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15 remains viable (or open) for the duration of the request. The connection takes time to initiate,

making network accesses generally slower than local accesses, such as accesses to a client’s
hard disk. Furthermore, each connection between a client and a server consumes bandwidth.
The available bandwidth on a network is finite.
One way to diminish network bandwidth is to broadcast data from a server to the

20 network. When data is broadcast over the network, a single socket is opened. All clients on
the network may receive the data, including some unintended recipients. Multicast
transmission is another option for minimizing network bandwidth. Like broadcasting,
multicasting is the process of sending a message or data simultaneously to more than one
destination on a network. With multicasting, however, the intended clients may be

25 specifically limited; unintended recipients are not able to access to the transmitted data.

For some clients, local retrieval of server files or data may be desirable, both to speed
access and to diminish the bandwidth expended on the network. However, the needed files
may be large in comparison to the capacity of the client to store the files locally.

Thus, a need exists to distribute a file system located on a server to one or more

30 clients in accordance with the distinct characteristics of each client.
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Figure 3 is a flow diagram of the creation of the first storage location according to one
15 embodiment of the invention,
Figure 4A is a block diagram of a multicast operation according to one embodiment
of the invention;
Figure 4B is a second block diagram of a multicast operation according to one
embodiment of the invention; and
20 Figure 5 is a flow diagram of the distributed file retrieval according to one

embodiment of the invention.

Detailed Description

In accordance with one embodiment of the invention, a distributed file system

includes multicast retrieval for one or more clients located on a network. A portion of the file
25 system needed by the client at power-on is allocated to a first storage location on the client.

A second portion of the file system is then retrieved during runtime operation of the client.

This second portion may be retrieved from a server on the network as a multicast operation.

The multicast retrieval occurs as a background operation. In other words, a user on the client

may run other programs and perform other operations while the multicast operation occurs.
30 The file system remains accessible from the server in response to requests which are not

stored in the first or second storage locations of the client.
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system menmory 16 once power is removed fromthe client :
first storage location 24 may alternatively include a read-only memory (ROM), an erasable,
programmable read-only memory (EPROM), a hard disk drive, a compact disk read-only
memory (CD ROM), or other non-volatile storage media.

20 The second storage location 26 may include any medium which may store data during
runtime operation of the client 12. In one embodiment of the invention, a system memory 16
is used as the second storage location 26. System memory 16 is volatile. That is, the data
does not remain in the system memory 16 once power is removed from the client 12.
Alternatively, however, a non-volatile storage medium, such as a hard disk drive, may be

25 used for the second storage location 26.

In one embodiment of the invention, the client 12 will retrieve some or all of the file
system 22 from the server 10. The retrieved file system 22 may then be stored in the first
storage location 24 and the second storage location 26. Subsequently, accesses to the file
system 22 by the client 12 need not involve the server 10, as will be explained hereinafter.

30 Looking back to Figure 1, the client 12 also includes a hard disk drive 6, upon which

1s stored an operating system 34. The operating system 34 may receive requests for the file

system 22, from application programs, from the user of the client 12, or from other sources.
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10 | ocated on the network 20. In Figure 2, the distribution of the file

syst em PIUgHBothsStaredoyths sliery sywefnd <t e dgyertPgetrieves the requested portion

from the server 10 located on the network 20.
In Figure 2, the distribution of the file system 22 and the response to requests for the
20 file system 22 are shown as three distinct operations. These three operations may
alternatively be performed in combination or may be further subdivided, as desired. The
diagram of Figure 2 is meant only to illustrate the distinct functions of the driver 30, not to
suggest organization thereof.
A first local store operation 40 may be performed by the driver 30 to store some
25 portion of the file system 22 in the first storage location 24 of the client 12. A second local
store operation 42 may be performed by the driver 30 to store some portion of the file system
22 in the second storage location 26 of the client 12. The two operations 40 and 42 distribute
the file system 22 to the client, as described above.
A retrieval operation 44 is performed by the driver 30 to respond to requests for the
30 file system 22. In one embodiment of the invention, the retrieval operation 44 is performed
once the contents of the first and second storage locations 24 and 26 have been secured, e.g.,

