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INCORPORATING TEMPORAL ASPECTS OF DATA
IN A RELATIONAL STORAGE SYSTEM

FIELD OF THE INVENTION
[0001] The present invention relates to managing data that automatically changes
over time.
BACKGROUND
DATABASE SYSTEMS

[0002] A database management system (“DBMS”) manages a database. A database
management system may comprise one or more database servers. A database comprises
database data and metadata that is stored on a persistent memory mechanism, such as a
set of hard disks. Database data may be stored in one or more data containers. Each
container contains records. The data within each record is organized into one or more
fields. In relational database management systems, the data containers are referred to as
tables, the records are referred to as rows, and the fields are referred to as columns. In
object-oriented databases, the data containers are referred to as object classes, the records
are referred to as objects, and the fields are referred to as attributes. Other database
architectures may use other terminology.
[0003] Database applications and clients interact with a database server by submitting
to the database server commands that cause the database server to perform operations on
data stored in a database. A database command may be in the form of a database
statement that conforms to database language statement. One non-limiting database
language supported by many database servers is SQL, including proprietary forms of
SQL supported by such database servers as Oracle, (e.g. Oracle Database 10g). SQL data
definition language ("DDL") instructions are issued to a database server to create or
configure database objects, such as tables, views, or complex data types.

INFORMATION IN THE WORLD
[0004] Some information in the world logically changes over time. Other information
stays the same basically at all times. For example, a person’s birth date does not change
once the person is born, but the person’s age changes every year. As another example, an
interest rate may or may not change, but an amount of accrued interest changes
periodically. Some information predictably changes. In the examples, the person’s age
increases every year, either based on a previous age or based on a birth date, and the
accrued interest changes periodically (for example, monthly) based on an interest rate,

which may be fixed or variable, and a previous amount of accrued interest. Other
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information changes non-predictably, such as the person’s weight, or a stock price for a
corporation. Information that changes predictably may include any information that
changes at a predictable time and in a predictable manner.

[0005] Information that changes non-predictably may be determined when the
information is requested, for example, by re-measuring the information or by retrieving
latest measured information. Using the example above, a current weight may be
determined by selecting the latest weight from a set of recorded weights. Similarly, a
current stock price may be determined from a set of recorded trades.

[0006] Information that changes predictably may be determined when the information
is requested based on other known information, such as a baseline value. Using the
examples above, an application may determine a person’s age by subtracting the birth
date from the current date. In one example, a remainder in terms of days may be
disregarded. In a specific example, the age of a person born on February 1, 1980, may be
determined by subtracting February 1, 1980 from a current date in 2010. If the current
day is before February 1, then the person is 29 years old. If the current day is on or after
February 1, then the person is 30 years old. Whenever a person’s age is requested, the
application may compute the person’s age based on the birth date and the current date.
Similarly, when an amount of accrued interest is requested, the application may determine
an amount of accrued interest by multiplying a borrowed amount by an interest rate.
[0007] Databases store static data values such as a person’s name and birth date.
Whenever a database application uses a person’s age, the person’s age may be computed
using a birth date retrieved from the database via a database server. Some databases store
time-stamped snapshots of data that has previously changed, but even these databases
cannot assure that stored data remains current with respect to the information. For
example, a stored age may be stale if it was computed before a person’s birthday.
Similarly, a stored amount of accrued interest may be stale if it was computed before the
end of the month. More efficient and reliable techniques are provided herein for
managing data that changes over time.

[0008] The approaches described in this section are approaches that could be pursued,
but not necessarily approaches that have been previously conceived or pursued.
Therefore, unless otherwise indicated, it should not be assumed that any of the
approaches described in this section qualify as prior art merely by virtue of their inclusion

in this section.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference
numerals refer to similar elements and in which:
[0010] FIG. 1 is a block diagram showing an example system for receiving time and
manner metadata with a request to store data.
[0011] FIG. 2 is a flow chart showing an example process for modifying data
according to manner metadata in response to determining that the current time satisfies
associated time metadata.
[0012] FIG. 3 is a block diagram that illustrates a computer system upon which an
embodiment described herein may be implemented.
DETAILED DESCRIPTION
[0013] In the following description, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the present
invention. It will be apparent, however, that the present invention may be practiced
without these specific details. In other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily obscuring the present
invention.

