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(57) ABSTRACT 

A hierarchical storage data management system includes 
application servers, a metadata server interconnected With 
the application servers through a local area network, storage 
devices interconnected through data How paths, and a stor 
age network connecting the storage devices to the applica 
tion servers and to the metadata server. The metadata server 
including a metadata management element, a data value 
management unit, and a hierarchical storage management 
element calculates a data value for each of stores data 
objects in the system, assigns a storage cost value for each 
of storage areas in the system, normalizes calculated data 
values and assigned storage costs to an identical value range, 
compares normalized data values With normalized storage 
costs thereby determining Whether to relocate the data 
objects to different storage areas, and relocates data objects 
to storage areas With storage cost values identical With data 
values of the data objects. 
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METHOD AND APPARATUS FOR HIERARCHICAL 
STORAGE MANAGEMENT BASED ON DATA 

VALUE AND USER INTEREST 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Continuation application of 
US. application Ser. No. 10/891,511 ?led Jul. 15, 2004. 
Priority is claimed based on US. application Ser. No. 
10/891,511 ?led Jul. 15, 2004, the contents of Which are 
hereby incorporated by reference into this application. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to data storage and 
management methods and systems. More particularly, the 
present invention relates to methods and systems for hier 
archical storage management, data management and 
arrangement into storage resources based upon a speci?c set 
of pre-selected parameters. 

[0004] 2. RelatedArt 

[0005] As businesses expand in data volume and diversity, 
organizations must manage escalated physical quantity of 
data storage, demand for universal access to information, 
groWing complexity of storage environments, and adoption 
of emerging technologies. Very feW companies have unlim 
ited resources or time to address these challenges. Today, 
companies have to consider neW storage management strat 
egies based on high performance, intelligent systems, and 
sophisticated softWare that enable the management of exist 
ing data and existing netWorks While maximizing uptime 
and reducing the cost of data storage. 

1. Field of the Invention 

[0006] Hierarchical storage management is a method for 
managing large amounts of data. Files/data are assigned to 
various storage media based on hoW soon or hoW frequently 
they Will be needed. The main characteristics of data are 
evaluated by the storage system. Data is managed based on 
one or a plurality of those characteristics, such as time 
interval, frequency of use and/ or value. The user’s interest is 
also evaluated based on the same main characteristics. Data 
is managed according to users’ interest during the data’s 
lifecycle. Data can also be arranged into appropriate storage 
resources depending on storage costs. 

[0007] The management of data during its lifecycle is a 
challenging task. The main challenge relies in hoW to 
manage very large volumes of data, that are increasing 
constantly, and at the same time to control the cost associ 
ated With data management While preserving very loW Total 
Cost of OWnership (TCO). 

[0008] The basic requirements for successful management 
of storage systems, that have been identi?ed Within the 
presently available technologies for managing and storing 
large volumes of data Within the desired budget, are to 
posses fully scalable architectures and to provide data man 
agement services at minimal costs. The fully scalable archi 
tecture does not limit the capacity of storage systems and the 
management range performed by a data management soft 
Ware pertaining to a storage area network integrated Within 
the hardWare architecture. Minimal TCO can be achieved by 
performing minimal administration tasks. 

May 17, 2007 

[0009] Object Based Storage Devices (OSD) and Reliable 
Array of Independent Nodes (RAIN) are examples of stor 
age system architectures that aim at fully scalable data 
management. 
[0010] Minimal TCO Was achieved, in a traditional Way, 
by managing data storage via Hierarchical Storage Manage 
ment (HSM) systems. HSM systems alloW the management 
of data ?les among a variety of data storage media. One 
challenge the HSM systems faces is that involved media 
differ in access time, capacity, and cost such that they are 
hardly to be integratively managed. For example, short-term 
storage media, such as magnetic disks that can be arranged 
as a redundant array of independent disks (RAID), have 
different parameters from any other components Within the 
netWork such that they need to be managed separately. 
HSMs provide an interim solution by providing automatic 
performance tuning for storage therefore eliminating per 
formance bottlenecks. Currently, the technology behind 
HSM systems involves preserving the access frequency for 
each data volume and analyzing their access pattern. It also 
involves normalizing the access ratio to the storage sub 
system by migrating logical volumes Within the storage. One 
example of current HSM systems is CruiseControl® 
included in Hitachi Lightning 9900TM V product series, that 
are Widely available today. 

