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Described herein are techniques for the dynamic allocation of storage capacity between multiple namespaces associated with a
storage system. Data from multiple namespaces (301, 302, 303, 304) Iis stored In a common pool of addresses of the storage
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system (902) and data from each namespace Is capable of being written to any free address of the storage system at any time
(1002). Metadata associated with each of the files stored In the storage system Is maintained that tracks the particular storage
address or addresses and namespace assoclated with the file. Storage capacity can be dynamically allocated between multiple
namespaces (912) by writing data to free blocks (116A) and updating the metadata accordingly.
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(57) Abstract: Described herein are techniques for
the dynamic allocation of storage capacity between
multiple namespaces associated with a storage sys-
tem. Data from multiple namespaces (301, 302, 303,
304) 1s stored m a common pool of addresses of the
storage system (902) and data from each namespace
1s capable of being written to any free address of the
storage system at any time (1002). Metadata associ-
ated with each of the files stored i the storage sys-
tem 1s maintained that tracks the particular storage
address or addresses and namespace associated with
the file. Storage capacity can be dynamically allocat-
ed between multiple namespaces (912) by writing
data to free blocks (116A) and updating the metada-
ta accordingly.
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SYSTEMS AND METHODS FOR MANAGING FILES ON A STORAGE
DEVICE

Background
{0061} Computing devices often include a mass storage device, such as a disk
drive, tlash memory or other type of non-veolatile memory vsed fo store data
assogiated with the computing device, The mass storage device provides long-term
storage for files, such as word processing documents, e-mails, photos, music aand
videos, Sometimes, the capacity of a storage device can be allocated between
muthipie uses. For example, the capacity of a disk drive in 3 digital video recorder
{DVR} can be allocated between storage of user selected rec Uidillgb and operator
selected recordings.  In other words, the user is entitled to a certain capacity of the
disk drive for storing selected television programs and the system operator 1s entitd ed
to a remaining capacity of the disk drive to push specific programs (e.g., movies) to
the DVR which are stored so that a user may then watch the content on~demand if
they destre.  In this scenario, the disk drive may be partitionsd into two or more
virtual stovage devices which the DVR can selectively access through different
DAMCSPRCES.
[HIG2] The pwhiﬁm with this scenario is that the COmMpEling USes Feqrure prioy
fixed area allocations and there is Httle flexibility to dynamically allocate space
vetween the two uses. For example, some users may not waich on-demand movies,
but may desire to utilize the entire capacity of the disk drive of the DVR {or storing
thewr own selected contend.  Likewise, some users may record very few selecied
programs, but may be frequent users of the on-demand content. Thus, the users Mmay
desire the system operator to make a larger selection of contert available on~demand
vig the DVR. In both scenarios, the storage capacity of the disk drive of the DVR is
underutilized and users would benefit from a flexible allocation of the storage

capacity depending on their desired usage pattern.

Brief Description of the Brawings
{Q083] The same number represents the same element or same type of glement
i all drawings,

100047 FIG. 1 illustrates an embodiment of a computing system.

=
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[B005] FIG. 2 illustrates an embodiment of physical blocks of the storage
device of FIG. 1,

{ODG] G, 3 dlustrates g mapping of hles m multiple namespaces (o a
common pool of storage blocks of a sforage device.

[0007] FIG. 4 illustrates an ombodiment of mapping information after the
deletion of File #3.

[0008] FIG. 3 illustrates an embodiment of mapping information after storage
of File #3.

{0609} FIG. 6 illustrates an embodiment of mapping information in which the

“no nexi plock™ or “end™ indication 15 made explicit,

{0810} FIG. 7 illustrates an alternate embodiment of mapping information in
wiich unused blocks are collected into a chaw of thetr own, thus making it easter o
dentity which blocks are not presently allocated.

{0011} FIG. 8 illustrates an embodiment of an entertainment device,

0012] FIG. 9 illustrates an embodiment of a process for dynamically
allocating storage between multiple namespaces.

0013 Ml 10 dlustrates another embodiment of a process for dynamically

altocating storage between muiliple namespaces.

Detatled Deseription
[0034] The wvarious embodiments described herein  generally  provide
appargius, systems and methods for facilitatd g the storage of data in non-volatie

memory,  More particularly, the embodnuents deseribed herein provide for the

£oF

dynantic aliocation of storage capacity between nultiple namespaces associated with
a storage system.  Data from muitipie namespaces is stored i oa comunon pool of
biocks of the stora ce system. Metadata asseociated with each of the files stored in the

S{taragc systont is maintained that tracks the particular storage block address or

Eﬁé‘}}. 31 Because data from multiple namespaces 15 stored within a common
poot of blocks, data frow each namespace is capable of being written to an y {ree
block of the storage system at any time. This allows for the dynamic allocation of

storage capacity hetwesy compeling namespaces i real-time, because p&ﬁi{?}ﬁ?jﬁf

n (T ED '. g " ‘-: - AR 32 = T 'I\'b"\l:"i - ':‘Iq. A = VTR AW T A 1T AT . 1k iy N & n “' a &N .{ ‘. i.-" - % o

storage blocks are not allocated to particular namespaces. For example, a particula
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may then be subsequently deleted by the associated computing system. Subscguoently,
the storage system may re-ntilize the block to store second data associated with a
second namespace.