GENERAL OVERVIEW
[0014] Techniques are provided for storing data such that the data automatically
changes to remain current over time. The techniques described herein may be
implemented in hardware, software, or a combination of hardware and software, as
methods, systems, devices, and computer-readable mediums storing instructions that are
executable on devices. In one embodiment, a database server stores metadata in
association with data that is stored in a database. The metadata specifies a time and a
manner in which the data should change. On, near, or after the specified time, the
database server reads the metadata to determine that the specified time is satisfied. In
response to determining that the specified time has been satisfied, the database server
changes the data stored in the database in the specified manner.
[0015] In one embodiment, the database server receives the metadata with a request
to store the data in the database. For example, the request may be a database command to
store a particular value in the database, and the metadata may be provided via a marked
up syntax that is part of the database command. In another example, the metadata is
provided with the database command, but not as part of the database command. In yet

another example, the metadata may be stored in a table that stores specified times and
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specified manners for changing data within the database. The metadata in the table may
be provided or modified independently of when (e.g., before, after, or at the same time as)
the data to change is provided or modified. The table may store multiple times and
multiple manners for changing data within the database.
[0016] In various embodiments, the metadata indicates that the data is to change in
the specified manner at an absolute time or at a relative time. For example, the time may
be specified as a timestamp of an absolute time in terms of years, months, days, hours,
minutes, seconds, and/or some other timing value that identifies a particular time. As
another example, the time may be specified as a time that is relative to some other time,
such as when the request was formulated, sent, received, or executed.
[0017] In one embodiment, the metadata includes a database command for changing
the data value. For example, the metadata may indicate that data is to be deleted from the
database, added to the database, or modified by addition, subtraction, or some other
function. The data may be modified based on other data that is external to the database,
based on other data within the database, and/or based on the function and values provided
in the metadata.
[0018] In a particular embodiment, the metadata includes an identifier that identifies
the data to be changed at the specified time in the specified manner. The identifier may
uniquely identify a single value, or may refer to multiple values that should be changed.
For example, the identifier may include one or more key-value pairs that identify a single
value or a set of values.
[0019] In one embodiment, the database server checks stored metadata periodically to
determine whether any of the specified times are satisfied. In another embodiment, the
database server selects the times to check the stored metadata based on the stored
specified times, or based on load conditions of the database system. The specified times
are stored in association with the specified manner such that, when the database server
determines that any of the specified times are satisfied, the database server executes
commands to change data in the database in the associated specified manner.
RECEIVING AND STORING METADATA
[0020] In one embodiment, a database server receives a request to store the data in the
database on behalf of a database client. The request may be sent directly from the client,
or the request may be routed through one or more nodes between the client and the
database server. In a specific example, the request is a database command to store a value
in the database such as “INSERT INTO CONTRACTOR(NAME,AGE)
VALUES(‘JAMES’,31)”, which inserts an entry for a contractor named “JAMES” of age
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31 into the CONTRACTOR table. In one embodiment, metadata may be provided with
the request to store data. In a specific example, the metadata is provided as part of the
database command with a hint-like syntax, where the start of the metadata marked with
“/*” and the end of the metadata marked with “*/”. Inside the markings, metadata
instructions are provided to specify a time and a manner in which data is to change in the
database. In the specific example above, the request may include: “INSERT INTO
CONTRACTOR(NAME,AGE) VALUES(*JAMES’,31) /*VALIDTILL(31/12/2009) */7,
indicating that the data to be stored is valid only until December 31, 2009.

[0021] In one embodiment, the query processor is configured to extract the temporal
metadata from the query and populate a table that stores the temporal metadata in the
database. In a specific example, a schema-wide temporal metadata table is maintained,
which contains temporal metadata corresponding to all of the tables within the schema.
An example temporal metadata table, ScheduledTasks, includes the following columns:
TIMESTAMP, TABLE, DISCRIMINATOR, QUERY, and PERIODICITY.

[0022] In another embodiment, the temporal metadata may be otherwise stored in
association with the data to be changed. For example, the temporal metadata may be
stored in a hidden column of a temporal data type within the same table in which the data
is stored. The data of the hidden column may be accessed in a same manner that the data
of the temporal metadata table would have been accessed. In another example, the data
may be stored as a temporal datatype that includes the temporal information within the
data itself.

[0023] In an example for storing the metadata in a metadata table, the metadata,
“VALIDTILL(31/12/2009),” from the request may be stored by the database server as the
entry below in a ScheduledTasks table.

[0024] TIMESTAMP => 31/12/2009 00:00:01 GMT

[0025] TABLE => CONTRACTOR

[0026] DISCRIMINATOR => NAME="JAMES’ AND AGE=31

[0027] QUERY => DELETE FROM CONTRACTOR WHERE NAME="JAMES’
AND AGE=31

[0028] PERIODICITY=>1

[0029] The timestamp column stores the time that is specified by the request. In the
example shown, default timing values at various levels of granularity are added when
they are not included with the request. Here, the value “00:00:01” is appended to the date
to indicate that the query should be triggered at the beginning of the day. Other
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granularities and formats of timing values can be used as well. For example, the current
year may be added to the specified time when no year is specified in the request.