[0011] OSD and RAIN architectures are examples of fully 
scalable architectures Which need additional technologies 
besides hierarchical storage data management to achieve and 
maintain minimal TCO in managing data. If a company 
regularly adds identical storage systems to expand storage 
capabilities (for example, online storage devices), as the data 
volume groWs, very high costs are incurred due to the 
regular addition of storage capacities. As storage capacity 
rapidly reaches its limits, the company cannot minimize its 
TCO. 

[0012] Another aspect to consider is that data has its oWn 
value, Which varies through its lifecycle. There is a need for 
architectures containing different types of storage devices 
and media and managing data depending on its value and 
lifecycle. Data is stored in the appropriate places, depending 
on its values. It is important to provide a system Which 
automatically de?nes Where data should be stored, by con 
sidering both data values and storage costs. 

[0013] The traditional HSM technologies do not take into 
consideration changes in data’s value through its lifecycle. 
Currently, users de?ne data lifecycle management proceed 
ings statically, before archiving, and data is stored in dif 
ferent types of storage media based on prede?ned param 
eters. For example, When the prede?ned lifetime of certain 
stored data expires in a RAID system, the system simply 
archives the data into a tape. HoWever, the value of data 
varying through its lifecycle also depends on the users’ 
interest that varies from time to time. If users Want to change 
the value of data during its lifecycle, they have to manage it 
manually and With additional management costs. 

[0014] There is a need for methods and systems for 
hierarchical storage management that take into consider 
ation the data’s value based on users’ interest through the 
data’s lifecycle, and then arrange the data into appropriate 
storage resources based upon the data’s value and storage 
costs. 

[0015] There is also a need for methods and systems for 
hierarchical storage management that alloW fully scalable 
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architectures, such as OSD and RAIN, to manage data 
through their lifecycle with minimal TCOs. 

BRIEF DESCRIPTION OF THE INVENTION 

[0016] The embodiments of the present invention address 
these needs by providing a hierarchical data storage man 
agement that takes into consideration the data’s value based 
on user interest through its lifecycle. Data is arranged into 
the appropriate storage resources based on assessed values 
and on storage costs. The invention provides for scalable 
network architectures to manage data volumes with minimal 
costs. 

[0017] A hierarchical data management apparatus, com 
prises a plurality of application servers, a metadata server, 
wherein the plurality of application servers and the metadata 
server are interconnected through a local area network, a 

storage area network, and a plurality of storage devices, 
wherein the storage area network connects the plurality of 
storage devices to the plurality of application servers and to 
the metadata server, and the plurality of storage devices are 
interconnected through a plurality of data ?ow paths. The 
method for performing hierarchical data storage manage 
ment comprises issuing a data access command from the 
data access client element to the metadata server, issuing an 
acknowledgement of receipt from the metadata server, issu 
ing metadata from the metadata management element, for 
warding data access records from the metadata management 
element to the data value management unit, calculating a 
value for each data, retaining the calculated value in a data 
values table, forwarding a set of data values to the hierar 
chical storage management module, on request-basis, plan 
ing the metadata adjustment, executing the metadata adjust 
ment, generating storage pro?le tables, managing the storage 
pro?les tales, normalizing the data value and storage cost, 
accessing a plurality of storage devices, and asking for 
command execution. 

[0018] Further features and advantages of the invention, as 
well as the structure and operation of various embodiments 
of the invention, are described in detail below with reference 
to the accompanying drawings. It is noted that the invention 
is not limited to the speci?c embodiments described herein. 
Such embodiments are presented herein for illustrative pur 
poses only. Additional embodiments will be apparent to 
persons skilled in the relevant art(s) based on the teachings 
contained herein. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

[0019] The present invention will be described hereinbe 
low with reference to the accompanying drawings as fol 
lows: 

[0020] FIG. 1 illustrates a graph comprising data lifecycle 
management (DLCM) information. 

[0021] FIG. 2 illustrates a generic example for an object 
based storage device architecture (OSD). 

[0022] FIG. 3 illustrates an example of object based stor 
age device architecture (OSD), in accordance with a ?rst 
embodiment of the present invention. 

