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VI DEO- ON- DEMAND  SERVI CES FOR BROADCASTI NG SYSTEMS BRI EF DESCRI PTI ON OF THE
| NVENTI OwW@hi/g3obinventi on rel ates generally to dat a-on- denp@TUS§ER20895. | n
particular, this invention relates to video-on-denmand systens. 5
BACKGROUND OF THE | NVENTI ON Vi deo-on-demand (VOD) systens are one type of
dat a- on-denmand (DOD) systens. In VOD systens, video data files are

provi ded by a server or a network of servers to one or nore clients on a
demand basis. In a conventional VOD architecture, a server or a network of
servers 10 communicates with clients in a standard hierarchica
client-server nodel. For exanple, a client sends a request to a server for
a data file (e.g., a video data file). In response to the client request,
the server sends the requested data file to the client. In the standard
client-server nodel, a client's request for a data file can be fulfilled by
one or nore servers. The client nmay have the capability to store any
received data file 15 locally in non-volatile nenory for |ater use. The
standard client-server nodel requires a two-way conmunications

infrastructure. Currently, communi cations require bU|Id|n new
infrastructure §¥§I{MSMEtMEEﬁBS@K&’&QHIQIWMIﬁ@)

comuni cations. Exanple %rﬁqj 'chffii ”l?l?l{lr cture are hybrid
fi ber optics coaxial % %ﬂ%@c or a 1Q i éer fﬁ; cstjure Repl aci ng
existing cables is 20 very costly and the resultlng services may not be

affordabl e by nost users. 1 WO 01/93060 PCT/US00/22989 |In addition, the
standard client-server nBRIEFRESGRAVTION OHTHEINMENTEONer vi ce prOV| der

(e.g., a cable co an ttenpts ta vi.de VOD services t Iar nunber
of Sitente e ) TR okenBih SRbS el el 8 oS Ry TRs Bl A i e
service provinc}gﬁtldiﬁglat@, b qmegmrﬂenﬁnagyﬁgfﬁgsm to continuously listen and
fulfill every 5 request fromeach client within the network; thus, the

nunber of clients who can receive service is dependent on t he capacity of
such a mechani sm One nechgpj ] = conput ers havi ng

| arge andgfast di sk arraysqgéag%@g§?@953§$g¥ﬁéﬁ%ﬁ@@ghbﬁiven t he fastest

exi sting |ocal seyyRb-dnedenibldy Veshy gy%mwa@lae&ed%@oﬁda&aemeﬁ@nd (:Ev@p% 1000 to
2000 clients at one tinme. Thus, in order to service nore clients he 10

nunber of | oeystemseri QD mystems, videoalstn files ercoacvided bmsﬁw@eqmexew/oré@ﬁi res

nore u er . .
PP servers to one or more clients on a demand basis.

In a conventional VOD architecture, a server or a network of servers

10 communicates with clients in a standard hierarchical client-server model. For
example, a client sends a request to a server for a data file (e.g., a video data file). In
response to the client request, the server sends the requested data file to the client. In
the standard client-server model, a client’s request for a data file can be fulfilled by
one or more servers. The client may have the capability to store any received data file

15 locally in non-volatile memory for later use. The standard client-server model requires
a two-way communications infrastructure. Currently, two-way communications
require building new infrastructure because existing cables can only provide one-way
communications. Example of two-way communications infrastructure are hybrid fiber
optics coaxial cables (HFC) or all fiber infrastructure. Replacing existing cables is

20  very costly and the resulting services may not be affordable by most users.



| evel servers to maintain control of the |ocal servers. Another limtation
of the standard client-server nodel is that each client requires its own
bandw dt iwoohemeo t he total required bandw dth is direct|yprproparizbgnal to
t he nunber of subscribing clients. Cache nenory within | ocal servers has
been 15 used tdnuaﬁéﬁmethsémdarétchemrwamqgﬁl thﬁwlﬁ@lt%@@ﬁé’hﬁ%ﬁory does
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exi sting safuvies of i@t dBiSliRlteidN6T tha siafidarl BRertakiver Blodéll ik &t theper | ocal
server above the |ocal server's capabilities. Typically, a |local server,

whi ch is cepaes rrogideplasgp @mphnwgt a@eohanésm & amdioueysiekisten andsfulfgh eedry y

committed t vice 1 nts chni k if nost of
Che subscreBrRE gt ucio it Bl ey P AESE TRt Fh it pever

this techme@lsiee bepvis€ts déPedht &@ﬂiewaﬁadﬁ%am AB8Ehaalshe NOfe Mbhdnidee! Y to
want to view videos at the sane tinme (i.e., evenings and weekends), thus,

causi ng t Hises mesuvelsprabel comptasphaviog brgermdddst &k artays as fotalissrvdessi rabl e t o

d tem th di t
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repl aci ng aeustdoasoi2006 aﬁérﬂyﬁtdﬁe%mébl\ﬂ\dé\ﬁ}{ o@EerWEerle%Mé hEn2Q thr an

exenpl ary embodi nent, at a server side, a nethod for sending data to a
clientl@o Ipmd!ﬁlrdélqstaltwm\smastande@er Wnaressingdngal isewerstrbpiiss epse opperr ecei vi ng

a data fileg, ecif e I arsing the data file into a
plurality 6¥ el gearsiip alﬁa?&@ﬁ"‘o‘?fnlt‘@zfo&%% 83060 PCT/ US00/ 22989 the tinme
i nterval such thadm&anhidRhd Ot ndadd dictRkayabhsdd W indle I:Ii'%h%ﬂtne interval,
determ ning a required nunber of tinme slots to send the I'le,

al | ocat i ngeqmreesatsmwrt bandwsdtht Tats, tleatetal seduired bawdwitithels direethl proyortibnalat a
bl ocks and o t|o uch that the

CR'[I onal a, bl cks
plurality t8f ‘%EEI%SCF ing¢ ?It%bﬁéc eﬁn%‘E&‘lXeWﬂ?JBIIO ‘l‘sobeéncl i ent
accessifg &s@&t&i olid t@ thPn%1%I6ntbhfI§s1§é &Ichg g}%ﬂggﬁa&mt m@e ﬁleur ality —of

data bl ocks based on t ocating step. In odi nment, par si ng
step |nclprdblsmtliseeameep@leahemd@neamhrm@dan estimated data bl ock Si ze,
determ ning a cluste si ze of menor channel server i’;\nd par si ng

the data file ba&sent m‘ elorm Vé@FO'%‘éfI%InﬁIdoW%‘?%oré opdpblecorist er si ze.
0,00 heraBet R e R et el AR TR0l
enbodi mentaboat the lo¢dl sertverSs c@abi&tlaﬁt Tiy;ﬂcaﬂlyr a prcabeswirnghidhisscapable of
20  providing service to 1000 clients, is actually committed to service 10,000 clients. This
technique may work if most of the subscribing clients do not order videos at the same
time. However, this technique is set up for failure because most clients are likely to
want to view videos at the same time (i.e., evenings and weekends), thus, causing the
local server to become overloaded. )
25 Thus, it is desirable to provide a system that is capable of providing on-demand

services to a large number of clients over virtually any transmission medium without

replacing existing infrastructure.

SUMMARY OF THE INVENTION
30 In an exemplary embodiment, at a server side, a method for sending data to a
client to provide data-on-demand services comprises the steps of: receiving a data file,

specifying a time interval, parsing the data file into a plurality of data blocks based on



received froma server to provide data-on-demand services conprises the
steps of. (a) receiving a selection of a data file during a first tine
slot; (bweoeugioei ng at | east one data block of the data PCT/@Sauosyy a
second time slot; (c) during a next time slot: 15 receiving any data bl ock

not al r eadheniteinkeeh] seehendach dhit bibckak akpRgatile dﬂﬁ@% Dle @i i@fervdlhe data
file, and repeating step (c) until all data blocks of the data file has

been r ecefisieEnining ageayiegdymenber af bme sloibiodiens e, daithlenaltasating toreagh ocessi ng

data recei r LVer, | rfo d. by, a set-topn,.box at the client
side. In atﬁl%gﬁlé)frtr%ﬂgéss agle Y it@ﬁa%g %éégga l?llo%ﬁés §n§i O&’lt’\?}l%gdor}en({rénoie number of

data 20 bl agdisorandata bioeRe GuEH et 18 plirklity Sf ARk & Bagesle asdqlentpumber  of
data bl ocks. At the server side, the scheduling matrix provides a send

order fér edadiorrlichibacgassing the daedile duing atydimeslet, imadh serslang the phudityhe dat a

bl ocks in s ti.al, order .at .a random .tine. |n.an enpl ary enbodi nent, a
net hod forOfg‘%ﬁagl&gflfsnbgasggg%H@@&PF%@&‘?@%‘ i) Opgpm OdlB’a?Pg)ﬁl“?nl}’)aéSIB%ﬁﬁP i ses the
steps of . ndudeL@eisithdorf: Aetuiiifhg A etidlAeddRE bR ok ¥ize | REerRibAt & cRRtel i | ©; (D)
setting a first variable [j] to Zzero; (c) setting a second variable [i] to
zero; (d) sizd el inpgony in asghianinad seriver, and pérsingribedata file/bas¢ddn theicsiimgtedt | east

one data bl ock stored i mat ri x sitipons qf .a col i+.) modulo x] in
a matrix t?l')a?%ﬁogff &re ﬁ’&‘iﬁﬁrcﬂ%ée,r_sfzfp %%n(’tﬁgfe q@ﬁgﬁe’gﬁlﬂg;\et&g@@ Bl r eady
cont ai ot hpcRAEAnRREK abdedsily tekbitbe AlSHation B PEindbidinHhidabilie T ef erence
array and a matrix position [(i+4]) nodulo x, J|] of the matrix, if the 30

ref erence arr aylndmesxemplary embadimenhat alalient lsldeckmletHod fogprotessingtetat i ng t he

second vari abl i] by one and rgepeating sfep .(e) untjl the secgn

vari abl e _[liefel’.v%‘ie ’@&fa&n S%rmrovmfrf@%rmafie%@aésemlé ABEses B dtephy @

