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METHOD, APPARATUS AND PROGRAM 
STORAGE DEVICE FOR PROVIDING REAL-TIME 
FILE SYSTEM CHARGE-BACK ACCOUNTING 

PER MANAGEMENT OBJECT DURING A REPORT 
CYCLE 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] This invention relates in general to a storage sys 
tem accounting, and more particularly to a method, appara 
tus and program storage device for providing real-time ?le 
system charge-back accounting With real time historical 
minimum and maximum usage per user or group during a 
report cycle. 

[0003] 2. Description of Related Art 

[0004] In today’s information age, computer and commu 
nication systems often require large amounts of data storage. 
More and more frequently, access to data storage is being 
provided over communication netWorks. Among other 
things, this makes data storage resources available to a 
number of data storage users. 

1. Field of the Invention 

[0005] Storage infrastructures of enterprises are feeling a 
strain as the huge demand for storage continues to rapidly 
increase. Escalating capacity and bandWidth requirements 
cause costs to soar as resource-constrained organizations 

struggle to manage the complexity and sheer volume of data 
that must be stored, accessed, and protected. 

[0006] The increase in average ?le siZe (text-based to 
multimedia) continues to groW. NeW applications are driving 
storage capacity upWard and introducing neW types of data. 
At the same time, Internet access devices, such as mobile 
phones and Personal Digital Assistants (PDAs), are getting 
smaller With less processing poWer, less storage, and smaller 
screen siZes. This trend implies that more content Will have 
to be processed and stored rather than Within the access 
device itself. 

[0007] Most businesses today are faced With high groWth 
in the amount of data they have to store, but IT budgets are 
?at, or being reduced. IT can no longer afford to keep all 
their data on high-end storage platforms or staffing levels to 
manage large numbers of storage targets. The ansWer is to 
produce a small set of storage tiers that align With business 
requirements to provide the optimum service level at the 
loWest cost. Tiered Storage School Will help in understand 
ing Which technologies are available for implementing a 
tiered storage strategy. 

[0008] Information Lifecycle Management (ILM) is a 
process that includes Information Technology (IT) staff 
making decisions about What data should reside Where in the 
physical infrastructure. ILM is a process in Which people, 
processes, and technologies deal With data from cradle to 
grave. Data has different value at inception than it does at 
death, so it shouldn’t be treated the same Way during each 
phase of its lifetime. 

[0009] HoWever, a distinction may be made betWeen Data 
Lifecycle Management (DLM) and ILM. DLM is the infra 
structural element and ILM is the macro-level element that 
assigns both subjective and objective value. ILM relates not 
only to an application, but also to Where the information 
itself resides in the company as a Whole. DLM, Which 
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involves the infrastructural component of What goes Where 
and When, is very similar to the traditional Hierarchical 
Storage Management (HSM) that has existed in the main 
frame World since inception. The primary difference is that 
HSM is a single-server, single storage stack methodology 
for moving data doWn the physical stack in order to loWer 
the cost of primary storage, Whereas DLM architectures 
automate the processes involved, typically organiZing data 
into separate tiers according to speci?ed policies, and auto 
mating data migration from one tier to another based on 
those criteria. DLM includes tWo tiers. There is the physical 
tier of actual storage Where data resides, including disk 
arrays of all siZes and tapes, and then there is the process tier 
for moving data betWeen those elements. 

[0010] Companies today are constructing tiered storage 
infrastructures. These companies continue to deploy storage 
systems that deliver many different classes of storage rang 
ing from high performance/high cost to high capacity/loW 
cost. Through the deployment of SANs, many of these 
storage assets are noW physically connected to servers that 
run many different types of applications and create many 
kinds of information. Finally, With the arrival of netWork 
resident storage services for distributed management of 
volume, ?les, and data replication managers can intelligently 
manage storage assets to meet the needs of many different 
applications across the netWork instead of device by device. 

[0011] Accordingly, the groWing importance of data as a 
corporate asset puts increasing pressure on organizations to 
protect and manage storage to ensure its continuous avail 
ability. As sites are faced With deploying larger and more 
complex storage infrastructure, storage management costs 
compound quickly and technology planning becomes 
riskier. Moreover, the rapid evolution of technology man 
dates training of specialiZed personnel to maximiZe perfor 
mance gains and ensure compatibility With emerging stan 
dards. 

[0012] Because of these factors, it is important that 
today’s accounting process measure and assign resource and 
service utiliZation accurately. An effective Way to measure, 
report, and charge for the operational costs and services is to 
integrate the accounting process With the measurement 
system. As a result, the role of accounting has expanded 
from capacity planning, resource utiliZation, and perfor 
mance monitoring to one of measuring and charging opera 
tional costs for technical resources and end user services 
provided by data center. Accounting process must gather 
accounting information from different sources. The account 
ing process needs to be closely linked With both the Service 
Level Agreements (SLA) and the reporting process to suc 
cessfully manage and charge storage related costs. 

[0013] With data processing, each department and every 
project produces costs. The goal of the accounting and 
chargeback system is to identify total costs for each cost 
categories, What caused the costs, Who caused the costs, hoW 
to distribute the cost and Who to bill. An essential require 
ment of the accounting and chargeback system is to accu 
rately identify all costs, measure the usage and correctly 
distribute the costs. All resources and services must be 
analyZed to determine Who is consuming the resource or 
service and What costs are associated With the resource or 
service so the cost can be charged. This process is not 
simple, and requires detailed knoWledge of the systems to 
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recognize the correct data and correctly associate the data in 
the accounting and chargeback system. 