[0023] FIG. 4 illustrates a detailed block diagram for a 
hierarchical data management ?ow in accordance with the 
embodiment of the present invention depicted in FIG. 3. 
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[0024] FIG. 5 illustrates an example of a metadata table. 

[0025] FIG. 6 illustrates an example of a data values table. 

[0026] FIG. 7 shows an example of a user interest table. 

[08127] FIG. 8 illustrates an example of a storage pro?les 
ta e. 

[0028] 
[0029] FIG. 10 illustrates a ?ow chart for the data value 
management component depicted in FIG. 3 adding a new 
entry into the data values table. 

[0030] FIG. 11 illustrates a ?ow chart for data value 
calculation. 

FIG. 9 illustrates an example of a joined table. 

[0031] FIG. 12 illustrates a process of planing metadata 
adjustment performed by a hierarchical storage management 
component depicted in FIG. 4. 

[0032] FIG. 13 illustrates a block diagram of a hierarchical 
data management apparatus, in accordance a second 
embodiment of the present invention. 

[0033] FIG. 14 illustrates a ?ow chart for metadata adjust 
ment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0034] In the following description of the preferred 
embodiments reference is made to the accompanying draw 
ings which form a part thereof, and in which are shown by 
way of illustration speci?c embodiments in which the inven 
tion might be practiced. It is to be understood that other 
embodiments may be utiliZed and structural changes may be 
made without departing from the scope of the present 
invention. 

[0035] FIG. 1 illustrates a graph comprising data lifecycle 
management (DLCM) information. An object is a data 
structure (incorporating data and methods) whose instance is 
unique and separate from other objects, although it can 
“communicate” with other objects. An object lifetime (or 
life cycle) of an object in object-oriented programming is the 
time between an object’s creation (also known as instantia 
tion or construction) till the object is no longer used, and is 
freed. In the object-oriented programming, the lifetime of 
each object tends to vary more widely than in the case in 
conventional programming. 

[0036] The graph 100, comprising data lifecycle manage 
ment (DLCM) information comprises an X-axis 11, that 
indicates the preservation time for the managed data, an 
Y-axis 10 that indicates the types of data managed, and an 
Z-axis 12 that indicates the data management technologies 
employed. The preservation time for the data managed is 
measured in days and years. Examples of possible types of 
data include transaction data, Database/Data warehouse 
(DB/DWH) data, e-mail documents, digital content data, etc. 
Examples of data management technologies employed 
include block management, ?le management, object man 
agement, etc. Two major trends are observed in the chart 
100: the types of data managed varying from structured data 
to semi-structured data and unstructured data, and the pres 
ervation times for the data managed increasing. 

[0037] Examples of structured data include transactional 
data and DB/DWH. An example of the semi-structured data 
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is E-mail, Which consists of a structured part (the header) 
and an unstructured part (the e-mail’s body). An example of 
unstructured data is digital content, Whose data structure is 
not unique and is unpredictable. The existing storage sys 
tems can best manage the structured data than the semi 
structured and unstructured data, and they are trying to 
expand their e?iciency in handling the semi-structured and 
unstructured data. 

[0038] There are several other reasons for increasing the 
preservation time for the managed data: governmental regu 
lations imposed on companies to preserve data for a longer 
period of time thereby auditing their business activities, 
re-purpose of data, such as Data Mining, Business Intelli 
gence, and so on. Therefore, better solutions for data man 
agement are demanded. 

[0039] An arroW 13 (in a solid line) in FIG. 1 represents 
the market trends and indicates that the companies are 
challenged by the increased volume of data managed and, as 
a result, are Worried about their Total Cost of Ownership for 
Enterprise Data (TCO-D). Therefore, managing data 
through their lifecycles becomes very critical for companies. 
From the point of vieW of storage service vendors, they 
could bene?t and expand their markets if they provide and 
operate With appropriate technologies, such as Object Based 
Storage Devices along With Block Based Storage Area 
Network SAN and File Based NetWork Attached Storage 
Devices NAS. This market trend is illustrated by an arroW 14 
(in a broken line) in FIG. 1. 