[0030] The table column stores the table to be modified in the manner specified by
the request. The discriminator column provides key-value pairs for identifying the data to
be modified in the manner specified by the request. Here, all rows with a NAME of
“JAMES” and an AGE of 31 will be modified in the manner specified. The discriminator
may or may not uniquely identify a single row in the database. The key-value pairs
define a primary key for the data if they uniquely identify a single row of data to be
modified. In one embodiment, the database server disallows discriminators that are not
primary keys. In another embodiment, the database server sends a warning message to a
client when a later command causes a once primary key to refer to more than one row.
For example, if another contractor named “JAMES” of age 31 is created, then the client
who submitted the command to automatically remove contractors named “JAMES” of
age 31 is warned. In another example, the client who added the second contractor named
“JAMES” of age 31 is warned.

[0031] In the example entry in the ScheduledTasks table, the identified data is to be
modified by invalidating an entry in the contractor table. Hence, the example manner in
which the data is to be modified is “DELETE,” or by deletion of the data. As shown, the
hint “VALIDTILL()” causes a “DELETE” query to be executed at the specified time. In
the example, the “DELETE” query operates on the table specified in the database
command, with the other discriminators of the database command added in a WHERE
clause.

[0032] The example periodicity column specifies that the command is to be executed
only a single time, which may be the default periodicity for a DELETE type of action. In
one embodiment, the periodicity is specified along with the metadata. For example, the
periodicity may be specified with the metadata by the following database command:
“INSERT INTO EMPLOYEE(NAME,AGE) VALUES(‘JAMES’,31) /*
INCREMENT(AGE,27/03,1) */”. The example command stores an entry for an
employee named “JAMES” of age 31 into the EMPLOYEE table, and stores temporal
metadata to cause the AGE of the employee named “JAMES” to be automatically
incremented every year on March 27.

[0033] Another example (“INSERT INTO TASK(NAME,DAYS_TO_DEADLINE)
VALUES(‘Task1’, 10) /* DECREMENT(DAYS_TO_DEADLINE, * 23:59;59, 1) */)

shows a command that causes the database server to automatically decrement a value
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every day by one. During execution of this command, the database server may create an
entry in the ScheduledTasks table as follows:

[0034] TIMESTAMP => 30/07/2009 23:59:59 GMT

[0035] TABLE =>TASK

[0036] DISCRIMINATOR => NAME="TASKI’

[0037] QUERY => UPDATE TASK SET DAYS_TO_DEADLINE =
#DAYS_TO_DEADLINE - 1 WHERE NAME="TASKT’

[0038] PERIODICITY => *

[0039] Once the database server executes the task on July 30, the database server may
update the entry to:

[0040] TIMESTAMP => 31/07/2009 23:59:59 GMT

[0041] TABLE =>TASK

[0042] DISCRIMINATOR => NAME="TASKI’

[0043] QUERY => UPDATE TASK SET DAYS_TO_DEADLINE =
#DAYS_TO_DEADLINE - 1 WHERE NAME="TASKT’

[0044] PERIODICITY => *

[0045] The entries in the ScheduledTasks table may specify any manner for
modifying data in the database, and the metadata described herein is not limited to the
example queries or other example manners for modifying data in the database. In another
example, the metadata specifies an INSERT operation to be performed on the data. For
example, the metadata may specify that certain data from one table should be inserted
into another table on a specified date. In a specific example, data in an organization’s
database may include trainee data stored in a trainee table and employee data stored in an
employee table. Metadata stored in the database specifies that, at a specified date and
time upon which training is complete, trainees from the trainee table are to be inserted as
employees into the employee table. On or after the specified data and time, the database
server reads the metadata and inserts the trainees as employees into the employees table.
Optionally, the metadata may also specify that the trainees inserted into the employees
table are deleted from the trainees table.