I ncr enent i RPeil i afselettioy 8f 4 #th $i1d duridda ﬁ@?tiﬁgqm%% egyvﬂ%()a@?eagtq;{eusom 22989
I able T I's equa

repeating the step (c) until the first vari to the nunber
of data bl datkblock »f theldatadfile derthgdisexent] tinge doth 6 during a mekirtinge slst:gener at ed
for each data file in set of. data files and, a conyol ution nethod is

appl i oy OFHEHEEAE I8 st poet Yol waUB R AL s ¥R Eloskef i ces for
sendi ng tht‘ﬁe%lﬁt’a A, aﬂﬁtrépécaﬁﬁ%&e}? gﬁ)%nqﬁﬁl?dﬁﬁbﬁﬁﬁeﬂhéﬂﬁﬁ% BB, Ses a first
set of channel servers, a cent controlling server for controlling the
first set mteivdthmnlalisideyededs pnaembodimest theahethpd faqnvessiag datapegelved to t he

first set of channel sefver a conbiner/anplifier coupled to the first
set of up-@%‘ﬁ@eﬁef‘@fs?,Peé{?&imagéﬁ?rﬁ?tﬁéppaﬁﬂ&Picl-:‘?nté ted to transmt data via

a . iransi ssi o Rddifiold) ABoAKRAD bifath MFROGWIRAlinto W HinfRY Bf @tz demand

system 10 further conprises a chanriel nonitoring no nonrtoring the
syst en0a lsasksand arsaheduting anasix ongtnsieteddfasahanthe husbew ef data blocksa second set
of up- Convt%g tsgrilgr' sigg,] %he scheduling matrix provides a send order for sending the data
blocks, such that a client can access the data blocks in sequential order at a random
time. In an exemplary embodiment, a method for generating a scheduling matrix for a
data file comprises the steps of: (a) receiving a number of data blocks [x] for a data
25 file; (b) setting a first variable [j] to zero; (c) setting a second variable [i] to zero; (d)
clearing all entries in a reference array; (e) writing at least one data block stored in
matrix positions of a column [(i+j) modulo x] in a matrix to a reference array, if the
reference array does not already contain the data block; (f) writing a data block [i] into
the reference array and a matrix position [(i+j) modulo X, j] of the matrix, if the
30 reference array does not contain the data block [i]; (g) incrementing the second

variable [i] by one and repeating step (e) until the second variable [i] is equal to the

number of data blocks [x]; and (h) incrementing the first variable [j] by one and



channel nonitoring nodule is configured to report to the central
controlling server when systemfailure occurs. The central controlling
server, wopegPense to report from the channel nonitori npCTbdel/ 2989
instructs the switch matrix to replace a defective 15 channel server in the
first set wpeatingrieiters &) watisthaiftrst variathlafjh & eqguel twehe nimbdreof sletmdotkset  of

s and a defective up-converter in the fir

channel servye t t. of
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illustrates an exenplary channel server |in accordance with an enbodi nent

of the i nvidaiirg et fowmonyrters, andjacombincsamplitignedeptiedry tiaasmit dyamina i n
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DETAI LED DESCRI PTION OF THE I NVENTION 5 Figure 1A illustrates an exenplary

DOD syst enaul. p fecwad setchdisbanngd s35verp, and gissenndesst olofp-edmweitergedbeon. In this

. | . : mehtton. In thi
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files on demangsteut failredcetrsC ame Rb@ra comclihgl bdierOin@Epohad & repdrt 88m f Or
exampl e, gane files on demand. The DOD system 100 includes a central 10

cont r ol | i nige shanpsl mopporing medule.dnsteicsy thg switdamatixpioueplpea defectivihannel
servers$.104a-104n, a plural it f _up-converters 106a-106n and

conbi ndt ) aotprriterven B S stofePamrP SRR Sih ettt S e e B0 G ¢ e
channel segfihbfinel Qévertafd GRBFacale Gh-0bR@eelDIns Fitkt 86 of dptRANYdrte@Swith afli gi t al
format. In an exenplary enbodi nent, data files stored in the central

storage 10®-fenvageriashdsasond setaf ypaadearigrmet work i nterface (e.g., ethernet

A method for providing data-on-demand services comprises the steps of
calculating a delivery matrix of a data file, sending the data file in accordance with the
20  delivery matrix, such that a large number of clients is capable of viewing the data file

on demand. In one embodiment, the data file includes a video file.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1A illustrates an exemplary DOD system in accordance with an
25 embodiment of the invention.
FIGURE 1B illustrates an exemplary DOD system in accordance with another
embodiment of the invention.
FIGURE 2 illustrates an exemplary channel server in accordance with an
embodiment of the invention.
30 FIGURE 3 illustrates an exemplary set-top box in accordance with an

embodiment of the invention.



15 connection) by any authorized conputer, such as the central controlling
server 102, <connected to the network. Each channel server 104 is assigned
to a charweb1/g3060 i s coupled to an up-converter 106. The POwUR@/223% vers
104 provide data files that are retrieved fromthe central storage 103 in
accordance W t hFIGUSRE UGilhfRiseslaniehpRrEpdtEBlfor gablafing bisetdsRiy@atrk02. The
out put of each channel server 104 is a quadrature 20 anplitude nodul ation
(QAM nodubhgceatdinreayithed embeodimenfudibyinyemjonsi gnal having a suitable
frequency for the correspondi ng up-converter 106. The QAM nodul ated I F
signals are dependent upon adopted standards. The current adopted standard
in the United StatepREAHNED DESCRIPTION OF THE INVENTION ,

dat a- over - cabl e-systens-interface-specification (DOCSIS) standard, which
requi re8 an appriguieneh dluptrags asmemplayP@Quesien. 1 00he acpordBee withent er s 106

t |1F sjgnal i ved. f t.he ch 04 i
1(‘: ?g\éﬁtrancy fg?l aggt(‘%&ﬁ%ein\é’%%fo?; awﬁﬁgﬁgoﬁfq%ﬁglt@e%m%ﬁtlefrhl:(fof)}?féeﬁ%gquency and
bandwi dt h, 324 f1edeRRAUS VIO KR, Sedéh Al alewnrt, BOBOISIQRIS 166 ARdar ds. For

k
exanpl e, under the current standard inthe United States for a cable
t el evi si onlimhethtogirogding fideo files gn dermbndhiag inalso ezpablecyf podvidipg other detael y

559. 25\VHz d bandw dt h 30 i 6I\VHz . h t put f th
up- conver t@%_@b@‘%@é’%ﬁﬁe&g? ‘?Ib&te‘ﬁ?ré‘ XW@PF %ﬁ‘ﬂllpgi“g“rl‘? E%%e“sﬁﬁgl ©
conbi ney/ aibbfiinglsehRB 169 debir @S tors QNI bgingan aﬁmmeﬁg)eé@ﬁ%gl 04n

e
PCT/ US00/ 22989 ~ Conbi nes 't he recei ved RF nat?s tC}F11en out puts the signals
out to a taplosatityef gncomedersh0&d-0061 nareine eoeriméréamypldieb d08.nE centtiab cent r al

controlling server 102 jncludes a raphi cs er_interface (n shown) to
enabl e a sEPYPLEESEHFT & C‘?W"i%“l‘?@&h‘%é‘eﬁ%rﬁ?@@ T%?eytraﬁs‘f%raa? 2@3 SiAEFS dr op
operati 0”-%&%&'1‘1 & dightProh M rlﬁ%ﬁgﬁ‘é}ﬁ%lgﬁj Wb dHREM Cllatd Afes s aNhé cat es and
controls the channel® Servers 104 to Start or stop accor di ng to delivery

matri ces. dentralnsteragerplhisyacesshibldi vz attanddrd newndrk alterdaet(e.gl, kithetheser ver 102

automatically sel e%t s a channel and cal cul ates delivery matrices for
t ransnit? t i gREHR) by ppeauthorizen compicetsugh ahis central prRITIERE peaverddit rol 1i ng
server 10 i I it I, QF { f..data file
i nformati %r@%g&%@%%ggﬁlgﬁogﬁ é%gf%g%é%?&rvgfﬂﬁ% a%gﬁ%a%ﬁ%ﬁ eser i ption).
Furt her, tdwmpkdridaalhipaontertet Il DhgThechaanellBee0Itdrmbeide lata fitenthatadre St or age
103 by updating grata files and databases stored therein. In an exenplary
enbodi mentretrigyed rout the gentgal storage| 199 g ﬁ%ﬁ?@%@ wih 1oairuglions frosm thegsatralb f eed
signal s i i / Nl r.QM] - vices 15 to
clients. %Ogg?ﬁﬁﬁgg%mgs?%%%%%%{fﬁ&%&or gr?g%e%g\n ﬂﬁ{&h |ﬁ§§§1ti on does not
20 amplitude modulation (QAM) modulated intermediate frequency (IF) signal having a

suitable frequency for the corresponding up-converter 106. The QAM-modulated IF
signals are dependent upon adopted standards. The current adopted standard in the
United States is the data-over-cable-systems-interface-specification (DOCSIS)
standard, which requires an approximately 43.75MHz IF frequency. The up-