[0040] As mentioned, the management of data during their 
lifecycle is challenging. Its main challenge relies in hoW to 
manage constantly increasing large volumes of data, and at 
the same time to control the associated costs to preserve very 
loW TCOs. 

[0041] The basic requirements for management and stor 
age systems that attempt to manage large volumes of data 
and be Within the desired cost parameters are: to posses fully 
scalable architectures and to provide data management ser 
vices at minimal costs. The fully scalable architectures 
requirement means that there are no limitations regarding 
the capacity of storage systems. At the same time, no 
limitations regarding the management range performed by 
the data management softWare pertaining to the storage 
systems. Minimal TCOs can be achieved by performing 
minimal administration tasks. 

[0042] Object Based Storage Devices (OSD) and Reliable 
Array of Independent Nodes (RAIN) are storage system 
architectures that currently aim at fully scalable data man 
agement. 

[0043] FIG. 2 illustrates a generic example for Object 
Based Storage Device architecture (OSD). The architecture 
200 includes a plurality of application servers 202, a meta 
data server 204, a plurality of storage devices 206, a storage 
area netWork (SAN) 208 and a local area netWork (LAN) 
210. Each application server 202 comprises an application 
program element 212 and a data access element 214. The 
metadata server 204 contains a metadata management ele 
ment 216. The application servers 202 are inter-connected 
through the local area netWork (LAN) 210. The application 
servers 202 access the storage devices 206 through the 
storage area netWork (SAN) 208. BetWeen the SAN 208 and 
each of the storage devices 206, a link 218, either a logical 
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or physical link, is established. There is no limitation regard 
ing the number of application servers and storage devices 
connected in the architecture 200. 

[0044] The metadata management element 216, pertaining 
to metadata server 204, controls, in a single, point-to-point 
How, the data locations and their securities (metadata). The 
metadata management element 216 is also responsible for 
device management. After the plurality of application serv 
ers 202 receive information about a location of a particular 
datum, they directly access the storage devices 206. An 
exemplary sequence of access is described as folloWs. 

[0045] The application program element 212 requests a 
data I/ O process (1) REQ from the data access client element 
214. 

[0046] The data access client element 214 sends a request 
for a command (2) REQ and a data object ID to the metadata 
management element 216. 

[0047] The metadata management element 216 examines 
the command request (2) REQ and returns an acknoWledge 
ment (3) ACK to the data access client element 214. The (3) 
ACK includes the address for the requested data object ID 
Which indicates Where the data resides. 

[0048] The data access client element 214 proceeds to 
retrieve the data based on the address and sends the com 
mand to the proper storage device 206 as identi?ed by the 
provided address. 

[0049] The storage device 206 executes the command, 
retrieves the data and returns a completion acknoWledge 
ment (5) ACK to data access client 214. 

[0050] The data access client element 214 returns the 
acknoWledgement (6) ACK to the application program ele 
ment 212. 

[0051] OSDs are fully scalable. Additional storage devices 
or capabilities can be added to the architecture 200. 

[0052] RAIN systems include independent and distributed 
storage devices (nodes). RAIN systems usually do not 
include a common directory or metadata server for data such 
that each node manages metadata only Within the node and 
knoWs hoW to access other nodes. One example of relation 
ship betWeen nodes is the Parent-Children relationship, in 
Which a parent node knoWs hoW to access the children 
nodes. If a node cannot ?nd certain data item requested by 
a client Within the node, it accesses other nodes, Where the 
data might be found. A data item is a sequence of related 
characters Which can be de?ned as the smallest logical unit 
of data that can be independently and meaningfully pro 
cessed. The capacity of this netWork can be automatically 
expanded by adding neW nodes. 

[0053] One of the key technologies for both OSD and 
RAIN is managing access exclusively from several appli 
cations to several storage systems. The present invention 
does not focus on this technology, but adopts existing 
technologies and focuses on addressing the challenges pre 
viously described. 

EXAMPLE ENVIRONMENTS 

[0054] The present invention is directed to a method and 
apparatus of hierarchical data storage management in Which 
a value is assigned to each data item based on user interest 
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through data’s lifecycle. The data is arranged into appropri 
ate storage resources considering storage costs. 

[0055] FIG. 3 illustrates an example of an object based 
storage device architecture, in accordance With a ?rst 
embodiment of the present invention. 