[0014] The main purpose of an accounting system is 
chargeback. Chargeback is When the cost of services pro 
vided are identi?ed and charged to the users and recipients 
of the services. Without charging for the services, the 
process of accounting for services is of little value. The 
accounting system is used to discover resource usage and 
assign the various resource usages to different causes. By 
assigning a value to each resource usage, a chargeback 
system is developed. 

[0015] File system chargeback accounting is point-in-time 
in nature With today’s ?le systems. Normally the function 
ality is tied to a ?le system’s user or group quota and some 
independent reporting utility. The space reported is gener 
ated from the current quota accounting Within the ?le system 
via some customiZed scripting. The major drawback is space 
utiliZation can dynamically change, sometimes signi?cantly, 
during a reporting cycle. There is no Way to determine that 
a user has potentially large cyclic space usage. Additionally, 
some quota implementations only report the used disk space 
and do not consider allocated space. 

[0016] Another solution that exists in some space report 
ing tools today is a sampling method Which estimates the 
amount of space used by a user or application. The problem 
With this approach is the sample period can be very costly 
and time consuming. Additionally, the results are only an 
estimation of the space utiliZation. Additionally, this type of 
method can only categoriZe ?le systems and applications it 
knoWs about. NeW ?le systems or application support in a 
customer environment Would need to be added. Some SAN 
providers provide chargeback at a logical LUN granularity, 
but not at a ?le system user or group granularity. 

[0017] It can be seen then that there is a need for a method, 
apparatus and program storage device for providing ?le 
system chargeback accounting With real time historical 
minimum and maximum usage per management object, e. g., 
user or group, during a report cycle. 

SUMMARY OF THE INVENTION 

[0018] To overcome the limitations in the prior art 
described above, and to overcome other limitations that Will 
become apparent upon reading and understanding the 
present speci?cation, the present invention discloses a 
method, apparatus and program storage device for providing 
real-time ?le system charge-back accounting With real time 
historical minimum and maximum usage per management 
object during a report cycle. 

[0019] The present invention solves the above-described 
problems by providing an arrangement for storing space 
allocation data for users in ?le system memory. This alloWs 
an administrator to de?ne a charge-back accounting cycle. 
Once a neW accounting cycle is de?ned, the minimum and 
maximum space utiliZed by each user is maintained for 
reporting until the next accounting cycle. An average space 
utiliZation value may be calculated, e.g., mean, Weighted 
average, etc, to alloW generation of charge-back accounting. 
The charge-back data is maintained real time With ?le 
system activity to provide a more accurate space utiliZation 
report. The space allocation data is persistently maintained 
during a ?rst accounting period in a ?rst ?le system bulfer 
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and then moved to a second ?le system buffer at the end of 
the current accounting period. This move may be physical or 
logical. 
[0020] A ?le system for providing charge back accounting 
data in accordance With the principles of the present inven 
tion includes a ?rst ?le system buffer for persistently main 
taining space allocation data during a current accounting 
period, Wherein the space allocation data comprises a mini 
mum, a maximum and an average space allocation for a 
management object during the current accounting period. 

[0021] In an embodiment of the present invention imple 
mented as a storage system, an accounting system is pro 
vided that uses the ?le system charge back accounting data 
to generate a report describing storage space allocation by a 
management object, e.g., a user or a group. The ?le system 
for providing charge back accounting data includes a ?rst 
?le system buffer for persistently maintaining space alloca 
tion data during a current accounting period, the space 
allocation data comprising a minimum, a maximum and an 
average space allocation for a management object during the 
current accounting period. Embodiments implementing a 
method, a service and a program storage device that includes 
program instructions executable by a processing device to 
perform operations for providing ?le system charge back 
accounting data are also described. 

[0022] These and various other advantages and features of 
novelty Which characterize the invention are pointed out 
With particularity in the claims annexed hereto and form a 
part hereof. HoWever, for a better understanding of the 
invention, its advantages, and the objects obtained by its use, 
reference should be made to the draWings Which form a 
further part hereof, and to accompanying descriptive matter, 
in Which there are illustrated and described speci?c 
examples of an apparatus in accordance With the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Referring noW to the draWings in Which like ref 
erence numbers represent corresponding parts throughout: 

[0024] FIG. 1 illustrates a block diagram of a hierarchical 
data storage management system according to one embodi 
ment of the present invention; 

[0025] FIG. 2 represents a data storage hierarchy accord 
ing to an embodiment of the present invention; 

[0026] FIG. 3 illustrates a three-tiered storage model 
according to one embodiment of the present invention; 

[0027] FIG. 4 illustrates a SAN that may be con?gured to 
provide a ?le system that provides ?le system charge-back 
accounting according to an embodiment of the present 
invention; 
[0028] FIG. 5 illustrates a ?le system charge back bulfer 
arrangement for providing a record of space utiliZation as 
part of a ?le system’s metadata information according to an 
embodiment of the present invention; 

[0029] FIG. 6 is a How chart shoWing the method for 
calculating a Weighted average of space allocation according 
to an embodiment of the present invention; 

[0030] FIG. 7 is a How chart of the method for providing 
?le system chargeback accounting according to an embodi 
ment of the present invention; and 
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[0031] FIG. 8 illustrates a system according to an embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] In the following description of the embodiments, 
reference is made to the accompanying draWings that form 
a part hereof, and in Which is shoWn by Way of illustration 
the speci?c embodiments in Which the invention may be 
practiced. It is to be understood that other embodiments may 
be utiliZed because structural changes may be made Without 
departing from the scope of the present invention. 