25 converters 106 convert IF signals received from the channel servers 104 to radio
frequency signals (RF signals). The RF signals, which include frequency and
bandwidth, are dependent on a desired channel and adopted standards. For example,
under the current standard in the United States for a cable television channel 80, the
RF signal has a frequency of approximately 559.25MHz and a bandwidth of

30 approximately 6MHz. The outputs of the up-converters 106 are applied to the

combiner/amplifier 108. The combiner/amplifier 108 amplifies, conditions, and



di srupt present cable television services. Figure | B illustrates another
exenpl ary enbodi nent of the DOD system 100 in accordance with the

i nventi owOobnmedi tion to the elenents illustrated in Fi ge€®URRN/22989he DOD
system 100 includes a switch matrix 112, a channel nonitoring nodul e 114,
20 a set ofondands-thprechivad &F s@ralssthen dutfets tHbdignadsioutao aetanahiskiank- up
up-converters 118a- 118b. In one enbodinent, the switch matrix 112 is

physi cal | ymF%E@t]elg bet ween the up- converters 106 and the

conbi ner/anpl i fj,ef e%@ﬁplaﬁ@mﬁ ihl%ﬁ‘ﬁ,'ﬁ?ctcrehﬁaljc%%trbﬁin QpLeP) helcuYs 4 he central
controlling server 102. e channel nonitoring nodule 114 conprises a

pl ural ity griplionisegintethcs énottshpwhoweaablehisetvici providértogotiedniei daka cl i ent s,

ty o - ofeell! |
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al ior Tioh

server failure, an up-converter ure, or a conmunicatlio ilure),

t he centr ahattioed rlalahiergmpreywanbddi@ehqt) theughtralhengwilingRerve1 02 X 112
di sengages the mal functionjng cmonent and, engages a heal t hy backup 30
conponent 2H@naticgllyseleats a channekandcalaiajesdelivery mgitigsssiop ranspitingsiatarent |

ot o pi oy ot JEAEEBRLEL. NRTRhOR PhRouRE SR B G TG 000 |
PCT/ USD0/ 2:288fbn, 8¢lbkon, andyipdard 68ddty fith ivtcdadtibm tedg. dadratidi, esdsgoranetifglb- bl ocks

mapping to a particular portion of a data file along a tine axis. These
dat a bl ockedidrisfdeseripiéqn. Fueherethe cepfiglicaptrellipg seryet KRrontselstthere i n
accordance. W e i I iver trices rovi ded by the
central cotrardee Bt LIy B0 Yt T bR P B heceobary 5 for
the DOD syst emhQ@ exemplady bfiBod¥dent ah ¥kigBise cABdyRWR siord dysenf ERagk channel
is available, the feedback channel can be used for other purpose, such as
bi | i ng orcongpesfodeedsippale e thecompinssempiifigu} Qs @HTDYld%n‘PJaB@g savisgenpl ary

channel . server 104, jn ance Wiih an .enbodi,nent of .the invention. The
channe}wsetr0 \?gl?n ti'oih%sd}r%ﬁ?%jsjsyg%g}aw\%w ag%oﬁg?%qelvg#h”&lfén‘?ﬁg?n §°"é|5'8?204, a QAM
nmodul at or &88pt Freded€adbleRIB o &Bvicadd a network interface 210. The server
controller 202 controls the overall operation of the channel server 104 by

i nstructing theigmy 1Fllustsates arogher gatmplpiy ensbddimenttsif dlakBODF systeel0q nt o
sub- bl ocks._ and .data . kets),. se] ect,.dat a bl gcks f transnission, in
accor dance™ Y HIEegY 1?@’[21; )lfwr%{l?l?'ﬁn a@gg\?flc}%gleb@elflﬁéts ﬁ[a‘ﬁ';r?tﬁii ol eoﬂ?’i ng
server 102he BUDdpst&R 100 irRduddahawich Mes 51 2Rcadat] ddnfstifs mbhee 198! i ver

conpressed data to the QAM nodul at or 206. The QAM nodul at or
20  aset of back-up channel servers 116a-116b, and a set of back-up up-converters 118a-

118b. In one embodiment, the switch matrix 112 is physically located between the up-
converters 106 and the combiner/amplifier 108. The switch matrix 112 is controlled
by the central controlling server 102. The channel monitoring module 114 comprises a
plurality of configured set-top boxes, which simulate potential clients, for monitoring
25  the health of the DOD system 100. Monitoring results are communicated by the
channel monitoring module 114 to the central controlling server 102. In case of a
channel failure (i.e., a channel server failure, an up-converter failure, or a
communication link failure), the central controlling server 102 through the switch
matrix 112 disengages the malfunctioning component and engages a healthy backup
30 component 116 and/or 118 to resume service.
In an exemplary embodiment, data files being broadcasted from the DOD
system 100 are contained in motion pictures expert group (MPEG) files. Each MPEG



206 receives data to be transmtted via a bus (i.e., PCl, CPU |ocal bus) or
Et hernet connections. In an exenplary enbodi nent, the QAM nodul at or 206
may i ncl wd@or93odownst ream QAM nodul at or, an upstream quadpar/use/2089 i t ude
nodul ati on /quadrature phase shift keying (QAM QPSK) burst denpdul ator with
forward erfilers dg@nicallyettidedinde datd dlqcks aad sub-blockspasppemgiotaymeeticuldhe out put

of the QAM npdul at qr 6. .1s an IF signal th an bpe plied directly to
an up- convi¥HeR Ogﬁ)g?ta%(ﬂ%alﬂ’ég MWW&F&%@“Q%&?%@WHQ@P@P% Ensihel server
104 to ot hefifnARBRkierR Rl Hnse %%c@fagfllc{e%%mgee&lhfeﬁ&ioﬁaraf%pgér# hgHQer ver 102

to execute the scheduling and ' controlling Instructions e central
cont r ol | i nyosided by tHe02ntraleqpatrolling sstvat 182. ba ddedbbckt chahind icrottneedssargnt r ol | i ng

server 102 n cei ving data fil fromthe_cental. storag 103. . Any data
file retr i@\‘?g}ﬂ’q?{)ﬁrﬁyﬁtﬁ@ HoHomigvids @@bm@g& oWeNsTf 8 feedbatk el it al
menory 20 [ 4. baf b LE i cessed in
nccor danoe™ Al e ARABEk BEANTLad ey 0E St bR Sl o B O 00

exenpl ary mobddigiateinettstieiceshannel server 104 nmay send one or nore DOD data
streans depending on the 30 bandw dth of a cabl e channel  (e. 6, 6.5, or

8VHz), QAM nodulgrieahilipgirgjes angygmplary ghannshsepess )l 04 é‘h&ccﬁf@éﬁﬁa\%@b%on
t andar d/ bi d j . . 7 WO
017 93060 AT REE S shfivi S BRhRE Rt foa conlfiiset dochler Volig 7.

(STB) 300 102, aCPur 2ed) aeQ M ModilarR06li FTBedl ntimdrh @08 mndnticdRork ThRrfadds 300
conprises a QAM denodul ator 302, a CPU 304, a conditional access nodul e

306 (e.g. 218 shgrserveneentejlsr 809 conirolpiba overaliwpgratigme the chmebservsidfy 309,

STB t : ' dul e 314.
The 7o oot oot dhe LRETRAR GividLaa B G TARAL P e N oo b1 ERE a5
control | i ngntd pek€iR) s8leét dantblbbles fQPYhEkeATeoN Rt REordBucet witls £ Ueltterddbhix N

response to a client's request, decode sel ected data, deconpress decoded
data, re- Re¥dahbeihscesralroniplingsererl Qs coehss selsetad datas ermpressancedador y 308

or theqpuf menpry. 3 n L i wer [ e t o+t h coder .312. In
an exe}rig:))l a({fa%{’ Pbene lgéri %%?Rr?gf %gg@%&%o%‘farvgwf) li}lg‘%igoé:'oﬁ‘er @ﬁi{f{rhogu@%r al |

oper ati on 26 rebeves B30 be thasadtdvigdabas @acPell, bPBdedss bi) ok Benchadta packets
received fromthe transm ssion nmedium 110. In an exenplary enbodi nent, the

| ocal menoiopngBRns okt exemphor embeodimdnt, dher@ddd ynqdalagoer, 204 masrigclade ee) and
s 2 PRy 9 OPRULG A B doothind ol 000! (e
/quadrature phase shift keying (QAM/QPSK) burst demodulator with forward error
20  correction decoder, and/or an upstream tuner. The output of the QAM modulator 206
is an IF signal that can be applied directly to an up-converter 106.
The network interface 210 connects the channel server 104 to other channel
servers 104 and to the central controlling server 102 to execute the scheduling and
controlling instructions from the central controlling server 102, reporting status back
25  to the central controlling server 102, and receiving data files from the cental storage
103. Any data file retrieved from the central storage 103 can be stored in the local
memory 208 of the channel server 104 before the data file is processed in accordance
with instructions from the server controller 202. In an exemplary embodiment, the
channel server 104 may send one or more DOD data streams depending on the
30 bandwidth of a cable channel (e.g., 6, 6.5, or SMHz), QAM modulation (e.g., QAM 64
or QAM 256), and a compression standard/bit rate of the DOD data stream (i.e.,
MPEG-1 or MPEG-2).
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dat a bl ock3@& atboffasihemoryt H, d 3B dintroler Fitlpa dewgles3 , spd agedphson an out put
25 screen. The decoder. 3 orts.co nds froma subscrj bing. client,
such as pi ey RaBte pn e M oueT ST S e o el oo B oo