[0046] The techniques described herein may be utilized without receiving the
metadata as part of the database command. For example, the request may include the
database command, “INSERT INTO CONTRACTOR(NAME,AGE) VALUES
(‘JAMES’,31)”, as one parameter of the request and the metadata,
“VALIDTILL(31/12/2009)”, as another parameter of the request. The temporal metadata

parameter may be provided without additional discriminators, or with additional or
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different discriminators than those provided in the database command. In other words,
the metadata may provide information for modifying the same data that is modified by the
command, a subset of the data modified by the command, other data stored in the
database, or for creating or inserting new data to be stored in the database.
[0047] The metadata may be stored in a table that stores specified times and
associated manners for changing data within the database. The metadata in the table may
be provided or modified independently of when (e.g., before, after, or at the same time as)
the data to change is provided or modified. The table may store multiple times and
multiple manners for changing data within the database. In one example, the database
server receives a request to store temporal metadata in the table. The request specifies the
time and manner in which data in the database is to change, but the command itself does
not modify that data.
[0048] FIG. 1 shows an example system for receiving time and manner metadata with
a request to store data. As shown, client 100 sends a request 110 to database server 120.
Request 110 includes data to store 111, time metadata 112, and manner metadata 113. In
one embodiment, metadata 112 and 113 and the data to store 111 are identified in a
database command in request 110. In another embodiment, metadata 112 and 113 are
provided as separate parameters of request 110. In response to receiving the request,
database server 120 stores stored data 131, stored time metadata 132, and stored manner
metadata 133 in database 130. Stored time metadata 132 may be derived from time
metadata 112, but is not necessarily the same as time metadata 112. In one example,
database server 120 may change the formatting of time metadata 112 and add default
values to create stored time metadata 132. Similarly, stored manner metadata 133 may be
derived from manner metadata 113, but is not necessarily the same as manner metadata
113. In one example, database server 120 may map a function named in manner metadata
113 to one or more database commands provided in stored manner metadata 133.

TIME METADATA
[0049] Time metadata received and stored by the database server may include any
indication as to the time for making a change to data in the database. In one embodiment,
the time may be specified by a timestamp in a request to store the data to be changed.
The time may be specified in any units or granularities, absolutely or relatively. For
example, the time may be specified in terms of years, months, days, hours, minutes,
seconds, or milliseconds. A time zone may be provided with the specified time.
[0050] In one embodiment, the time is specified relative to a time that is known to or

determined by the database server. For example, the time may be specified as one year
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after the request was formulated, sent, received, or executed. An expression such as
“VALIDFOR(2 years)” may be used to indicate that the data expires in two years.
[0051] In another embodiment, the time is specified in terms of an absolute time,
optionally combined with default times. For example, the time may be specified as a
timestamp in terms of months, days, and years. Optionally, a default number of hours,
minutes, and seconds, such as 00:00:01, are attributed to a time that does not specify to
the granularity of hours, minutes, and seconds.

[0052] The time metadata may be converted and reformatted from the form specified
in the request. For example, the time metadata may be converted from one time zone to
another time zone, reformatted to a standard format used by the database server, and/or
modified by adding default values to the time specified in the request. In the example
where the time is specified in the expression “VALIDTILL(31/12/2009),” the time value
may be stored in the database as “31/12/2009 00:00:01 GMT,” or some other value that
represents, to the database server, the time specified in the request. In one embodiment,

the database server stores time metadata in a temporal metadata table in the database.

MANNER METADATA
[0053] Manner metadata received and stored by the database server may include any
indication as to the manner for making a change to data in the database. For example, the
specified manner may indicate a specific operation, method, procedure, function, or
command for the database server to execute with respect to data in the database. The
manner may be specified in the request using an expression that is associated with one or
more database commands that, when executed, add, delete, or otherwise modify data in
the database.
[0054] In one embodiment, the manner metadata specified in the request is associated
with a database command for modifying data in the database. In response to receiving the
request, the database server stores the metadata specified by the request. In another
embodiment, the database server stores some other indication that identifies the database
command for modifying the data in the database. In a particular embodiment, the
database server stores the database command in a temporal metadata table. When stored
or when retrieved by the database server, the database command may be combined with
discriminator information that was specified in the request. The discriminator
information identifies values to be modified. For example, the command may be
combined with an identifier of a table to be modified and a key-value pair that identifies

one or more values within the table. In order to speed up automatic retrieval and
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execution of the command at the specified time, the command may be stored in a form
that is executable by the database server without further modification.

[0055] The techniques described herein are not limited to any specific manners for
modifying data in the database. In various examples, the metadata may indicate that data
is to be deleted from the database, added to the database, or modified by addition,
subtraction, multiplication, division, or some other function. In specific examples, the
metadata may specify that the data is to be incremented or decremented periodically. In
another example, the metadata may specify that the data is to be doubled on specified
dates or periodically for a specified number of times.