{U016] In some embodunents, data from differsnt namespaces or virfual
storage devices may be stored m contiguous physical blocks of the storage devige,
Fov example, ten sequential storage blocks of a storage device may hold data from
three different namespaces. Data from a plorality of unrelated namespaces may be
stored in contignous blocks on a single storage medium,

[0017] In some embodiments, data files stoved by a data storage system may
be stored in a first data storage region. Metadata associated with the data files may he
stored in a second data storage region of a data storage system or an associated host
systemy.,  For example, the data files may be stored mn g first region of a disk drive,
flash Emory device or other type of sjto-ra:ge device, On the othier hand, the metadata
may be -Sii-;‘ii.‘f.’.‘d in a second data storage region of the same storage mediurn designated
flash memory devics or the like n a dedicated region of the storage device. In at least
one embodiment, the metadata may be stored in another tvpe of memory than the
storage median storing the data files. For example, the data files may be stored on a
magnetic storage medium, e.g, a disk drive, and the metadata may be stored in
rardom GCCOSs MMENOTY iRA N } or other § Ype of m‘} MEry mamory associated with *hf;-*
data storage device. The RAM may be generally associated with s computing device,

¢.g., the RAM of a computer or the RAM may be particularly associated with a

H

memory confroller ot a data storage device, i.¢., may be physically located mside of
the disk drive.

{0618} For the purposes of this description “FAT based metadara™ and *FAT”
are interchangeable; both refer to a systera of storing varfous information ;riﬁ:gzﬂfdiﬁg
the presence, dentity, and various attributes of one or a piurality of files in an
organtzed manner, wing g technique ceﬂ:nftloﬁiy known in the art as “FAT” or “file
allocation table” to describe the way each file progresses from one block to another on

a storage m cdivm,

(0018 In &t least one embodiment, a storage device 810 a FAT based
metadata deseribing a namespace treg containing one or g plurality of namespaces. A

RANESPICS OF namespace free consisis of nodes, Nodes which have dependent nodes

N R 1" . s LT R : P, ¢ N - 3 5 L : :
AR \J R N LRIy vy .riﬂ T FTIN N MY il r\"‘f'E-.\ AR N I o W e W h* %\ 0 % oD N ,«_i:- .~f R PN e L € NN NI RN, T
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£
L 2



CA 02749918 2011-07-15
WO 2010/088148 PCT/US2010/021750

ttes. The FAT based metadata generally melodes one record for each node wn the
namespace free, with each record meluding information wdentifyving the node by name,
type, and dependents, e.g, a first block of the storage device associated with the file
when the node is a file node. The FAT hased metadata may be maintained by either
the computing System or the memory controller of the storage device d cpending on
desired design criteria.

{00} In at least one embodiment the FAT 15 stored 1 a designated region of
the storage device and the FAT is updated as applicable responsive to read/write
cotomands. I some embodiments, the FAT may be stored 1n a volatile memory of
the computing device and/or the storage dev ce, such as RAM associated with the
computing device and/or RAM associated with a memory controller of the storage
system, In at feast one embodiment, the FAT data stored in the volatile memory ma

be periodically stored in a designated region of the storage device. {Z';f;-upe;miing.

ﬂ:

appltcation sermal no. 12/109,019, entitled “Systems and Methods for Reliably
Managing Files i a Computer Systemn”, {led Apnl 24, 2008, which is hereby
moeorporated by reference in s entirety, describes a system for maintaining metadata
in memory vegarding a pharslity of files stored on a data storage medium and

periodically storing snapshots of the metadata on the data storage medium for

subsequent retricval.
0021] For convenience, the concepts presented herein are frequently
desoribed with reference to a television receiver {e.g., a set-top bm} v stmilar system

display.  However, the icachings described herein are not limited to ieia S 1STOTE

1

receivers and may be readily adapted and deploved i any other type of computing

systemn,  BExamples of other computing systems that eould incorporate the concepts

Jescribed herein include ¢ personal computers, servers, digital cameras, audio or video
media players, satellite or terrestrial radic receivers, andin/video systems and
components {¢.g., compact disc or digital video dise plavers, audio or video
components associated with automobiles, aircraft or other vehicles, stereo receivers
and/or amplifiers, jukeboxes, and/or the like), portable telephones and/or any other

evices or systems, [t i5 to be appreciated that any device or system that incorporates

a storage deviee {Siﬁ:i;ﬁh as a disk dnve or flash memory) and that has a manageable set

g‘to:u
o .

Yo o "N . b N S T N N = W | .‘ ‘I N {# ~ ';".-,-;a ; v . LT -1.- w. \?"' S e e :'-, -
" f je system metadata could benefit rom the con ;’}m cscribed hersm.
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0221 LG, 1 gdlostrates an embodiment of a computing system 100, The
computing svstem includes a computer 102, a presentation device 104 and an mput

device 106, Each of these components is described in greater detail below. The

p-uf

g;.gim_putiﬁg system 100 may include other clements, componsmts or devices not
iHlustrated for the sake of brevity.
{{‘P{PES} The computer 102 may inchude any type of computing device, such ag

a television receiver, personal computer, laplop, server or the hke. The computer 107

5

mcludes a confroller 108, an cuiput mterface 110, an input inderface 112, a memory

LS

114 and a ;sifta:ra.ge device 116, The components of the computer 1032 may be

}”)

commmunicatively coupled together by one or more data buses 120 or other type of
data connection.

[{024] The controller 108 is operable for controlling the operation of the
computer 102, As used herein, controller 108 refers to a single processing device or
a group ol inter-operational processing devices. The operation of controller 108 may
be controlied by instructions executable by controller 108, Some examples of
mstructions are software, program code, and firmware.  Vanous embodiments of
contralicy 108 melude any sort of microcontroller or microprocessor executing any
form of software code.