over| ay "@Pﬁ@o@%ﬁ cERRANAETeLIEPRAY 84 ﬂ{eﬁm&n‘i’d@ﬁeﬁérﬁ({?}‘to sél@ft dafi@pl e,

provi di ng al pha bfendi ng or picture-in-picture capa ies. In an
exenpl ary regpuimeein@eclient’s hequgstagdvods seavaed data,rdedohpreSsldecodet dea,wsed f or

hi I i duri | ayj de, f I wh h
At T T R
o anc e i R ATYETL Sl 080 FETIVSPOLARS,

exenplary e t houg at a es are br all cable

t el evi $0 onersbdaiment) eSS TR edntrollbe3 I nsiolssthe bbanll whberatias ofthe STBaB00bl e STB
300 will be able to decode and enj oy data-on-denmand services, |In one
exenpl ary @seden daapackeh Beadersdn dhe dasa pankgisaeqpied fram gie tymsaiissigRd can be

obt al ned w8 R U SRR AMRL AR SO hELARRh0SSERREAILr O odul e

306. A smart card nmay be re e at a ore or-vendrng machi ne

set up by wlsite viedtorp(@y. @ird drivepaal the buffuemphar)y30oasagdiseendlatila 1l at fee
system provi des a subscriber an unlimted access to all , available data
files. | n BANERenpl ary enbodi nent, data-on-demand interactive features

' [ ' il . file. ,Th
o 11 mb bt woer g et 6 CPOA debt Rl Y2 PG Bl B o o

sel ect ed datévérthedhegindsongloayiondof the foledvaing astiviady éﬁcr;’?pt{(ﬂ&lé@fy?)ﬁoﬁi me. As
nore resources are allocated %e.g., bandw dth, server capability) to
provi de Dapodde.forard eftaecereason decoderfpncgders tuspeqndiol, dopnaliecanegecthpl ar y

N L s e I T
enbodi ment recélvesahediledd N sipadls Satniplts ade Hembiess tHeeighdlsab rdfore data.

20 The conditional access module 306 permits a decoding process when access is
granted after authentication and/or when appropriate fees have been charged. Access
condition is determined by the service provider.

In an exemplary embodiment, when access is granted, the decoder 312 decodes
at least one data block to transform the data block into images displayable on an output

25 screen. The decoder 312 supports commands from a subscribing client, such as play,
stop, pause, step, rewind, forward, etc.

The graphics overlay module 314 enhances displayed graphics quality by, for
example, providing alpha blending or picture-in-picture capabilities. In an exemplary
embodiment, the graphics overlay module 314 can be used for graphics acceleration

30 during game playing mode, for example, when the service provider provides games-

on-demand services using the system in accordance with the invention.



of atime slot. The duration of a tine slot (TS) is the tine interval for
pl aying a data block at nornmal speed by a client. In an exenplary

enbodi newQor9dai a file, such as a video file, is divideBCTus@/298%unber of
data bl ocks such that each data bl ock can 20 support the playing of the
data file for thendmeaiplaonembodintentyeltsdugh.datafilos eredntraldastethio, alk dablenunber of

ot | mat od BEKNSAUbsTSER QRPIE BOR DR AP BPEGHGOR (L) WIb BLK
SIZE _ (Estd 480 ®teBbife o &&Q@Iﬁ%ﬂn%@?ervicé@%%e/ex% Bcﬁil%gm( 2) BLK
Cl_bgl' E (3) =(DataFile Si

SI ZE BYTES = BLK SI ZE * R SIZE (3 NUM OF BLKS ze + BLK
S| ZE BYTESermiBiondd obtaBl &atSHEE oBYIEESn{ 4dn baoleainad varessnfal) card sysdem it he
Estimated BLK Sj.ze is an estimated bl ock size (in 0 Bytes):. the

Dat aFi | §_§#Blism? Ut a&f&ﬁ%cquogﬂwﬁw@%@ n @%?E}fdwyié‘fﬁ?‘é?é%@életaﬁé dur ati on
of a time,sliQlor b J%ﬁ%ﬂ i [ %‘Q&% t Do ' the data
file (in sgconcfé); %% %%l?i?e?ﬂglbkﬁs er C}?O%l %Ité?grag&ﬁglfaé gglp or each data
bl ock; CLUSTERiBemtE iflat fehaysém profidesa substgiber an unlishieed wceds toraliory 208 f or
each channel _server 104 (e.g., 64KBytes); 9 WO 01/93060 PCT/US0Q 22989 BLK
Sl zE BYTESVedabie gtadiessi ze in Bytes. In this enbodi ment, the number of

bl ocks ( NUM ' : dat [ ' i t -pl us a data
bl ock size in %B“‘g‘slg %r’?:"?]"ﬁgg‘%g%?} gn%?gtag)ﬁv%é%%ldglﬁéga% ‘é‘% %QB'?%S %)é]lltga ein

Byt es. 1&qudichbiosselet) attadry (idhle drl dvaiblatista fidd eTixpatbirt of erRadiwantwhef aoer son

of skill in the art would recognize that other 5 nethods are available to
cal cul at e dicatipseses gpelgaltbution gad thetisne the ggleated dpia filEbeginerlayipgds di vi ding a
data file j a ' ri il fu ' of an

cat | mat ed ot I EPERg B AR PA Sk BRI e S Rk T &1 b u0e S
channel sedeves cage®dlitylidygovil DO veicks) thesiroptnde fidle dof shbfdrt 8 ah0 t he
speci fic enbodi ment presented above. 10 Figure 4 illustrates an exenplary
process f oiXeH@iaY smbadiment eHeshonpidnergen bx detewpinedbased gn an gwalvatian af i n
accor dance_w oodi yment _of the invention. In an exenplary

enbodi ?}gnt{e%%?esﬁ#br?\g/% ?%i\r&ﬁgeecgqlfaﬁlﬁ)go divy '€ on mul ti pl exing (TDM and

frequency di vi Sin@f eXehiplpy embodin{chDMseleel RxbOfRE tinke EAERiBSEIheBekatishedul e
data delivery at the server side. In an exenplary enbodi ment, a scheduling

matrix is o5 @eaeleht B dwatiemeln dae alof (T9.is the tapeintarbd dpnplaying eslets dat a
file is diyi i n a nber. _of ;data bl ocks and. the scheduling nmatrix is
gener at ed t\gg‘g(:% n(()nr?lnglhs(g eﬁ%ﬁ%% 13t Indaé} 3“38}1’3%}%5@%?518?68§|31‘§?‘a ﬁltés%‘}‘fg&lﬁ Pi ng
matrix prouiétesleaissRide@nieh nfidberssidiaWodkatsach that each data block can

20  support the playing of the data file for the duration of a time slot.

In one embodiment, the number of data blocks NUM_OF BLKS) for each

data file can be calculated as follows:

Estimated BLK_Size = (DataFile_Size * TS) / DataFile Length )]
25 BLK SIZE = (Estimated BLK Size + CLUSTER_SIZE - 1Byte) / CLUSTER _SIZE )]
BLK_SIZE BYTES =BLK SIZE * CLUSTER_SIZE ©))]
NUM_OF_BLKS =(DataFile_Size + BLK_SIZE BYTES - 1Byte) / BLK_SIZE BYTES 6]

In equations (1) to (4), the Estimated BLK_Size is an estimated block size (in
30 Bytes); the DataFile_Size is the data file size (in Bytes); TS represents the duration of a
time slot (in seconds); DataFile_Length is the duration of the data file (in seconds); BLK
SIZE is the number of clusters needed for each data block; CLUSTER _SIZE is the size of

a cluster in the local memory 208 for each channel server 104 (e.g., 64KBytes);



bl ocks of a data file froma server to clients, such that the data bl ocks
are accessible in sequential order by any client who w shes to access the
data fil avavygsos@andomtinme. 20 At step 402, a nunber of dRCHUBbI2RSY (x) for
a data file is received. Afirst wvariable, j, is set to zero (step 404). A

reference sk 38yzA ByTEER R lodiSdiapindSfys. 1 lids embbEnRNEehanimber bgBlsks r ack of
data bl ocks for Internal managenent_ purposes. Next, ci is conpared to x
(step 408)(NUM_QF_BLKY)dsequahtmihg datg e siga nRatesaplus a data bleclssize indByies o (st ep
412). Next, .| i 41.4) . i +S.l.ess thap.x,. data bl ocks
Stored i n P IDEEMRAARREN Db AP 1 el LB (RIS

written i néie dpbeific @mdoeingmt.anrRyson(cF kil ift ) art Whuldhecdg@iRriRAGEear I ay
al ready_has such data bl ock(s), do not wite a dufpllcate copy. Initially,
since the methedsitreayailable ocaltylate mormpenofidataclesksripres date fils Fost ep can be

ski pped. xt. .the.refergnce array is ch ed if 1t contains data.block i
(st opC20) Répid. iR Bk SRR 3D Wiy E BEFAAE Ploks lnsRRHE S BieltBh L peor

cl eared atestiRiedlodOfize dddehe cMBtel Sizb6f thelldaDtheidry D68 64 e8RaQeARr Y. | f
t he reference arraé does not contain data block i, data block i is added

into the stMedthiusnige imeniion shoukdinetibe lisaisidtto dlre specifiejembeditnéns plesgnted | and
t he refer%cf‘ge array (step 422). After the data block i is added 10 WO
01/ 93060 ¥81S00/ 22989 to the schedul i ng matri x and the reference array,

i is inpgrenment eF’i&ﬁbé Aillugtbs &b @deniplar Ero‘bess]fof gérFePatﬂ%@schEdiﬁiﬂFtrﬁﬁri}Pr 0Ccess
repeats at step 414 until i = x. [If E, e reference array confalns data
bl ock i, iforserdmg adatafibdineygcdrdamgoritht dm¢mbodimentiofthd sivemtiot24h ant hen t he

eats at step 414 until i = x..Wwen. i = x,. | is jncremented by 1,
Suoh ¢ hat Seeingey ey dfacnl b Bevensiptegiainky Gl et B SR G06 unt i
=X Thefr@c[&héﬁdimsﬁﬁlexﬁﬁlﬁ?,_[&&c% oﬁm;@) ﬂeplﬁldfogy%%eg?%&% and Sch@fui€y&apP! ary

enbodi nent, 1If & data file'is ed intosix d l'ocks (x = 6), the
schedul i ngdaletryi at tiensirien sidee e ar excen@dany aydodineed,sa fobbdwing maix Schedul i ng

