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APPLICATION-AWARE SYSTEM THAT DYNAMICALLY PARTITIONS AND
ALLOCATES RESOURCES ON DEMAND
FIELD OF THE INVENTION
[0001] The present invention is directed generally at a method for distributing resources
to applications and specifically to an application-aware method for delivering a consistent quality

of service to a plurality of similar applications.

BACKGROUND OF THE INVENTION

[0002] Network administrators are people who design, construct, and configure computer
networks. Computer networks are efficient when the computer network resources (resources),
such as processors, memory, and adapters, are constantly being used. One method that network
administrators use to improve computer network efficiency is limiting the amount of resources
for the applications running on the computer network. Network administrators may also limit
the amount of resources in order to reduce the cost of designing, constructing, and configuring
the computer network. By limiting the amount of resources, the resources present in the
computer network are used more often by the applications running on the computer network.

[0003] One of the problems associated with limiting the amount of resources is a
decrease in the quality of service on the computer network. The quality of service is defined as
the time interval between request and delivery of a resource to an application. If an application
requests a resource and the resource is readily available, then the resource may be allocated to
the application quickly and the quality of service is high. However, if an application requests a

resource and the resource is not available, the application has to wait for the resource to become
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available and the quality of service is low. Thus, an optimally configured computer network is
highly efficient while maintaining a high quality of service.

[0004] One method for optimally configuring a computer network is to make the
computer network application-aware. An application-aware network is one that does not
arbitrarily allocate resources to requesting applications. Instead, an application-aware computer
network allocates resources to requesting applications based on policies. For example, a prior art
computer network may contain 100 GB of memory that the network can allocate to a plurality of
applications. Two identical applications will achieve a desired result using 40 GB of memory
but will achieve the desired result much faster if they are allocated a larger amount of memory.
If the first application requests 75 GB of memory, then a prior art computer network would
allocate 75 GB of memory to the first application. When the second application requests 75 GB
of memory, the computer network only has 25 GB of memory to allocate to the second
application. The second application has to wait until a minimum of 15 GB of memory becomes
available before the application can begin its task. Thus, there is a large difference between the
quality of service of the first application and the second application.

[0005] In an application-aware computer network, the network allocates the resources to
the applications based on policies. The policies define the maximum amount of resources that
can be allocated to an application. Returning to the above example, when the first application
requests 75 GB of memory and the policy limits the memory allocation to 50 GB, the network
only allocates 50 GB of memory to the first application. The network then has 50 GB of
memory to allocate to the second application and a consistent quality of service is achieved for
the two applications. A consistent quality of service is a highly desirable result in a network

configuration. Therefore, a need exists for an application-aware method for allocating resources
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to applications running on a computer network that achieves a consistent quality of service for
similar types of applications.

[0006] In complex computer networks, a plurality of customers may be running a
plurality of applications on the computer network. In that case, it is important for the
applications to differentiate between the more important applications and the applications of
lesser importance. The more important applications should receive the majority of the resources
while the remaining resources are allocated to the less important applications. The determination
of relative importance should be made independent of the status of the customers associated with
the applications. Therefore, a need exists for a method of allocating resources to applications in
which the majority of the resources are allocated to the more important applications, regardless
of the status of the customers associated with the applications.

[0007] The prior art has previously addressed the issue of improving the consistency of
the quality of service of a computer network. For example, United States Patent Application
Publication 2003/0187908 (the ‘908 application) entitled “Methods and Systems for Customer
Based Resource Priority Control” discloses a customer-based system for resource management.
The ‘908 application allows customers to purchase a certain level of service. The invention in
the ‘908 application then allocates resources to the customer depending on the purchased level of
service. However, the “908 application does not adequately meet the needs identified above.
Specifically, the system of the ‘908 application differentiates levels of service based on the
customer, not the application. The ‘908 application does not disclose a method for providing a
consistent level of service to the same type of application when two customers, each with a

different level of service, are running the same application. Therefore, a need exists for a
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methed for providing a consistent quality of service to a plurality of applications Tun by a
plurality of customers in a computer network.

[0008] Consequently, a need exists in the art for an application-aware method for
allocating resources to applications running on a computer network that achieves a consistent
quality of service for similar types of applications. The need extends to a method of allocating
resources to applications in which the majority of the resources are allocated to the more
important applications. Finally, a need exists for a method for providing a consistent quality of
service to a plurality of applications run by a plurality of customers in a computer network,

regardless of the status of the customers associated with the applications.