[0033] The present invention provides a method, appara 
tus and program storage device for providing real-time ?le 
system charge-back accounting With real time historical 
minimum and maximum usage per management object, e. g., 
user or group, during a report cycle. An arrangement is 
provided for storing space allocation data for users in ?le 
system memory. This alloWs an administrator to de?ne a 
charge-back accounting cycle. Once a neW accounting cycle 
is de?ned, the minimum and maximum space utiliZed by 
each user is maintained for reporting until the next account 
ing cycle. An average space utiliZation value may be calcu 
lated, e.g., mean, Weighted average, etc, to alloW generation 
of charge-back accounting. The charge-back data is main 
tained real time With ?le system activity to provide a more 
accurate space utiliZation report. 

[0034] FIG. 1 illustrates a block diagram of a hierarchical 
data storage management system 100 according to one 
embodiment of the present invention. The system 100 gen 
erally includes a hierarchical data storage subsystem 104 
that is accessible by clients 102. The client stations 102 may 
be local or remote relative to the data processing apparatus 
120 and generally access the data processing apparatus 120 
via a netWork 110. The hierarchical data storage subsystem 
104 is con?gured to store data and manage the stored data 
according to storage access requests from user client stations 
102. The depicted storage subsystem 104 includes a data 
processing apparatus 120 operationally coupled to one or 
more hierarchical data storage units 122 via a communica 
tions channel 126. The communications channel 126 may be 
a storage area netWork (SAN) or alternately may be another 
type of communications channel. 

[0035] The data processing apparatus 120 includes a cen 
tral processing unit 130 for processing the digital signals 
received from client stations 102. The central processing 
unit 130 is coupled With an I/O processor 132. The central 
processing unit 130 transmits signals to the hierarchical data 
storage units 122 and database 124 via the I/O processor 132 
and communications channel 126. The central processing 
unit 130 is also digitally coupled to memory storage 140 for 
storing programming instructions 142 accessed by the cen 
tral processing unit 130 for control of the digital processing 
system 120. 

[0036] The data processing apparatus 120 also includes a 
storage management system 160 and an accounting system 
180. The management system 160 monitors usage of all 
devices and outputs information indicative of such use in a 
common format. In general, the management system can 
provide data for a variety of different applications, aside 
from the billing application illustrated here. The accounting 
system 180 creates and stores usage information. Accord 
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ingly, the accounting system 180 bills each customer based 
on a calculation as Will be described herein beloW. Account 
ing system 180 executes an accounting process that collects 
performance status to derive resource utiliZation of the 
hierarchical data storage units 122. The collected perfor 
mance status is maintained persistently in a dual buffer 
system as described herein beloW. 

[0037] FIG. 2 represents a data storage hierarchy 200 
according to an embodiment of the present invention. In 
FIG. 2, diagrammatically “higher” data storage media and 
devices correspond to faster accessibility to stored data, 
disaster recovery and nearline restore capabilities. Speci? 
cally, this depiction includes high-speed data storage media 
and devices at the “top” levels 202 and 204 of the hierarchy 
200. For example, level 202 might include a direct access 
storage device (DASD) such as a high-speed magnetic disk 
drive or high-speed optical disks and drives. Level 204 
might include storage media and devices similar to those in 
level 202, but of sloWer access speeds. 

[0038] In FIG. 2, level 206 includes multiple optical disks 
and one or more corresponding optical disk drives. Once 
again, these storage media devices represent access times 
sloWer than the devices depicted in levels 202 and 204. 
Levels 208 and 210 represent the sloWest access times for all 
of the media types and devices shoWn in the depicted storage 
hierarchy 200. These levels 208 and 210 might include 
sequential access storage devices such as magnetic tape 
media and drives. 

[0039] The storage hierarchy 200 illustrated in FIG. 2 is 
also very helpful to illustrate one example of a cost structure 
for various media types and devices Within the storage 
hierarchy 200. For example, the “bottom” levels 210 and 
208 of the diagram may represent the least costly storage 
implementation per data unit While the “top” levels 202 and 
204 may represent the most costly data storage schemes. 
From this it is apparent and not unexpected that the storage 
media devices that offer the fastest data access times are also 
typically the most expensive to implement for a given 
amount of data storage capacity. 

[0040] Thus, a client With very stringent performance or 
recovery requirements in need of the absolutely fastest data 
retrieval available Would not be satis?ed With the imple 
mentation of a system consisting solely of currently avail 
able magnetic tapes and drives. Instead, such a client Would 
desire access to direct access storage devices or other more 
costly storage resources for all data storage Within the 
projected data storage capacity requirements and project 
funding constraints. Moreover, a user on a client may have 
?les that exist in one, some or all of the storage tiers. 

[0041] Another aspect of the storage hierarchy 200 is the 
designation and use of storage pools. A storage pool is one 
or more storage media, such as disks and tapes, that are 
assigned as a group by the hierarchical storage manager for 
storage of similar data. The assignment may be automati 
cally executed based on storage policy or may be manually 
dictated by a user via an administrator station. A typical 
storage pool may correspond to a particular type of data as 
illustrated in FIG. 3. 