[0056] The data may be modified based on other data that is external to the database,
such as data fetched from another server. In a specific example, the stored data may be
replaced or otherwise modified based on stock ticker data from an external server. In
another example, the stored data may be modified based on other stored data in the
database. For example, a first profit value may be periodically modified by a cost value
that is stored in the database, resulting in a second profit value.

[0057] In one embodiment, a value in the database is created based on the temporal
metadata. For example, a profit record may be created daily and added to a profit table.
In another example, a scheduled task may be created based on another scheduled task,
resulting in recursively created scheduled tasks. In this example, the table to be modified
is the ScheduledTasks table, and the manner of modifying the table is by creating a new
item in the table. In one embodiment, upon execution, a first scheduled task may cause
one or more other scheduled tasks to be created. The one or more other scheduled tasks
may, at some other specified time, create one or more records in the database. In a
specific example, the first task is scheduled at the end of the quarter, and the second task
is scheduled for a week after the end of the quarter, or based on expected load conditions

of the database server.

IDENTIFYING VALUES TO BE CHANGED
[0058] Once the metadata is received by the database server, the values to be changed
may be identified based on discriminator information received with the metadata, with the
command, or received separately. In a particular embodiment, the metadata in the request
includes an identifier that identifies the data to be changed at the specified time in the
specified manner. In one example, key-value pairs are received with the time metadata
and the manner metadata. The key-value pairs may uniquely identify a single value or

generally identify multiple values in the database.
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[0059] In another embodiment, the values are identified based on an expression
provided with the request or as another parameter to the request. The expression may be
used by the database server to refer to the data values to be modified, or the expression
may be converted and stored as another expression that identifies, to the database server,
the data values to be modified.

[0060] In one embodiment, after the temporal metadata is stored, values may be
removed or added from a set of values to be modified. In one example, a key-value pair
identifies only a single value when the key-value pair is stored as a discriminator in the
temporal metadata table. Then, after the metadata is stored, another value is added to the
database that also satisfies the key-value pair. At a later time, the temporal metadata is
used to automatically modify the data, which includes both the single value and the other

value.

USING THE METADATA TO AUTOMATICALLY CHANGE VALUES
[0061] A thread running on the database server, or any process managing the
database, checks the stored temporal metadata to determine whether any of the specified
times are satisfied. The metadata may be checked periodically, at pre-determined times
such as times specified by a database administrator, at times during which a load on the
database server is predicted to be low, or at times based on when the next scheduled item
of temporal metadata is to be triggered. In one example, the thread runs daily just after
midnight to determine whether any items of temporal metadata are satisfied.
[0062] In another example, the thread runs based on the specified time for the next
scheduled item of temporal metadata. In one example, the temporal metadata is sorted,
either physically on disk or logically by virtue of an index, based on when the items of
temporal metadata are to be triggered. Por example, the item with the earliest time
appears first in the list, and the item with the latest time appears last in the list. In this
example, a quick check of the next item in the list may be made to determine when the
next task is scheduled. In one embodiment, the thread runs at or just after the next task is
scheduled. In one example, the thread is limited to a pre-determined maximum number
of checks per day, per hour, or per minute. In another embodiment, the thread is
prevented from running during peak load times of the database server, or when the
current load exceeds a threshold.
[0063] The specified times are stored in association with the specified manner such
that, when the database server determines that any of the specified times are satisfied, the

database server executes commands to change data in the database in the associated
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specified manner. For example, a thread running on January 1, 2010 may determine that
a first item (December 30, 2009) and second item (January 1, 2010) of time metadata are
satisfied, but a third item (January 3, 2010) and fourth item (February 1, 2010) of time
metadata are not satisfied. In response the manner metadata associated with the first and
second items are used to execute commands to change data in the database. The manner
metadata associated with the third and fourth items are not used. In one embodiment, a
task is deleted from the ScheduledTasks table once the task has been executed.

[0064] FIG. 2 shows a decision diagram for determining whether or not to modify
data in the database according to an item of manner data. In one example, a scheduler
wakes up periodically or at a scheduled time to start performance of the process described
in FIG. 2. In step 201, a determination is made as to whether the current time satisfies a
given time from the ScheduledTasks table. For example, a task scheduled for 00:00:01
on December 31, 2009, may be triggered if the current time is on or after 00:00:01 of
December 31, 2009. In another example, the task may be triggered only if the current
time matches the specified time. In yet another example, the task may be triggered if the
current time is within a threshold distance of the specified time, optionally regardless of
whether it is before or after the specified time. If the current time satisfies the specified
time, then, in step 203, data in the database is modified according to an item of manner
metadata associated with the given, satisfied, item of time metadata. The scheduler may
then move on to the next item of time metadata, if any, to re-perform step 201 if needed.
[0065] If the current time does not satisfy the specified time for a given item of time
metadata, then, in step 202, the given item of time metadata is skipped. The scheduler
may then move on to the next item of time metadata, if any, to re-perform step 201 if

needed.