after the first local store operation 40 and the second local store operation 42 are complete.
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20. | n a5 coprectam with venmetyerki ey thg eliant &%, the driver 30 is stored in the

flash memor YAHE A vef}b ﬁlecdrfv%f%o may be stored on the hard disk drive 6 of the client 12
(Figure 1). In one embodiment of the invention, a portion of the operating system 34 is
20 stored in the flash memory 14, such that the operating system 34 may load the driver 30 prior
to certain operations, such as a connection with the network 20. For example, the LINUX
operating system may operate in such a configuration.
As another option, for performing the first local store operation 40, the driver 30 need
not be stored on the client 12. Instead, in one embodiment of the invention, the driver 30 is
25 run from a second client. When the client 12 connects to the network 20, the driver 30
monitors accesses to the file system 22 by the client 12. Other configurations of the driver 30
for performing the first local store operation 40 are possible as well.
The second local store operation 42 also retrieves a portion of the file system 22, this
time to be stored in the second storage location 26. In one embodiment of the invention, the
30 second local store operation 42 is a multicast operation to retrieve the file system 22. Further,

the second local store operation 42 may be a background operation of the client 12.



12. The driver 30 may thus be run soon after power-on of the client, and
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embodiment of the invention, includes monitoring accesses of the file system 22 by the client
20 12 during a period of time, such as during the power-on self test (POST) or other start-up
operation of the client. Once accesses of the file system 22 by the client 12 are determined,
the driver 30 may then store the accessed portions of the client 12 in the first storage location
24.
First, the first local store operation 40 includes powering on the client 12 (block 100).
25 A connection by the client 12 to the network 20 is also made. The driver 30 is ready to
monitor access of the file system 22. In Figure 3, the file system 22, stored on the hard disk
drive 8 of the server 10, is made up of a plurality of sectors. Accordingly, in one
embodiment of the invention, monitoring access to the file system 22 may be made by
monitoring requests for sectors addressed to a part of the hard disk drive 8 where the file
30 system 22 is stored. Alternatively, the file system 22 may be made up of a plurality of bytes,

a plurality of files, or other units against which access may be tracked by the driver 30.
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tabl e iientitffhf h@lefR6 tdMe FitesydichVEr by3e tRerdt @8ANE POSK. Ris vabh shtus@gbRes of the
file system 22 are accessed. Each ‘sector of the file system 22 may be

assi gndd4h sector usage flag. Accordingly, in Figure 3, all sector usage
flags are clgar t T sses a
seotor {romTRe o Foer SR 1abiRyBPtdn AL aea110) eI e B BaPRER
whet hermdyhee @eqtacyd thais: Qpauiyodshey/filsesoragd bggesh 2(4o(daamrmmd IJIQB)EorIf not, the
tor usage fla or. the retriey sector is s e driver 30 (block
198 - ok amB et Gtk b 4R Ey§ SGuE T 17 PAGERE EP RS SYHE e IE R nat | on
i's rrad%ﬁ\@%t}e@ indICMRthatRhikt§ s6@bRloet fli6karand> m}?@accég‘se@w the@lismhgequent
access of 'the file system?22 is 10 anal yZed (bl ock 104). If, however, the

boot pridwestse fisst éterﬁgrs dacation 24 ofibE elient 4 & seamires aideash bl 2x 30, or 15,360 bytes

of available storage.
Looking back to Figure 3, if the capacity of the first storage location 24 has been
20 reached, the sector use table may not grow any further. Accordingly, the portion of the file
system 22 to be allocated to the first storage location 24 has been determined (block 114). If,
instead, the capacity of the first storage location 24 has not been reached, the process of
monitoring file system access by the client 12 may be repeated (block 104).
Once the sector use table is complete, the first storage location 24 for the client 12
25 may be programmed by the driver 30. Thus, the driver 30 retrieves from the file system 22
all sectors identified in the sector use table (block 116). The sectors may then be stored in the
first storage location 24 of the client 12. In one embodiment of the invention, flash
technology is used for the first storage location 24 and the first local store operation 40 is
performed once, the first time the client 12 is connected to the network 20. The first local
30 store operation 40 of the driver 30 is complete (block 120).
The portion of the file system 22 which is stored in the first storage location 24 may
be tailored to the use of the file system 22 by the thin client 12. Although the driver 30 tracks



