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Methods, systems, and computer program products for
dynamically adjusting computer resources, as appropriate,
in response to predictions of query runtimes as well as for
rendering costs of the computer resources actually utilized,
which costs are consistent with consumer demands.
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DYNAMIC QUERY OPTIMIZATION

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention is related to the following
copending and commonly assigned U.S. patent application:
ROC920030044US1; commonly filed herewith and incor-
porated herein by reference and made a part hereof.

BACKGROUND OF THE INVENTION

[0002] The present invention relates generally to com-
puter-implemented data processing methods, systems, and
computer program products. More particularly, it relates to
dynamically optimizing database queries, as appropriate, so
that query runtimes complete within query governing time
boundaries.

[0003] In typical database querying using SQL, query
governors are mechanisms that perform several functions.
Typically, query governors may be configured to allow all
queries to run a predefined maximum amount of time, for
example several seconds for all queries for all connections,
or just the queries for a specific connection. One specific
query governor function is to preempt or prevent long-
running queries from executing before they start. This
preemption is based on determinations of whether estimates
of query runtime, as made by a query optimizer, will exceed
predefined query time boundaries that have been set by the
query governor. If a determination is made that the threshold
may be exceeded then a warning may be issued and the
query does not run. This is beneficial since it prevents
system resources from being needlessly consumed.

[0004] While query governors manage queries in the fore-
going fashion, there are no known approaches for dynami-
cally predicting the appropriate amount of computer
resources needed for fitting otherwise long-running queries
within predefined query time boundaries so that the queries
are not preempted from running. Furthermore, no
approaches are known for dynamically allocating the appro-
priate amount of computer resources to fit the otherwise
long-running queries within the predefined query time
boundaries wherein the allocations are based on the dynamic
predictions. In addition, no approaches are known for use in
systems wherein the allocated resources are made available
from logically partitioned and/or grid environments for
achieving the foregoing tasks. Moreover, no approaches are
known for apportioning costs or fees to customers based on
computer resources actually utilized to achieve the forego-
ing, let alone to satisfy the configurable costs and perfor-
mance demands of customers.

[0005] Accordingly there are needs for methods, systems,
and computer program products for the benefit of providing
query governors that: manage data by preventing long-
running queries from executing; dynamically predict the
appropriate amount of computer resources needed for fitting
query runs so as to complete within predefined time bound-
aries; dynamically allocate the appropriate amount of com-
puter resources for making query runs complete within the
predefined query time boundaries based on such dynamic
predictions; are applicable in logically partitioned and/or
grid environments for apportioning resources; and, appor-
tion costs to customers based on actually utilized computer
resources, whereby configurable demands of customers are
satisfied.
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[0006] Accordingly, without such needs being satisfied,
the true potential of running queries with query governors
will not be easily achieved.

SUMMARY OF THE INVENTION

[0007] The present invention provides improvements in
methods, systems, and computer program products for
dynamically predicting an appropriate amount of computer
resources that should be allocated to have queries complete
within predefined query time boundaries which queries
would not otherwise complete within such boundaries.
Included are improvements for dynamically allocating the
appropriate computer resources in accordance with these
dynamic predictions without negative effect and that over-
come many of the disadvantages of prior art processing
arrangements.

[0008] The aspects of the present invention include
improvements in methods, systems, and computer program
products with the advantages of having the dynamically
allocated computer resources being derived from logically
partitioned and/or grid environments.

[0009] The aspects of the present invention include
improvements in methods, systems, and computer program
products with the advantages of apportioning costs to cus-
tomers based on actually utilized computer resources
whereby configurable demands of customers as to costs and
performance are satisfied.

[0010] Still another aspect of the present invention is that
it provides for a reliable and efficient manner for query
optimization.

[0011] These and other features and aspects of the present
invention will be more fully understood from the following
detailed description of the exemplary embodiments, which
should be read in light of the accompanying drawings. It
should be understood that both the foregoing generalized
description and the following detailed description are exem-
plary, and are not restrictive of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram of an environment
having a provider of computing services through a grid
environment, in accordance with the present invention.

[0013] FIG. 2 is a block diagram of a computer system in
accordance with one of the exemplary embodiments.

[0014] FIG. 3 is a block diagram illustrating logical
components in a logically partitioned computer system.

[0015] FIG. 4 is an exemplary flow diagram illustrating
the dynamic prediction of computer resources to be applied
to queries, according to one embodiment of the present
invention.

[0016] FIG. 5 is an exemplary flow diagram illustrating
the allocation and de-allocation of resources to one embodi-
ment of the present invention.

[0017] FIG. 6 is an exemplary flow diagram illustrating
another aspect of the process being performed by the present
invention.

[0018] FIG. 7 is an exemplary flow diagram illustrating
another aspect of the process being performed by the present
invention.
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[0019] FIG. 8 is illustrative of a graphical user interface
that is utilized for allowing a user to specify parameters for
configuring system operations in order to meet the demands
of customers.

DETAILED DESCRIPTION

[0020] The present invention is generally directed to sys-
tems, methods, and computer program products for dynami-
cally predicting and allocating computer resources, as
appropriate, for completing queries within predefined query
time boundaries which queries would have been preempted
from running because they were predicted to complete
outside the predefined query time boundaries. Optimization
may involve the dynamic allocation of computer resources
from, stand-alone computer systems, and/or grid computing,
and/or logically partitioned processor environments. As
such, system users would be fairly charged for computer
resources actually utilized, but not for unneeded resources.

