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(57) ABSTRACT 

A system for managing computer resource usage quotas 
includes a distributed gateWay service, a plurality of clients, 
an internal network, a distributed storage service a system 
management service, a con?guration database, and a dis 
tributed metadata service. A method for managing computer 
resource usage quotas applied to a plurality of users of data 
includes the steps of de?ning one or more resource classes, 
de?ning at least one usage policy for the resource classes, 
tracking quota usage for the usage quotas in accordance With 
the usage policy, and enforcing quota usage for the usage 
quotas, and storing the data in accord With the resource class 
de?nitions. Optionally, the quota usage may be aggregated. 
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Quota Usage Definition and Reporting I 
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‘Quota Usage Aggregation and Enforcement 
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SYSTEM AND METHOD FOR MANAGING USAGE 
QUOTAS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to commonly 
owned, co-pending US. application Ser. No. 09/709,187 
entitled “Scalable Storage System” by David Raccah et al., 
?led Nov. 10, 2000; US. application Ser. No. 09/731,418, 
entitled “Symmetric Shared Storage System,” by Olaf 
MancZak et al., ?led Dec. 5, 2000; and US. application Ser. 
No. 09/664,677, entitled “File Storage System Having Sepa 
ration of Components,” by George Feinberg et al., ?led Sep. 
19, 2000; each commonly oWned by the present assignee, 
the contents of each being incorporated herein by reference 
in their entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to comput 
ing systems, and more particularly to a method and system 
that de?ne, track, and enforce resource usage quotas based 
on classes. 

BACKGROUND OF THE INVENTION 

[0003] Computer netWork technology has improved the 
eXchange of and access to information. As a result, computer 
use has become pervasive for both business and personal 
purposes. With increased use, hoWever, has come the 
requirement for enterprise and co-location hosting facilities 
to store vast amounts of data. The increased demand for 
storage presents several challenges to providing a tracking 
and enforcement system that manages resource usage. 

[0004] In any computing system, including distributed 
scalable storage systems, resources are not in?nite and must 
be managed. Among the types of resources that must be 
managed, are for eXample and Without limitation, storage 
resources available to system users, bandWidth, and even the 
number of ?les. Managing resources requires de?ning, 
tracking, and enforcing user quotas associated With each 
resource. For eXample, conventional quota tracking and 
enforcement methods for storage resources often de?ne user 
quotas in physical terms, such as hoW much space a user is 
allocated in a given ?le system. Although these conventional 
storage quota management methods are useful in some 
respects, they fail in others. For eXample, they do not 
provide for the de?nition of other characteristics about a 
storage resource that may be useful to manage, and they do 
not track or enforce quotas through the use of logical 
groupings, also called classes, Which alloW for more ?eX 
ibility in quota de?nition, tracking and enforcement. 

[0005] Using conventional methods to manage storage 
quotas, the quotas are vieWed in terms of physical bytes. 
HoWever the cost of resources in a distributed computing 
system and more particularly a distributed scalable storage 
system is also in?uenced by a multitude of other factors. 
Therefore, traditional storage quota management methods 
fail to adequately de?ne, track, and enforce usage quotas and 
appropriately allocate their respective costs. 

[0006] Thus, there eXists in the industry a need to provide 
an improved quota tracking and enforcement method and 
system, Which apply logical groupings, that is, classes, to 
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user quotas. More particularly, the industry needs a method, 
Which operates in a distributed computing system, Which 
uses classes to de?ne usage quotas, track resource usage, 
and enforce the de?ned quotas. The method needs to be 
applicable throughout the distributed system Wherever quo 
tas need to be allocated for a system resource, for eXample 
and Without limitation, storage quotas. In the case of storage 
quotas, a user may Want to use classes based on quality of 
service attributes of the system to determine hoW ?le space 
Will be allocated. Classes add a level of abstraction to the 
concept of assigning resources to users. Moreover, a speci?c 
cost for storing a ?le can be associated With each storage 
class. This means a storage class quota provides information 
regarding hoW much storage space a user is alloWed to use, 
While a storage class identi?es the cost associated With the 
type of space that the user can use. Additionally, the method 
and system should be ?exible enough to alloW tracking and 
enforcement of quotas for system attributes for eXample and 
Without limitation bandWidth and number of ?les, and not 
simply those attributes that are de?ned on a per-directory or 
per-?le system basis. 