[0056] The architecture 300 includes a plurality of appli 
cation servers 302, a metadata server 304, a plurality of 
storage devices such as online storage devices 324, near-line 
storage devices 326, ol?ine storage devices 328, a storage 
area netWork (SAN) 308, and a local area network (LAN) 
310. Each application server 302 includes an application 
program element 312 and a data access client element 314. 
The metadata server 304 contains a metadata management 
element 316, a data value management element 320, and a 
hierarchical storage management element 322. The applica 
tion servers 302 are interconnected among themselves and 
With the metadata server 304 through a local area netWork 
(LAN) 310. The application servers 302 access the storage 
devices 324, 326, and 328 through the storage area netWork 
(SAN) 308 and a plurality of links 318. The storage devices 
324, 326, and 328 are interconnected through data How 
paths 330, 332, and 334. There is no limitation regarding the 
number of application servers and storage devices connected 
in the architecture 300. 

[0057] The metadata management element 316, pertaining 
to the metadata server 304, provides a single point-to-point 
?oW control for data locations and their securities (Meta 
data). The metadata management element 316 is also 
responsible for device management. After the application 
servers 302 receive information about a location of a par 
ticular data item, they directly access the data item stored in 
one of the storage devices. 

[0058] The differences betWeen the architecture 200, illus 
trated by FIG. 2, and the architecture 300, illustrated by FIG. 
3, are outlined hereinbeloW. 

[0059] The architecture 200 includes a plurality of storage 
devices that are all mono-type storage devices. 

[0060] The architecture 300 includes different types of 
storage devices. The example environment provided in FIG. 
3 shoWs three types of storage devices. The number of 
storage devices and their type are not limited to the example 
illustrated by the architecture 300. The architecture 300 
includes the online storage device 324, the near-line storage 
device 326, and the o?line storage device 328. The online 
storage device 324 is the most expensive one among the 
three, but provides the best performance. An example of the 
online storage system 324 is a RAID system using SCSI 
disks or Fibre Channel disks. The near-line storage devices 
326 are not as expensive (usually cheaper than online 
storage devices), and provide moderately good performance. 
An example of a near-line storage device a RAID system 
using SATA disks. The o?line storage devices 328 are 
usually the cheapest, but their performance is not good. 
While comprising different types of storage media, the 
architecture 300 provides a ?exible and cost effective archi 
tecture. 

[0061] As the volume of transactional data increasing, 
users can prepare and add additional online storage devices 
324. For data to be archived and accessed only for consid 
erably limited times in the future, users can prepare and add 
additional near-line storage devices 326, rather than any 
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online storage devices 324, if the access to the archived data 
does not require the best performance. For data not to be 
accessed but archived anyWay, the users can prepare and add 
additional o?line storage devices 328. 

[0062] The metadata server 304 includes tWo additional 
components, beyond What in the metadata server of the 
architecture 200: a data value management element 320 and 
a hierarchical storage management element 322. 

[0063] The data value management element 320 assigns 
values to data based on the users’ interest levels. The data 
value management element 320 receives data access records 
(7) ACS from the metadata management element 316, that 
indicate the latest interests from users, analyZes the access 
records (7) ACS, determines the users’ interest at a certain 
time, and based on parameters, such as access frequency, 
lifetime in the storage, indexes, bibliographic information of 
a data object, or Words extracted from the data object, to 
assign the data value (8) VAL. 

[0064] The hierarchical storage management element 322 
rearranges data based on their assigned values (8) VAL and 
storage pro?les. Each storage pro?le contains features per 
taining to storage, such as costs, performance results, etc. 
For example, the hierarchical storage management element 
322 compares values of data and their costs of storage, and 
then rearranges the data in appropriate storage locations. A 
detailed description of the data How Will be explained in 
conjunction With FIG. 4. Generically, the data How is 
illustrated in FIG. 3 by data How arrows (1) through (8). 

[0065] FIG. 4 illustrates a detailed block diagram of the 
hierarchical data management How in accordance With the 
present invention. 

[0066] The data access client element 314 in the applica 
tion server 302 sends a data access command (9) COM to the 
metadata server 316. In response, a set of results are deliv 
ered from the metadata server 316 to three components. The 
data access command (9) COM includes identi?cation infor 
mation for an to-be-accessed data object. 