[0042] FIG. 3 illustrates a three-tiered storage model 300 
according to one embodiment of the present invention. Data 
that is stored in a tiered or hierarchical storage system may 
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be classi?ed according to storage classes, Which may be 
hierarchical attributes provided for each storage region 
based on the usage of data storage. For example, a three 
tiered storage system 300 may be utilized, Wherein the three 
attributes of online storage 310, nearline storage 320 and 
archive storage 330 are used. In addition, sub-attributes, 
such as premium 312 and normal 314 storage may be 
de?ned for the online storage. 

[0043] Online storage 310 may be an attribute set for 
logical units (LUs) suitable for storing data of ?les that are 
frequently accessed, such as ?les being accessed online and 
?les being generated. The premium sub-attribute 312 may 
indicate an attribute set for LUs suitable for storing data 
especially requiring fast response or more desirable recovery 
capabilities. Nearline storage 320 may be an attribute set for 
LUs suitable for storing data of ?les that are not frequently 
used but are occasionally accessed. Archive storage 330 may 
be an attribute set for LUs suitable for storing data of ?les 
that are hardly ever accessed and are maintained for long 
term storage. 

[0044] As can be seen in FIG. 3, the online 310 and 
nearline storage 320 may be implemented using netWork 
storage 340 and/or direct access storage 350. The netWork 
storage may further be implemented, for example, using 
disks 342 for the online storage 310 and disk and/or optical 
storage devices 344 for the nearline storage 320. Similarly, 
the direct access storage may further be implemented, for 
example, using disks 352 for the online storage 310 and disk 
and/or optical storage devices 354 for the nearline storage 
320. As shoWn in FIG. 3, the o?line storage 330 may be 
implemented using tape or other inexpensive storage devices 
360. 

[0045] While FIG. 3 shoWs a three-tiered storage model, 
those skilled in the art Will recogniZe that embodiments of 
the present invention are not meant to be limited to a 
three-tiered model and that other models may be utiliZed in 
a manner that is consistent With the embodiments of the 
present invention described herein. 

[0046] FIG. 4 illustrates a system 400 that may be con 
?gured to provide ?le system charge-back accounting 
according to an embodiment of the present invention. In 
FIG. 4, application, or client, servers 410-416, Which request 
a ?le, obtain information about the ?le (the meta-data) from 
the servers 420 of the server cluster 402 that manages ?le 
locks and all other ?le information. The servers 420 then 
provide that information to the application, or client, servers 
410-416. The application, or client, servers 410-416 then 
access the blocks comprising that ?le at the storage pools of 
the storage pools 430 directly through the SAN fabric 440. 

[0047] A server 420 is designed to be implemented on a 
variety of operating systems, e.g., WindoWs to various 
?avors of Linux and UNIX, thereby alloWing a server 420 
and all of these operating systems to share ?les. In certain 
embodiments, server 420 may include a cluster of servers. 
For example, a ?le created in WindoWs Will be as accessible 
from a WindoWs client, or application, server 416 as it is 
from Solaris 412, AIX 410, or any other supported platform, 
and vice versa. HoWever, an application is still required to be 
able to read that ?le, no matter hoW accessible it is. 

[0048] Since server 420 Will have a complete understand 
ing of all ?les managed by the server cluster 402, including 
the essential meta-data related to each ?le to make important 
decisions, a server 420 may be used to manage the storage 
on the netWork. A server 420 in server cluster 402 may be 
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con?gured to provide space allocation control, policy man 
agement, read/Write lock management, ?le directory and ?le 
system charge back records. Setting these policies relieves 
the storage administrator of the burden of repetitive tasks, 
and forms the basis of automation. Moreover, ?le system 
charge back accounting provided by embodiments of the 
present invention may manage user equivalence betWeen 
operating systems. 

[0049] A server 420 also provides the ability to group 
storage devices according to their characteristics, such as 
latency and throughput. These groupings, called storage 
pools 430, alloW administrators to manage data according to 
predetermined characteristics. Because the meta-data for the 
server cluster 402 is separate from the application data, ?les 
can be manipulated While remaining active. When ?les are 
removed from service, the server cluster 402 may automati 
cally reallocate the space Without disruption. If a LUN is 
removed from the control of the server cluster 402, the data 
on that LUN can be automatically moved. 

[0050] The server cluster 402 persistently maintains a 
record of space utiliZation as part of the ?le system’s 
metadata information as users perform creation, allocation, 
deletion and oWnership modi?cation operations. A minimum 
and maximum space utiliZation is tracked per management 
object (user or group) for each reporting cycle. Optionally, 
time Weighted averages can be generated based on real 
consumption over the reporting cycle. The charge-back 
feature can be integrated With other SAN con?guration 
metadata to provide a resource aWare pricing structure. For 
example, this could be accomplished by de?ning attributes 
of tiered storage When con?guring pools and LUNs. 

[0051] While the server 420 for controlling the metadata 
of the storage cluster 402 is shoWn in FIG. 4 as a separate 
entity, embodiments of the present invention are not meant 
to be limited to the use of a separate entity. Rather, the 
control provided by servers 420 may reside on any client, 
application, servers 410-416 in the netWork or even Within 
a storage servers. Moreover, embodiments of the present 
invention are not meant to be limited to the storage archi 
tecture or hardWare con?guration illustrated in FIG. 4. 