[0021] FIGS. 1-3 illustrate one exemplary embodiment of
a data processing system 100 for implementing query opti-
mization methods in accordance with the present invention.
The illustrated embodiment is but one example of a wide
variety of systems that may be utilized. Referring now to
FIG. 1, a data processing environment 100 is shown in
which the present invention is practiced. Generally, the data
processing environment 100 includes a provider computer
system 102 and a plurality of one or more computer systems
116,-116,, (collectively 116). The provider computer system
102 is illustratively embodied as a server computer with
respect to the system users (client) computer systems 116.
Although all computers are illustrated as singular entities, in
practice the provider computer system 102 and the client
computer systems 116 may all be a network of computer
systems configured to perform various functions, including
those described herein. Further, the terms “client” and
“server” are utilized herein merely for convenience and not
by way of limitation. As such, the client computer system
116, which may be clients relative to the provider computer
system 102 in some regards, may themselves be servers
relative to one or more other clients (not shown).

[0022] The provider computer system 102 and the client
computer systems 116 communicate through a network 106.
The provider computer system 102 provides access to a grid
computing environment 104. Access to various resources
within the grid computing environment 104 may also be
provided by different service providers. The grid environ-
ment 104 may contain a plurality of different computing
resources 120,-120 (collectively 120). The grid-computing
environment 104 may include parallel and distributed com-
puting systems that enable sharing, selection, and aggrega-
tion of geographically distributed resources at runtime
depending on their availability, capability, performance,
cost, and/or user’s quality of service requirements. The grid
computing environment 104 may be a network including
diverse hardware and/or software computing resources.
These resources may be available and accessible through a
network medium 106, such as the Internet, to a wide variety
of users and may be shared between them.

[0023] In the exemplary embodiment, the network 106
may be any one of several suitable through which informa-
tion may be transferred, such as, a local area network (LAN)
or a wide area network (WAN). The provider computer
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system 102 may be configured with a hypertext transfer
protocol (HTTP) server 122 for servicing requests from
browser programs residing on the client computer systems
116. The HTTP server 122 and the browser programs
provide convenient and well-known software components
for establishing a network connection (e.g., a TCP/IP con-
nection) via the network 106.

[0024] Referring back to the provider computer system
102, it may be configured with a manager 108 that requests
grid resources for the client computer systems 116. In an
exemplary embodiment, the manager 108 manages routing
requests from the client computer systems 116 to the appro-
priate resources of the grid environment 104. Such a grid
computing system is described in copending and commonly
assigned patent application Serial No Ser. No. 10/659,976
filed on May 2, 2003, and is incorporated herein and made
a part hereof. Only those details considered necessary for
implementing the present invention will be presented.

[0025] Some of the requests for grid resources are fulfilled
on a fixed fee bases or fee bases dependent on parameter
values. For example, fees are charged dependant on the time
needed to process a query. The manager 108 also monitors
progress of these requests by keeping track of time spent on
a particular request and calculating costs associated there-
with. Although, the manager 108 is shown as a single entity,
it should be noted that it may be representative of different
functions implemented by different software and/or hard-
ware components within the provider computer system 102.
The pricing is determined with respect to any variety of
pricing criteria including, for example, time-based criteria,
request-type or class criteria, priority criteria, historical
information, system user identification criteria, and combi-
nations thereof. These pricing criteria are applied to define
pricing schedules or policies that the manager 108 may
access to calculate a cost for a request. In one embodiment,
pricing criteria is defined in service contracts 112 stored in
a database 110. The database 110 is a relational database.
The database 110 may utilize a database management sys-
tem (DBMS), such as in DB2, that is commercially available
from International Business Machines Corporation,
Armonk, N.Y. for use with data files 111. The database 110
may also contain historical data 124 that include a log of
requests received and processed in the past, with the corre-
sponding amount of resources utilized and the time taken to
process various aspects of the queries. A service contract
may exist for each contractual system user of the provider
computer system 102. In another embodiment, pricing cri-
teria may be specified in generic pricing schedules 114 for
system users who do not have contractual agreements with
the service provider. Different generic pricing schedules 114
may exist for a variety of different pricing criteria including
those mentioned above (e.g., request-time criteria, request-
type or class criteria, priority criteria, historical information,
system user identification criteria, and combinations
thereof).

[0026] Historical information may also serve as criteria for
determining a pricing schedule. Pricing schedules may exist
that take account of a combination of the one or more pricing
criteria. The historical information may be supplied by the
historical data 124 which includes information about the
amount of resources and time taken to process a request in
the past. The historical data 124 may be searched to deter-
mine whether a similar or same request as the request
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received has been processed in the past. If a similar request
is located in the historical data, the information about
resources utilized and time taken to process the request may
be utilized to select a different pricing schedule. Of course,
each of the criteria mentioned above are optional, and may
or may not be utilized in determining pricing schedules, in
different embodiments.

[0027] Reference is made to FIG. 2 for illustrating a
computer system 116, such as an eServer iSeries computer
system commercially available from International Business
Machines Corporation, Armonk, N.Y. It will be appreciated
that other computer systems are envisioned for use in
implementing the present invention and that the illustrated
embodiment is exemplary of but one. The computer system
116 comprises one or more processors 130, _ (collectively
130) that are connected to a main memory 140, a mass
storage interface 150, a display interface 160, a network
interface 170, and a plurality of I/O slots 180. A system bus
125 interconnects these components. Although only a single
bus is utilized, those skilled in the art will appreciate that the
present invention may utilize multiple buses. Each one of the
processors may be constructed from one or more micropro-
cessors and/or integrated circuits. The processors execute
program instructions in the main memory. The mass storage
interface 150 is utilized to connect to mass storage devices,
such as a direct access storage device (DASD) 155, for
example a suitable CD RW drive, to a computer system. The
display interface 160 is utilized to directly connect one or
more displays 165 to the computer system. The displays 165
may be non-intelligent terminals or fully programmable
workstations. The network interface 170 is utilized to con-
nect other computer systems and/or workstations 175 to
computer system 116 across a network. It is pointed out that
the present invention applies no matter how many computer
systems and/or workstations may be connected to other
computer systems and/or workstations, regardless of the
network connection technology that is utilized.