TS A ol R i
£ 3] 5 netreobes iR R A e B b Al Bt 10 2
4] [4, 4] ditkopks. Bijpidalll) a sqhOduliig thatrix provi@es ebdenfl 8rdeb fordehding data5] [ 5, 4]
bl kO Ref elgl(oa&gseofgrcfataay ﬂl% %Ac?m a server to clients, such that the data blocks are accessible in
sequential order by any client who wishes to access the data file at a random time.
20 At step 402, a number of data blocks (x) for a data file is received. A first
variable, j, is set to zero (step 404). A reference array is cleared (step 406). The
reference array keeps track of data blocks for internal management purposes. Next, j
is compared to x (step 408). Ifj is less than x, a second variable, i, is set to zero (step
412). Next, iis compared to x (step 414). Ifi is less than x, data blocks stored in the
25 column [(i+j) modulo (x)] of a scheduling matrix are written into the reference array
(step 418). If the reference array already has such data block(s), do not write a
duplicate copy. Initially, since the scheduling matrix does not yet have entries, this
step can be skipped. Next, the reference array is checked if it contains data block i
(step 420). Initially, since all entries in the reference array has been cleared at step
30 406, there would be nothing in the reference array. If the reference array does not

contain data block i, data block 1 is added into the scheduling matrix at matrix position

[(i+)) modulo (x), j] and the reference array (step 422). After the data block i is added

10
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f or Tarapn dxemplay embgdiemntg if 4 dea fider is dipiddd intoosik idate bddaks (oenber
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at a subsc@%gpﬁﬁh%¥4
The process steps for generating a | ook-ahead scheduling matrix

until

TS4.

bl kd) .o

.of
188 fn%&lx 6‘]‘&5‘@

data file should
FOFENgEyTaYs 3 B

ol

is substantially 15 simlar to the process steps descri bed above for
4 excepd that the |ook-ahead

ssdhedulingatrad (SM) i n this enbodi ment

schedul es @h—earlier-—sending
a data filjerse divi degdgii nto sixysdat a plppg§,.an exgpl ary |ggRding s
based on gtook—ahegtd—schedttHHnrg—rrat+rq—havirg—gtook—ahepd—ti+e
duration gf{0r @joblk0 ne [5Gtk 1 cafl, 10§ bikapr elSe0] Bik3 ag [#00]kdld: | PR (TSR 5>
TSI => bi KO, i ki, kK3, Bt RKA—_TSZ2 =1 KO, btk
[0, 1] [1,1]bk 0 | [2,1] [3,1] [4,1] [5, 0]
[0, 2] [1,2] [2,2]blk0 |[3,2]blkl |[4,2] [5,1]
15 ][0, 3] [1,3] [2, 3] [3,3] blk0 | [4, 3] [5, 2] blk2
[0, 4] [1,4]blk3 |2, 4] [3, 4] [4, 4] blkO | [5, 3] blkl
[0, 5] [1, 5] [2, 5] [3,5]blk4 | [4, 5] [5, 4] blk0
Reference Array (RA)
20 space0 spacel space 2 space3 space4 . | space5
TS0 blk0 blk1 blk2 blk3 blk4 blk5
TS1 blk1 blk0 blk2 blk3 blk4 blk5
TS2 blk2 blk0 blk3 blk1 blk4 blk5
TS3 blk3 blk1 blk0 blk4 blk5 blk2
25 | TS4 blk4 blk0 blk5 blk2 blk1 blk3
TS5 blk5 blk2 blk1 blk0 blk3 blk4
Appendix A attached to this application describes a step-by-step process of the
exemplary process illustrated in Figure 4 to generate the above scheduling matrix and
30 reference arrays. In this exemplary embodiment, based on the scheduling matrix

above, the six data blocks of the data file are sent in the following sequence:
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TS3 => bi kO, blkl, blk3, blk4, blk5 TS4 => blk0, blk5 25 TS5 => bl kO,

bl kI, bl k2 A three-dinensional delivery matrix for sending a set of data
files iswensvabed based on the scheduling matrices for parCSaet2o89 il e of
the set of data files. In the three- dinensional delivery matrix, a third
di mensi on cont ai ni ngT$®s Foblkdach data file in the 30 set of data files is

generated. The three-di nensi gna liyery matrix is calculated to
efficiently utilize gg!ﬂ |5%:bg‘%bglﬂfg$ﬁ’%¥h in each channel to deliver nultiple

data streams. | n anTexenpl iy, gmbodi nent, a convol ution nethod, which is
well known in the art, is 12 YO 01/93060 PCT/ USOQ/ 22989 used to generate
a three-dinensi onal @83 i ver plkoablkil xblkd, tdkhedul e an efficient delivery of a
set of data files. Fﬁ) exgngikteo, gﬂconvol ution nethod may include the
following policies: %i) th oP nunber of data bl ocks sent in the

duration of any tinmerghot—{TRh. pihomks hes kept at a snal |l est possible
nunber; and (2) if nultiple paftial solutions are 5 available with respect

to policy (1), the preferred solution is the one which has a snallest sum
of data bl ocks by addi ng the data bl ocks t e sent during the duration of
any reference t# Ogﬁeb‘?,e X G b@éﬁgen[t{ftlggﬁﬁg?ﬁdmgqqsmaqlpﬁeusam%ti on of a

previ ous t| A nglfﬁ -t 4] t y.1.@Nd dat a
bl ocks to ag% éaetit5 (?%ol%élﬁﬁ%@tsﬁ%ﬁ %%?%ﬁgg?ﬂcggﬁ%)é%}gﬁl%%&rg?%#&(%fmdta respect to
t he refler esloekstdfrmiagd Gk )prioFara preditdencedsd tiases Hor Bgample £if @ prddateymiiedt em
sending two short_data files, Mand N, where each data file is divided
into six dapkaheaddae isthe dugHen phonsdipe pleb foraydmemslat eresiedhan eaval rix i s

23 blkor  oPATR PR e o B RN by g e SRINE RIS 4 R18” oYs
20 Appl yi ripttdre sakemipigr olicaa\od befok TS eHuln bikd asoudie a6 Heystayed hAUETSPOSSI bl €

conbi nations of delivery matrices are as follows: Option 1: Send video file
N at shi f t Tge pracess stgps fo512snesptig@look-ahead scheduling matrix is substantially

_________________________________________________ 2
scheduling matrix in this embodiment schedules an earlier sending sequence based on

a look-ahead time. Assuming a data file is divided into six data blocks, an exemplary
sending sequence based on a look-ahead scheduling matrix, having a look-ahead time
of the duration of two time slots, can be represented as follows:
20 TSO =>blk0
TS1  =>blkO0, blkl, blk3, blk4
TS2 =>blk0, blk2
TS3  =>blk0, blkl, blk3, blk4, blk5
TS4 =>blk0, blk5
25 TS5 =>blkO0, blkl, blk2

A three-dimensional delivery matrix for sending a set of data files is generated
based on the scheduling matrices for each data file of the set of data files. In the three-
dimensional delivery matrix, a third dimension containing IDs for each data file in the

30 set of data files is generated. The three-dimensional delivery matrix is calculated to
efficiently utilize available bandwidth in each channel to deliver multiple data streams.