[0052] FIG. 5 illustrates a ?le system charge back bulfer 
arrangement 500 for providing a record of space utiliZation 
as part of a ?le system’s metadata information according to 
an embodiment of the present invention. While a double 
buffer is illustrated in FIG. 5, those skilled in the art Will 
recogniZe that the present invention is not meant to be 
limited to a double bulfer arrangement. For example, mul 
tiple bulfers may be used to provide records over a plurality 
of accounting periods or the buffers may be subdivided into 
memory areas for maintaining space utiliZation records over 
a plurality of accounting periods. Alternatively, a single 
bulfer may be used. A single bulfer Would still alloW 
real-time minimum, maximum, and average space allocation 
data to be maintained, but Would not be able to report on it 
statically. 

[0053] In FIG. 5, the double bulfer con?guration 500 
includes a ?rst buffer 510 and a second 540 buffer for 
transactionally and persistently maintaining the space allo 
cation records. The ?rst bulfer 510 persistently maintains a 
record of space utiliZation data for the current accounting 
period. The current copy buffer 510 maintains the record that 
gets updated as the user allocates and deallocates space. 
Thus, the ?rst buffer 510 is dynamic. The double buffer 500 
for implementing the system charge-back function keeps 
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track of the minimum 520, maximum 522, and average 524 
bytes used per user during a customer de?ned accounting 
period. 

[0054] The second buffer 540 persistently maintains a 
record of space utilization data for a previous accounting 
period. Because the space utilization data of the second 
buffer 540 is for a previous accounting period, the second 
buffer 540 is static. Accordingly, the double buffer system 
500 stores tWo copies of the minimum space utiliZation, 
maximum space utiliZation, and average bytes used values. 
Further, once an accounting period ends, the record in the 
current buffer 510 is moved to a buffer for maintaining a 
previous accounting period. This move may be physical or 
logical. When only tWo buffers are used, the data in the 
previous accounting period buffer 540 may be overWritten 
With the data moved form the current buffer 510 When the 
move is physical. HoWever, a neW bulfer may be con?gured 
for maintaining the data being moved. Still further, a neW 
bulfer may be con?gured for the current accounting period 
and the old current buffer modi?ed to be the most recent 
previous accounting period bulfer. 

[0055] Using the space utiliZation data 542 for a user that 
is maintained in the second buffer 540, an administrator may 
generate accounting reports on space usage based on the 
stable values in the previous accounting period. The same 
report can be generated several times Within the same 
accounting period and provide the exact same results since 
it isn’t subject to the most recent changes in space usage. 

[0056] Accordingly, a ?le system charge-back con?gura 
tion 500 according to an embodiment of the present inven 
tion alloWs the administrator to de?ne a charge-back 
accounting cycle and independent report generation. A glo 
bal state 570 Which includes an index and the start times for 
the current and previous accounting periods is maintained. 
At the start of a neW accounting period the index for the 
global state 570 is incremented. The start time is saved. 
Thus, the system stores the start time of the current period 
and the previous period. 

[0057] Once a neW accounting cycle is de?ned, the mini 
mum and maximum space utiliZed by each user is main 
tained for reporting until the next accounting cycle. The ?le 
system may maintain the current space utiliZation informa 
tion in the current accounting period buffer 510 along With 
a number of other records of previous space utiliZation 540. 
Additionally, the charge-back data of the current copy buffer 
is maintained real time With ?le system activity regarding 
the time 514 and space allocation 516 to provide a more 
accurate space utiliZation report. Furthermore, cost con 
stants can be applied to actual storage allocation to capture 
speci?c storage attributes such as quality of service, service 
level agreements, or tiered storage class. 

[0058] In FIG. 5, a user’s space allocation per storage tier 
560 may also be maintained in a record. Thus, in a tiered 
storage ?le system, accounting information may be main 
tained for each user for each storage tier 560 as Well as 
information for the user aggregated over all storage tiers. 
This alloWs an administrator to charge different amounts for 
the different storage tiers. 

[0059] There are administrative commands to de?ne and 
report on a charge-back accounting cycle. The reporting 
cycle is atomically set for all managed objects. A double 
buffering algorithm and period number are used in each 
persistent charge-back record to assist in maintaining the 
current and at least the most recent periods charge-back 
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totals on-the-?y. If the space utiliZation isn’t updated prior 
to a report being submitted, the correct results Will be 
generated on-demand. Alternatively, a background thread 
may be used to maintain the charge-back table in real-time. 

[0060] As an example, an administrator might start a neW 
accounting period every day at midnight. The administrator 
can run the accounting report several times today to get 
yesterday’s accounting information. TomorroW, the admin 
istrator can run the accounting to get today’s accounting 
information. 

[0061] The concept of the minimum and maximum space 
used by a user may be calculated according to various 
methods. For example, if the user started the day using 1 GB, 
then allocated another 1 GB, and then at the end of the day 
deleted the 1 GB, the minimum Would be 1 GB, and the 
maximum Would be 2 GB. Accordingly, the average may be 
calculated to be 1.5 GB (the average of the minimum and 
maximum). HoWever, this average is not very meaningful. A 
more meaningful average may be a Weighted average, Which 
takes into account the amount of time that the space Was 
allocated. 