[0028] The main memory 140 contains the data that may
be read or written by any processor 130 or any other device
that may access the main memory. The main memory 140
may include an operating system 141. The main memory
140 stores programs and data that the processor may access
and execute. The operating system 141 is a multitasking
operating system, such as 0S/400™, AIX™ or Linux™.
Those skilled in the art will appreciate that the spirit and
scope of the present invention is not limited to any one
operating system. The operating system 141 manages the
resources of the computer system including the processor
130, main memory 140, mass storage interface 150, display
interface 160, network interface 170, and I/O slots 180. Any
suitable operating system may be utilized. The operating
system 141 includes applications for operating the system.
Included in the main memory 140 is the database manage-
ment system (DBMS) 142. The database management sys-
tem 142 is an application for storing data into, retrieving
data from, and modifying data stored in the database 110
using a high-level query language, such as Standard Query
Language (SQL). A system user may utilize queries involv-
ing SQL commands in an interactive SQL program 143. The
queries operate to retrieve data and display it. Also, included
in the database management system 142 is a query optimizer
144, a query governor 145, and, a query scheduling manager
146. The query scheduling manager 146 manages the opera-
tion of the query governor 145 in a manner to be described
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so as to effect dynamic predicting of computer resources
needed to have queries executed within the predefined time.
The query scheduling manager 146 also includes a computer
resource allocator application or module 147, an actual
computer resources meter application or module 148, and a
query history mechanism or module 149 as will be
described. The resource allocator module 147 apportions the
computer resources from the stand-alone, logical partitioned
and grid environments, as appropriate, that are based on the
predictions for completing query runtimes within the pre-
defined query time boundaries that are set by the query
governor. The actual usage metering module 148 is provided
for use in determining costs based on actual utilization of
computer resources. A query history module 149 is provided
which creates history tables for new jobs and which updates
history tables for known queries. The data base management
system, the SQL application, the query optimizer, query
scheduling manager, the query governor, the resource allo-
cator, the actual usage meter, and the query history module
may reside in the main memory, but, as is known, may reside
elsewhere.

[0029] The query optimizer 144 is an application that
operates to select an efficient executable query plan for
executing SQL queries applied to a database. A query plan
is a method of executing a query. A query is a set of
commands for retrieving data from a database. For example,
a query plan may produce a requested result in which a
query is run in the shortest period of time. The query
optimizer 144 also enables predictions of running time
periods in which the queries will execute, as well as indi-
cates the hardware resources to be utilized for accomplish-
ing the task. The query governor 145 is an application that
receives from the query optimizer 144 predicted values as to
how long a query is expected to run in order to complete.
The query governor 145 acts to disallow the running of a
query should the query have a predicted running length
exceeding a set time frame or predefined query time bound-
aries value of the query governor. The predefined query time
boundaries of the query governor may be set to a minimum
threshold value and a maximum time limit value. The
minimum threshold time value (e.g., secs.) is determined to
be a value which if the query exceeds, will cause the query
governor to prevent the query from running. The maximum
time limit value is a maximum value of time (e.g., secs.)
which if the predicted query runtime exceeds, will cause the
query governor to prevent the query from running. The
predefined query time boundaries boundary values or time
settings of the query governor 145 may be established by
system user or system configurations.

[0030] In accordance with the present invention, the query
scheduling manager 146 dynamically predicts an appropri-
ate amount of computer resources for fitting or completing
the predicted query runtime within the predefined query time
boundaries set by the query governor based on the predicted
query running time from the query optimizer 144. This
dynamic prediction takes into account available resources
from the stand-alone, or from logically partitioned and/or
grid computing environments. Thereafter, the query sched-
uling manager 146 dynamically allocates/de-allocates.
through the computer resources allocator module 147, the
appropriate resources to have the query runtime fit or
complete within the predefined query time boundaries set by
the query governor. As a result, queries are allowed to
execute which would otherwise be preempted from running



US 2005/0192937 A1l

because their predicted running time would have exceeded
the predefined query time boundaries of the query governor.
Also, costs may be apportioned to customers based on
actually utilized computer resources, including having the
configurable demands of customers being satisfied, to
accomplish the task.

[0031] At this point, it is important to note that while the
present invention has been and will continue to be described
in the context of a fully functional computer system, those
skilled in the art will appreciate that the present invention is
capable of being distributed as a program product in a
variety of forms, and that the present invention applies
equally regardless of the particular type or class of computer
readable signal bearing media utilized to actually carry out
the distribution. The exemplary embodiments also extend to
a logically partitioned computer system and/or a grid envi-
ronment.

[0032] In this regard, reference is made to copending U.S.
patent application Ser. No. 10/616,676 filed Jul. 10, 2003,
which is commonly assigned. However, only those aspects
thereof which relate to understanding the present invention
will be set forth. The logical partitions may provide com-
pletely different computing environments on the same physi-
cal computer system.