identifying accesses to the file system 22 by the client during POST, has
been secured (block 114). Once the sector use table has been updated
(block 110), the size of the sector use table my be co t he
capacitjw8ﬁ"?ﬁ@9first storage | ocation 24 (dianond 112).EE%&§%%%§Q%nple, a
typical hard disk drive stores 512 byfges per sector. So, a sector use table
with thirty entries indicates that thirty sectors of the file system 22
were acgessefnbYid 328 T BHPFighfa®) fthé i SHOLAOR | B@ht BPowé of the
client 12§requife§ggf Ieastréigfﬁ 30?1§r 1%136% %yte ok é@gﬁfaﬂ?ee

st or ageaccess ok khregfilb aystern 32 By gher die 12, fas dé¢siredapacity of the first storage

| ocati on 24 has hee 20 reached, t ctor u t abl.e not .. gr ow any
further . Accor famy, 1Al BaFe e of it pien 22y st Tk BT ba <o
the firghy gichidag@earsecisi DéragedobasonRe it rdededl Mhedhst (6da0tsreldptratiohf40

instead, the capacity of the first storage |location 24 has not been

r eathedthus twaors e @sionrof thayst Heiagelocrtion 24 lof gphadiseisl?, dgpandimgdirpeiic 12 may

be repe&ﬁggﬂ&gkgghn;ggﬁbsgy&g2§he sector use table is conplete, the first
e

storage |location 24 for t client 12 25 may be progranmed by the driver

30. Thus, t heurtheimene, @@e et firisesreragd logatiani if cleated ysaick muig2queat poweedror s
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enmbodi NERY fikf lotdletdroyedhticaamo dflths irivdr 80 gl th@ydiinsni s Ewb A badnleridth fet
storage location 24 and the first |ocal store operation 40 is perforned
onklk, "t HaY pihestiss byexpepdeddp perses o filesysisih®et ed to the network 20. The
first local 30 store operation 40 of the driver 30 is conplete (block 120).
The portion of the file system 22 which is stored in the first storage

| ocati o ' iotl to the use of the file system22 by the thin

d al r
client 12. t hough the-driver, 30.1racks 01/44989 PCT/.US00/ 28660 -8
usage of t hél“?(?ﬁm safiéttoelr:ﬁgﬂf dﬁl}el (grbvef)g&ménray\éﬁo(pﬁfgﬁ? glefffoqdﬁgcagﬂo{/eer may
track roperation 401 inddnd@mboditgens 61 Mk irtvieatidd. | Recall $iia@ edlcdiid 1bée sokd ent 12, as
desired. Sone clients 12 may_access nore of the file system 22 than others.
Thbse cPReERion 42secasa portipy akthy filesygiem 33 todhe sacandygfarags dogation®af the 1

needed. ;;Hae13irst local store operation 40 5 thus tailors the creation of
the first storage location 24 for each client 12, dependi ng upon the
particul ar nPeung e sedvad fladabstergsiperati@@ 42, the driver 30 performs multicast retrieval

of the file system 22, according to one embodiment of the invention. The retrieved portion of
the file system is then stored in the second storage location 26 of the client 12.

20 For file systems 22 which are accessed by a number of clients 12, individual retrieval
by each client 12 may inefficiently consume network bandwidth because each individual
connection is transmitting the exact same data. Such an environment may thus be well-suited
to performing multicast operations.

Multicasting is the process of sending a message simultaneously to more than one

25 destination on a network. Like broadcasting, multicasting may be used to minimize network
bandwidth by establishing a single network connection for multiple client recipients. Unlike
broadcasting, however, a multicast operation may be limited to a subset of all clients
connected to the network, rather than the entire population of clients.