In an exemplary embodiment, a convolution method, which is well known in the art, is

12



TS1 => MO, ML, M3, NO N1, N3 6 TS2
MB, M4, NO, N1, N3, N 8 TS4 => MO,
Mb, NO, MO oNMB6N5 8 Option 2: Send

M2, NO N2 4 TS3 => MO, ML,
N4 30 TS5 => MO, ML, M,

MO,
. NO, 4
ideo file N at shi feCl/UI®/2B089%al Dat a

=5/

------------------------------------------------ 1/.93080

PCT/ Usol 29d6%t O filesBor Rl 2 %V%u?%m@%awc pcluls thedpfiowes TSy =
MO, M2, qu)olMes R‘@ thé‘fot@l nubsher oPdd¥PbloVs se‘i@m M8 duP&on M ﬁ_’mg_%t gesMO, M,
NO N, > MO, M, M, M, 5 Option 3: endV|deof|IeN
at shift zshtpgld'mﬁl@[pt ﬂeﬁ gn@legt:}k@ﬂble number and 2)if mult1p1e partlal solutions are

TS1 => MO, srﬁﬂllest'\@m BQatM}ocﬂSby Mﬂiﬁ% thgggta’bﬁ’od)@to Wse I\%"?hé d-LrH%%Oﬁ of MO, ML,
MB, M4, NO, NO, N1, N3

7 Option 4a11y$ef¢(1%nvc ﬁw sﬂcptl, @t&lbkxzksm Hetseﬁt dli&n“gdhadu@amaoﬁi pnemus tlme

__________ slot (with respect to_the reference time slot), and data blocksigbesentideringihe Ny N3, N4

5 20 TSL ~2ubn M @ iQio i e G CherdfBe MR AMh. rdRaNRYE | T T3 =>

MO, ML, MB, M4, NO B  To4 :°>W|\fb rew%, NO, N ,er%% L J’\%ﬁ‘)

NO N216 &SudjigiaorexBmpley systane emdirig tevoNhatt datai files, M hind Nobvabre%ﬂadﬁh oc ks
file is divided into six data blocks, the sending sequence based on a scheduling matrix

1s as follows:

TSO =>blk0
TS1  =>Dblk0, blk1, blk3
15 TS2 =>blk0, blk2

TS3  =>blkO0, blk1, blk3, blk4
TS4  =>Dblk0, blk4
TS5 =>blk0, blkl, blk2, blk5

20 Applying the exemplary convolution method as described above, possible

combinations of delivery matrices are as follows:

Option 1: Send video file N at shift 0 TS Total Data Blocks

25 TS0 =>MO0, NO
TS1 => M0, M1, M3, N0, N1, N3
TS2 => M0, M2, N0, N2
TS3 =>MO0, Ml, M3, M4, N0, N1, N3, N4
TS4 => M0, M4, N0, N4

30 TS5 =>MO0, M1, M2, M5, N0, N1, N2, N5
8

A o0 B O N

Option 2: Send video file N at shift 1 TS Total Data Blocks
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------------------------------------------------- TSO => MO, NO, N 3 TS1
=> MO, MwOMB930KO, N1, N2, N5 7 30 TS2 => MO, M2, NO 3 FCSBUsso/2m9 ML, M,
Mi, NO N, N3 7 TS4 => MO M4, NO N2 4 TS5 => MO, M, M2, Mb, NO, Ni,
N3, N4 8 3B0Cpt MINGNIFEnd video file N at shift 5 TS Total DBata Bl ocks
---------- TS1- == MO; M1, M3, N0, N2 =~~~ """ "--"-"-------------=-------§-“---“---------
------------------------------------------------- TSO => MO, NO, Ni, N2, N5
5 14 WO 017°8308Y0PEF I8 Ts1 => Mo, ML, MB, NO 4 TS2 &> MO, M2, NO
N1, N3 5 T1533==roMa1, M8l MaMBo, NIV, NO, N2 6 TS4 => MO, M4, NO {1, N3, N4 6
5 TS5 =>MO M, M, Nb, NO N4 6 Applying policy (1), options 2, 4, and 6 have
the smaf | e5¥ FAMOMmNOuMNbAR- B data bl ocks (i.e., 6 data bl ocks) sent
during anyrssi eeve| at, MApPB|Iye ng policy (2), the optimal delivery matrix in
this exenplary enbodinent is option 4 because option 4 10 has the snall est
sum of data bl ocks of any reference tine slot plus data bl ocks of

nei ghbor i nQptiom®: SdndtvidepifileN atkhifdaT8 bl ocks). Thus, optTdwlata Baocks hi s
enbodi ment, the sending sequence of the data file N should be shifted by

mat ri x10 s Tponer atogdo,iNar each channel server 104. 15 When data bl ocks for
each data {4l e i dance with a delivery matrix, a large
nunber of fsédbszrﬁgog%/l?fg@% |’erknl?§§g\%‘n access the data file at a randomtine
and the apffopr MAtM2.d8t %4 bl ocks of the data file will be tinedy avail able
to each spfsceii Mg v¢d, MaNkoe, NhNd Re exanpl e provided above, assumegthe
duration of atine slot 1s equal to 5 seconds, the DOD system 100 sends
data bl ocks* 57 Mialt% ¥§ 1 es Mand N in 20 accordance with the dpti mal

del i vety mestsr =xMol ME.M2, M3] id, Ndatd very sequence of data file Ny by three
time slots) in the followi ng manner: Tinme 00:00:00=> MONON N3 N4 Tine
00: 00: 05=> MO ML MB NO N4

Option 4: Send video file N at shift 3 TS Total Data Blocks

TS0 =>M0, NO, N1, N3, N4
20 TS1 =>MO0, M1, M3, N0, N4
TS2 => MO0, M2, N0, N1, N2, N5
TS3 => MO0, M1, M3, M4, NO
TS4 =>M0, M4, NO, N1, N3
TS5 =>MO0, M1, M2, M5, N0, N2
25
Option 5: Send video file N at shift 4 TS Total Data Blocks

A L Lt & ko W

TSO =>MO0, NO, N4
TS1 =>M0, M1, M3, N0, N1, N2, N5
30 TS2 =>MO0, M2, NO
TS3 =>MO0, M1, M3, M4, N0, N1, N3
TS4 =>M0, M4, N0, N2
TS5 =>M0, M1, M2, M5, N0, N1, N3, N4

o W\ W

35 Option 6: Send video file N at shift 5 TS Total Data Blocks

TS0 =>M0, NO, N1, N2, N5 5
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25 Tinme 00:00:10=> MO M NON N2 N5 Tine 00:00:15
00:00:20=> MO MA NON N3 Tine 00:00:25=> MOM W
00: 00: 30xOMDPMENL N3 N4 30 Tine 00:00:35=> MO M M NO MT/UTIMER2989
00:00:40=> MO M NON N2 N5 Tine 00:00:45=> MO ML MB M4 NO Tine

00: 00: 50=>TNO"RYIONDLN3. N8 15 WO 01/ 93060 PCT/ US00/ 22989 Ti n# 00: 00: 55=> MO

&V

ML M2 Nb INRoNZ. g, M2 NO 3 T i If at time GO:00:00 a
client A selects nov '1\\% the STB 300 at client A 5 receives, stores,
pl ays, and YejeMs M&i@a 4 ¥ERC as fol | ows: Tinme 00:00: 00 => Keceive MO =>

pl ay MO, stsare>MD MAiNENON3O4 05 => Receive M, M3 => play M, stare MO

M, M.z T 0 = |veMZ_>pIayMZ store MO , M M3. Tine
00: 00: 1 —tsrg?eecg“’g@lﬂ‘)ﬁ%@ﬁ@ MB, store MO, M. M2, MB, v 510 T e

00: 00: 20 => Receive none => play M4, store MO M, Me, M3, M4. Tinme

00 020 o S SbFTEy B0l 248 M e My Mo

recei ves, ddtoblesks (leqysdatabidckse et dariaaimy theelkos. Applfyﬁiglpb\lvsy (2195th?El me
00: 00: 10 => Rcv MO, M => play M) storeI\/D, M. 0:0 => Rcv M,
VB, M => pitiael delivesy sradripm thig exepplarypmb wmenm@@tle@ 4@@6@@6 epnqﬂec‘%/ none =>

G ot o i, g bt syghbr o s o gy TR Ru e B o8B W S or

MO, M, |V|2me1@lﬂ)orﬁi§ tin0bslotd @i.el] rRdR9bReksI5S FThuf® Ptlﬂﬁﬂ? foﬂhi@'eﬁhboﬂ'ﬁmeﬂ ttﬁé e Mo,
M,MZ,NB M4, Mb. Ifattlrre000015 a client C selects rmV|eN t he

STB 300 of senfimgsequense of the detaifie sl@ukdrl@sﬁhlfmdalgbsthmﬁuner gplectls adat a bl ocks

as foll ows; Tlrre000 15—>RchO> tore NO. Ti me 00: 00: 20
=> Rcv Ni _; AR GNB“GREOHHR@%V“’P{ Fﬂ?% 15@6“%’%te&2°r§8\°7h N2 => pl ay
N2, store éﬁ@nnéﬂlservwlow

15 When data blocks for each data file are sent in accordance with a delivery

matrix, a large number of subscribing clients can access the data file at a random time
and the appropriate data blocks of the data file will be timely available to each
subscribing client. In the example provided above, assume the duration of a time slot
is equal to 5 seconds, the DOD system 100 sends data blocks for data files M and N in
20  accordance with the optimal delivery matrix (i.e., shift delivery sequence of data file N

by three time slots) in the following manner:

Time 00:00:00=> MO0 NO N1 N3 N4
Time 00:00:05=> M0 M1 M3 NO N4

25 Time 00:00:10=>M0 M2NO N1 N2 N5
Time 00:00:15=>M0 Ml M3 M4 N0
Time 00:00:20=>M0 M4 NO N1 N3
Time 00:00:25=>M0 MI M2 MS NO N2
Time 00:00:30=>M0 NON1 N3 N4

30 Time 00:00:35=>M0 Ml M3 NO N4
Time 00:00:40=>M0 M2 N0 N1 N2 N5
Time 00:00:45=>M0 M1 M3 M4 NO
Time 00:00:50=> M0 M4 N0 N1 N3