[0033] Referring to FIG. 3, one specific implementation
of a logically partitioned computer system 200 includes N
logical partitions, with each logical partition executing its
own respective operating system. In FIG. 3, logical parti-
tions 225, 5 (collectively 225) are shown executing their
respective operating systems 226, ; (collectively 226). The
operating system 226 in each logical partition may be the
same as the operating system in other partitions, or may be
a completely different operating system. Thus, one partition
may run the OS/400 operating system, while a different
partition may run another instance of OS/400, possibly a
different release. The operating systems in the logical par-
titions could even be different from 0S/400, provided it is
compatible with the hardware. The logical partitions 225 are
managed by a partition manager 240. One example of
suitable partition manager 240 is known as a “Hypervisor”
that is commercially available from International Business
Machine Corporation. The partition manager 240 manages
resources 250, shown in FIG. 3 as resource 240. As used in
the present application, a “resource” may be any hardware
or software or combination thereof that may be controlled by
partition manager 240. Examples of hardware resources
include processors, memory, and hard disk drives. Examples
of software resources include a database, internal commu-
nications (such as a logical LAN), or applications (such as
word processors, e-mail, etc.). The partition manager 240
controls which resources 250 may be allocated by the logical
partitions 225. A resource, once made available to the
partition manager 240, is categorized as an available
resource 260 if it has not yet been assigned to a logical
partition, is categorized as a shared resource 270 if multiple
logical partitions may access the resource, and is categorized
as a dedicated resource 280, \ (collectively 280) if it has
been exclusively assigned to a logical partition.

[0034] Referring now to FIG. 4, there are illustrated
exemplary steps of a query managing method 400 of the
present invention that are implemented by the data process-
ing system 100 including the query scheduling manager 146.
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Basically, the query managing method 400 dynamically
allocates/de-allocates computer resources, appropriately, so
that queries may run that were otherwise preempted from
running due to their runtimes being predicted to be too long;
as determined by the query governor. The query governor
may be configured to have a threshold value or a limit which
if the runtime of the query exceeds; the query will not be
allowed to run. In addition, the query managing method 400
operates to apportion costs for computer resources that are
actually utilized in accomplishing the tasks. The query
managing method 400 starts in step 402. In a Get Event step
404, a query is an event forwarded from the query optimizer
to the query governor and includes a time value that predicts
a query run time (e.g., seconds) for the query. From the Get
Event step 404, a query governor determination step 406
follows.

[0035] In the query governor determination step 406, a
decision is made by the query governor whether the query’s
predicted runtime, as obtained by the query optimizer, will
fit within predefined query time boundaries or not. These
predefined boundaries may be set, for example, by a user
through a graphical user interface (GUI) screen 800 (FIG. 8)
as will be explained. If the decision in step 406 is No, that
is a query is not going to exceed a predefined time boundary,
then the query managing method 400 proceeds back to the
Get Event step 404. Following this return, the query man-
aging method 400 awaits for another query to evaluate.
Alternatively, if the determination in the step 406 is Yes, that
is indicative of query governor preemption due to the
query’s predicted runtime exceeding a predefined time
boundary, then the calculate time to complete step 408
follows. Specifically, in the calculate time to complete step
408 an algorithm is applied that calculates a new query
running time based on the allocation of resources to get the
query to run faster. The new query running time may be
selected so that the new query running time estimate does
not exceed a predefined time boundary. Accordingly, the
query would not be preempted by the query governor.

[0036] In particular, reference is made to FIG. 5 for
illustrating exemplary steps for accomplishing the task of
calculating the new estimated query running time routine or
method 500 that is performed in step 408. The query running
time routine 500 may be performed by the scheduling
module 146. These new estimates of query running time
(e.g., seconds) are, preferably, indicative of the query run-
ning time getting faster and completing prior to the pre-
defined time boundary being exceeded. For instance, the
predefined time boundary may be ten (10) seconds as
established by a user entering ten (10) seconds in the field
810 (FIG. 8). As a result, the query governor may only allow
running of a query if the latter is estimated to finish in ten
(10) seconds or less. As will be explained, the appropriate
amounts of computer resources are dynamically allocated
from other source(s) to assist in getting the query to finish in
less than 10 seconds.

[0037] The query running time routine 500 starts in the
step 502 whereat, the query’s runtime estimate is obtained
from step 504. Step 506 follows step 504. In step 506, a
determination is made by the query governor as to whether
or not the estimated duration of a query is greater than the
time value, if any, entered by the system user in the Help
Query Threshold field 802 (FIG. 8). By doing it this way, a
user may set a predefined time boundary at which available
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resources will be sought for a query. The predefined time
boundary value entered in the Help Query Threshold field
802 need not be coincidental with the query governor limit
time boundary value that is entered in the field 810 (FIG. 8).
It will be appreciated that when a user enters a value in the
Help Query Threshold field 802, the user may enter a
non-zero percentage value in the Help Query % field 804
(FIG. 8).

[0038] The value entered in the Help Query % field 804 is
based on a determination by the system user as to the
percentages of available resources that the user would want
to apply to get the query to run faster. For example, if a query
is estimated to take longer than the value entered in the Help
Query Threshold field 802 (e.g., 5 seconds), a user may
desire to provide additional resources (CPU) from another
partition or the like in a suitable amount to make the query
run faster. The amount of additional CPU added would be
based on a percentage value entered in the Help Query %
field 804. For example, the system user may want to help the
query runtime by providing an increase of 20% of additional
available resources. Additionally, the invention envisions
having the query governor take resources from the available
resources if and only if a significant difference in query
execution time can be reached, such as a 50% improvement,
as added by the user in field 809 (FIG. 8). For example, if
a query is estimated to run in 5 seconds the system user
might want additional resources so as to define a 50%
improvement. Other percentage values may be entered. The
present invention contemplates that the percentage value
may be based on fees and/or the type of applications,
systems or jobs, etc. that are running. Additional resources
may be added based on predictions of additional bottlenecks
predicted to occur by the query governor. Thus, delays in
processing time will be a factor in estimating the amount of
runtime estimated by the governor.