[0062] One example of a Weighted average space alloca 
tion may be calculated as folloWs: 

l2hours >< 1GB + 6hours >< 2GB + 6hours ><1GB Eq. 1 
: 125GB. 

24hours 

Equation 1 can be generaliZed to support an arbitrarynumber 
of allocations and deallocations in the accounting period. 
Equation 2 beloW shoWs a generaliZed average calculation, 
Wherein the accounting period corresponds to a history of 
spacei, i.e., bytes allocated for a duration of timei. 

2 space‘- X time; Eq' 2 
A : 
vg 2 time; 

[0063] The problem With Equation 2 is that it requires 
knoWledge of all spacei and timei at the end of the account 
ing period. HoWever, the average value may be calculated 
incrementally. Table 1 shoWs an example of the state of the 
current accounting buffer 510 shoWn in FIG. 5 as allocation/ 
deallocation events occur. The current time is relative to the 
beginning of the accounting period. 

TABLE 1 

Incremental Accounting Updates 

External Events 

Event Current Space Current Accounting Buffer 

Number Time Change Time Space Min Max Avg 

1 0 +1 GB 0 1 GB 1 GB 1 GB 0 
2 12 Hrs +1 GB 12 Hrs 2 GB 1 GB 2 GB 1 GB 
3 18 Hrs —1 GB 18 Hrs 1 GB 1 GB 2 GB 1.33 GB 
4 24 Hrs 0 24 Hrs 1 GB 1 GB 2 GB 1.25 GB 

The table depicts the state of the current accounting bulfer 
after it has been updated as a result of the event. Note that 
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the average lags one event behind; in other Words it does not 
include the 1 GB that Was allocated at event number 1 since 
at the time of the update, that space has been held for no 
time. The initial value for average at the ?rst event Will be 
the value of space allocation at the beginning of the account 
ing period (in this example, 0). At the second event the 
average is updated to include the 1 GB by the formula shoWn 
in Equation 3: 

A Timex Avg + (CurrentTime — Time) >< Space Eq. 3 
vg : . 

CurrenlTime 

In Equation 3, the variables Time, Avg, and Space on the 
right hand side correspond to the state of the current buffer 
prior to any updates for this event. Substituting in the values, 
for the second event results in the calculation: 

Therefore after the second event, the average is 1 Gb. The 
value of the average calculated for the third event is calcu 
lated incrementally as: 

l2hours >< 1GB + (l Shours — l2hours) >< 2GB Eq. 5 
= : 1.33GB. 

l8hours 
Avg 

Finally at the fourth event, the ?nal average value for the 
accounting period is computed as: 

l8hours >< 1.33GB + (24hours — l8hours) >< 1GB Eq. 6 
Avg : 24h0urs 125GB. 

The fourth event is the ?rst event folloWing the beginning of 
a neW accounting period. At this time, the average Will be 
updated to include the current space used for the remaining 
time left in the accounting period. This is accomplished by 
using the end time of the accounting period as the current 
time When evaluating Equation 3. Once the average has been 
updated, the contents of the current accounting period buffer 
510 as shoWn in FIG. 5 Will be copied to the prior accounting 
period(s) buffer 542. In addition, after copying the current 
buffer to the prior accounting period(s) buffer, the current 
buffer Will be initialiZed by setting the Min, Max, and Avg 
to Space Allocation 516, and setting the Time 514 to the time 
that the accounting period began. The fourth event, and its 
corresponding incremental update to the accounting bulfer 
takes place When either an accounting report is generated or 
space is allocated or deallocated. 

[0064] FIG. 6 is a How chart 600 shoWing a method for 
calculating a time-Weighted average of space allocation 
according to an embodiment of the present invention. The 
value representing a maximum space allocation, a minimum 
space allocation and a time-Weighted average for space 
allocation are maintained 610 The system Waits for a change 
in space allocation 620. If a change is space allocation does 
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not occur 622, the system continues to monitor the space 
allocation. If the space allocation changes 624, a time 
Weighted average of space allocation is re-calculated based 
on the change in space allocation and the length of allocation 
630. The system then Waits for another change. For example, 
an event that represents a change may be the end of an 
accounting period. Thus, at the end of an accounting period, 
the time-Weighted average may be re-calculated as shoWn in 
FIG. 6. A determination is made Whether the last even Was 
the end of an accounting period 640. If not, the system 
continues to maintain and update the space allocation data 
642. If the last even Was the end of an accounting period 644, 
the process ends. The space allocation data may then be 
provided to an accounting system. 

[0065] A ?le system according to an embodiment of the 
present invention tracks accounting information directly. 
While some ?le systems track quota information, such ?le 
systems simply alloW the current number of bytes used to be 
determined Without being able to providing ?le system 
chargeback accounting With real time historical minimum 
and maximum usage per management object according to an 
embodiment of the present invention. Further, such ?le 
systems must be polled periodically to produce estimates of 
the minimum, maximum, and average space usage. The 
bene?t of storing and maintaining the accounting informa 
tion directly Within the ?le system is that the exact mini 
mum, maximum, and average space usage can be deter 
mined Without the cost of periodically polling the current 
usage. 