{8035] The controller 108 is communicatively coupled to the memory 114,
which is operable to store data during operation of the controller 108, Such data wmay
clude software and firmware executed by the controlier 108 as well as system
and/or program data generated during the operation of the controller 108, Memory
P14 may comprise any sort of digital memory (el uding any sort of read aniy
memory (ROM), RAM, flash memory and/or the Hke) or any combination of the
aforementioned, In al least one embodiment, the memory 114 is operable to store
metadats regarding & file tree conmtaiving files generated, uiilized, stored andior

7

accessed by the computer 102, In at least one embodimen, the file metadata may
nclude a FAT. The memory 114 may also be referred to herein as “primary
mEmMory ™,

{3026] The computer 102 also melndes a storage device 116, which is any
kind of mass storage device operable to stare files and other data assaciated with the
computer 103, In at least one embodiment, the storage devics 116 comprises a

¢ data storage.  In another embodiment,

thl
"!”.r
T
,"'

magnetic disk drive that provides non-vola

g
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storage device 116 may be embodied as any type of magnetie, optical or other type of
storage device capable of storing data, instructions and/or the like. The computer 102
manages the files and/or directories stored on the storage device with a collection of
metadata associated with the files and/or directonies. The metadata roay be stored
the memory 4, on the storage device 1186, or a combination thercof. The storage
device 116 may also be referred 1o herein as “secondary memory.”

{0027} The computer 102 also includes an output interface 110 operable to
interface with the presestation device 104, More particalarly, the output interface 110
is operable to output information for presentation by the presentation device 104, The
outpot nterface 110 may be operabie to output any type of presentation data to the
pmseﬂtaiim& device 104, including audio data, video data, audio/video {A/V) data,

rextual data, imagery or the like. In other embodiments, the output uerface 110 may
comprise a network interface operable to transmit data fo other components, devices
or elements, such as other computers, servers and the like

[0028] The presentation device 104 may comprise any type of device capable
of presenting data received from the computer 102, In at least one embodiment, the
presentation device 104 comprises a monitor commuwicatively coupled to the output

interface 110 via any type of appropriate wired or wireless connection.  In another

etbodiment, the presentation device {04 comprises a television communicatively
coupled to the output interface 110 via video or AV cabling, such a8 component &/V
cables, composite AV cables, highvﬁﬁimmﬁn Muitimedia Interface {HIIMI) cables,
S-video cables, coaxial cables or a wirelesy connection, ¢.g., WiFl, Bluctooth and the
ke, In at least one embodiment, the preseniation device 104 comprises an audio
receiver and/or one or more speakers for owputting audio data, such as music,

O029] [t is to be appreciated that the computer 102 and the presentation
device 104 may be separale coraponents or may be integrated into a single devica.
For example, the computer 102 may comprise a set-iop box {e.g., a cable television oy
satellite television receiver) and the presentation device 104 may comprise a
television comunuuicatively coupled to the set-top box,  In another example, the
computer 102 and the presentation device 104 may be embodied as a laptop with an
mtegrated display screen or a lelevision with an integrated cable receiver, salellite

recetver andior DVER,

{830] The input nterface 112 18 operable o interface with one or move | ﬁ.g:su‘i..

~
‘3 N7 MO E i\lfx :'\Tﬁ?ﬁ.'m ":~ NI (?{:t-:i. a N, "{ .'_'};:; YIRS O ~:4¥f- SN OAINNT TN O n\\c 3 N P g ":’ N Y
LS SV R % 100 HPWET QEVICE 100 M@y COMPUISe any 1Ype O Gevide 1o uh G 13.‘}
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data to the computer 102, More particul arly, data received from the input device 106
may be used to contvol the operation of the controller 108 and/or the output of data
the presentation device 104, The input interface 112 and the inpui‘ device 106 may be
cormmunicatively coup led using any type of wired or wireless comneetion, including
USE, Wik, Infrared and the ke, In some embodiments, the wput interface 112 may
comprise a wireless receiver for receving any type of RY or IR commuanication from
the nput device 106, Exemplary ioput devices 106 include keyboards, mice, buttons,
jovsticks, microphones, remote controls, touch pads and the hike. In at least ong
ermbodiment, the computer 102 comprises a television receiver and the input device
106 comprises a television remote control communicatively coupled to the television
reCeIvVer.

{8031] The input device 106 may be further operable to control the operation

of the presentation device 104, For example, the presentation device 104 may

coraprise a televigion that is remotely controlied by the it device 106 using IR or

-

RF signals. In at least one embodiment, the input device 106 may be integrated with
the presentation device 104, For z:,mmple the mput device 106 and the presentation
device 104 may comprise a touch screen display. The input device 106 may also be
integrated with the computer 102, For example, the input device 106 may comprise
puttons of the computer 102, such as an mtegrated kevboard of a laptop or a front
panel display with buttons of a television receiver or other tyvpe of enlerfainmment
device.