[0007] In light of the above, it Would be desirable to arrive 
at an approach to a quota tracking and enforcement system 
and method that may be used to monitor and control usage 
quotas Without some or all of the draWbacks to conventional 
approaches described above. 

SUMMARY OF THE INVENTION 

[0008] Accordingly, it is an advantage of the present 
invention to provide a quota management system that alloWs 
the use of classes to provide highly customiZable and easy 
to use resource usage management. 

[0009] Another advantage of the present invention is to 
provide a quota management system in variety of process 
models such as but not limited to, a single process, multiple 
processes, or as distributed processes on multiple machines. 

[0010] A further advantage of the present invention is to 
provide a highly scalable quota management system that can 
easily be scaled to provide for the eXpanding needs of 
customers. 

[0011] Another advantage of the invention is to provide a 
quota management system for alloWing the de?nition of 
classes that are stored in a con?guration database and can be 
used for resource management. 

[0012] Another advantage of the present invention is to 
provide a quota management system for alloWing a tracking 
mechanism that monitors usage quotas. 

[0013] Another advantage of the invention is to provide 
quota usage tracking for gathering quota usage information 
for a partition of a ?le system. 

[0014] Another advantage of the present invention is to 
provide a quota management system for alloWing an 
enforcement mechanism for usage quotas based on classes. 

[0015] A further advantage of the present invention is to 
provide a quota management system for alloWing the aggre 
gation of the quota information for all partitions of a ?le 
system. 

[0016] In vieW of the foregoing advantages and others, the 
present invention provides a system and method for de?n 
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ing, tracking, and enforcing quotas based on classes. 
According to the disclosed embodiments, a quota usage 
system may include a quota usage server function, quota 
usage updater function, and a quota usage database that 
implements tracking and enforcement services. In addition, 
the disclosed system and method are scalable. This is in 
contrast to conventional approaches that include quota track 
ing and enforcement, but cannot provide class-based quota 
management or highly scalable and customiZable quota 
management. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] These and other aspects and features of the present 
invention Will become apparent to those ordinarily skilled in 
the art upon revieW of the folloWing description of speci?c 
embodiments of the invention in conjunction With the 
accompanying ?gures, Wherein: 

[0018] FIG. 1 shoWs a quota usage management system as 
a part of a metadata service and a quota aggregation and 
enforcement process Within a scalable storage system; 

[0019] FIG. 2 is a How chart of a method for management 
of resource usage quotas; 

[0020] FIG. 3 is a diagram of an exemplary assignment of 
quality of service attributes by storage class ID; 

[0021] FIG. 4 is a How chart depicting a method for quota 
usage de?nition and reporting; 

[0022] FIG. 5 is a How chart outlining a method for quota 
usage tracking based on storage class; 

[0023] FIG. 6 is a How chart shoWing a method for quota 
usage aggregation and enforcement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The present invention Will noW be described in 
detail With reference to the draWings, Which are provided as 
illustrative examples of the invention so as to enable those 
skilled in the art to practice the invention. Notably, the 
implementation of certain elements of the present invention 
may be accomplished using softWare, hardWare or any 
combination thereof, as Would be apparent to those of 
ordinary skill in the art, and the ?gures and examples beloW 
are not meant to limit the scope of the present invention. 
Moreover, Where certain elements of the present invention 
can be partially or fully implemented using knoWn compo 
nents, only those portions of such knoWn components that 
are necessary for an understanding of the present invention 
Will be described, and detailed descriptions of other portions 
of such knoWn components Will be omitted so as not to 
obscure the invention. Further, the present invention encom 
passes present and future knoWn equivalents to the knoWn 
components referred to herein by Way of illustration. The 
preferred embodiment of the present invention Will be 
described herein With reference to an exemplary implemen 
tation in a distributed, highly scalable storage system. HoW 
ever, the present invention is not limited to this exemplary 
implementation, but can be practiced in any computing 
environment including a distributed computing environ 
ment. 