[0066] An accounting period may be de?ned as including 
a start date and time and an end date and time, Wherein the 
period is designated as P=<Tstam Tend>. Over the history of 
the ?le system, several accounting periods may occur, 
denoted as <TO, Tl>, <Tl, T2>, <T2, T3>, . . . , <TN_1, TN>, 
and <TN, TnOW>. The end timestamp for one accounting 
period is the start timestamp for the next accounting period. 
The last accounting period has an end timestamp of TDOW, 
Which indicates that the accounting period is current. In 
general, for any completed accounting period Pi, the times 
tamps are <Ti_1, Ti>. A ?le system according to an embodi 
ment of the present invention maintains a history of at least 
tWo accounting periods, the current period PDOW and at least 
one previous period. HoWever, a ?le system according to 
another embodiment of the present invention may be con 
?gured to maintain a longer history, Which may include a 
plurality of previous accounting periods. The history of the 
accounting periods can be stored persistently using variables 
that are part of a larger structure that describes the ?le 
system. 

[0067] FIG. 7 is a How chart 700 of the method for 
managing the content of the buffers relative to changes in 
accounting periods according to an embodiment of the 
present invention. In FIG. 7, a determination is made 
Whether the content of the buffer for the previous accounting 
period is stale 710 (correct?). When updating the accounting 
information, the start of a neW accounting period is noted. 
The accounting record for each user may have its oWn local 
copy of the global index. If the local copy is different than 
the global, then the accounting record represents a previous 
accounting period. If the local copy is off by one, the 
previous buffer is stale 712 and then the minimum, maxi 
mum, and average for the neW previous buffer is set to the 
current space usage 720. If the previous buffer is not stale 
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714, or after the minimum, maximum, and average for the 
neW previous bulfer is set to the current space usage, a 
determination is made Whether the current bulfer is stale 
730. If the local copy of the global index is different from the 
global index by one or more, then the current buffer is stale 
732. The minimum, maximum, and average for the neW 
current bulfer is set to the current space usage 740, the 
average for the neW previous bulfer is set to include the 
current space usage for the remainder of the ?nished 
accounting period 750. Then, the timestamp is set to end of 
previous period so that the update time to the start of the 
accounting period is set 760. If the current bulfer is not stale 
734, or after the accounting period is set 760, the current 
bulfer is updated 770. Accordingly, When the local index is 
olf by tWo or more, then both bulfers are stale 

[0068] FIG. 8 is a How chart 800 of the method for 
providing ?le system chargeback accounting according to an 
embodiment of the present invention. Space allocation data 
for a current accounting period is monitored and maintained 
in a ?rst storage 810. Space allocation data for a previous 
accounting period is maintained in a second storage 820 At 
the end of the current accounting period, a minimum, 
maximum and average space allocation is calculated for the 
user during the ended current accounting period 830. The 
calculated minimum, maximum and average space alloca 
tion for the user is moved to the second storage 840. This 
move may be physical or logical. A neW current accounting 
period is set and space allocation for the neW accounting 
period is monitored and maintained in the ?rst storage 850. 

[0069] FIG. 9 illustrates a system 900 according to an 
embodiment of the present invention. Embodiments of the 
present invention may take the form of an entirely hardWare 
embodiment, an entirely softWare embodiment or an 
embodiment containing both hardWare and software ele 
ments. In a preferred embodiment, the invention is imple 
mented in software, Which includes but is not limited to 
?rmWare, resident softWare, microcode, etc. Furthermore, 
embodiments of the present invention may take the form of 
a computer program product 990 accessible from a com 
puter-usable or computer-readable medium 968 providing 
program code for use by or in connection With a computer 
or any instruction execution system. 

[0070] For the purposes of this description, a computer 
usable or computer readable medium 968 can be any appa 
ratus that can contain, store, communicate, propagate, or 
transport the program for use by or in connection With the 
instruction execution system, apparatus, or device. The 
medium 968 may be an electronic, magnetic, optical, elec 
tromagnetic, infrared, or semiconductor system (or appara 
tus or device) or a propagation medium. Examples of a 
computer-readable medium include a semiconductor or 
solid-state memory, magnetic tape, a removable computer 
diskette, a random access memory (RAM), a read-only 
memory (ROM), a rigid magnetic disk and an optical disk. 
Current examples of optical disks include compact disk-read 
only memory (CD-ROM), compact disk-read/Write (CD-R/ 
W) and DVD. 

[0071] A system suitable for storing and/or executing 
program code Will include at least one processor 996 
coupled directly or indirectly to memory elements 992 
through a system bus 920. The memory elements 992 can 
include local memory employed during actual execution of 
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the program code, bulk storage, and cache memories Which 
provide temporary storage of at least some program code in 
order to reduce the number of times code must be retrieved 
from bulk storage during execution. 

[0072] Input/output or I/O devices 930 (including but not 
limited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly to the system or through 
intervening l/O controllers. 

[0073] NetWork adapters 950 may also be coupled to the 
system to enable the system to become coupled to other data 
processing systems 952, remote printers 954 or storage 
devices 956 through intervening private or public netWorks 
960 (not shoWn). Modems, cable modem and Ethernet cards 
are just a feW of the currently available types of netWork 
adapters. 

[0074] Accordingly, the computer program 990 comprise 
instructions Which, When read and executed by the system 
900 of FIG. 9, causes the system 900 to perform the steps 
necessary to execute the steps or elements of the present 
invention 

[0075] The foregoing description of the embodiment of 
the invention has been presented for the purposes of illus 
tration and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modi?cations and variations are possible in light of the 
above teaching. It is intended that the scope of the invention 
be limited not With this detailed description, but rather by the 
claims appended hereto. 