In one embodiment of the invention, the file system 22 may be multicast across the

30 network 20 by the server 10. Each client 12 may then retrieve the file system 22 according to
the individual capacity and needs of the client 12. The driver 30 of each client 12 may

“register” for the multicast retrieval.



Furthernore, once the first storage location 24 is created, each subsequent
power-on of the client 12 provides access to the file system 22 w t hout

requirin Oi}ggﬁésr\émk connection. The first local store oq,%*&&é@ of the

driver 3 us di m ni sh network bandw dth that 10 ma erw se be
expended to access the file system 229 -Second Local Store Operation Looking
back to Figure 2, the driver 30 may al so performthe second | ocal store

operation 42 4 Hupiess epResiirent netydds 2b W%it&?s?ﬁgﬁgblosé etk 36C0Nd

| ocal store 15 operation 42 secures a portion o file system?22 to the
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oper at i t driv ) l4yi.cast, retrieval,.. of the file
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client eci pients, Unljke broadcasting, however, a multicast operation may
be!q i ni besP YHPSHUSINAS0f al| clients connected to the network, rather

than the entbhr& RORMRGbQIPeAtiof tbBRkRces! fe ORGUETDRA] PRBIsRF tHehell QVBPL i ON,
the file system 22 nmay be nulticast across the 30 network 20 by the server
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multicast operation may begin by transmitting packetO over the network 20. Client A
registers after packet4 has been transmitted. The first packet received by client A is therefore
packet5. Client E registers just before packet14 is transmitted. Each client 12 may remain

20 registered until all packets 25 have been received.

In one embodiment of the invention, the driver 30 both registers for multicast retrieval
of the file system 22 and keeps track of the packets 25 which have been received by the client
12. The second local store operation 42 may thus be conducted “invisibly” to the user of the
client 12 and does not disturb other client operations.

25 The multicast retrieval of the file system 22 is stored in the second storage location 26
of the client 12, in one embodiment of the invention. The second storage location 26 may
provide local storage of a portion of the file system 22 not allocated to the first storage
location 24. A portion of system memory 16 of the client 12 may be used as the second
storage location 26. As with the first storage location 24, the size of the second storage

30 location 26 may vary, depending upon the characteristics of the client 12.



Information identifying the intended recipient clients 12, a subset of all
possible clients on the 5 network 20, may be included in each packet 25. In
t he exa in Figure 4A, only client A and clien j pt ended
recipi e%&ﬁ%@%ﬁg packets 25. A file system of N packet stpr?gf/[%g@ﬁr?ﬁti cast,
one packet at a tinme, from packetO thyvough packet(N-1), by the file server
12 to the network 20. Once the transmtting file server 10 conpletes

mul ti casti nordakdk@tdalNt Lvith hEicRAr M86urd 8kali) ofribACke LRiR K L Enans 10
begin transm ssion again. Once the nulticast operation commences, the
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the filgfogysdcany 2t dithet ¢tdeShd WeVtr BO R 0a&HK @lcSfile RPGLRLO fidn AedbrvRALfKet 20.
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20. O i@hthepetwoslgPQt ers after packet4 has been transmitted. The first
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system g2,

20 Retrieval Operation

Looking back to Figure 2, in one embodiment of the invention, the driver 30 may also
perform the retrieval operation 44. During the retrieval operation 44, the driver 30 responds
to requests for a portion of the file system 22.
Turning to Figure 5, the request may be received from the user of the client 12, the
25 operating system 34 of the client 12, or from an application program (block 158). The driver
30 determines whether the requested portion of the file system 22 is located in the first
storage location 24 or the second storage location 26.
If the requested portion of the file system 22 is available on the client, network access
is unnecessary. If the portion is not found on the client 12, however, the driver 30 may still
30 retrieve the requested data from the network server 10. Accordingly, in Figure 5, the driver

30 makes a series of queries.