0032 As previously described, the computer 102 is operable o store data on
the storage device 16, A single physical storage device 116 may be configured as

sitel

3 SRE RN p.u, virtual partibons ea ch associated with g particular namespace. For exam

r.tf’.r

the first vamoespace may be assigned the idemifier “public” whereas the secoud

o
N

namespace may be assigned the identifier “privaie”™. Files on the storage device 116

may be accessed by an operating system uf the computer 102 andfor software

.,'

operating on the computer 102 by specifying a pathname of the file. The pathname of

=
T

the file includes the associated namespace of the filg, ¢

e

8., public/t ilel. File names

{"}

and paths arg umgue within g paticular namespace. Thus, public/filel and
'_},;.‘3fff‘.i_-‘iffz’ii'iiez"'ﬁj.e7 bt}u\ 1}‘_‘% two diiterent ﬁi-sﬁi-ﬁ%’ i fwo ditterent n ATCEPACLS.
FRO33) In one technigue for partitioming a storage device nto multiple

namespaces, particular address ranges of physical storage blocks are assigned 1o a

.. 3 : - - 3
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allocation at any particular time and the storage device 116 needs to be repartitioned

to reallocate storage capacity between multiple namespaces. FIG. 2 illusirates an

embodimnent of phivsical blocks of the storage device 116 of FIG. 1. The storage

device 116A meludes eight phvsical block addresses 201-208 each operable to store a
octfied number of byvtes of data.

10034} For example, blocks 201-204 may be assigned 1o namespace “pubhic”
whereas blocks 205-208 are assigoed to namespace “private”. To facilitate retrieval
of particular ﬁi@a, the computer 102 stores metadata deseribing particular physical
focations of the storage device 116 where files are located.  For example, the
cotaputer 102 may store twoe FAT based metadatas, one for the “public” drive and

another for the “‘private” drive. The first metadata may exhibit logical block

addresses (-3 for namespace “public” and the second may exhibit logical block

addresses (-3 for the names Space “private”,

{99355 The logical addresses may be translated by either the controlier 108 or
a memory controller of the storage device 116 into the physical location of the data
corresponding with the logical address., For example, in a disk drive systern, physical
storage blocks of the storage device 116 may be tdentified by their ovlinder or track
number and its sector or block number within the track. In a{id;itieif:ﬁr‘:;,.,, where a disk
drive includes mudtiple storage media services each with an independent vead/write
head, a particular head or surface number may ideniify the surface on which
}‘?aﬁ:_i%cu}mf' _?h}”'ﬁi.@a} block or sector is located. Such n}w%} cal sddresses are ofien
referred 1o as “CHS” (an acronym for eyvlinder, head, and sector). However, the
physical addresses are typically presented by th dzak arive 1o @ host system as logical
acidresses which map to specific CHS locations, Such logical addresses are typically
a sequential range of logical block numbers from zero through N where N is the
maximum namber of physical sectors or blocks available on the disk drive storage

{3036} The

P ute

wst may therefore address or identify a particular physical block
by its logical block address rather than b v the more complex and cumbersome CHS
designation. A memory controlier component of the disk drive then translates or
maps a provided logical block address mto a comvesponding physical location

{typrcally, @ CHS address designgtion)

-
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o at

3371 Table
asaociated with the computer 102, For simplicity of discussion, each file uttlized in

TOA.

#1 below illustrates an embodiment of a listing of Hles

R

the example has a size egqual to one block of the storage device

{Q038] Table #1 - Files associated with computer 102

Fi le & athname

public/photol jpg
public/photol.jpe
private/mysongl.mp3

o ¢

private/mysong?.mp3
public/resume.doc

private/ mysong3.amp3

private/ m bAISE o4 mp3
[0839] Table #1 lsts seven files, hypothetically stored on storage devics
116A. Now let the computer 102 {see FIG. 1) store two FAT based metadatas, one
associated with namespace “public” and another associated with namespace “private”,

=Y. - K

The two metadatas are Hlustrated in Tables 2 and 3, which include the virtual bleck
address of each file and the translated physical block addresses of each virtual block
address, which are generated based on the wirtual block address and the mapping

snformation.

N
" "
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{0040] Table #7 -

“public”
Virtual
address

O

L & & L & & o B & B B B B § 8

{04 1] Table #3 -

1 4] s m X E
rrivate
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FAT and translated ploysicad addresses for namespace

Translated physical block
Edepame 0 Bddress
phatel jpg 201
photol.ipg 202
reswmne.doc 2603

Free bhiock 204

FAT and transiated physical addresses for namespace

V‘u“\-

irans i ated ?-E,‘i}**'si cal hloek

. File RETERRG Lo m:ldre:»x

o

TR R TR R R TR TR TR T TR0 T B BT Ty T - e det T e ey S e B e RS

mysongl.mp3 285
MYSONg2, mp3 286
mysong3.mpd 207

MySCEd mps 208

{0042} As iHlustrated in the above example, physical block 204 ak.a. virtual

block 4 does not presently store any data. NMow, take for example the situation where

the computer 102 needs to store the file private/mysongdmp3 on the storage device

1 E(ﬁ’\i EE {}W“;({:’y@g: ?ht: ‘F f}l f} iy

for namespace Upnivalg” mdicates that no free blocks are

avadlable m the “private” namespace pool of addresses. Even though black 204 s

*

free, 1t cannot be uhilized for storing file private/mysong

'

Jomp 13 hecause the free block

s not within the pool of addresses associated with the FAT for namespace O Thus,

ryzy

the computer 102 is unable {o store the file privatg/mysongS.mp3.