SUMMARY OF THE INVENTION
[0009] The present invention, which meets the needs identified above, is an application-
aware method for allocating resources to applications based on a set of predefined policies. The
software embodiment of the present invention comprises a Resource Allocation Program (RAP).
The RAP is application-aware in that the RAP does not arbitrarily allocate resources to
requesting applications. Instead, the RAP allocates resources to requesting applications based on
predefined policies. The RAP allows a user to define the resource allocation for each policy in a
Resource Allocation Table. The RAP also allows the user to associate the policies with the
applications in a Policy Allocation Table. When an application requests resources, the RAP
looks to the Policy Allocation Table to determine the policy associated with the application. The
RAP then looks to the Resource Allocation Table to determine the permissible resource
allocation for the application associated with the policy. The RAP then allocates the resources to

the requesting application based on the resource allocation identified in the Resource Allocation
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Table. Thus, the present invention is able to maintain a consistent quality of service for similar
applications regardless of the status of the customers associated with the applications or the

timing of the applications’ resource requests.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is an illustration of a computer network used to implement the present
invention;
[0012] FIG. 2 is an illustration of a computer, including a memory and a processor,

associated with the present invention;

[0013] FIG. 3 is an illustration of the logic of the Resource Allocation Program (RAP) of
the present invention;

[0014] FIG. 4 is an illustration of the Resource Allocation Table of the present invention;
[0015] FIG. 5 is an illustration of the Policy Allocation Table of the present invention;
and

[0016] FIG. 6 is an illustration of the interaction between the applications, the policies,

and a resource of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0017] As used herein, the term “allocate™ shall mean to temporarily lease a system’s

resources 1o an application in order for the application to perform its specific task or achieve its

desired result.
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[0018] As used herein, the term “application” shall mean a computer program that leases
resources to perform a specific task or compute a desired result.

[0019] As used herein, the term “application-aware” shall mean a computer program that
allocates resources to applications based on policies and not based on the customers associated
with the applications.

[0020] As used herein, the term “computer” shall mean a machine having a processor, a
memory, and an operating system, capable of interaction with a user or other computer, and shall
include without limitation desktop computers, notebook computers, personal digital assistants
(PDAs), servers, handheld computers, and similar devices.

[0021] As used herein, the term “quality of service” shall mean the time interval between
request and delivery of a resource to an application.

[0022] As used herein, the term “policy” shall mean a set of rules that define the
maximum allocation of resources for an application.

[0023] As used herein, the term “resource” shall mean a component of a system that is
used by an application in order for the application to perform its specific task or achieve iis
desired result.

[0024] As used herein, the term “system™ shall mean a computer, computer network,
computer file, computer operating system, or computer program that allocates resources to
applications.

[0025] FIG. 1 is an illustration of computer network 90 associated with the present
invention. Computer network 90 comprises local computer 95 electrically coupled to network
96. Local computer 95 is electrically coupled to remote computer 94 and remote computer 93

via network 96. Local computer 95 is also electrically coupled to server 91 and database 92 via
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network 96. Network 96 may be a simplified network connection such as a local area network
(ILAN) or may be a larger network such as a wide area network (WAN) or the Internet.
Furthermore, computer network 90 depicted in FIG. 1 is intended as a representation of a
possible operating network containing the present invention and is not meant as an architectural
limitation.

[0026] The internal configuration of a computer, including connection and orientation of
the processor, memory, and input/output devices, is well known in the art. The present invention
is a methodology that can be embodied in a computer program. Referring to FIG. 2, the
methodology of the present invention is implemented on sofiware by Resource Allocation
Program (RAP) 200. RAP 200 described herein can be stored within the memory of any
computer depicted in FIG. 1. Alternatively, RAP 200 can be stored in an external storage device
such as a removable disk, a CD-ROM, or a USB storage device. Memory 100 is illustrative of
the memory within one of the computers of FIG. 1. Processor 106 can execute the instructions
contained in RAP 200. Processor 106 is also able to display data on display 102 and accept user
input on user input device 104. Processor 106, user input device 104, display 102, and memory
100 are part of a computer such as local computer 95 in FIG. 1. Processor 106 can communicate
with other computers via network 96.