ERROR AND RECOVERY
[0066] In one embodiment, the database server logs the automatic operations that are
performed based on the temporal metadata. In the event that an automatic operation is
performed in error or modifies the wrong data, the logs may be used to roll back the
changes that were performed.
[0067] If a command triggered by the temporal metadata fails to execute successfully,
then the database server may retry the command a pre-determined number of times. If the
command fails to execute after the pre-determined number of times, then the command

associated with the item of temporal metadata may be re-tried again at the next scheduled
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time. In one embodiment, an item of temporal metadata is deleted if a command
associated with the item fails a threshold number of times to execute successfully.

[0068] In one embodiment, a database administrator is notified when a command fails
to execute successfully or when a temporal metadata item is removed from the metadata
table. Contact information for the database administrator may be stored in association
with the metadata table. In another embodiment, a user who last created or modified the
item of temporal metadata is notified. Contact information for the user may be provided
with the request to store or modify the metadata, and the contact information for the user
may be stored in association with the particular item of metadata.

[0069] In one embodiment, items of temporal metadata that have been satisfied, and
for which the associated commands have successfully been executed, are removed from
the metadata table. Optionally, the database server may store these deleted items for a
pre-determined period of time. The deleted items may be restored with a new timestamp,

or they may be used to roll back changes already made to data in the database.

HARDWARE OVERVIEW
[0070] According to one embodiment, the techniques described herein are
implemented by one or more special-purpose computing devices. The special-purpose
computing devices may be hard-wired to perform the techniques, or may include digital
electronic devices such as one or more application-specific integrated circuits (ASICs) or
field programmable gate arrays (FPGAs) that are persistently programmed to perform the
techniques, or may include one or more general purpose hardware processors
programmed to perform the techniques pursuant to program instructions in firmware,
memory, other storage, or a combination. Such special-purpose computing devices may
also combine custom hard-wired logic, ASICs, or FPGAs with custom programming to
accomplish the techniques. The special-purpose computing devices may be desktop
computer systems, portable computer systems, handheld devices, networking devices or
any other device that incorporates hard-wired and/or program logic to implement the
techniques.
[0071] For example, FIG. 3 is a block diagram that illustrates a computer system 300
upon which an embodiment of the invention may be implemented. Computer system 300
includes a bus 302 or other communication mechanism for communicating information,
and a hardware processor 304 coupled with bus 302 for processing information.

Hardware processor 304 may be, for example, a general purpose microprocessor.
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[0072] Computer system 300 also includes a main memory 306, such as a random
access memory (RAM) or other dynamic storage device, coupled to bus 302 for storing
information and instructions to be executed by processor 304. Main memory 306 also
may be used for storing temporary variables or other intermediate information during
execution of instructions to be executed by processor 304. Such instructions, when stored
in non-transitory storage media accessible to processor 304, render computer system 300
into a special-purpose machine that is customized to perform the operations specified in
the instructions.

[0073] Computer system 300 further includes a read only memory (ROM) 308 or
other static storage device coupled to bus 302 for storing static information and
instructions for processor 304. A storage device 310, such as a magnetic disk or optical
disk, is provided and coupled to bus 302 for storing information and instructions.

[0074] Computer system 300 may be coupled via bus 302 to a display 312, such as a
cathode ray tube (CRT), for displaying information to a computer user. An input device
314, including alphanumeric and other keys, is coupled to bus 302 for communicating
information and command selections to processor 304. Another type of user input device
is cursor control 316, such as a mouse, a trackball, or cursor direction keys for
communicating direction information and command selections to processor 304 and for
controlling cursor movement on display 312. This input device typically has two degrees
of freedom in two axes, a first axis (e.g., x) and a second axis (e.g., y), that allows the
device to specify positions in a plane.

[0075] Computer system 300 may implement the techniques described herein using
customized hard-wired logic, one or more ASICs or FPGAs, firmware and/or program
logic which in combination with the computer system causes or programs computer
system 300 to be a special-purpose machine. According to one embodiment, the
techniques herein are performed by computer system 300 in response to processor 304
executing one or more sequences of one or more instructions contained in main memory
306. Such instructions may be read into main memory 306 from another storage medium,
such as storage device 310. Execution of the sequences of instructions contained in main
memory 306 causes processor 304 to perform the process steps described herein. In
alternative embodiments, hard-wired circuitry may be used in place of or in combination
with software instructions.