[0039] Referring back to step 506, if there is a Yes decision
that a query’s estimated runtime exceeds the value in the
Help Query Threshold field 802, then a Set Help % step 508
follows. In step 508, a percentage value is entered by the
user in Help Query % field 804. This value is utilized for
determining the additional resources to make the query run
faster. Specifically, an algorithm utilizes the value to define
additional amounts of resources to be added to get the query
runtime, preferably, within the predefined time boundary.
The resources to be added are in predefined amounts for
accomplishing the above task. The system itself may con-
figure such values as well. Following the step 508, a query
recalculate step 510 is performed in which a new estimated
runtime for the query is utilized. In step 510, a new predicted
runtime for the query is recalculated based on the increased
amount of resources to be allocated. Thereafter, the query
running time routine 500 proceeds to exit in step 514;
whereupon the recalculated query runtime is to be utilized in
step 410 as will be described.

[0040] Alternatively, if No is decided in step 506, then the
step 512 follows. In step 512 a determination is made about
whether the query runtime is greater than the predefined
governor time limit set, preferably, by a user in field 810 of
the GUI screen 800. In step 512, if a No decision is made,
the routine exits as step 514 and then proceeds to step 410.
Alternatively, if Yes in step 512, then step 516 follows. In
step 516, a decision is made about whether a governor Help
flag has been set. The Help flag is utilized if a system user
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is interested in getting help for a predicted long-running
query. If No, a system user did not set a governor Help flag,
then the routine 500 exits in step 514. If Yes, a system user
did set a governor Help flag, as by setting an appropriate
value in a field 804 in a GUI 800 in FIG. 8, the computer
resources are to be added. In step 518, an algorithm estab-
lishes the amount of resources to be added, by preconfigured
user selected parameters. This is done so as to avoid having
the query governor prevent execution of the query. The
preconfigured amounts to be added will result in the query
runtime completing within the predefined time boundary. In
step 520, a new query runtime will be recalculated. There-
after, the routine 500 exits in step 514, whereupon the
reconfigured runtime estimate will be utilized in step 410.

[0041] Returning to FIG. 4, in step 410 the new estimated
query runtime will be divided into an appropriate amount of
segments; much as indicated in copending and commonly
assigned patent application (Attorney Docket No.
ROC920030044US1). For example, the new query time is
divided into several time segments and intervals (e.g., 4
segments). Each of the intervals is to be processed to
determine if available computer resources are adequate or
not to process the query. Thereafter, a falling behind decision
is made in step 412. The decision is made as to whether
available resources will result in a query run which falls
behind schedule. This decision takes into account the added
query runtime including any other demands (such as bottle-
necks) being made on the computer system during process-
ing of the query. If the decision in step 412 is Yes, that the
process would fall behind, additional resources are added
appropriately in step 414. Alternatively, if the decision in
step 412 is No, then the Is Too Far Ahead decision step 416
follows.

[0042] Reference is made to FIG. 6 for illustrating a
resource allocation method 600 for allocating appropriate
resources that may occur in step 414. In operation of the
resource allocation method 600, appropriate resources are
added to the current process in order for the queries fit within
predefined query time boundaries. In step 602, the adding
resources process starts. In step 604, a determination is made
as to whether the processing is being done on a stand-alone
or unpartitioned computer system. If Yes, then step 606
follows. In step 606 an algorithm is applied to determine the
amount of resources (e.g., extra CPU, memory) that should
be allocated to reduce the query running time. Preferably,
before the query will run, the amount of resources to be
dynamically allocated is appropriate to speed up the query
runtime. As such, the query is able to fit within the pre-
defined time boundary. Following such allocation indication
in step 606, then the routine 600 exits at step 607, where-
upon the query managing method 400 continues. Alterna-
tively, if No, then step 608 is performed.

[0043] In step 608 a decision is made as to whether the
system is an LPAR system. If a Yes decision is made at step
608 then a Can Resources be Taken decision step 612
follows. In the Can Resources be Taken step 612, a deter-
mination is made as to whether or not partition(s) resources
may be switched to the requesting partition to supply the
resources that should be applied for getting the query to fit
the time boundary. If a Yes decision is made in the Can
Resources be Taken step 612, the resources may be switched
in the Switch Resources to Requesting Partition step 614 by
an appropriate amount. Following step 614, the process 600
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then proceeds to exit step 607, whereupon method 400
resumes. Alternatively, if in the Can Resources be Taken
step 612 a No or negative decision is made, then a Should
We Wait step 616 is performed. In the Should We Wait step
616, a determination may be made as to whether the process
should wait for a predefined period of time before requesting
resources from other partition(s). If a decision is No in the
Should We Wait step 616, then exit step 607 follows.
Thereafter, the query managing method 400 resumes. Alter-
natively, if the decision is Yes in the Should We Wait step
616, then a Wait step 618 is performed. In the Wait step 618,
a predetermined amount of time is allowed to elapse before
sending the query resource request to the Can Resources be
Taken step 612. The time period of the waiting and the
number of waiting cycles may be configured by the system.
Alternatively, if a No determination is decided, then a Grid
Compute decision is made in step 610. In the Grid Compute
decision step 610, a determination is made as to whether or
not the system is in a grid computing environment. If the
decision in step 610 is Yes, then the Is Resource Available
decision step 620 is performed. In step 620, if the decision
is Yes, then the Add additional resources step 622 is per-
formed, and exits in step 607. If the decision in the Is
Resource Available decision step 620 is No, then the Should
We Wait step 624 is performed. If the decision in the Should
We Wait step 624 is No then the process exits in step 607.
If the decision in the Should We Wait step 624 is Yes then
the Wait step 625 is performed, whereby the process pro-
ceeds after a predefined time back to the Is Resources
Available step 620. If after a predetermined time no
resources are available then step 607 follows and the query
managing method 400 resumes in step 420.