all accesses of the file system 22 may be stored and then serviced fromthe
client 12. However, during the second |ocal store operation 42, the

operating, s 34 may request access to the file syst i has not
yet beenqg%%?% ng the client 12. Additionally, the 5 c|?§35%?¥ﬂ%§9 be

limted in its storage capacity such-that the entire file system 22 may not
be stored locally. In either case, the driver 30 may access the file

system 22 f roye firbestS8Ed/BEati 2408 tdshk@ foeirvRihke Slhe FaueRet dAsStdidRodde first
| ocal store operation 40, which may be perfornmed the first time the client
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30 may perform a discrete retrieval of the requested data from the file system 22.
This second alternative may be desirable, for example, when the data requested is
near the end of the multicast retrieval currently taking place. For example, looking back to
20 Figure 4B, if client A needs packet4, but registers for multicast at packet5, the driver for
client A may decide to access packet4 from the server 10, rather than waiting for the
production of packet4 from the multicast operation.
Whether as a result of the multicast retrieval or accessing the file server 10, the block
driver 30 places the data in the second storage location 26. Once retrieved, the data may be
25 read from the second storage location 26 (block 166).
Thus, a distributed file system including multicast retrieval by one or more clients on
a network may be particularly suitable for clients with limited storage capabilities who need
to access large file systems. Where the distributed file system efficiently distributes the large
file system between the server and the clients in relationship to the characteristics of each
30 client, the traffic upon the network may be relieved and the speed of retrieval for the client
may increase. Where multicast technology for transmittal of the entire file system to multiple

clients is leveraged, bandwidth utilization between the clients and the network server may be



-11 The first storage location 24 is tested for presence of the requested
data (dianond 160). If found, the data nay be read fromthe first storage
| ocat i ony24, ck 162). Oherwi se, a determ nation may et her

t he reques ggaggta is located in the second storage Iocg?ﬁgﬁﬁgg%ﬁgiannnd
164). If so, the driver 30 reads the-data fromthe second storage 5

| ocation 26 (block 166). Fromeither bl ocks 162 or 166, the retrieval of
the requastd Wadbthe Soule@BIpREa8 oA pRfoe@ES il PbdREronsd WK, B&uptfon of
unnecessary. If the data is neither in the first storage |ocation 24 nor

t he secoher @eksibydghe clismharegpduped. Aggess Wrthg eamadoserusy hyehe clirat esmdinte whet her
the datg,.k ol . . ] . _second storage
Iocatio%wggﬁ%gﬁgﬁPﬁgﬁékﬁﬁﬁgvgg§Hﬁgﬁ?%ﬁgﬁg?’e?g%%£¥%%%u8€ menory) (di amond
10 168). |f Whhileteprdsenainventidnehap besnatbséribetiivatisesmrodtost lonagkenindeabt on 26
(blpock 170).. The data,. hen be read. fromthe secand. storage. |.ocati on 26
(b1 ek hBIaimertS. kel 1S ralCialieais PEGRFaiRa S0 PPy er 30
nay 1 et fHefdfnt. N isdateadddRRBitBE ¥ppeAGddaSintsREvaal MAEK meQifichi&H® anti REriftidne
server 10 (block 172). In retrieving the data fromthe server 10, the
driver %faﬁﬂvt%ﬂle tyug spirih andhefops e kS presegpidiertiodn t o conpl ete. During the
second | ocal store operation 42, the driver 30 is retrieving the contents
of the file system?22 to the second storage | ocation 26. Alternatively, the
driver 30 may performa discrete retrieval of the requested data fromthe
file system 22. This second alternative may be desirable, for exanple, when
the data requested is near the end of the nmulticast retrieval currently
taki ng place. For exanple, looking back to 20 Figure 4B, if client A needs
packet4, but registers for nulticast at packet5, the driver for client A
may deci de to access packet4 fromthe server 10, rather than waiting for
the production of packet4 fromthe nmulticast operation. Wether as a
result of the nmulticast retrieval or accessing the file server 10, the

bl ock driver 30 places the data in the second storage |ocation 26. Once
retrieved, the data nmay be 25 read fromthe second storage |ocation 26
(block 166). Thus, a distributed file systemincluding nulticast retrieval
by one or nore clients on a network may be particularly suitable for
clients with limted storage capabilities who need to access large file
systens. Where-the distributed file systemefficiently distributes the
|large file system between the server and the clients in relationship to