[0025] Looking noW to FIG. 1, illustrated is an exemplary 
distributed, highly scalable storage system 300 incorporat 
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ing an exemplary quota usage tracking system 10a-10n in 
accordance With the principles of the present invention. (In 
general, “n” is used herein to indicate an inde?nite plurality, 
so that the number “n” When referred to one component does 
not necessarily equal the number “n” of a different compo 
nent. For example, the number of GateWay Service nodes 
70a-70n does not, but may, equal the number of MDS 
servers 101a-100n in FIG. 1.) The distributed computing 
environment includes a plurality of clients such as an NFS 
client 61, CIFS client 62, HTTP client 63, FTP client 64, and 
SQL client 65 (collectively clients 11) capable of connecting 
to the data netWork through a load-balancing node 12. These 
applications are provided for purposes of illustration only, 
and are not limiting. Users may connect to the system 
through the NFS client 61, CIFS client 62, HTTP client 63, 
FTP client 64, or SQL client 65. Load balancing node 12 
then connects to one or more GateWay Service nodes 
70a-70n, (collectively distributed gateWay service 13) Which 
are connected to an internal netWork 14, for example but 
Without limitation, a sWitched Internet Protocol (IP) based 
netWork. Internal netWork 14 includes one or more netWork 
services that provide connectivity to several distributed 
scalable services, for example, but Without limitation a 
scalable distributed Metadata Service (MDS) 15, a scalable 
distributed Storage Service 16, a scalable System Manage 
ment Service (SMS) 17, and a scalable distributed Quota 
Aggregation and Enforcement Service 19. 

[0026] The distributed, scalable MDS 15, Which is a 
component of the storage system 300, can be made up of one 
or more metadata partitions (84a-84n). A metadata partition 
cannot belong to more than one ?le system and each ?le 
system has at least one partition. It should be noted that a ?le 
system is a logical hierarchical representation (“tree”) of, for 
example and Without limitation, ?les, directories, and 
devices on a single physical server With a speci?ed “root”. 
Usage quotas apply on a ?le system basis and not on an 
individual metadata partition basis. 

[0027] Each metadata partition (84a-84n) is made up of an 
MDS Server (101a-101n) and an MDS database (100a 
100n). Each MDS Server (101a-101n) includes a Quota 
Usage Server (20a-20n) function and Quota Usage Updater 
function (40a-40n). Each MDS Database (100a-100n) 
includes a Quota Usage Database portion (30a-30n). The 
terms Quota Usage Server function and Quota Usage Server 
are equivalent and can be used interchangeably. The terms 
Quota Usage Updater function and Quota Usage Updater are 
equivalent and can be used interchangeably. The terms 
Quota Usage Database portion and Quota Usage Database 
are equivalent and can also be used interchangeably. 
Together, the Quota Usage Server, Quota Usage Updater, 
and Quota Usage Database make up the Quota Usage 
System 10a-10n. It should be noted that the Quota Usage 
Server, Quota Usage Updater, and Quota Usage Database 
can be implemented as a function Within one or more 

processes or as individual processes While operating Within 
the spirit and scope of the invention. 

[0028] The distributed, scalable Storage Service 16, Which 
is a component of the storage system 300, can be made up 
of storage servers 85a-85n and storage devices 87a-87n. 
Each storage server 85a-85n can include one or more 

storage classes 88a-88n. Storage classes provide a level of 
abstraction to quotas by assigning a collection of Quality of 
Service (QoS) attributes to a particular storage class. Thus, 
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instead of quotas being viewed in terms of physical bytes, 
quotas can noW be vieWed in terms of cost. This concept of 
cost can also be applied to other storage characteristics, such 
as replicating data locally or remotely, storing data redun 
dantly (using Redundant Arrays of Inexpensive Disks 
(RAID) or some other device technology), and so forth. QoS 
attributes can de?ne storage device characteristics, for 
example and Without limitation, performance (speed), reli 
ability (redundancy), and accessibility (availability). There 
fore, associated With each storage class is the cost of storing 
the data. The designation of storage classes is provided by 
Way of example only and those of ordinary skill in the art 
Will understand that numerous other resources such as 

netWork bandWidth, CPU usage, and memory usage may be 
designated and resource classes can be used to provide a 
level of abstraction to quotas by assigning a collection of 
resource-speci?c QoS to a particular resource class. Simi 
larly, instead of quotas being vieWed in terms traditional to 
the resource, quotas for resources can noW be vieWed in 
terms of cost. A distributed, scalable Quota Enforcement 
Service 19, Which is an optional component of the storage 
system 300, can be made up of one or more Quota Aggre 
gation and Enforcement Service nodes 50a-50n. Each ser 
vice node aggregates quota usage and quota usage limit 
information, and initiates quota enforcement for a single ?le 
system, that is, for all the partitions that make up a ?le 
system. 