[0067] The metadata management element 316 in the 
metadata server 204 receives the command (9) COM from 
the data access client element 314 (Which is realiZed through 
a data How 404), interprets and executes the command (9) 
COM With a command execution element 402. Then, the 
metadata management element 316 returns an acknoWledge 
(10) ACK to the data access client element 314. A unique 
function speci?c to the architecture 300 is to forWard the 
data access records (7) ACS to the data value management 
element 320. The data access records (7) ACS are forWarded 
as a data How 408. 

[0068] The data value management element 320 in the 
metadata server 304 receives the data access records (7) 
ACS from the metadata management element 316, calcu 
lates the value for each data item, based on the access 
records (7) ACS and on users’ interest, and retains the 
calculated values. Another unique feature of the architecture 
300 is that a data value calculation module 410 thereof splits 
the data objects into individual pro?les, calculates the indi 
vidual value of each pro?le, and composes the individual 
value into data values (8) VAL. The set of values (8) VAL for 
individual pro?les indicate the users’ interest at a particular 
point in time. The data value management element 320 
sends the set of data values (8) VAL to the hierarchical 
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storage management element 322, per request. This is real 
iZed through a data How 414. 

[0069] The hierarchical storage management element 322 
in the metadata server 304 receives the set of data values (8) 
VAL, plans the metadata adjustment to balance betWeen data 
values and the respective storage pro?les (e. g., storage costs) 
prede?ned by users, and adjusts the metadata. The users can 
directly con?rm and modify the planned metadata adjust 
ment and then instruct the execution of metadata adjustment. 
A metadata adjustment planning module 416 and a metadata 
adjustment execution module 418 are unique components of 
the architecture 300. 

[0070] The hierarchical storage management element 322 
computes the values of data based on users’ interests, and 
rearranges data into appropriate storage resources, based on 
the costs for storage. 

[0071] The hierarchical storage management element 322 
further performs one additional function: managing a stor 
age pro?les table 420. The storage pro?les table 420 con 
tains information such as: pro?les of storage, costs, etc. 
Customarily, these pro?les are de?ned by the users through 
a user interface (not shoWn). This interface alloWs users to 
input the corresponding storage pro?les. 

[0072] In order to execute the metadata adjustment, the 
hierarchical storage management element 322 sends a data 
access command (11) COM via a How 424 to the metadata 
management element 316. The metadata management ele 
ment 316 issues an acknowledgement of receipt (12) ACK 
to the hierarchical storage management element 322. Sub 
sequently, the hierarchical management element 322 
accesses the appropriate storage device and asks for the 
execution of command (12) COM. Data ?oWs 422 indicate 
this operational step. An example of a possible command is 
data relocation. 

[0073] For security concerns, all tables managed by the 
metadata server 304 are stored in a special storage area 
accessible for authoriZed users but not other users. 

[0074] FIG. 5 illustrates an example of a metadata table 
406 referring back to FIG. 4. The metadata table 406 
includes the folloWing types of data in columns: data object 
ID 551, data object name 552, storage ID 553, address in 
storage 554, ?ag 555, and other features 556. 

[0075] The column 551 indicates a data object ID for each 
data object therein, e.g., “2”. The data object ID (DOID) is 
unique for the system deploying the architecture 300 . The 
data access client elements 314 identify to-be-accessed data 
by DOIDs. The technology for maintaining the uniqueness 
of this parameter, Within this heterogeneous environment, is 
?ngerprinting or hashing. This technology is described by 
Arturo Crespo, Hector Garcia-Molina. in “Awareness Ser 
vices for Digital Libraries”, Research and Advanced Tech 
nology for Digital Libraries: First European Conference; 
proceedings/ECDL’97, Pisa, Italy, Sep. 1-3, 1997. The con 
tents of the above cited document are incorporated here by 
reference. 

[0076] The column 552 indicates a data object name for 
each data object therein, e.g., “Yyy”. 

[0077] The column 553 indicates an unique storage ID for 
identifying the location Where the data identi?ed by the 
DOID is stored, e.g., “T3”. 
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[0078] The column 554 indicates the unique address in the 
storage Where the data identi?ed by the DOID is stored, e. g., 
“1000”. The combination of information contained in the 
columns 553 and 554 speci?es the unique storage location 
Within the Whole system. 