t he characteristics of each



30 client, the traffic upon the network may be relieved and the speed of
retrieval for the client may increase. Were nmulticast technol ogy for
transmt e entire file systemto nmultiple clientg. aged,
bandmﬁdthaégﬁ%?%gtion between the clients and the netmorQﬁggﬁ%%?mﬁgy be WO
01/ 44989 PCT/ US00/ 28660 -12 reduced.- 1®hen the nulticast operation is
performed in a background node, disruption of other tasks by the client
are reduygedis AsaRass:t0 the renpte server by the client remains avail able
when nulticast retrieval is inefficient or when otherw se desired. Wile

t hel present ilnventiBgthpdgomprésinglescri bed with respect to a limted nunber
of ,5 enbodi nents ] i i I i reci.ate numerous
nod%fications and“%%&?%?ﬁ%ﬁ%**?ﬁé?@?#@ﬁﬁgf?e%@k#ﬁﬁgﬁégﬁhthat t he appended
claBns cover all sisahifympowhétbatthopstioms staed mtd Hrsslocasonfabdciated Wwith t he true

spirit and. sco this present invention. 01/ 44989 PCT/ USO0/ 28660 -
75" Bnar PPRicET 81 edts &5t BT R beRICokaY portHay e PRk Wing a request f or
a pertion of a fi lfosYsicemiindg Rhéhér@hd porBon tadred W NG cvhelobgiont he portion
is stored in a first |ocation associated with 4 portions of the file

sysf em eFFaeiatedvathiastionsradiicolils systep b oy ops sticpmed (q Baclien{ by aserver-not
determ ni ng whether the portion is stored in a second |ocation 6 associ ated
with portions of the file systemthat were streaned to the client by a
serVer. 1 2.2The bt hwthodfof claam i furthEuednipersingoniicvsigniye pation vimrtge t he
portion fromthe 2 server if not stored in the second location. 1 3. The
met hod BWV@VSPWFT?EQHH%SF%mF W5E%9Ying further conprises associating 2
portions of the file systemused by the client during start-up with the
first location. 1 4. The method of claim1l, wherein determ ning further
conpri ses as3Soci afhagctied of plaga d oyHerrinddentidyingifurthep 6pmpites agiociaties f i | e

SYShem bhAnlEF fie e SATRALA LR aleh el pOufyin il hoRBkiaper ati on. L S

The net claim erei h assocl at 1 conprises: 2 nonitoring
accesses to a plurality of portions of the file systemduring start-
1 4, The method of claim 1, wherein determining further comprises associating the
2 second location with portions of the file system that were streamed to the client using a
3 multicast operation.
1 5. The method of claim 3, wherein associating further comprises:
2 monitoring accesses to a plurality of portions of the file system during start-
3 up;
4 retrieving the plurality of portions from the file system; and
5 storing the plurality of portions in the first location.
1 6. The method of claim 4, wherein associating further comprises:
2 retrieving a plurality of portions from the file system using multicasting; and
3 storing the plurality of portions in the second location.
1 7. The method of claim 1, further comprising waiting for the portion to be

2 streamed to the client if not stored in the second location.



3 up; 4 retrieving the plurality of portions fromthe file system and 5
storing the plurality of portions in the first location. 1 6. The nethod of

claim 4, Wﬁ?ﬁ%@ associating further conprises: 2 retri e‘ﬂ&%sﬁmﬁ’%lﬁ'«{]al ity of
portions fromthe file systemusing nulticasting; and 3 storing the

plurality of portions in the second {bcation. 1 7. The method of claiml,
further conprising waiting for the portion to be 2 streaned to the client
i f not storegl in ARgstependiidgcati on. WO 01/44989 PCT/ US00/ 28660 -14- 1 8.
A systemincluding: 2 a processor; 3 a storage nmediumincluding a software
pr c%r amthat, upohPT@k®&Ution: 4 scans a first location associated with
porfions of a fi laestérlﬁgé LR ki as%ﬁ@zﬁleeg)rgérg%l' tHé’tS\lﬁyonsetxg&ﬁﬁgnby the .
system and 6 scans a secon ocat Fon assocl ated wth portions of the file
systemthat 7 have besmsstfirstivedionasideatslsitleporiipnaofsefiaysterd tigat hdvee