[0029] FIG. 1 also shoWs that GateWay Service 13 com 
municates With the MDS 15, Storage Service 16, the SMS 
17, and the Con?guration Database (CDB) 18 via netWork 
14. The SMS 17 accesses the CDB 18 as Well. Within the 
MDS 15, the Quota Usage Server 20a-20n accesses Quota 
Usage Database 30a-30n. The MDS server 101a-101n, 
along With the Quota Usage Server 20a-20n can be a single 
process on one machine, multiple processes on a single 
machine, or multiple processes on multiple machines. In 
addition, one or more GateWay service nodes 70a-70n can 
access a ?le system and each ?le system can have at least 
one partition in the present invention. 

[0030] Each MDS 15 manages one or more MDS parti 
tions 84a-84n, but each MDS partition 84a-84n is associated 
With only one MDS 15. An MDS database 100a-100n for a 
single ?le system can contain data for one or more (not 
shoWn) metadata partitions 84a-84n. A Quota Usage System 
10a-10n handles quota usage information 160a-160n, Which 
applies to a ?le system as a Whole rather than to metadata 
partitions 84a-84n separately. HoWever, the quota usage 
information 160a-160n can be maintained on an individual 
metadata partition 84a-84n basis. 

[0031] The storage system 300 is illustrated as comprising 
a distributed GateWay Service 13, made up of GateWay 
Service nodes 70a-70n, a distributed Storage Service 16, 
made up of storage servers 85a-85n and storage devices 
87a-87n, and a distributed Metadata Service 15, made up of 
MDS servers 101a-101n and MDS databases 100a-100n, 
but those skilled in the relevant art(s) Will understand, based 
on the teachings contained herein, that feWer or additional, 
GateWay Service nodes 70a-70n, storage servers 85a-85n, 
storage devices 87a-87n, MDS servers 101a-101n and MDS 
databases 100a-100n, as Well as other services may be 
removed from, or added to the illustrated storage system and 
still be Within the spirit and scope of the invention. 

Jun. 23, 2005 

[0032] It should be noted that the Storage System 300 as 
shoWn in FIG. 1 includes a distributed Quota Aggregation 
and Enforcement Service 19. Although quota aggregation 
and enforcement is a valuable feature, its inclusion Within a 
system is determined by customer requirements and the 
present invention is not necessarily limited by its inclusion 
or exclusion. 

[0033] Looking noW to FIG. 2, Which is an overvieW of a 
method for managing resource usage quotas 200 according 
to an embodiment of the present invention (steps 210-280). 
The function of managing resource usage quotas (150 in 
FIG. 1) requires the de?nition of classes, de?nition of usage 
policies, application of quotas, generation of reports, and the 
storage of data by resource class in accordance With quota 
usage limits. Storage classes are provided for purposes of 
illustration only, and are not limiting. Classes can be de?ned 
for any type of resource for Which a quota may be desirable. 
A class adds a level of abstraction to the concept of usage 
quotas and has the advantage of assigning a cost to a 
particular class. For example, in the context of storage, using 
classes to de?ne quotas has the advantage of quotas referring 
to the cost of storage instead of referring to, for example, 
actual storage in physical bytes that are to be allocated to a 
user. It should be noted that When the customer con?gures 
a user for a storage system 300, the customer de?nes classes 
and de?nes usage policies. It should also be noted that the 
Quota Usage System (10a-10n in FIG. 1) interacts With 
other system components, such as the SMS (17 in FIG. 1), 
the GateWay Service (13 in FIG. 1), and the Storage Service 
(16 in FIG. 1) to implement quotas. For example, in the 
present invention the SMS 17 handles quota de?nitions that 
the customer de?nes; the SMS 17 sets quotas and stores 
usage quotas (150 in FIG. 1) in the CDB 18. During the 
class-de?nition phase of the management of resource usage 
quotas method, a customer de?nes the QoS attributes, Which 
de?ne class characteristics, for example and Without limi 
tation, performance, reliability, and accessibility, for storage 
classes (step 210). The QoS attributes can be very ?exible 
and arbitrary based on customer needs. A customer can then 
de?ne classes by assigning a Class Identi?cation (ID) and 
QoS attributes to each de?ned class (step 220). The char 
acteristics of a class depend on the QoS attributes assigned 
to it. As a result of de?ning QoS attributes (step 210) and 
de?ning classes (step 220), a cost of using that class of 
resource is implicitly assigned (step 235). The assignment of 
QoS attributes by Class ID in the present invention Will be 
described beloW in more detail in connection With FIG. 3. 