[0044] As noted if the decision in the step 412 is negative,
then the Is Too Far Ahead step 416 performed. If the
decision in step 416 is No then step 420 follows. If the
decision in step 416 is Yes, then the Subtract Resources step
418 follows.

[0045] Reference is made to FIG. 7 for illustrating a
resource removal method 700 for allocating appropriate
resources that is to occur in step 418. In operation of the
method 700, appropriate resources are added to the current
process in order for the queries to finish at or in close
proximity to the predefined query window. The resource
removal process 700 starts in step 702. In step 704, a
determination is made as to whether the processing being
performed is on a stand-alone or unpartitioned computer
system or not. If Yes, then in step 706 an algorithm is applied
to determine the amount of computer resources that may be
de-allocated or removed without impacting negatively on
the queries finishing its runtime at or in close proximity to
the predefined query window. Specifically in step 706, it is
determined if an appropriate amount of computer resources,
such as CPU, may be de-allocated. The data from step 706
is forwarded to step 422.

[0046] Alternatively, if No is determined in step 704, then
step 708 may be performed in which it is determined if the
machine that is running is a logically partitioned computer
system. If in step 708, No is determined, step 712 may be
performed. In step 708, a determination is made whether or
not the computer system being utilized is logically parti-
tioned or not. If No, then step 712 is performed. Alterna-
tively, if Yes is decided in step 708, then step 710 is
performed. In step 710, the partition manager 240 is notified
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as to which appropriate resources may be shifted to other
partitions from the partition performing the current query
process. Such shifting is based on appropriate input. If No
was determined in step 708, then step 712 is performed. In
step 712, a determination is made as to whether the grid
computing environment 104 is coupled to the computer
system 100. If in step 712, the decision is No, then the
process 700 proceeds to step 716. Alternatively, if the
decision is Yes, then step 714 is performed in which data
regarding the appropriate amount of resources is forwarded
to the grid control. The grid control is operative for shifting
such resources back to the grid environment 104 from the
computer system 100.

[0047] Reference is made back to FIG. 4 for a continua-
tion of the method. In a Can We finish step 420, a decision
is made as to whether or not the recalculated query runtime
may finish within the predefined time period given the
available resources present at the moment. If the decision in
step 420 is No, then the resources that were to be dynami-
cally allocated earlier are to be withdrawn or subtracted
from the Subtract Resource step 422. Thereafter, the query
is aborted in step 424 by the query governor. Alternatively,
if the decision in the Can We Finish step 420 for the
particular time segment or interval is Yes, then a Wait step
426 is performed for a predefined period of time. The wait
is for all the segments created in the Divide into Segments
step 410 to complete. After the Wait step 426, then the Did
We Finish decision step 428 is performed. In the Did We
Finish decision step 428, a determination is made as to
whether the new query estimate is finished within the
predefined query time boundary or runtime. If No, then the
process loops back to step 412 for a repetition of the process.
Alternatively, if Yes is the decision in the Did We Finish
decision step 428, then additional resources not needed are
removed or subtracted in the Subtract Resources step 430.
Following the Subtract Resources step 430, the query man-
aging method 400 terminates or exits in step 432.

[0048] FIG. 8 illustrates a graphical user interface (GUI)
configuration screen 800 for allowing a system user to
configure parameters that are utilized in the performance of
the steps of the present invention. In this regard, a field 802
is provided in which values are input for parameters that
control the Help query threshold. The Help query threshold
may include values of time (e.g., seconds) which define a
threshold value which if exceeded by the query running
would cause the query governor to preempt running of the
query. Field 804 is useful in terms of having the system user
selecting increases in computer resources utilized in the
query run that will improve query time performance so as to
fit the query within the predefined time boundary. For
example, these values may relate to percentage increases
(10%, 20%, of etc.) of computer resources. Ficld 806 is
useful in terms of having a user set a governor Helper flag.
If the flag is set in the field 806, the query scheduling
manager 146 will allow the query governor to operate so as
to allocate resources in relation to having the query run
within the predefined time boundary. This will occur if the
query’s run is predicted to exceed the query governor time
limit. In regard to the latter, a user may identify the maxi-
mum governor time limit for query runs in field 810 in terms
of a time unit (e.g., seconds). The field 808 allows user input
of added computer resources that will prevent a query from
timing out. The amount of additional computer resources
may be based on providing known percentages increases of
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computer resources, such as preselected percentage
increases (e.g., 10%, 20%, etc.). Other algorithms may be
utilized in terms increasing computer resources.

[0049] At this point, while the present invention has been
described in the context of a fully functional computer
system, those skilled in the art will appreciate that the
present invention is capable of being distributed as a pro-
gram product. The present invention applies equally as well
regardless of the particular type of computer readable signal
bearing media utilized to actually carry out the distribution.