{0843} Thus 18 a problemy, because the computer 102 18 unable to uiflize the

remaimng storage capacdy of storage device 1164 in order o store the file

privaie/my songS.mpld. However, this pmhism’s (s solved in accordance with another

stovage techiuque deseribed below. Particolarly, moultiple namespaces are allocated

addresses from g common pool of blocks., Thos, unlike the previously described

techmigue, wihich assipns

g E _&'f, o : e T :.‘.'\'.' - o
2aniil culgs DAIESPACEs, W

»

o o e e N e -
assigned 0 a0y Damespacs

‘e
b

particadar pre-gefined vegions of a storage device 1o

‘A ¥ ,\‘8 ~F 2} W ST e et s Fare TR A A AL R

evy block 201-288 of the storage device 116A may be
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the block is free to store data. Further, a single FAT based metadats is utilized to
maintain a Hsting of files for both namespaces. The metadata includes a field for
storing the namespace assomated with a particular file. Table #4 ilustrates an
embodiment of g metadata which includes the virtual block address of each file within
the nanespace, logical block address of cach file, the namespace associated with the
file and the translated phiysical block address of each logical block address.

(0044] Table #4 ~ FAT and translated physical addresses for both
BAMESPACER

Virtwal  Logieal Translated
physical

address  address  File name biack address

bl L L ELLLLLL LY LR L L L L1 B e v sk v . . S,

Namespace
public {3 0 photel.jpg 201
public { i photod ipg 2072
public Z 2 resume.doc 203

3 3 FREE BLOCK 204

private {3 4 myvsongl.mpld 203
private 1 5 mysong2anpd 206
private 2 & m}fsmxg?i ampd 207
privite 3 7 mysongdmpd 208

{0045] Asllustrated in the above example, block 204 does not presently store
any datg and s not assoviated with etther namespace. Now, take for example the
situation where the computer 102 needs to store the file private/mysongs. mpd on the

stovage device 116A. The computer 102 identifies that block 204 is free, stores the
ds

£ XY

,-‘-‘3

ta associated with the fle at the ph ysical location of block 204 and updates the

metadata and its FAT af;cmx:iingiym reflect the storage of data at block 2(4.

{ﬁﬁéﬁﬁ} This technique allows for the dynamic allocation of stors g capacily
between  multiple namespaces  as  needed. For  example, afler the file
private/mysongS.mp3 is stored, an sdministrative change alters the relative capacity
of the storage device T16A wiilized by the “public” and “private” namespaces such

Y

that one namespace may ase g larger share of the total « capacty of stora e devies

.ﬂ

FIGA, and the other namespace a smaller share. &g additions! storage operations are

[
Vs
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performed, the amount of storage on the storage device 116A which is used by cach
namespace will tend o shuft accordingiy.

{30347} For example, a subsequent operation may delete a particular file or the
dats stored mt a particudar block 201-208. The deletion operation frees the block for
storage of data by either of the nam CSPACLs. mei'i%i-fsf-; administrative operations
expand the storage capacity granted o one narmespace and shrink the capacity granted
to the other, Following these two eovents, the namespace which did not free the
storage may be able to expand one of its files, while the namespace which freed the
storage may not be able to aliocate new storage.

048] The technigue may also be applied o the siteation where data does not
fit within a single block, Data for a single file does not need to be stored within
contiguous blogks. Rgthe;; data for a single file can be scattered across any free
physical block addresses of the storage device 116A. it at feast one swbhodiment, the
metadats includes a pointer for the first block associated with the file and the
namespace associated with the file. Further, the FAT entry for each block mcludes a
pointer to the next block associated with the file.

{U048] i, 3 liustrades mapping information 300 of files i multiple

namespaces o a common pool of storage blocks of a storage device,  More

-

particularly, the mapping information 300 includes a FAT storing records 301-304
associated with files for three different name spaces. The storage device has a pool of
vontiguous physical block addvesses, identified as blocks 304-319, which are each
available tor storage of data trom any of the three different name spaces.
HGUSU] The record 301 indic that File #1 13 associated with the “public”
namespace. Forther, record 301 inchudes data & it:,:;t*f»fm hlock 304 as the 'ﬁri«;‘;i block

of the file. The block 304 stores 2 firvst portion of data associated with File #1; the

l.1.:
‘\-n»

FAT entry for block 304 identifies block 309, which stores a second | portion of data
associated with File #1. FAT eniry 309 identifics block 310, which stores a third
portion of data associated with File #1. In some embodimen ts, the FAT entry {or
block 310 may inclode wformation identifiing that the block has no “next” block, i¢
i corresponsds with the end of File #1.

{0053} The record 302 wdicates that File #2 15 associgted with the “privaie”
namespace. Fugther, vecord 302 includes data identifyving block 308 as the first blach

SRS i S s AT entven s T S et i Y e MYt W ETY LuuEe s ol PP TIN A - K. 3 ey :
ot B 16 .f:kZ,, FAL entry J08 igentities hingk 3 {2, which stores the rema LRSI _‘s, ortion of
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[0052] The record 303 indicates that File #3 is also associated with the
“private” namespace and alse identitizs block 316 as storing the f{irst portion ot File
#3. By waversing the FAT index beginming at the block indicated by e #3, a

computing device can access biocks 313 and 318, which hold additions] portions of

the data associated with File #3.

N

[0033] Similarly, record 304 indicates thar File #4 is associated with the

ot

“application” namespace. The chain of address identifiers associated with record 304
and File #4 can be traversed 10 access the data a stored i blocks 315 and 319,

[{154] In addition o wdentifyving the location of files specified by the FAT
based metadata, the mapping information 300 can be utilized to tdentify free blocks of
a storage medium. For example, the m apping information 300 can be traversed or
otherwise processed to identify the free blocks 306, 307, 311, 314 and 317, Theae
blocks can then be used {o store any combination of data associated with name SRALes
publie, private or application.