[0076] The term “‘storage media” as used herein refers to any non-transitory media
that store data and/or instructions that cause a machine to operation in a specific fashion.

Such storage media may comprise non-volatile media and/or volatile media. Non-volatile
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media includes, for example, optical or magnetic disks, such as storage device 310.
Volatile media includes dynamic memory, such as main memory 306. Common forms of
storage media include, for example, a floppy disk, a flexible disk, hard disk, solid state
drive, magnetic tape, or any other magnetic data storage medium, a CD-ROM, any other
optical data storage medium, any physical medium with patterns of holes, a RAM, a
PROM, and EPROM, a FLASH-EPROM, NVRAM, any other memory chip or cartridge.
[0077] Storage media is distinct from but may be used in conjunction with
transmission media. Transmission media participates in transferring information between
storage media. For example, transmission media includes coaxial cables, copper wire and
fiber optics, including the wires that comprise bus 302. Transmission media can also take
the form of acoustic or light waves, such as those generated during radio-wave and infra-
red data communications.

[0078] Various forms of media may be involved in carrying one or more sequences of
one or more instructions to processor 304 for execution. For example, the instructions
may initially be carried on a magnetic disk or solid state drive of a remote computer. The
remote computer can load the instructions into its dynamic memory and send the
instructions over a telephone line using a modem. A modem local to computer system
300 can receive the data on the telephone line and use an infra-red transmitter to convert
the data to an infra-red signal. An infra-red detector can receive the data carried in the
infra-red signal and appropriate circuitry can place the data on bus 302. Bus 302 carries
the data to main memory 306, from which processor 304 retrieves and executes the
instructions. The instructions received by main memory 306 may optionally be stored on
storage device 310 either before or after execution by processor 304.

[0079] Computer system 300 also includes a communication interface 318 coupled to
bus 302. Communication interface 318 provides a two-way data communication coupling
to a network link 320 that is connected to a local network 322. For example,
communication interface 318 may be an integrated services digital network (ISDN) card,
cable modem, satellite modem, or a modem to provide a data communication connection
to a corresponding type of telephone line. As another example, communication interface
318 may be a local area network (LLAN) card to provide a data communication connection
to a compatible LAN. Wireless links may also be implemented. In any such
implementation, communication interface 318 sends and receives electrical,
electromagnetic or optical signals that carry digital data streams representing various

types of information.
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[0080] Network link 320 typically provides data communication through one or more
networks to other data devices. For example, network link 320 may provide a connection
through local network 322 to a host computer 324 or to data equipment operated by an
Internet Service Provider (ISP) 326. ISP 326 in turn provides data communication
services through the world wide packet data communication network now commonly
referred to as the “Internet” 328. Local network 322 and Internet 328 both use electrical,
electromagnetic or optical signals that carry digital data streams. The signals through the
various networks and the signals on network link 320 and through communication
interface 318, which carry the digital data to and from computer system 300, are example
forms of transmission media.

[0081] Computer system 300 can send messages and receive data, including program
code, through the network(s), network link 320 and communication interface 318. In the
Internet example, a server 330 might transmit a requested code for an application program
through Internet 328, ISP 326, local network 322 and communication interface 318.
[0082] The received code may be executed by processor 304 as it is received, and/or
stored in storage device 310, or other non-volatile storage for later execution.

[0083] In the foregoing specification, embodiments of the invention have been
described with reference to numerous specific details that may vary from implementation
to implementation. The specification and drawings are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. The sole and exclusive indicator of the scope of
the invention, and what is intended by the applicants to be the scope of the invention, is
the literal and equivalent scope of the set of claims that issue from this application, in the

specific form in which such claims issue, including any subsequent correction.
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CLAIMS

What is claimed is:

1. A method comprising:
receiving a request to store a value in a database, wherein the request specifies a
time and a manner in which the value should change;
in response to receiving the request, storing, in the database:
the value, and
first information that indicates the specified time and second information
that indicates the specified manner;
after an amount of time has passed:
based on the first information that indicates the specified time, determining
whether a current time satisfies the specified time;
in response to determining that the current time satisfies the specified time,
changing the value in the specified manner based on the second
information that indicates the specified manner;

wherein the method is performed by one or more computing devices.

2. The method of Claim 1, wherein the second information that indicates the
specified manner is a command which, when executed, changes the value in the specified

manner.

3. The method of Claim 1, wherein the specified manner in which the value should
change comprises deletion, and wherein changing the value in the specified manner

comprises deleting the value.