[0027] In alternative embodiments, RAP 200 can be stored in the memory of other
computers. Storing RAP 200 in the memory of other computers allows the processor workload
to be distributed across a plurality of processors instead of a single processor. Further
configurations of RAP 200 across various memories are known by persons of ordinary skill in

the art. The present invention may be a method, a stand alone computer program, or a plug-in to
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an existing computer program. Persons of ordinary skill in the art are aware of how to configure
computer programs, such as those described herein, to plug into an existing computer program.
[0028] FIG. 3 illustrates the logic of Resource Allocation Program (RAP) 200 of the
present invention. RAP 200 is a program that allocates system resources to applications based
on a plurality of policies. The system may be a computer network, a virtual machine such as a
Java Virtual Machine (JVM) or a NET Common Language Runtime (CLR), an operating
system, a database system, a messaging system, or an application server. Persons of ordinary
skill in the art are aware of other types of systems that could employ the concepts of the present
invention. RAP 200 starts when invoked by a user (202). For the illustrative purposes herein,
the user may be the network administrator. RAP 200 then makes a determination whether the
user wants to define the policies (204). The user may indicate a desire to define policies by
selecting a “Define Policies” option from a drop down menu. If the user does not want to define
the policies, then RAP 200 proceeds to step 208. If the user wants to define the policies, then the
user defines the policies in Resource Allocation Table 300 (206). In defining the policies, the
user may add, delete, or modify any number of policies, resources, and/or resource allocations.
An example of one embodiment of Resource Allocation Table 300 is depicted in FIG. 4. RAP
200 then proceeds to step 208.

[00629] At step 208, RAP 200 then makes a determination whether the user wants to
assign the policies to the applications (208). The user may indicate a desire to assign policies by
selecting an “Assign Policies” option from a drop down menu. If the user does not want to
assign the policies to the applications, then RAP 200 proceeds to step 212. If the user wants to
assign the policies to the applications, then the user assigns the policies to the applications in

Policy Allocation Table 400 (210). In assigning the policies, the user may add, delete, or modify
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any number of policies and/or applications. An example of one embodiment of Policy
Allocation Table 400 is depicted in FIG. 5. RAP 200 then proceeds to step 212.

[0030] At step 212, RAP 200 determines if an application has requested a resource (212).
If an application has not requested a resource, then RAP 200 proceeds to step 220. If an
application has requested a resource, then RAP 200 determines the policy associated with the
application using Policy Application Table 400 (214). RAP 200 then determines the resource
allocation associated with the policy using Resource Allocation Table 300 (216). RAP 200 then
allocates the resources to the application based on the resource allocation values in Resource
Allocation Table 300 (218). The present invention can be configured such that the invention
allocates the amount of resources available to the application, subject to the limitations defined
in Resource Allocation Table 300. For example, if 30 GB of memory is available and the
applicable policy 1limits resource allocation to 40GB of memory, the RAP 200 immediately
allocates the 30 GB of available memory to the application. Alternatively, the present invention
can be configured such that the invention waits until the amount of resources defined in
Resource Allocation Table 300 are available, and then allocates the entire amount to the
requesting application. For example, if 30 GB of memory is available and the policy limits
resource allocation to 40GB of memory, the RAP 200 waits until another 10 GB of memory is
available and then allocates the entire 40 GB of memory to the application. Persons of ordinary
skill in the art are aware of situations in which each of these distribution methodologies are
advantageous in resource allocation. RAP 200 then determines if the user has indicated a desire
to exit (220). The user may indicate a desire to exit by closing RAP 200. If the user does not
want to exit RAP 200, then RAP 200 returns to step 212. If the user wants to exit RAP 200,

RAP 200 ends (222).
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[0031] FIG. 4 is an illustration of Policy Application Table 300. Policy Application
Table 300 is a table that defines the resource allocation for each policy. Policy Allocation Table
300 contains a list of policies 302 and the resource allocation 304 associated with each policy
302. Each line of Resource Allocation Table 300 defines the specific amount of resources that is
associated with the policy. For example, policy P1 is allowed to use up to ten percent of
Resource (R1), up to twenty percent of Resource (R2), seventy percent of Resource (R3), and
twenty percent of Resource (R4).

[0032] In the Resource Allocation Table 300, the user may configure any number of
resources within resource allocation 304. For example, if the resources are database resources,
Resource (R1) may be the database heap size, Resource (R2) may be the SQL statement heap
size, Resource (R3) may be lock lists per application, and Resource (R4) may be the maximum
database file per application. Persons of ordinary skill in the art are aware of other types of
computer and database resources such as processors, memory, adapters, and I/O ports.