H3035] As data is deleted from namespaces public, private or application, the

™

mapmng miormation can be updated accordingly to reflect the additional free blocks
avarlabie on a storage device. For example, File #3

(dentitied in record 303} may be
deleted from namespace “private”. The deletion oper ation frees blocks 31 3,316 and
318 for storage of data from anty of the namespaces. FIG. 4 Ulusirates an embodiment
of mapping nformation 400 after the deletion of File #3.  As illustrated by the

mapping mtormation 400, blocks 306, 307, 311, 313, 314, 316, 317 and 318 are free

- g o

atter the deletion operation.

{B036] In & subseguent operation, data from a different namespace may be

stoved 1 one o more of the blocks freed | oy the detetion of File #3. 'F:Qrmampieg File

#5, assoviated with namespace “public”, may be stored in blocks 313, 314 and 318,

FIG. 5 illustrates an embodiment of :fft‘:t::zﬁ;ppiﬁg wniormation 500 afler storage of File #3.
vs indicated in FIG. 5, a record 501 associated with File 43 identifies the logation of

block 313 storing & first portion of the file, By traversing the chain headed by the
record SO, a computing system can identify the remaining portions of File #5 stored
n blocks 314 and 318,

[6057] FIG. 6 ilustrates an embodiment of mapping information 600 in which

the “no next block™ or “end” Indication s made explicit,

TR LN W T  iicdees b enm gt o Y st e st T ol t e s oo " A =16y

[B0E8] FIG. 7 dlustrates an alternate embodiment of mapping information 7083
STV AU TSI b S SR TRV A Yl tn o el o : :
1 which wnused biocks ave collected inte & chain of their own, thuy making it sasier

f‘f’)
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to wWentify which blocks are not presently allocated. Thus, the record 701 identifiey
the free block 307, The FAT can be traversed starting st block 307 to identity other

free blocks.

1-

{B05Y] In some embodiments, the above described techniques san be used to
allow dynamic allocation of storage space betwesn multiple namespaces while still
controtiimg the capacity of data stored by any namespace. For example, particular
NAMESPaces may have an associated storage allocation capacity. Thus, while daty
trom the namespace can be stored 1w any fee block of the ﬁm*wg devies, the
computing svstem can determine whether the namespace will exceed its destenated
capacity before storing particular data to free blocks of the storage device,

{0060} For example, a computing systemy may be embodied as a satellite
television receiver with an integrated DVR that inchudes a 5300 GB storage mediwmn
for storing both user selected revordings and storing system operator selected content,
eg, pay-per-view {(FPVY} movies. Further, the user selected recordings may be
associated with a namespace having a 330 GB gquota whereas the system operator
selected content may be associated with a namespace having no quota.

{61 The system operator may store 150 GB of coniert on the storage
mediwm for on-demand viewing by the user. However, it the user utilizes just 200
GB of the storage capacity, then the system operaior may decide to store 200 GB of
content on the storage mediom. The above desceribed technigues thas allow storage
capacity of the storage device 1o be dvnamically allocated to accommodate additional
svstem operator selected content.

{08621 On the other hand, the DVR may impose g 350 GB Hmit on the user
selected recordings through a quots Hmit.  Thus, if the system onerator selected

‘\

content has a size of 50 GB at any particalar time, 100 GB of the storage medium will
be wiuseabie because of the 3530 GB lmit imposed on the user area. Further, the
guota may be dynamically allocable by the DVR. For example, the system aperator
may charge an additional fee to allow the user to store more content, e.g., 400 or 450
-of content, wicreasing the amount wade available to the user and ds:ucasnn. the
ammount f}f system operator selscted content that can be stoved on the drive.
{0631 F urther, quotas can be imposed on Sjpff:cifi.a‘: nodes of a namespace, £.8.,
files and directories. For example, a particular folder or file of @ namespacs can have

X . o )

an associgied siorage it budget, bPurther, the imiations of particudar nodes can be

. - SNSRI R e 1,\ e o et o o8 S - 2 et N | . | :
Rk s TS o g, S s A b - - N Tl NS e TP . " i > W '<' ; . v : - 1o IR TL St TR n L AR N, (% i i
BOPATAlSN WO e parent a0de’s i, For exgrnpie, he parent namsspace can have
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a 1 GB linut and a particular folder can have g se parate himt winch is not considered
part of the 1 GB hmit of the parent. o at least one embodiment, the Hmits of
particidar nodes can be larger than the parent. For exampie, the parent node can have
a storage lamit of 1 GB, whereas g child node can have a storage Hmat of 2 GB; the
child’s 2GR timit is not computed as part of the parent node’s storage Hmit.

(0064] In some embodiments, the modification of particular nodes can be
performed dynamically,  For example, a satellite television provider may itransmit
commands to a set-fop hox that modify the limits of particular namespaces and their
nodes. In some cases, removing a portion of the budgst on a child node may transfer
the chuld node’s budaet and cuwrrent usage o the budget of the next upsiream node.

,

For example, the fblder node publiclevel Flevel? may have an assoctated budpet of

f-’@

S00 ME. If the limit 1s later decreased or removed, then the removed portion G‘s‘ thie

budget may be transferred 1o the next higher node, c.g publicflevell/, depending on

desired design criferia and depending on where the next Hmit is, e.g. at pubii clevells
or at public/,

[0065] 1t 15 alse possible to down-limit an already existing file or folder. For

-"J'N

example, a folder or file way have a 1 GB size.  The file or folder may be
subscquentiy assigned a 500 MB linut. Thus, the file may subseguently shrink to 500

MB or jess, but the file 15 prohibited from growing unless its size {rst goes helow the

(

SO0 MB it In at least one embodiment, when the file is down-lmited from 1 GB
o 500 MB, the other 300 MB of storage budgel s transferred 1o the next higher
imited node.