4, The method of Claim 1, wherein the specified manner in which the value should
change comprises one or more of addition or subtraction, and wherein changing the value

in the specified manner comprises either adding to or subtracting from the value.
5. The method of Claim 1, wherein the specified manner in which the value should

change comprises a specified function, and wherein changing the value in the specified

manner comprises performing the specified function on the value.
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6. The method of Claim 1, wherein the value is a first value, and wherein the
specified manner in which the first value should change is based on a second value that is

external to the database.

7. The method of Claim 1, wherein the value is a first value, and wherein the
specified manner in which the first value should change is based on a specified second

value.

8. The method of Claim 1, wherein the request specifies an identifier, further
comprising:

storing the identifier in the database; and

in response to determining that the current time satisfies the specified time,

identifying the value using the identifier.

9. The method of Claim 1, wherein the request is a first request, and wherein the first
information is stored in a table in association with the second information, further
comprising:
receiving a second request to store a third information in the table in association
with a fourth information;
wherein the third information indicates another time and the fourth information
indicates another manner in which another value should change; and
based on the third information that indicates the other time, determining whether
the current time satisfies the other time;
in response to determining that the current time satisfies the other time, changing
the other value in the other manner based on the fourth information that

indicates the other manner.

10. The method of Claim 1, wherein the request is a first request, and wherein the first
information is stored in a table in association with the second information, further
comprising:
receiving a second request to store a third information in the table in association
with a fourth information;
wherein the third information indicates another time and the fourth information

indicates that another value should be created; and
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based on the third information that indicates the other time, determining whether
the current time satisfies the other time;

in response to determining that the current time satisfies the other time, creating
the other value based on the fourth information that indicates the other

value should be created.

11. One or more non-transitory storage media storing instructions which, when
executed by one or more computing devices, cause performance of:
receiving a request to store a value in a database, wherein the request specifies a
time and a manner in which the value should change;
in response to receiving the request, storing, in the database:
the value, and
first information that indicates the specified time and second information
that indicates the specified manner;
after an amount of time has passed:
based on the first information that indicates the specified time, determining
whether a current time satisfies the specified time;
in response to determining that the current time satisfies the specified time,
changing the value in the specified manner based on the second

information that indicates the specified manner.

12. One or more non-transitory storage media as recited in Claim 11, wherein the
second information that indicates the specified manner is a command which, when

executed, changes the value in the specified manner.

13. One or more non-transitory storage media as recited in Claim 11, wherein the
specified manner in which the value should change comprises deletion, and wherein

changing the value in the specified manner comprises deleting the value.

14. One or more non-transitory storage media as recited in Claim 11, wherein the
specified manner in which the value should change comprises one or more of addition or
subtraction, and wherein changing the value in the specified manner comprises either

adding to or subtracting from the value.
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15. One or more non-transitory storage media as recited in Claim 11, wherein the
specified manner in which the value should change comprises a specified function, and
wherein changing the value in the specified manner comprises performing the specified

function on the value.

16. One or more non-transitory storage media as recited in Claim 11, wherein the
value is a first value, and wherein the specified manner in which the first value should

change is based on a second value that is external to the database.

17. One or more non-transitory storage media as recited in Claim 11, wherein the
value is a first value, and wherein the specified manner in which the first value should

change is based on a specified second value.

18. One or more non-transitory storage media as recited in Claim 11, wherein the
request specifies an identifier, wherein the instructions, when executed by the one or
more computing devices, further cause performance of:

storing the identifier in the database; and

in response to determining that the current time satisfies the specified time,

identifying the value using the identifier.

19. One or more non-transitory storage media as recited in Claim 11, wherein the
request is a first request, and wherein the first information is stored in a table in
association with the second information, wherein the instructions, when executed by the
one or more computing devices, further cause performance of:
receiving a second request to store a third information in the table in association
with a fourth information;
wherein the third information indicates another time and the fourth information
indicates another manner in which another value should change; and
based on the third information that indicates the other time, determining whether
the current time satisfies the other time;
in response to determining that the current time satisfies the other time, changing
the other value in the other manner based on the fourth information that

indicates the other manner.
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20. One or more non-transitory storage media as recited in Claim 11, wherein the
request is a first request, and wherein the first information is stored in a table in
association with the second information, wherein the instructions, when executed by the
one or more computing devices, further cause performance of:
receiving a second request to store a third information in the table in association
with a fourth information;
wherein the third information indicates another time and the fourth information
indicates that another value should be created; and
based on the third information that indicates the other time, determining whether
the current time satisfies the other time;
in response to determining that the current time satisfies the other time, creating
the other value based on the fourth information that indicates the other

value should be created.
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