[0034] When at least one class is de?ned, the management 
of resource usage quotas method can proceed to the usage 
policies-de?nition phase. During this phase, usage quota 
policies are de?ned for a plurality of users (step 240). A 
usage quota policy helps a customer to automate the quota 
assignment process, that is, a customer can de?ne a usage 
policy that can be applied to any number of users. A policy 
can be de?ned as a set quotas of one or more storage classes. 
Any user de?ned With that policy Would have the storage 
classes associated With the policy assigned to that user. 
Usage quota policies automate the quota assignment pro 
cess. Instead of individually assigning quotas of various 
storage classes to each user individually, policies can be 
used to easily assign quotas to a class of users. For example, 
Usage Policy A can assign to each user assigned this policy 
10 MB of Very Reliable Storage, 20 MB of Reliable Storage, 
10 MB of Adequately Reliable Storage and 5 MB of Very 
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Highly Reliable Storage. Usage Policy B can assign to each 
user assigned this policy 20 MB of Reliable Storage and 40 
MB of Adequately Reliable Storage. The customer can 
assign Usage Policy A to Users 1-6, and Usage Policy B to 
Users 7-12. A customer typically con?gures several users 
and/or several user groups, that is, a class of users, and for 
each selected user or user group assigns selected usage 
quotas for each class de?ned in steps 210 and 220, for 
example and Without limitation, storage class, as needed, or 
sets a usage policy. The SMS 17 then creates, in the CDB 18, 
the quota limits for each user or ?le system based on the 
con?guration information, that is, speci?c usage quota 
assignment or policy, provided by a customer. De?ning and 
reporting quotas in the present invention Will be described 
beloW in more detail in connection With FIG. 4. 

[0035] When at least one usage policy is de?ned, the 
management of resource usage quotas method can proceed 
to the application-of-quotas phase. This phase is done With 
out operator intervention. During this phase, the Quota 
Usage system (10a-10n on FIG. 1), GateWay Service node 
(7001-7011 in FIG. 1), SMS (17 in FIG. 1), CDB (18 in FIG. 
1), and a Quota Enforcement Service (19 in FIG. 1) interact 
to track, aggregate, and enforce quotas. 

[0036] When quotas are de?ned for a user or ?le system in 
the CDB (18 in FIG. 1), the Quota Usage System (10a-10n 
in FIG. 1) can track them (step 250). Quotas for a ?le system 
or a user may be made up of at least one number, but quotas 
are often a matrix of storage space, the number of nodes for 
each storage class, and the sum of all of these. Tracking 
quotas requires the Quota Usage System to update the 
information contained in the Quota Usage Database (30-30n 
in FIG. 1) and to make it available When aggregating, 
enforcing, and reporting quota usage. Each partition tracks 
its oWn quota usage, but it should be noted that quotas apply 
per ?le system. Therefore, quota usages should be aggre 
gated. Tracking quotas in the present invention Will be 
described in more detail in connection With FIG. 5. 

[0037] Quota usage information is maintained on an indi 
vidual metadata partition basis. Aggregating quota usage 
information and enforcement alloWs quota usage informa 
tion maintained by the Quota Usage System on an individual 
metadata partition basis to be collected together for an entire 
?le system, that is, for all partitions that make up a ?le 
system (optional step 260). A Quota Aggregation and 
Enforcement Service (19 in FIG. 1) can aggregate quota 
usage information. Aggregating quotas in the present inven 
tion Will be described in more detail in connection With FIG. 
6. 

[0038] In addition, because quotas can be de?ned, tracked, 
and enforced by ?le oWner or an entire ?le system (that is, 
one or more metadata partitions), many different reports 
relating to quota usage information can be generated (step 
280). The customer can customiZe reports and thereby has 
?exibility in determining the types of reports to be gener 
ated. 