SYys emgf claim \Ah(?ée'%n thte first location is a non-volatile storage 2
med um PSP PEVIOHSE A& BYNSrSYF S D, wherein the non-volatile storage

medd umis a flash 2 reesmrdsedend 16€atioh adsbeialddewisy sraonLdf the BicBySemwhgr ei n
the second | ocation is a volatile storage 2 nedium 1 12. The system of

cl af m 1haveRRet Breamen o g Sysiem 8y 8ts8Vshe nediumis a menory 2 device. 1 13.
The systemof claim9, wherein the first |ocation conprises portions of the
file 2 systemused by the client at start-up. 1 14. The systemof claim9,
whelr ei n t he $ecorithd systain drlamorpwhees theofirst doratiad istahen-dl4tile gosgst em
retyieved.using a nulticast operation. 1 15. The system of claim9, wherein
t he sof PRHPE" program upon execut i on,

1 10. The system of claim 9, wherein the non-volatile storage medium is a flash

2 memory device.

1 11. The system of claim 8, wherein the second location is a volatile storage

2 medium.

1 12. The system of claim 11, wherein the volatile storage medium is a memory

2 device.

1 13, The system of claim 9, wherein the first location comprises portions of the file

2 system used by the client at start-up.

1 14. The system of claim 9, wherein the second location comprises portions of the
2 file system retrieved using a multicast operation.

1 15.  The system of claim 9, wherein the software program, upon execution,

2 retrieves the portion from the server if not stored in the second location.

1 16. The system of claim 14, wherein the contents of the second location are

2 procured as a background operation.



2 retrieves the portion fromthe server if not stored in the second

| ocation. 1 16. The system of claim 14, wherein the contents of the second
| ocation procured as a background operation. WD 0O

PCTI Usod%@é‘é&9- 15 1 17. An article conprising a nedi umjfécf}zt?sfaﬁ/éswo
instructions that cause a processor--25based systemto: 3 receive a request
for a portion of a file systemby the processor-based system 4 identify
whet her the porti g ahRicSdotipfRineh Aedilih$torin@GAd R RoRIAACh AL bk dsboro
portions of the file systemthat have been previously stored by the

pr decesskasedastan Wystem 6 and 7 if not, determ ne whether the portion is
stored in a seco . i saci at e ] rt i of i .system
th%’[ wer e streane C%lgec?#égggsrt g(?:rea1 s%@érbgfsae%e\gg%%}g%?tﬁé ﬁ@?e rébagfg‘% %yéiegn’of

clad m 17, wher ei nideiey nabgihgmhbstportiongs stosddrin atfirgiscatisn assbtiagd with nmenory
devjce. 1 .19. Tge 1;’alerti cle oﬁ} claiml17, fg{ther storing instructions that
cause tPREURROUALSBIE-SYSCRARA §axs RIcE ArFYa0sEt 976G BY P RTEroRST YMCES ser ver
if got gigored in the second location. 1 20. The article of claim 17,
further storing instructions that cause the processor- 2 based systemto
det®r m ne whet herif npledgemingwhpthewthe pedions siored dioh dedond dachen agsevelecdt ed

W t§~' 3WRR %H‘tl g? g@lil? tg%e%%{egneth%y\%rg g?ré%ﬁ?}etgd tgﬁﬂegprﬁ%{s?oﬁg%g?& s%s&?n‘?

processor - pase server u per ation.
1 18. The article of claim 17, wherein the medium storing instructions is a flash
2 memory device.
1 19. The article of claim 17, further storing instructions that cause the processor-
2 based system to retrieve the portion from a server if not stored in the second location.
1 20. The article of claim 17, further storing instructions that cause the processor-
2 based system to determine whether the portion is stored in a second location associated with
3 portions of the file system that were streamed to the processor-based system by a server using
4 a multicast operation.