[0079] The column 555 indicates the current status/Flag of 
the data object, such as READ, WRITE, OPEN and so on. 
READ indicates that a data access client is reading the data 
object, WRITE indicates that a data access client is Writing 
the data object, and OPEN indicates that there is no current 
access to the data object. In case of WRITE, the metadata 
management element 316 might reject concomitant access to 
the data object by other users to insure exclusive Write 
access. 

[0080] The column 556 comprises are other features that 
can be used to describe metadata, such as the siZe of data 
object, access control list (ACL) information, data pro?les 
that describe the data object itself, and so on. 

[0081] RoWs 561 to 563 of the metadata table 406 are 
examples of metadata entries, identi?ed by the above 
described parameters. 

[0082] If a READ command is received, the metadata 
management device 316 receives the READ command and 
searches an entry in the metadata table 406, by using a DOID 
associated With the command. Several indexing technolo 
gies are used to achieve rapid retrieval. The metadata 
management element 316 sets a READ ?ag in the column 
555 and returns a storage ID in the column 553 and an 
address in storage in the column 554 to the data access client 
element 314. 

[0083] If a WRITE command is received, the metadata 
management element 316 receives the WRITE command 
regarding an existing data and searches an entry in the 
metadata table 406 by using a DOID associated With the 
command. A WRITE ?ag is set in the column 555. A storage 
ID in the column 553 and an address in storage in the column 
554 are returned to the data access client element 314. If the 
metadata management element 316 receives a WRITE com 
mand With neW data, a neW entry Will be created in the 
metadata table 406, a neW DOID and a neW location for the 
neW data Will be assigned. In order to assign a neW DOID, 
digital signature or ?ngerprinting technologies are used. 

[0084] The metadata management element 316 manages 
free storage spaces in the Whole system and assigns neW 
storage locations. It is unique for the architecture 300 that 
the WRITE command alloWs a candidate storage location as 
a parameter, Which is mainly asked by the hierarchical 
storage management element 322. 

[0085] Referring back to FIG. 4, a data value calculation 
module 410 stores the data values in a data values table 412. 
FIG. 6 illustrates an example for the data values table 412. 

[0086] The data values table 412 includes columns of data 
object ID 651, data object pro?les 652, access record 653, 
and data value 654. 

[0087] The column 651 indicates a data object ID for each 
data object therein, specifying a number for the data object, 
e.g., “2”. 

[0088] The column 652 indicates the data object pro?les, 
describing a feature of the data object itself, e.g., “G, I, K, 
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L, N, P, Q”. Examples of data object pro?les are indexes 
(structured data), or bibliographic information, such as 
author, title, keywords, production date and so on (semi 
structured data), or every Word extracted from the data 
(unstructured data). In order to extract Words form unstruc 
tured data, indexing technologies similar to those used by 
Internet search engines are adopted. 

[0089] The column 653 features the data access records 
(7) ACS received from the metadata management element 
316. In the architecture 300, a number in the column 653 
means hoW many times the data has been accessed. In 
another possible embodiment of the present invention, an 
access record in the column 653 indicates several sub 
classes of command types. In this particular case, the 
metadata management element 316 also classi?es access 
records by command types. 

[0090] The column 654 indicates data values de?ned by 
the data value calculation module 410. The easiest Way to 
calculate data values is to assume that access records in the 
column 653 are the data values in the column 654. HoWever, 
another embodiment of the present invention calculates the 
data values by considering smaller data granularity (i.e. data 
pro?les) Within the data, e.g., a data object lifetime (dis 
cussed later), to re?ect users’ interest. 

[0091] RoWs 661 to 664 of the data values table 412 are 
examples of data values entries. 

[0092] In one embodiment of the present invention, the 
system presents the data value table 412 to users such that 
the users can make entries in the table or modify them. 

[0093] In another embodiment of the present invention, 
the data values table 412 contains an entry regarding a data 
creation time, that indicates the time When the data object is 
initially stored in the system. Using this entry, the data value 
management element 320 takes into account the data object 
lifetime and assigns it as the data’s value. For example, if the 
data’s lifetime is Within a certain period of time, e.g., thirty 
year, the data value management element 320 considers that 
the value of the data object is very high and sets the highest 
value in the column 654 as “25”, no matter What is indicated 
by a respective access record in the column 653. The data 
value element 320 incorporates the lifetime of the data 
object to the data value in the column 654 calculated bases 
on the respective access record in the column 653. 