[0039] Upon successful resource class de?nition, usage 
policy de?nition, and usage quota application (that is, track 
ing, aggregating, and enforcing), data can be stored accord 
ingly in a Storage Service 16 (made up of interconnected 
Storage Servers 85a-85n and Storage devices 87a-87n in 
FIG. 1) by resource class (88a-88n in FIG. 1). The resource 
class (88a-88n in FIG. 1) dictates the cost of storing data. 
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For example, a customer can use a limited number of 

expensive, high-performance ?le servers that hold a “Work 
ing set” of data, and also have a large amount of inexpensive 
storage (such as loW-performance, inexpensive ?le servers, 
tape robots, jukeboxes With optical disks, etc.) to provide 
storage capacity for infrequently used data. A class can 
de?ne hoW and at What cost the customer Wants to store data. 
It should be noted that the migration of data from a storage 
device is entirely transparent and automatic (on-demand 
upon a request to read or Write to a ?le, or asynchronously 
Whenever a ?le is being migrated to tertiary storage). Also 
?le data stored initially on any given Storage Server (85a 
8511 in FIG. 1) can be migrated later to any other node. 

[0040] Looking noW to FIG. 3, the exemplary assignment 
of QoS attributes and a Class ID to a class in the present 
invention Will noW be described. In this example, the class 
is a storage class and the QoS attributes relate to storage, but 
the invention is not so limiting. Each storage class 340 is 
assigned QoS attributes 341, Storage Class ID (SCID) 342 
and implicitly a storage cost. The QoS attributes 341 can 
include individual ?le, individual directory, and/or distrib 
uted computing system characteristics such as performance, 
reliability, availability, latency, and so forth. These hoWever, 
are provided by Way of example only and those of ordinary 
skill in the art Will understand that numerous other attributes 
relating to other Ways to describe data storage performance 
of the class may be designated. Each storage class 340, for 
example, an adequately reliable class, a reliable class, a very 
reliable class, a highly reliable class, and a very highly 
reliable class can each be assigned a particular set of values 
for each of the QoS attributes 341 as de?ned for that storage 
class. For example, storage class “reliable”, assigned Stor 
age Class ID (SCID) 2, has an implicit storage cost of 2><$. 
The collection of quality of service attributes 141 assigned 
to the “reliable” storage class include: performance of 1000 
?le creations/sec., reliability of RAID1, availability of 1, 
latency of 20 msec., and bandWidth of 10 Mbps. 

