim 27,
wherein the information can be effective dated data and accessed by

effective date.

29. A system to access a database, comprising:

a plurality of application programs;

an Xref storage manager to extract information from the
database and place the information into a master file in a storage
device and to update the information in the storage device periodically
or on request when a change in the information occurs.in the
database by placing the updated information into an incremental file in
a storage device which is linked to the first data structure; and

a Xref Interface to interface with the plurality of application
programs and retrieve information stored in the master file and |

incremental file requested by the plurality of application programs.

30. A system to access a database as recited in claim 29,
wherein the information can be effective dated data and accessed by

effective date.

31. A computer program embodied on a computer-readable

medium to access a database, comprising:
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an Xref storage manager code segment to extract information

from the database and place the information into a first data structure

in a data storage device and to update the information in the data
storage device periodically or when requested when a change in the
information occurs in the database by placing the updated information
into a second data structure in data storage device which is linked to

the first data structure.

32. A computer program embodied on a computer-readable
medium to access a database as recited in claim 31, wherein the
information extracted from the database is convertible to different data

formats and different data values.

33. A computer program embodied on a computer-readable
medium to access a database as recited in claim 32, wherein the first

data structure and second data structures are tables.

34, A computer program embodied on a computer-readable
medium to access a database as recited in claim 33, wherein the first

data structure is a master file and the second data structure is an

incremental file.

35. A computer program embodied on a computer-readable
medium to access a database as recited in claim 34, further
comprising:

a plurality of application program code segments; and

e O T P Ao
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a Xref Interface code segment to interface with the plurality of

application programs and retrieve information stored in the master file
and incremental file requested by the plurality of application programs.

36. A computer program embodied on a computer-readable

medium to access a database as recited in claim 35, wherein the first

data structure and the second data structure are linked by a third data

structure.

37. A computer program embodied on a computer-readable

medium to access a database as recited in claim 36, wherein the third

data structure is an index file.

- 38. A computer program embodied on a computer-readable
medium to access a database as recited in claim 37, wherein the Xref
Storage Manager code segment creates a system query language
statement and uses this system query language statement to retrieve

the information from the data.

39. A computer program embodied on a computer-readable
medium to access a database as recited in claim 38, wherein the Xref
Storage Manager code segment sorts the extracted information based
on primary key and places the sorted information into the master file.

40. A computer program embodied on a computer-readable

medium to access a database as recited in claim 39, wherein the Xref
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Storage Manager code segment sends a message to said plurality of

application programs that the master file has been created.

41. A computer program embodied on a computer-readable
medium to access a database as rec'ited in claim 40, wherein the Xref
interface code segment places the data contained in the master file,
the index file and the incremental file into memory for access by a

plurality of application programs.

42. A computer program embodied on a computer-readable
medium to access a database as recited in claim 41, wherein the Xref

Interface code segment updates the information in memory when an

incremental extraction is done.

43. A computer program -embodied on a computer-readable
medium to access a database as recited in claim 42, wherein the Xref
Storage Manager code segment updates the information in the
storage device periodically or on request when a change in the
information occurs in the database by extracting update information
from a table indicating by key which information of the extracted
database information has been updated, added or deleted and '
creating another incremental file, and another index file based on the

master file and the update information.
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44, A computer program embodied on a computer-readable

medium to access a database as recited in claim 43, wherein the Xref

Storage Manager code segments sends a message to said plurality of

application program code segments that another index file and

another incremental file have been created.

45. A computer program embodied on a computer-readable
medium to access a database as recited in claim 44, wherein the
information can be effective dated data and accessed by effective

date.

46. A computer program embodied on a computer-readable
medium to access a database, comprising:

a plurality of application program code segments;

an Xref storage manager code segment to extract information

from the database and place the information into a master file in a
storage device and to update the information in the storage device

periodically or upon request when a change in the information occurs

In the database by placing the updated information into a incremental

file in the storage device which is linked to the first data structure:

an index file to link the master file to the incremental file; and

a Xref Interface code segment to interface with the plurality of

application programs and retrieve information stored in the master file

and incremental file requested by the plurality of application programs.

Attorney Docket No.: 1330.1041




Figure 1

.o ometuam
W%_-m o -
- e S —

CA 02302303 2000-02-29



100 120

Appliation Server

102

Application Code -

Database Server

114
116

110
112

Infrastructure Stored Procedures/Triggers [

. - .
- - -
. . ’
e . - . >
L]
-

Oracle
Client Lib

108

Tools

. ’ IH
'

'

. .l .

. . .

. s N,
.
| H
'

' . . . o

110
112

HP-UX

TCPAP TCPAP |

. .
»
. .
’ .
. .
¢ .
. 0
.4
'
. . - R
4 .
v
* -
.
.

LI PR S———

‘

CA 02302303 2000-02-29



CA

3-//

90
Application C -

100
Server

Xref Interface

Message Queuing
System

130

Application A| |Application B
using Xref using Xref
Interface Interface

Message Queuing
System

30

Extract
Manager

Figure 3

L EERRsmae e —————

02302303 2000-02-29




1060

1080
Send message to
registered
sppiicatons
X
1090
Figure 4

CA 02302303 2000-02-29



CA

S-1/

S 5Y3 545 g 523 525 537 529
Exampie of incremental extract data:
S/ Bl = Sé5

Master File
/AR " /R .

iy o [ o] o .
I T N [ = e
I I B [ N e
e em ] [ T

£ S

Figure 5

e

02302303 2000-02-29




6~/

/129 /130

Fetch SQL

used for extract trigger-table

]l 445
Y N

Sort data by

primary keys
Compare entries
Create Xref index to master file and

file adjust modification| //ﬁ g
type accordingly
/| 7O
Figure 6

CA 02302303 2000-02-29



CA 02302303 2000-02-29



Master Master or
incremental file incramaental

15 R0 entry?

Retum first |
ncrementai fie o Incresments! ISLT
K~ 1570
Figure 8

CA 02302303 2000-02-29



Algorithm to skip invalid entries | )

Figure 9

v— - C e
[ ———— BT

CA 02302303 2000-02-29




62 64

621 622 623 641 642 643 644 645 646
Tave Trigger Table - |
Primey Key [Efocthve Dota] wn_ [ Updse Type[Sequmnca N | v stamp

N N

s [ wm [ v 624
s [ wm [+ ggg

Figure 10

CA 02302303 2000-02-29



ais

idaday
MEE

MMM%

55
O O

“ v e e |~

22222
WO O O

62

T
£

£
S
>

02302303 2000-02-29

CA






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - abstract drawing