[0066] As described above, the data storaze technigues described herein are
usetul for storing data in an entertainment device, such as a television receiver. FIG,
8 iilustrates an embodiment of an entertainment device 800, The cntertainment
device comprises a commurncation interface 802, & memory 804, a controller RO6, an
nferface module 8{}8 and a storage device 810, Each of these components will be
described i greater detail below, The entertainment device 800 may include other
clements, components or devices not Hustrated for the sake of brevity,

§@'§§.€§?E The cormmumication intertace 802 is operable for cormmunicating with
an gxternal network. More particularly, the communication tnterface S02 is operable
for recerving presentstion contert 812 fromy an extornal corgent sowrce.  The

\J

oovvumireation inferface 802 may be operable 0 receive content from the external

' o~ R N b TN L~ v L P S . .
{ ‘ ? ﬂ " \ .‘R')‘\ {:‘ :\ . ‘\‘ ‘: y \ i“'\" il . .‘. T"‘ x‘s: N -..-‘ .‘ .“ E ‘ - J. -*" o ~ . "-.V \" ‘. "‘u S - . ~,‘ ‘& -~ < X ..‘ : s \" ." t & { ‘ - \ . ® > " s ’ - . "' ( '
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other devices. The communication interface 802 may commmunicate with the extemal
conlent source  and/or other devices through any type of wireless or wired
coramunication medium using any tvpe of network topology.

{H068] For example, the entertaimment device 800 may be part of a larger
broadeast ov transmission systern, More ¢ particularly, the entertaiunent device R{O
way comprise a client receiver device of the broadoast system.  For cxample, the

£

i

-en‘terftaimima device 800 may comprise a television receiver in a satellite or cabl
television (ransmission systent.

{3068] In at least one embodiment, the communication interface 802
comprises a television funer operable {0 receive g radio or television signal from a
Q&‘;I‘iwn‘lf SOUTCE. More p;::tr%:i.cu?;ar}}g_ a tuner rereves arngd tunes g fransmussion gi' g_zm’i.
including television progranuning and/or radio programming. The tuner may receive
an over-the-air broadeast signal, a direct broadcast satellife signal, a cable television
signal or an mmtemel protoc col television (IPTY) signal and tune the preseantation

content 814 o exiract the selected television programnung.

>

{EHITOE The memory 804 13 opergble o store settings and other data of the

enfertaimment device 300, The memory 804 mav e similar to the memory 114

described in FEG. 1. In gt least one smbodiment, the memon v &(4 stores a FAT based
metadata deseribing data stored by the entertainment device 800,

0871} The comroller 806 1 operable to control the operatinn of the
entertainunent device 800, in at least one emb a‘.-?-si:’i‘iifiiﬁmf; the contraiier 806 may be
similar to the controller 108 described i F IG, 1, The controller 108 may include

arious components or modules for processing and outputiing presentation i‘ifﬁﬂ'iﬁ?ﬂtg
such as audio/video content.  Exemplary components or modules for PEOCESSING
andio/video content include a demodulator, a decoder, a decompressor, a conditional
access modude and # transcoder module.

[6872] The controller 806 processes the presentation content 817 fo generate
an output stream, such as an aodio output stream, a viden o slpul stream or an
audio/video output stream. The o Sl streams 13 ouiputted to a presentation dev e
{0t shown} for presentation 10 a user, such as a television, sudio reCeIVers, speakers
or the like. The confroller 806 may incomorate circuitry to output the audio/vides
streams m any format recognizable by the presergation device, mcluding compasits
video, component video, Digital Visual Interfuce { Tﬁ’v’ié and HDML  The controller

™ " -

3 hf_;\ ':f N\ K i S X ' v’;‘-‘. W ‘:'.‘-.'q 3 '.." ’1." ARG T S . R Y : (-"". 'i - e L (\ »T: ax > .1
JUO ey also mcorborate civeuiry fo support mmiitple types of these or othey
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.

audio/video  formals, In oat least one embo dil’n""‘“ﬁ as described above. the
enterfarnment device R00 may be integrated with the presentation device, such as g
television and e controlier 806 mav be operable to control the presentation of the
audio/viden output strean.
{0873] The interface module 80K is operable to wirclessly receive data from a
remote conirol or other type of nput device (not shown in FIG. 8}, The interface

" ]

medule 308 may communicate with a remote control or other type of mput device

i

utilizing any type of wired or wirgless commumnication link.  In at least one
embodiment, the interface module 808 receives a key code from a remote control, and
responsively provides the key code to the controller 836 for further processing, The
controlier 06 utilizes the key code to manipulate the output of the presentation
cordent 812,

{0674} The storage device 810 is operable to store user selectzd presentation
contert and system operator selected content received via the conmmunication
interface 802, More particularly, the user selected presentation coutent is associated

with a first namespace of the entertainment device. For example, user selected

&

presentation content may be stored under the namespace “private”™.  The systom
operater selected content is associated with a second namespace of the entertainment
device. For example, the system operator sclected content wmay be stored under the
namespace “private”.  As desenbed above, both types of content are stored in a
commeon pool of memory addresses, ¢.g., blocks of the storage device 10

(0075 Some of the commands received by the mierface module 808 may
request to store preseniation condent 817 recgived by the entertainment device 812,
For example, & user way be walclung g particular television program and may desire
to vecord the television program. In other s scenantos, the user may set thuers that the
entertainment device &0 wiilizes to record presentation content 812 when the nser is
not watching the television program. The controller 806 processes the commuand to
store the user selected content, cither at the time the conumand is received or at g later
titns,