[0041] Looking noW to FIG. 4, de?ning and reporting 
usage quota policies for users or a ?le system in the present 
invention Will noW be described. When a customer con?g 
ures users for a system, for example and Without limitation 
a storage system, the customer assigns a quota for each class 
to each user (or ?le system) or sets a usage policy. To make 
such an assignment, the customer must add a ?le oWner by 
assigning an ID to each ?le oWner (step 410), con?gure a ?le 
oWner for the system (step 420), and must assign a usage 
quota for each ?le oWner based on system capabilities and 
customer requirements (step 430). When a customer assigns 
quotas to users or ?le systems, this information is reported 
to SMS 17, Which handles the processing of the quota 
de?nitions. The SMS 17 creates storage class usage quota 
limits based on the customer-assigned quotas (step 440) and 
stores them in the CDB 18 (step 450). The SMS 17 then 
contacts the Quota Usage Server 20a-20n to retrieve current 
quota usage information 160a-160n (step 460). With this 
information the SMS 17 can update the information stored 
in the CDB 18 and generate a usage report. The Quota Usage 
Server retrieves the information from the Quota Usage 
Database 30a-30n (step 470), and returns the updated quota 
usage information 160a-160n to the SMS 17 (step 480). The 
SMS 17 can then include the updated current usage infor 
mation in a usage report (step 490). It should be noted that 
the generated report is based on customer requirements. 
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[0042] Looking noW to FIG. 5, a method for quota usage 
tracking is shoWn. A Gateway Service node 70a-70n 
receives a request to create, delete, or modify a ?le (collec 
tively, a ?le modi?cation request), for example and Without 
limitation a request to modify the ?le length (step 510). The 
GateWay Service node 70a-70n then reads the metadata for 
the ?le (step 515) from the MDS 15, or alternatively, from 
its oWn cache. The GateWay Service node 70a-70n can 
check Whether it has received a quota limit exceeded noti 
?cation for a particular ?le system or user from the Quota 
Aggregation and Enforcement Service 19 (step 520). The 
presence or absence of a noti?cation depends on usage 
tracking set by a customer. If a noti?cation is not present, the 
GateWay Service node continues by executing the relevant 
user request (step 535). If a noti?cation is present for the 
particular ?le system or user, the GateWay Service node 
70a-70n sends a rejection in response to the relevant user 
request and discontinues processing it (step 530). If pro 
cessing is continued from step 525, the GateWay Service 
node 70a-70n can send a metadata update, in this example, 
a change to the ?le siZe, to the MDS 15 (step 535). The MDS 
Server (101a-101n in FIG. 1) updates the record in the MDS 
Database (100a-100n in FIG. 1) for the ?le contained in the 
update request and updates the corresponding usage infor 
mation for the oWner identi?ed in the metadata update 
request (step 540). More particularly, a Quota Usage 
Updater (40a-40n in FIG. 1) of the MDS Server synchro 
nously updates the quota usage information (160a-160n in 
FIG. 1) stored in the Quota Usage Database (30a-30n in 
FIG. 1) of the MDS Database (100a-100n in FIG. 1) (step 
545). The Quota Usage Updater 40a-40n updates the stored 
quota usage information (160a-160n in FIG. 1) using the 
oWner ID. The update, Which is based on the update sent 
from a GateWay Service node, can include ?le oWner (in the 
case of oWner change), ?le storage class, and ?le siZe 
changes, if any. It should be noted that if the user ID 
contained in the update does not exist in the Quota Usage 
Database (30a-30n in FIG. 1) When the Quota Usage 
Updater 40a-40n receives the update, the Quota Usage 
Updater 40a-40n dynamically creates an entry for the user 
ID (step 550). 
[0043] Referring noW to FIG. 6, a method for quota usage 
aggregation and enforcement is shoWn. Each service node 
(50a-50n in FIG. 1) aggregates quota usage and quota usage 
limit information and initiates quota enforcement for a 
single ?le system, that is, for all the partitions that make up 
a ?le system. Enforcement of usage quotas can be achieved 
With a GateWay Service node 70a-70n providing the actual 
enforcement of the quotas, While the Quota Aggregation and 
Enforcement Service 19 provides the necessary noti?cation 
to the GateWay Service node 70a-70n to make the enforce 
ment decision. Thus, a Quota Usage System, a Quota 
Aggregation and Enforcement Service node, and a GateWay 
Service node combine to achieve quota enforcement. 

[0044] To gather quota limit information, a Quota Usage 
Aggregation and Enforcement service polls the CDB 18 for 
quota limits (step 710). More particularly, each Quota 
Aggregation and Enforcement Service node 50a-50n polls 
the CDB 18 for quota limits pertinent to a ?le system for 
Which it is gathering information. This includes quota limit 
information about the ?le system and the users that can oWn 
?les in that ?le system. Upon receipt of this information, a 
Quota Aggregation and Enforcement Service node 50a-50n 
creates a quota table, Which includes quota limit information 
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for a ?le system, and all users and storage classes associated 
With that ?le system for Which a quota limit has been set 
(step 715). Storage classes are de?ned per user and per ?le 
system. When a Quota Aggregation and Enforcement Ser 
vice node 50a-50n creates a quota table, it can periodically 
poll the Quota Usage Database in each partition for quota 
usage information (step 720). The Quota Usage Database 
sends quota information to a Quota Usage Aggregation and 
Enforcement Service node (step 725). It can then add the 
information it receives from the Quota Usage Database to 
the quota table (step 728). The quota table can then contain 
the quota limit information as Well as the current quota usage 
information, thereby providing a snapshot of the use of 
resources by class for each ?le system and user. The Quota 
Usage Aggregation and Enforcement Service node 50a-50n 
checks Whether a quota limit for a ?le system, storage class, 
or user is exceeded or nearly exceeded (step 730). The quota 
limit can be a hard quota or a soft quota. A hard quota Would 
be a limit that cannot be exceeded under any circumstances. 
A soft quota, for example and Without limitation, can be 
exceeded for a prede?ned period of time With perhaps 
Warning messages sent to the user. A soft quota is more like 
a policy that determines behavior When nearing the alloW 
able use of resources. For example and Without limitation, a 
soft limit can be made up of three numbers, a soft quota 
storage siZe, a prede?ned time that speci?es hoW long a user 
can be over the soft quota, and a hard quota. The behavior 
of an enforcement system When a user is nearing the usage 
limit can be simple to elaborate depending on customer 
requirements. For example, once a quota limit is exceeded or 
nearly exceeded (step 735), the Quota Aggregation and 
Enforcement Service node 50a-50n can send a noti?cation 
to the GateWay Service nodes 70a-70n, Which can update the 
relevant ?le system. The noti?cation can indicate that the 
quota limit for the ?le system, storage class, or user has been 
exceeded or is about to be exceeded (step 740). It should be 
further apparent to those skilled in the relevant art(s) that 
policies for handling soft or hard quotas can vary Widely and 
still be Within the spirit and scope of the invention. 