[0033] Resource Allocation Table 300 allows the user to specify the maximum amount of
resources allocated to a particular requesting application. If desired, the user may also configure
a maximum number of policies and default policy for the system. For example, the user could
configure the default policy to be the policy P1. In addition, the user could configure the
systems to accept a maximum of four policies. Persons of ordinary skill in the art are aware of
other alternative methods for configuring the present invention.

[0034] FIG. 5 is an illustration of Resource Allocation Table 400. Resource Allocation
Table 400 is a table that defines the policy associated with each application. Resource
Allocation Table 400 contains a list of applications 402 and the policies 404 associated with the

applications 402. Applications 402 are completely independent of the customers they are
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associated with. Each line in Resource Allocation Table 400 associates a specific policy 404
with a specific application 402. For example, application A1 is allocated resources according to
policy P1. Therefore, application A1l will be allocated up to ten percent of Resource (R1), up to
twenty percent of Resource (R2), seventy percent of Resource (R3), and twenty percent of
Resource (R4). The user may configure any application with any policy. The user may also
define a policy for applications not listed in Resource Allocation Table 400, as illustrated in the
last line of Resource Allocation Table 400 in FIG. 5.
[0035] FIG. 6 illustrates the interaction of applications 502, policies 504, and resources
506. Each application 502 is associated with a specific policy 504. Each policy 504 defines an
amount of resources 506 that may be allocated to requesting applications 502. Although FIG. 6
only depicts one resource, Resource (R1), associated with the policies, each policy actually
defines the allocation of a plurality of resources. The applications can connect to the database by
including a policy identifier in the connection string as shown below:

Connection con =Device Manager.getConnection (driver, userid, password, policy_id);

Connection. con = Device Manager.getConnection (databaseURL, userid, password,
policy_id); or

Connection con = Device Manager.getConnection (“jdbc: db2: MPS3DBN”, “A1”,
“ibm”, P1).
If an application does not specify the policy in the connection string, then the default policy will
be used to allocate the resources to the application. An example of a connection string without a
policy identifier is:

Connection con = Device Manager.getConnection (“jdbc: db2: MPS3DBN”, “A1%,

‘Gibm”) .
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[0036] With respect to the above description, it is to be realized that the optimum
dimensional relationships for the parts of the invention, to include variations in size, materials,
shape, form, function, manner of operation, assembly, and use are deemed readily apparent and
obvious to one of ordinary skill in the art. The present invention encompasses all equivalent
relationships to those illustrated in the drawings and described in the specification. The novelty
of the present invention is still embodied by reordering or deleting some of the steps contained in
this disclosure. The spirit of the invention is not meant to be limited in any way except by proper

construction of the following claims.
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CLAIMS
1. A method for allocating a plurality of resources to a plurality of applications, the method
comprising:
configuring a system with a resource allocation program;
wherein the resource allocation program performs steps comprising:
determining whether one of the applications has requested the resources;
responsive to the determination that one of the applications has requested the
resources, determining a policy associated with the application using a policy
allocation table;
responsive to the determination of the policy associated with the application,
determining a resource allocation associated with the policy using a resource
allocation table; and
responsive to the determination of the resource allocation associated with the
policy, allocating a portion of the resources to the application based on the resource
allocation associated with the policy.
2. The method of claim 1 further comprising:
wherein the policy is one of a plurality of policies;
determining if a user wants to define at least one of the policies; and
responsive to the determination that the user wants to define the policies, accepting a
user definition, modification, or deletion of at least one of the policies in a resource
allocation table.
3. The method of claim 1 further comprising:

determining if a user wants to assign the policies to the applications; and



8.

9.
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responsive to the determination that the user wants to assign the policies to the
applications, accepting a user assignment, modification, or deletion of at least one of the
associations between the policies and the applications in a resource allocation table.
The method of claim 1 further comprising:

wherein each of the applications is associated with one of a plurality of customers;
and

wherein the resource allocation program allocates the resources to the applications
based upon the policy associated with the application and independent of the status of the
customers associated with the applications.
The method of claim 1 wherein a consistent quality of service is achieved for substantially all
of the applications associated with each policy.
The method of claim 1 wherein the resource allocation program allocates all of the currently
available resources to the application, subject to the limitations defined in resource allocation
table for the policy associated with the application.
The method of claim 1 wherein the resource allocation program waits until the amount of
resources defined in the resource allocation table are available, and then the resource
allocation program allocates the entire amount of resources defined in the resource allocation
table for the policy to the application.
The method of claim 1 wherein the system is a computer network.