HHITS] Fuwrther, a systam operator, such as a satellite broadeaster, transmits
content to the entertammment device 800 for storage on the storage device. For

f3>:."::i:t‘f}pf?i§3 the system GELraloT Mmay siars PPV movies on the s orage doviee 210 that

Ifﬂ

e geer may subsequently purchase and watch on-dewand, The storage of coment on

Porrea
-
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the storage device 810 may be performed with or without the knowledge of the user
ot the entertainment device 800, '

{00771 In accordance with the teachings above, the entertammment device 830
maintains a FAT or other type of metadata that deseribes the data stored on the
storage device 810, More particularly, the wmetadata desuribes the DEMespace
associated with particular files of data stored on the storage device 810, Thus the
torage capacity of the storage device 810 may be dvnamucally allocated belween the
two name spaces assoated with the user selected condent and the network operator
selected conlent.

Q78] I other embodiments, there may be multiple namespaces as sociated
with multiple users of the entertainment device 800, For example, in a family of four,
the father’s account may be associated with a first namespace, the mother's account
may be associated with a second namespace and cach of the children’s accounts may
be associated with separaie namespaces. Thus, the entertainnent device 800 may

N

dynamically allocste storage capacity of the storage device 810 by using the file

.5‘.}

storage tecimigues deseribed heretnn. In some enbodiments, quotas roay be woposed

" Pt

pon parficular namespaces in accordance with the teachings described above.

“

{0791 Those of ordinary skall in the art will appreciate that the various

My

functional elements {02 "hf’ou*fh 810 shown as onerable within the entertaimment

.

.1‘

device 800 may be combined into fewer discrete elements or may be broken up into a
larger number of discrete functional elements as a matter of design choice. Thus, the
particular functional decomposition suggested by FIG. 8 s intended merely as
xemplary of one possible functional decomposition of clements within the
enterfgiment device 800,

[B088] FIG. 9 illusirates an embodiment of a process for d-yﬁzzrn,i@ali y

aliocating storage between multiple namespaces,  The process of FIG. 9 may be
performed by a controller of any type of computing device, such as a computer, server
or the like. o other embodinents, the provess of FIG, 9 mayv be performed by a
memory controdler of a smmge device, such as a disk drive and may be masked from
the operation of the general computing device or host systent.  The process of FIG, 9
may include other operations not ilustrated for the sake of brevity.

{1981} The process includes storing data associated with at least first and

TN Wt P e et e e : S N > ~ AR o o an 2 o
SCCONG BAMesSpaces ot g MOrage device {(Dperation YO The sforage device has an
EaTa " o~ :.i:.-‘ \-,:.. : S s '...h‘..- N o ' : T o v 'f -: ‘-5'& P . - -. N - - -‘, -, ,--;..,. “-‘ - ...--‘ .‘,‘ -\' o . .."-‘ . - . Y ¥ e
ABEOCIATEC SIOLAZE Capacily ’iﬁ-‘hg-\;iﬁ may be atfocatod betwesnt the two namespaces. In
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at least one embodiment, the fivst namespace may be initially allocated a first
allecation of the storage capacity and the second namespace may be initially allocated
a second allocation of the StOTage a&?&@ii‘« For example, a 180 GB storage 1 edium
may include 50 GB of capacity allogated to the first namespace and SO GB of capacity
aliogated to the second namespace.

{BO82] The process further includes stonng metadats  regarding fles
associated with the Orst and second Hamespaces {operation 8343, More particuy tarty,
the metadata wchades information identityving the namespaces and a block of the
storage device assooiate d with & particular file. In at least one embodiment, the
metadata is stored in a FAT associated with the storage davice. As described above,
single FAT may be gtilized to store metadata regarding mudiiple namespaces.

N

Q083 The process further includes receiving a first request to store a frst file
assoctated with the frst namespace on the data storage device {operation 906).
Responsive to receiving the reguest, the process includes wdentifying at least one free
first block of the data storage device based on information in the FAT (operation
GORY. I the first file ix larger than the size of a single block, then operation 908 may
include identifying multiple free blocks of the storage device. In at least one
embodiment, operation 908 may include identifying a free block or free blocks that
previsusiy stored files associated with the second namespace, e.g., a second file
More particalarly, the second file may have been stored in the free block since a last
partitioning of the storage device. Once the second file was deleted from the second
DAMESPALE . the blocks associated with the second file become available for storage of
data from either the fivst n amespace or the second narnespace.

[8084] The process further includes storing a first file at the first free block
{operation 910} If there are mulliple free blocks, then operation 910 comprises
storing the first file at the multiple free blocks identified in operation 908, The
process turther moludes modifving the wformation In the FAT to gssociate the fres
block with the first file and the namespace. If muluple blocks are used 1o store the

first file, , then the FAT may be undated to reflect anny other blocks used to store the

NII‘

first file a5 well.
HI85] The process further ingludes modifving a ratio of the first allocation

and the second allocation based on a size of the free block or free blocks used to siore

L “ 1!“_ . o ,.st 4 o-{?" A e ; N "' J - .: . (N ..i:"‘q .‘.' e T i ™ .= . : . -, - VAR s .. vy - N {-‘ o4 - Ay - Y \ ; i N bt
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Por sxample, prior 0 recelving the reguest i step 906, the first namespace may
. . . -t . . B, . . . ' ! ' "e = ' ot



CA 02749918 2011<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>