15



Time 00:00:30 => Rcv N => play N3, store NO N, N2, N3, Nd. Tine

00: 00: 35 => Rcv none => play N4, store NO N1, N2, N3, N4. Tine 00:00: 40
=> Rcv NWwesi/pdoay N5, store NO, N, N2, N3, N4, N5. 30 |PCBUSC0/22089
00:00:30, a client D also selects novie N, the STB 300 at the client D
recei ves, stores, playsiimadd:00e}5eets0dMlaM MEKNBNX ol | ows: 16 WO 01/ 93060
PCT/ US00/ 22989 Tinme 00:00:30 => Rev NO N1, N3, N4 => play NO store NO
N1, N3, N4. Tine 00: 00:35 =>"Rev-mone => play Ni, store NO N1, N3, M.
Time 00:00:40 => Rev N2, N5 => play N2, store NO N, N2, N3, N4, N5. Tine
00: 00:45 => Rev none => play N3, store NO N, N2, N3, N4, N5. 5 Tine

00: 00: 50 => Revifnbtime09:08:G0/a diknt 4t wieets@yvidiM, th2 STRIZ00 M cliddb A Ti ne

00: 00: 55 => Rev none => play N5, store ) , N2, N3, N4, N5. As shown in
the above ©XENpY é@?esawygﬁﬂ%ﬁ%?ﬁ %ﬁagllo"}é\%se%{lgwﬁan at a random tinme

i ndependenfiye GEO® an I | ayi ng at.a.fishe provided by the
service 10 lpreo(\i(?degé.) GE%%E%%E%(ERATI O\II% stV%tgreeﬂgpbvi der can schedule to

send a nunBieie @F:00105 a=HiReesive MIgM3 vi=deiay N, Isesg M Mhanhel servers 104
prior to broadcasting. The central controlling server 102 15 cal cul ates

and sends & YEOGRAnARIR VG ME 104 TriHeeMd; HereMBrMil ¥ ¥dery matri ces
(ID, tine s . da end Q ] 04, channel
servers 102159%:%%@%?? t%?’étahlﬁlgleﬁ/-lﬁi mn%%ﬁ%Mag{?%ggg%ﬁ?@é’ ][Q%"send

appr opid at Bingta@ROMDROC ks Redeiad nofppr op-ipddyeMdl stefe MBAVH, N 813, M4 i s di vi ded
into data bl ocks so that a |arge nunber of subscribing clients can

separ at el yIBERR0GRawridRegeiyatd® f i | e =cdhty MiosieroMaML202cMauMH: M. |y at a
random tine. The size of a data block of a data file is dependent on the
duration of a selected tine slot and the bit rate of the data stream of the
data file. ForIfex&impl08:00:10, a cientB §éctPinbvicethyBEB I(MtA cEédigpm each data
bl ock has a fixed size of. Block Size (MBytes) = BitRate (Md/s) x TS (see)
/ 8 (1). lisceivcsesiormss) plays, endrrivciedata blackmasdolpwek size is adjusted to a
next highef. X i f nor | u r. si in the local nmenory 208
of a cp\gnﬁ{élfne@'%lrlélg%li&%ﬁ’ l{e}igarrpélée@a}'ﬁ(gs%’ﬁ 1(%:/ﬁ)l’ M]Zed data bl ock length is
720Kbyt es Bg@O0HOM QS t e>eapvavil, um3, (M) =>aleveil, sbRMVIDITeI T RRUM3, M. dat a bl ock

| engt h shoul d be 768Kbytes if the cluster size of the |ocal nenory 208 is
64Kbyt es. Time ():Q0:280rboadiRermone dat a 51 plex M owt MOpMls M2t N8y M4.

Time 00:00:25 =>Rcv M5 => play M3, store M0, M1, M2, M3, M4, M5.
Time 00:00:30 => Rcv none => play M4, store M0, Ml, M2, M3, M4, M5.
20  Time 00:00:35=> Rcv none => play M5, store M0, Ml, M2, M3, M4, M5.

If at time 00:00:15, a client C selects movie N, the STB 300 of the client C

receives, stores, plays, and rejects data blocks as follows:

Time 00:00:15 =>Rcv NO => play NO, store NO.

25 Time 00:00:20 => Rcv N1 N3 => play N1, store NO, N1, N3.
Time 00:00:25 =>Rcv N2 => play N2, store NO, N1, N2, N3.
Time 00:00:30 =>Rcv N4 => play N3, store NO, N1, N2, N3, N4.
Time 00:00:35 => Rcv none => play N4, store NO, N1, N2, N3, N4.
Time 00:00:40 =>Rcv N5 => play N5, store NO, N1, N2, N3, N4, N5.

30
If at time 00:00:30, a client D also selects movie N, the STB 300 at the client

D receives, stores, plays, and rejects data blocks as follows:
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divided into nultiples of sub-blocks each having the sane size as the
cluster size. In 30 this exanple, the data bl ock has twel ve sub-bl ocks of
64KByt es waosededl ock can be further broken down into datRCpaséoe2989 Each
dat a packet contains a packet header and packet data. The packet data

| engt h depEmas0e0:80e=2RNDQ IV R I NIPETHIIEOT, KRB0, NhXNINNK.t r ansfer uni t

[ Che pr oF B BHOEAB0aL MERIOTE et ot &7 PN ROED. ple ROt Moader and

packet datgipshabglabe—Lags ia the MIUinHseyst d 8, RBXNUISLE] ci ency.

the packet data l'ength shoul’d be as | as possi an exenpl ary
enbodi nment Tintka®(r00:45 a=pdketonheader eodnilai N3, stork NFOyRili, Di2, NBaN4, J&rm ts t he

subscri per_client' STB _300 to decode a recei ved data and deternmne if
t he dat p?a’t??@e&:@%?%nﬁ Rey n9nge| ect e&ﬁ‘ggyaN%qt%rewré‘Ug NSy B ot N3i gnat ur e,

version, | . ket LNnfor mati. ager al so
contain ot gﬁé)(?ori?(grgﬁati (%%r?m@&%h as bl ?g%ﬁ%@%@ﬁﬁgaggéﬁghﬁm? packet

| engt h, cyclic redundancy check (CRC) and 10 offset in a sub-block, and/or
encodi ng i nformation. Once received by a channel server 104, data packets

are sent to theAEEMWIHEdhe abeyie examPIE Y caRbinEPon RE sliRYts ¢an sgdenlond t he
dat ket F i . i bi t
fate bat pormb SEAT Al pERH LBl QaB BHG SO me KB T ath.

For exaoplgovider. a QAM nodul ator 206 15 with 6MHz bandwi dth, the maxi mum

bit rate is 5.05 (bit/synbol) x 6 (MHz) = 30.3 Miit/sec. The QAM nodul at ed
| F signals are sent to the up-converters 106 to be converted to RF signals

suitable for a specific chann : hannel 80, 559.250MHz and
6M-z bandwi dth). For exanpl e,%@@lg’%’blde‘%%{gﬁgﬁchas hi gh 20 bandwi dt h. (or
bit rate), eachacbaivgroGas dag stisRllld e sBidy helabsrasfelatataes @1 Hada stream
with each data stream occupgi ng a virtual sub-channel. For exanple, three

MPEGL dat afilggkte ghannehservers 1 Phpaortodnsadcasiimandihe gentrag cominmibingisaregril®. The

out put ; of -convert.er 06 i.s _appli to the conbi,ner/a ifier 108,
ohi oh 120 Ayl SRR E'e bR AR GnleR DG SR BT BBt Ceb 2 | 10
exenpl ary @pbasle RRAtandldbR Hledkadend Wede@N @R EWohdeabtind\Ehdn@E] sebvedsed tti ng

"N' data streams is BW= N x bw, where bwis the required bandwi dth per
dat a st r eatfnsHbthedhigamdliraensionabdelivenGnatrigas w ssnd epprepidatn dpte blackmémant t ed at

}VB? t s/s 2g§ pipgoei)rg}/e &dmcﬁ dg%%lg iscé}gﬁgg Entg %gtia Docks 3 ﬁ}a?ghaqgengu% etrr})f of 30.3
subscribing clients can separately begin viewing a data file continuously and
20 sequentially at a random time. The size of a data block of a data file is dependent on
the duration of a selected time slot and the bit rate of the data stream of the data file.
For example, in a constant bit rate MPEG data stream, each data block has a fixed
size of: Block Size (MBytes) = BitRate (Mb/s) x TS (sec) /8 (1).
In an exemplary embodiment, a data block size is adjusted to a next higher
25 multiple of a memory cluster size in the local memory 208 of a channel server 104.
For example, if a calculated data block length is 720Kbytes according to equation (1)
above, then the resulting data block length should be 768Kbytes if the cluster size of
the local memory 208 is 64Kbytes. In this embodiment, data blocks should be further
divided into multiples of sub-blocks each having the same size as the cluster size. In
30 this example, the data block has twelve sub-blocks of 64KBytes.
A sub-block can be further broken down into data packets. Each data packet

contains a packet header and packet data. The packet data length depends on the
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because each MPEG 1 data stream occupies 9 Mits/sec of the system
bandwi dt h. 30 Typically, bandwi dth is consuned regardl ess of the nunber of
subscri biwmgo1/gdosent s actual |y accessing the DOD service. FoD®sooe2e8y i f no

subscribing client is using the DOD service, bandwidth is still consuned
t o ensur e mheinom tensfecuriBMIDID 4! HEIRGEaPEYEUIBNGE 2808 hannd patvet’'s CPUof t he