The method of claim 1 wherein the system is a computer file.

10. The method of claim 1 wherein the system is a computer operating system.

11. The method of claim 1 wherein the system is a computer program.

12. The method of claim 1 wherein the system is a virtual machine.
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13. A program product for allocating a plurality of resources to a plurality of applications, the
program product comprising:
a computer-usable medium;
wherein the computer usable medivm comprises instructions for a computer to
perform steps comprising:
determining whether one of the applications has requested the resources;
responsive to the determination that one of the applications has requested the
resources, determining a policy associated with the application using a policy
allocation table;
responsive to the determination of the policy associated with the application,
determining a resource allocation associated with the policy using a resource
allocation table; and
responsive to the determination of the resource allocation associated with the
policy, allocating a portion of the resources to the application based on the resource
allocation associated with the policy.
14. The program product of claim 13 further comprising:
wherein the policy is one of a plurality of policies;
determining if a user wants to define at least one of the policies; and
responsive to the determination that the user wants to define the policies, accepting a
user definition, modification, or deletion of at least one of the policies in a resource
allocation table.

15. The program product of claim 14 further comprising:
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determining if a user wants to assign the policies to the applications; and

responsive to the determination that the user wants to assign the policies to the
applications, accepting a user assignment, modification, or deletion of at least one of the
associations between the policies and the applications in a resource allocation table.

16. The program product of claim 15 further comprising;

wherein each of the applications is associated with one of a plurality of customers;
and

wherein the resource allocation program allocates the resources to the applications
based upon the policy associated with the application and independent of the status of the
customers associated with the applications.

17. The program product of claim 16 wherein a consistent quality of service is achieved for
substantially all of the applications associated with each policy.

18. The program product of claim 17 wherein the program product allocates all of the currently
available resources to the application, subject to the limitations defined in resource allocation
table for the policy associated with the application.

19. The program product of claim 17 wherein the program product waits until the amount of
resources defined in the resource allocation table are available, and then the program product
allocates the entire amount of resources defined in the resource allocation table for the policy
to the application.

20. The program product of claim 17 wherein the system is a computer network.

21. The program product of claim 17 wherein the system is a computer file.

22. The program product of claim 17 wherein the system is a computer operating system.

23. The program product of claim 17 wherein the system is a computer program.
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24. The program product of claim 17 wherein the system is a vittual machine.

25. An apparatus for allocating a plurality of resources to a plurality of applications, the

apparatus comprising:

means for determining if a user wants to define at least one of a plurality of policies;

responsive to the determination that the user wants to define at least one of the
policies, means for accepting a user definition, modification, or deletion of at least one of the
policies in a resource allocation table;

means for determining if a user wants to assign the policies to the applications;

responsive to the determination that the user wants to assign the policies to the
applications, means for accepting a user assignment, modification, or deletion of at least one
of the associations between the policies and the applications in a resource allocation table;

means for determining whether one of the applications has requested the resources;

responsive to the determination that one of the applications has requested the
resources, means for determining the policy associated with the application using a policy
allocation table;

responsive to the determination of the policy associated with the application, means
for determining a resource allocation associated with the policy using a resource allocation
table;

responsive to the determination of the resource allocation associated with the policy,
means for allocating a portion of the resources to the application based on the resource
allocation associated with the policy;

wherein each of the applications is associated with one of a plurality of customers;
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wherein the resource allocation program allocates the resources to the applications
based upon the policy associated with the application and independent of the status of the
customers associated with the applications; and
wherein a consistent quality of service is achieved for substantially all of the
applications associated with each policy.
. The apparatus of claim 25 wherein the means for allocating allocates all of the currently
available resources to the application, subject to the limitations defined in resource allocation
table for the policy associated with the application.
The apparatus of claim 25 wherein the means for allocating waits until the amount of
resources defined in the resource allocation table are available, and then the means for
allocating allocates the entire amount of resources defined in the resource allocation table for
the policy to the application.
The apparatus of claim 25 wherein the system is a computer network.
The apparatus of claim 25 wherein the system is a computer file.
The apparatus of claim 25 wherein the system is a computer operating system.
The apparatus of claim 25 wherein the system is a computer program.

The apparatus of claim 25 wherein the system is a virtual machine.
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