What is claimed is: 
1. A ?le system for providing charge back accounting 

data, comprising a ?rst ?le system bulfer for persistently 
maintaining space allocation data during a current account 
ing period, Wherein the space allocation data comprises a 
minimum, a maximum and an average space allocation for 
a management object during the current accounting period. 

2. The ?le system of claim 1, Wherein the space allocation 
is transactionally and persistently maintained per manage 
ment object. 

3. The ?le system of claim 2, Wherein the space allocation 
per management object is maintained per storage tier. 

4. The ?le system of claim 1, Wherein the average space 
allocation comprises an average that is Weighted based on 
lengths of time and siZe of space allocation during the 
current accounting period. 

5. The ?le system of claim 1, Wherein space allocation 
data in the ?rst ?le system bulfer is updated as space is 
allocated and deallocated. 

6. The ?le system of claim 1 further comprising a second 
?le system bulfer for persistently maintaining space alloca 
tion data for a previous accounting period; Wherein the space 
allocation data persistently maintained during the ?rst 
accounting period is moved to the second ?le system bulfer 
at the end of the current accounting period. 

7. A storage system, comprising: 

a pool of storage; 

a controller, coupled to the pool of storage, for controlling 
user access to the storage pool; 

a ?le system for providing charge back accounting data 
based upon space allocation; and 
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an accounting system for using the ?le system charge 
back accounting data to generate a report describing 
storage space allocation by a management object; 

Wherein the ?le system comprises a ?rst ?le system bulTer 
for persistently maintaining space allocation data dur 
ing a current accounting period, the space allocation 
data comprising a minimum, a maximum and an aver 
age space allocation for a management object during 
the current accounting period. 

8. The storage system of claim 7, Wherein the space 
allocation is transactionally and persistently maintained per 
management object. 

9. The storage system of claim 8, Wherein the space 
allocation per management object is maintained per storage 
tier. 

10. The storage system of claim 7, Wherein the average 
space allocation comprises an average that is Weighted based 
on lengths of time and siZe of space allocation during the 
current accounting period. 

11. The storage system of claim 7, Wherein space alloca 
tion data in the ?rst ?le system bulTer is updated as space is 
allocated and deallocated. 

12. The storage system of claim 7, Wherein accounting 
system applies cost constants to the space allocation data to 
capture storage attributes. 

13. The storage system of claim 12, Wherein the storage 
attributes comprise at least one selected from the group 
comprising a quality of service, service level agreements, 
and tiered storage class. 

14. The storage system of claim 7 further comprising a 
second ?le system bulTer for persistently maintaining space 
allocation data for a previous accounting period, Wherein the 
space allocation data persistently maintained during the ?rst 
accounting period is moved to the second ?le system bulTer 
at the end of the current accounting period. 

15. A program storage device, comprising: 

program instructions executable by a processing device to 
perform operations for providing ?le system charge 
back accounting data, the operations comprising: 

monitoring and persistently maintaining, in a ?rst storage 
area of ?le system memory, space allocation data for a 
current accounting period; 

calculating a minimum, maximum and average space 
allocation for a management object during the current 
accounting period; and 

generating a report based upon the calculated minimum, 
maximum and average space allocation for the man 
agement object during the current accounting period. 

16. The program storage device of claim 15, Wherein the 
calculating a minimum, maximum and average space allo 
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cation for the management object during the ended current 
accounting period further comprises calculating an average 
that is Weighted based on lengths of time and siZe of space 
allocation during the current accounting period. 

17. The program storage device of claim 15, Wherein the 
monitoring and persistently maintaining, in a ?rst storage 
area of ?le system memory, space allocation data for a 
current accounting period further comprises transactionally 
and persistently maintaining space allocation data per man 
agement object. 

18. The program storage device of claim 15, Wherein the 
monitoring and persistently maintaining, in a ?rst storage 
area of ?le system memory, space allocation data for a 
current accounting period further comprises updating the 
space allocation data as space is allocated and deallocated. 

19. The program storage device of claim 15 further 
comprising: 

persistently maintaining space allocation data for a pre 
vious accounting period in a second storage area of the 
?le system memory; and 

moving the maintained space allocation for the manage 
ment object to the second storage area of the ?le system 
memory While beginning to monitor and persistently 
maintain space allocation data of the management 
object in the ?rst storage area of the ?le system memory 
during a subsequent accounting period. 

20. A method for providing ?le system charge back 
accounting data, comprising: 

monitoring and persistently maintaining, in a ?rst storage 
area of ?le system memory, space allocation data for a 
current accounting period; 

calculating a minimum, maximum and average space 
allocation for a management object during the current 
accounting period; and 

generating a report based upon the calculated minimum, 
maximum and average space allocation for the man 
agement object during the current accounting period. 

21. A method for providing ?le system charge back 
accounting, comprising: 

receiving metadata representing space allocation per man 
agement object based on ?le system activity; 

persistently maintaining in a storage area the metadata 
representing the space allocation for a current account 
ing period; and 

using the received metadata to calculate a minimum, 
maximum and average space allocation for the man 
agement object during the current accounting period. 

* * * * * 