[0050] One aspect of the invention is implemented as a
program product for use with a computer system or envi-
ronment. The program(s) of the program product defines
functions of the embodiments (including the methods
described herein) and may be contained on a variety of
signal-bearing media. Illustrative signal-bearing media
include, but are not limited to: (i) information permanently
stored on non-writable storage media (e.g., read-only
memory devices generally within a computer such as CD-
ROM disks readable by a CD-ROM drive); (ii) alterable
information stored on writable storage media (e.g., floppy
disks generally within a diskette drive or hard-disk drive);
and (iii) information conveyed to a computer by a commu-
nications medium, such as through a computer or telephone
network, including wireless communications. The latter
embodiment specifically includes information downloaded
from the Internet and other networks. Such signal-bearing
media, when carrying computer-readable instructions that
direct the functions of the present invention, represent
embodiments of the present invention.

[0051] In general, the routines executed to implement the
embodiments of the invention, may be part of an operating
system or a specific application, component, program, mod-
ule, object, or sequence of instructions.

[0052] At this point, while the present invention has been
described in the context of a fully functional computer
system, those skilled in the art will appreciate that the
present invention is capable of being distributed as a pro-
gram product. The present invention applies equally as well
regardless of the particular type of computer readable signal
bearing media utilized to actually carry out the distribution.

[0053] In general, the routines executed to implement the
embodiments of the invention, may be part of an operating
system or a specific application, component, program, mod-
ule, object, or sequence of instructions. The computer pro-
gram of the present invention typically is comprised of a
multitude of instructions that will be translated by the native
computer into a machine-readable format and hence execut-
able instructions. Also, programs are comprised of variables
and data structures that either reside locally to the program
or are found in memory or on storage devices. In addition,
various programs described hereinafter may be identified
based upon the application for which they are implemented
in a specific embodiment of the invention. However, it
should be appreciated that any particular program nomen-
clature utilized is merely for convenience. Thus, the inven-
tion should not be limited to use solely in any specific
application identified and/or implied by such nomenclature.

[0054] The embodiments and examples set forth herein
were presented to explain best the present invention and its
practical applications, thereby enabling those skilled in the
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art to make and use the invention. However, those skilled in
the art will recognize that the foregoing description and
examples have been presented for the purposes of illustra-
tion and example only. The description set forth is not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. In describing the above-exemplary
embodiments illustrated in the drawings, specific terminol-
ogy has been utilized for the sake of clarity. However, the
invention is not intended to be limited to the specific terms
selected. It is to be understood that each specific term
includes all technical equivalents that operate in a similar
manner to accomplish a similar purpose. Many modifica-
tions and variations are possible in light of the above
teachings without departing from the spirit and scope of the
appended claims.

What is claimed is:
1. A system comprising:

one or more Processors;
a memory coupled to at least the one processor; and,

a manager residing in the memory and executable by the
at least one processor for evaluating a runtime of a
query relative to a predefined query time boundaries,
and, dynamically predicting an appropriate amount of
computer resources for completing a query runtime
within the predefined query time boundaries.

2. The system recited in claim 1, wherein dynamic pre-
dicting includes the manager evaluating the query and the
available computer resources to be allocated so that the
query runtime executes within the predefined query time
boundaries.

3. The system recited in claim 1, wherein the manager
allocates/de-allocates the appropriate amount of computer
resources based on the dynamic prediction for having the
query runtime complete within the predefined query time
boundaries.

4. The system recited in claim 3, wherein the manager
further allocates/de-allocates the appropriate amount of
computer resources before a query executes.

5. The system recited in claim 1, wherein the manager
stops running of the query during running if the query
runtime exceeds the predefined query time boundaries.

6. The system recited in claim 1, wherein the manager
renders costs for computer resources actually utilized in
having a query runtime complete within the predefined
query time boundaries.

7. The system recited in claim 1, wherein the manager
further allocates/de-allocates computer resources that are
provided by one or more processor partitions of the at least
one processor.

8. The system recited in claim 1, wherein the manager
further allocates/de-allocates resources that are provided by
a networked computing grid.

9. The system recited in claim 1, wherein the manager
further allocates/de-allocates resources that are provided by
a networked computing grid and/or one or more processor
partitions of the at least one processor.

10. The system recited in claim 1, further comprising a
user interface that allows a user establishing parameter
values for the predicted allocation of the computer
resources.
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11. The system recited in claim 3, wherein the manager
increases the allocated resources based on by predefined
levels of increases in accordance with a user policy.

12. A computer-implemented method in a system having
at least one processor; a memory coupled to the at least one
processor, and a manager residing in the memory and being
executable, the method comprising: evaluating a runtime of
a query relative to a predefined query time boundaries, and,
dynamically predicting an appropriate amount of computer
resources for completing a query runtime within the pre-
defined query time boundaries.

13. The method recited in claim 12, wherein dynamic
predicting includes evaluating the query and the available
computer resources.

14. The method recited in claim 12, further comprising
allocating the appropriate amount of computer resources for
having the query complete its runtime within the predefined
query time boundaries based on the dynamic prediction of
computer resources.

15. The method recited in claim 12, further comprising
rendering costs to a customer for computer resources actu-
ally utilized in having a query complete its runtime within
the predefined query time boundaries.

16. The method recited in claim 12, wherein the allocating
of resources is provided by a networked computing grid.

17. The method recited in claim 12, wherein the allocating
of resources is provided by one or morel processor partitions
of the at least one processor.