[0045] Whether the Quota Aggregation and Enforcement 
Service 19 sends a noti?cation When a limit has been 
exceeded or some measure before can be con?gurable. It 
should be noted that the GateWay Service node 70a-70n 
performs the actual enforcement by rejecting or accepting a 
request to create or modify a ?le from a client. 

[0046] Although the present invention has been particu 
larly described With reference to the preferred embodiments 
thereof, it should be readily apparent to those of ordinary 
skill in the art that changes and modi?cations in the form and 
details may be made Without departing from the spirit and 
scope of the invention. It is intended that the appended 
claims include such changes and modi?cations. It should be 
further apparent to those skilled in the art that the various 
embodiments are not necessarily exclusive, but that features 
of some embodiments may be combined With features of 
other embodiments While remaining With the spirit and 
scope of the invention. 

1-13. (canceled) 
14. A method for managing the cost of utiliZation of 

computer resources, said method comprising the steps of: 

a) de?ning classes of computer resources based on quality 
of service attributes the classes having assigned costs; 



US 2005/0138162 A1 

b) de?ning computer resource usage policies based on 
said class de?nitions; 

c) managing the cost of utilization of the computer 
resources by using the computer resources according to 
said usage policies; and 

d) controlling usage of the computer resources by par 
ticular users based on the assigned costs and usage 
policies. 

15. The method as de?ned in claim 14 Wherein said 
quality of service attributes are selected from a group 
including resource performance, resource reliability, 
resource availability, resource latency, and resource band 
Width. 

16. The method as de?ned in claim 14 Wherein said step 
a) further includes assigning each class an identi?cation 
designator. 

17. The method as de?ned in claim 14 Wherein said step 
b) further includes the step of assigning usage quotas to each 
of said de?ned classes. 

18. The system as de?ned in claim 17 Wherein said usage 
quotas are hard quotas. 

19. The method as de?ned in claim 17 Wherein said usage 
quotas are soft quotas. 

20. A method for managing computer resources, compris 
ing the steps of: 

a) de?ning classes of persistent computer resources, said 
classes having assigned costs; 

b) de?ning computer resource usage policies; 

c) applying said usage policies to said classes; 

d) generating reports on the usage of said classes; and 

e) controlling usage of said persistent computer resources 
by particular individuals according to said de?ned 
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classes in accordance With said computer resource 
usage policies and assigned costs. 

21. (canceled) 
22. The method as de?ned in claim 20 Wherein said step 

a) further includes: 

i) de?ning quality of service attributes. 
23. The method as de?ned in claim 22 Wherein said 

service attributes are selected from a group including 
resource performance resource reliability, resource avail 
ability, resource latency, and resource bandWidth. 

24. The method as de?ned in claim 23 Wherein each class 
is assigned a class identi?cation. 

25. The method as de?ned in claim 20 Wherein said step 
b) further includes: 

i) assigning usage quotas to said de?ned classes. 
26. The method as de?ned in claim 25 Wherein said step 

c) further includes: 

i) tracking, aggregating, and enforcing said usage quotas. 
27. The method as de?ned in claim 25 Wherein said quotas 

are hard quotas. 
28. The method as de?ned in claim 27 Wherein said hard 

quotas cannot be exceeded under any circumstances. 
29. The method as de?ned in claim 25 Wherein said quotas 

are soft quotas. 
30. The method as de?ned in claim 29 Wherein said soft 

quotas may be exceeded for a predetermined period of time. 
31. The method as de?ned in claim 26 Wherein said 

enforcement includes sending noti?cation When a usage 
quota has been exceeded. 

32. The method as de?ned in claim 31 further including 
rejecting or accepting a request to use a computer resource 
When a quota has been exceeded. 

* * * * * 