[0094] A user interest table 270 records the composite 
access for each pro?le parameter. FIG. 7 illustrates an 
example of the user interests table 270. 

[0095] The user interest table 270 includes the folloWing 
types of data in columns: pro?le parameter 771, index to 
data object 772, and point 773. 

[0096] The column 771 indicates a pro?le parameter for 
each user pro?le parameter score entries. Each user pro?le 
parameter, such as “B” in the roW 661 of FIG. 6, listed in the 
data object pro?les in the column 652 of the data values 
table 412, such as “B” in a roW 782 of FIG. 7, corresponds 
to an entry in the user interest table 270. 

[0097] The column 772 indicates the index to data objects 
that contain the pro?le parameter in the column 771. This 
index is a data object ID (DOID). The parameters “A” and 
“B” are contained in the data object identi?ed as DOID “1” 
in the roW 661 of FIG. 6, a parameter “L”is contained in the 
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data objects identi?ed as DOIDs “2”, “3”, and “n” in the 
roWs 662, 663, 6611 of FIG. 6, and a parameter “M” is 
contained in data object identi?ed as the DOID “3” in the 
roW 663 of FIG. 6. 

[0098] The column 773 indicates a point Which is a 
composite access record for each pro?le parameter. For 
example, the parameters “A”“B” are contained only in the 
data object identi?ed as DOID “1”, so their points are the 
same: 4, the access record in the column 653 of FIG. 6. 
MeanWhile, the parameter “L” is contained in the data 
objects identi?ed as DOIDs “2”, “3”, and “n”, so the access 
records of the data objects of DOIDs “2”, “3”, and “n” in the 
column 653 of FIG. 6 are summed up into a corresponding 

point 26 (=0+16+10). 
[0099] RoWs 781 to 784 of the user interests table 270 are 
examples of pro?le parameter score entries. 

[0100] Based on users’ recent actual access records, the 
user interests table 270 re?ects the users’ current interest. In 
another embodiment of the present invention, the system 
presents the user interests table 270 to the users for the users 
to modify it. 

[0101] FIG. 10 shoWs the process How through Which data 
value management element 320 adds a neW entry into the 
data values table 412. The process How contemplates the 
folloWing steps. 

[0102] In a step 1011, the data value management element 
320 obtains a neW DOID and its pro?les. When the data 
value management element 320 ?nds the neW DOID in data 
access records received from the metadata management 
element 316, the data value management element 320 asks 
the metadata management element 316 to send its pro?les. 
Instead of asking the metadata management element 316 to 
send information about a neW data object on demand, the 
data value management element 320 may directly access the 
data object and creates data pro?les by itself. 

[0103] During a step 1012, an entry is made into the data 
values table 412. The data value management element 320 
makes an entry regarding the received data object into the 
data values table 412 and sets a data object ID in the column 
651 and data object pro?les in the column 652 of FIG. 6. The 
respective ?elds in the columns 653 and 654 remain blank 
until the data values calculation module 410 operates. 

[0104] In a step 1013, entries are made to the user interest 
table 270 for each neW pro?le parameter. The data value 
management element 320 enters the pro?le parameters 
received in the step 1011 into the user interests table 270 
illustrated by FIG. 7. Also, the data value management 
element 320 inserts the indexes to data objects to the column 
772 of FIG. 7. The ?eld in the column 773 remains blank 
until the data values calculation module 410 operates. 

[0105] If entries Were deleted from the metadata table 406, 
the data value management element 320 requests all DOIDs 
from the metadata table 406, compares them to the data 
values table 412, and ?nds and deletes entries corresponding 
to the deleted DOIDs to keep consistency betWeen the 
metadata table 406 and the data value table 412. As to the 
user interest table 270, deleting therefrom pro?le parameters 
that are only contained in the deleted data depends on each 
implementation. Since this embodiment of the present 
invention is mostly used for archiving, deleting data objects 
rarely occurs. 