18. The method recited in claim 12, wherein the allocating
of resources is provided by a networked computing grid
and/or one or morel processor partitions of the at least one
Processor.

19. The method recited in claim 12, further comprising
allowing the utilization of a user interface for establishing
parameter values for additional computer resources based on
computer costs.

20. The method recited in claim 12, wherein the computer
resources are allocated are appropriately increased by pre-
defined levels.

21. The method recited in claim 12, wherein the resources
are allocated before a query executes.

22. The method recited in claim 12, wherein the query is
prevented from running if the actual query running time
exceeds the predefined query time boundaries.

23. A computer program product for implementing query
optimization in a computer system including a processor,
said computer program product including instructions which
when executed comprise the steps of: evaluating a runtime
of a query relative to a predefined query time boundaries,
and, dynamically predicting an appropriate amount of com-
puter resources for completing a query runtime within the
predefined query time boundaries.

24. The computer program product recited by claim 23
further comprises: allocating the appropriate amount of
computer resources for having the query complete its runt-
ime within the predefined query time boundaries based on
the dynamic prediction of computer resources.

25. The computer program product recited by claim 24,
further comprising rendering costs to a customer for com-
puter resources actually utilized in having a query complete
its runtime within the predefined query time boundaries.

26. The computer program product recited by claim 24,
wherein the allocating of computer resources is from a
networked computing grid.
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27. The computer program product recited by claim 24,
wherein the allocating of computer resources is from one or
more additional partitions of the at least one processor.

28. The computer program product recited by claim 24,
wherein the allocating of computer resources is from a
networked computing grid and/or one or more additional
processor partitions of the at least one processor, and any
combination thereof.

29. The computer program product recited by claim 24,
further comprising allowing the utilization of a graphical
user interface for allowing a user to establish parameter
values related to the costs of utilizing computer resources for
having a query runtime complete within the predefined
query time boundaries.

30. A networked environment, comprising:

a grid of computing resources;

a request manager of the grid to receive requests of one or
more customers for utilization of computing resources
of the grid;

one or more computer systems of a customer coupled to
the request manager; the one computer system com-
prising one or more processors;

a memory coupled to at least the one processor of the one
computer system; and,

a scheduling manager residing in the memory and execut-
able by the at least one processor for evaluating a
runtime of a query for data relative to a predefined time
query runtime boundaries, and, dynamically predicting
an appropriate amount of computer resources to be
allocated for completing execution of the query within
the predefined query time boundaries, wherein the
request manager dynamically allocates/de-allocates
computing resources of the grid computing resources
based on the dynamic prediction.

31. A computer-implemented method for use in a net-
worked environment including a grid of computing
resources, and a request manager of the grid to receive
requests of one or more customers for utilization of com-
puting resources of the grid; wherein one or more computer
systems of a customer is coupled to the request manager and
include one or more processors; a memory coupled to at
least the one processor; and, a scheduling manager residing
in the memory and executable by the at least the one
processor, comprising the steps of: evaluating a runtime of
a query for data relative to a predefined time query runtime
boundaries, and, dynamically predicting an appropriate
amount of computer resources to be allocated for completing
execution of the query within the predefined query time
boundaries, wherein the request manager dynamically allo-
cates/de-allocates computing resources of the grid comput-
ing resources based on the dynamic prediction.

32. A method of providing fee-based processing for query
jobs in a processor system, whereby fees are based on actual
utilization of computer resources in accordance with user
configured parameters for completing processing of a query
job at or in close proximity to a predefined servicing period
of a query process; the processor system including at least
one processor; a memory coupled to the at least one pro-
cessor, and a query scheduling manager residing in the
memory, the method comprising having the scheduling
manager being executable for: enabling monitoring of a
progress of execution of the query job in each one of a
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plurality of time segments to be monitored generally within
the predefined servicing period of the query job; dynami-
cally predicting an amount of computer resources needed to
complete the query job generally at or in close proximity to
the predefined servicing period; dynamically allocating
computer resources for processing the query job based on
the predicted amount of needed computer resources; and,
metering actual utilization of the needed computer resources
for rendering fees for processing the query job.

33. A method of providing fee-based dynamic allocation
of computer resources for executing a query during a
predefined servicing period, comprising the steps of:

providing a processing system for one or more users,
wherein the system includes at least one resource
providing variable computer resources; and,

establishing a plurality of time segments to be monitored
generally within the predefined servicing period that is
allocated for execution of the query, enabling monitor-
ing of progress of execution of a query portion in each
of the time segments; and, predicting if the query will
execute generally within the predefined servicing
period based on monitoring of progress of those por-
tions of the query already executed in each of the time
segments and an amount of computer resources of the
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processing system needed to complete the query within
the predefined servicing period; and, metering actual
utilization of the needed computer resources for ren-
dering fees for processing the query.

34. A computer program product for use in a computer-
implemented process for providing fee-based dynamic allo-
cations of computer resources for executing a query at or
reasonably close to a predefined servicing period, the com-
puter program product comprising: a medium readable by a
computer and having computer program code adapted for:
providing a scheduling manager that manages dynamic
allocation of at least one processor in the computer-imple-
mented process that provides additional computer resources
to a query process; wherein the scheduling manager resides
in memory and is executable by the at least one processor so
as to dynamically predict an amount of computer resources
needed to complete the query at or in close proximity to the
predefined servicing period; dynamically allocating com-
puter resources in order to complete the query within the
predefined servicing period, and, metering actual utilization
of the needed computer resources for rendering fees for
processing the query.