t Th TB 300, d . i I ei ves, and updates a
S TR RS Sro R e B Ao B Rl Rn g gt e e
enbodi ment packBedatasBuRDE BisShhans Mata Hdk& et TH MR efﬂ&feln\:'ﬂ'tﬂg the

| at est program guide on a TV 5 screen. Data file information, such as video
file inforpaketolata lengthishohldde asmboarigedsPossibbevi e titl e, description (in

sy Sabre e o R gbel fick pePoh M e St bl +
subscri pt i GBmiRkd Qbscr }’l:fi‘eﬂ%%%]% 30 RULIBIL SryRe Ny @Matd &ﬁdykﬁg@}gar y

enbodi nent’, data file information Is sent via“a reserved p hannel ,
such as a thhdatglacke delongsto oseldfedf datafiker(e.gupdabenl sipnatmes, sesicn, 1B/ or

energency informatjqn. In another exenplary enbodinment,. information is
sent in a FAGES ¥R ndermaten). sisrRagkeinead s arayclsocostaip athsT informatip.csuchi ng

client can,m 1 | I t L ALl Les
i spl ayed SN QP Bt AhaR, et SRICHHERREy MeskTeRIhE
avai | abDe offenin a hidsblothen®bBedddingCiafurmatisn.i ts hardware to tune into a
correspondi ng 15 physical channel and/or a virtual sub-channel to start
recei ving dat a FReKISEVedby ¢ ghannghieaveril (4, datgpacksts anpnkiedhe RéMevery dat a

ket h i d i i f
Fecer ved dapauiseR0H Shehaclnbd: SR AR BhuaBR BRI BN Trae
dat a packeinodiilewtdF npatpubsighalt diheedthxihtie et gbr the QU MGAsdHBstor

O herwi se, the packet data _is saved in the |local nenory 308 for |ater
retrieval 410 s depamdenignorvailahly bandyyidth.  Ferexemplgs fosp Q@gﬂdngvdté@tgra@ﬁn itis

sent tosthe: Rﬁg? 2 1. 10 | . or effici ayvQi,di ng
freque?\? ?‘glaﬂgﬁwrl {éan;?d#?%tht g“@%@éﬁ @rg{ra%erlﬁ%Cﬁltﬁxmlgﬁbgg*%ﬁé)ﬁ%@ﬁbodi ment ,
the STB 300bitses. a "sliding w ndow' anticipation technique to |ock

anticipated data blocks in the nmenory buffer 309 whenever possible. Data
bl ocks are transheRAMmesiulaied Hedgnrpdy arg sontdp theanrgonyaitersfl 06 behe nenory

DUt 300t i Byl AL APY BB BHRILRERLTR clmglffl poi 100
buffer 30&%EfoMdz bhdcREAbRUMEKE). F ekimpll BharablettwdhiR hdegeder 312 from
t he menory buffer 3009.
20 “bandwidth (or bit rate), each channel can be used to provide more than one data
stream, with each data stream occupying a virtual sub-channel. For example, three
MPEG] data streams can fit into a 6MHz channel using QAM modulation. The
output of the up-converters 106 is applied to the combiner/amplifier 108, which sends
the combined signal to the transmission medium 110.
25 In an exemplary embodiment, the total system bandwidth (BW) for
transmitting “N” data streams is BW =N x bw, where bw is the required bandwidth
per data stream. For example, three MPEG-1 data streams can be transmitted at the
same time by a DOCSIS cable channel having a system bandwidth of 30.3 Mbits/sec
because each MPEG-1 data stream occupies 9 Mbits/sec of the system bandwidth.
30 Typically, bandwidth is consumed regardless of the number of subscribing

clients actually accessing the DOD service. Thus, even if no subscribing client is

using the DOD service, bandwidth is still consumed to ensure the on-demand
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In an exenpl ary enbodi nrent, the STB 300 responds to subscribing client's 30
commands via infrared (IR) renote control unit buttons, an IR keyboard, or
front pamvedor/mesihbuttons, including buttons to pause, plapCT/mSal989noti on,
rewi nd, zoom and single step. In an exenplary enbodi ment, if a subscribing
cli ent doesapaatityi cpﬁiht sgtgm.act i on 19 WO 01/ 93060 PCT/ US00/ 22989 for a

det d f |1 | ect
Cateqory or  movi B 518 00t vgedaimartrap et H‘ga”ﬁmﬁrég?al%e%zg -
schedul ed gﬁ@érgfsfeallﬁlthe1§cﬁuﬁ&ﬁ@&'3@%MS$§30§d@eqn\éﬁ%gerhﬂ§r frh t{@ eClient

provi des an action (e.g., press a button in a renote control uni
anot her ex¥Hp 386 lisplrtys datereii¢ infoinetion FiBBHP thedatestiprograti gnaadel on da i¥ert

| s whi vi.deo LS bel serV|ce vider (e.g., a
coble ¢ RS- I Gleinip HOR-iSBf @sp‘ﬁﬁéngx? igfatin P daHRmoTiE uent |y
rcial d
Icg][rg\re n’B.![I o%oﬁllla?ﬂﬂ E d%s(%ﬁﬁ&d’@ﬁ nfurgtgqlé!laq ?ggg)l 9z9ce%4r?¥§ghaétf§‘?8&%%8§{) %gug%s any
dat a receifeigaR. A&} cable mmnbamgnpbhq} @.g. tizichaledyihof fite ptavirey)] subscrigtnchannel

10 reserved for receiving data.file information to obtain and decode any
ener gency Ii’fﬁ’foér ‘F‘Fﬁf’}ed??sieb aﬁg%ﬁ%w&y@w JR an sxemplant crabodimant, dafa file exenpl ary

enbodi ment;, nHE%fltSJ@ ?or mitﬂhglugeq chhrinel SSPE}HQ&Q a?.ﬂélt} se?v%%lel reserved

f or rece|V|ng ta fi n an 'S ’a 0 recel ve and

di spl ayo anﬁnmnﬁeg@d@ty, dondraemnls, allid/omrhé}geﬁcydﬁﬂoﬁnatldrﬁ Hihﬁoﬁh@tr ©@aiplgyexanpl es
illustrate certal n exenpl ary enbodl ments of the invention fromwhich other
enbodi ment ¥bediERt: indprnationds #RHAIT 3 Baisicohdhapnelishered by giher defe sterihiose

skilled in the AriecHifil BHENLLASR0M o LRSHSLALE ciglaliReld iy ted Lo the

particul ar enbodi nen scusse by the

fol | ow ng catdgaties disglyddd104 (33066n Rﬁé’e’nUSQﬁérZ&%&ﬁent/&E’EEtNBlné(oPﬂ}SYSTENB AND
METHODS FOR PROVI DI NG VI DEO- ON- DEMAND SERVI CES FOR BROADCASTI NG SYSTEMS

The fol | ovisgable datadiles they SR 3P0 eenrals bt hasdware te ﬁéleex@rﬁﬁoaneypq;xdmge
S5y S5 ARSI gy 2
for a dat addia fir. (The; ST SOMExdnfi@eddizBedat®pacitat ldeader, decodes data in the data
packets, and determines if a received data packet should be retained. If the STB 300
determines that a data packet should not be retained, the data packet is discarded.
Otherwise, the packet data is saved in the local memory 308 for later retrieval or is
20 temporarily stored in the buffer memory 309 until it is sent to the decoder 312.

To improve performance efficiency by avoiding frequent read/write into the
local memory 308, in an exemplary embodiment, the STB 300 uses a “sliding
window” anticipation technique to lock anticipated data blocks in the memory buffer
309 whenever possible. Data blocks are transfetred to the decoder 312 directly out of

25  the memory buffer 309 if a hit in an anticipation window occurs. If an anticipation
miss occurs, data blocks are read from the local memory 308 into the memory buffer
309 before the data blocks are transferred to the decoder 312 from the memory buffer
309.
In an exemplary embodiment, the STB 300 responds to subscribing client’s
30 commands via infrared (IR) remote control unit buttons, an IR keyboard, or front panel
pushbuttons, including buttons to pause, play in slow motion, rewind, zoom and single

step. In an exemplary embodiment, if a subscribing client does not input any action
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bl ocks is equal to 6 (x = 6). (Step 404) Set | = 0 (Step 406) Clear a
Reference Array (RA) (Step 408) Conpare j to x. (Step 412) j is less than
X (0<6), wev1/93060 0 (Step 414) Conpare i to x. (Step 418)PCT/USO/R38 t han X
(0<6). Read matrix positions of colum [O] in the SMand wite to RA;
initially,for bereanminedpeyiod of tivietie.gg sirollimgiprégramimdrn, BAseldcBhgp 420) Does

RA contain data bl ock, b Ste 422 RA does not contajn anything
because i t “EEOBHY ROV atsghqdi.\:iﬁg?qoﬁ?pgerﬁ@ Lisgd ?B’Fid patongfical iyn Fgﬁlsﬁh 'J?W'g

St 424 0 b k t
(St egp414 ) cd?i%?gl:\l:latl & dut(gmﬁtpgt)g}lg Qtlogﬁéd %ﬁer%’ e léﬁbgcﬂgn%%%t' q}[g\gglgst Jr(]:u)?ﬁ;? 1< g)c 0

Read matri Qe gn,qxeﬂmadnﬁtonﬁn e o¢rom cpifrolivmit). hh1 dabthen dxamiplbey dntbodkdent)theti al |y,

the SM | so nothin svvrlttenlnoRA t ep 420) Does RA contain
data bl ck§fgé?5 s?lkﬂlwlstl‘g%fmw GRAUPEE Sn%li‘ﬂec%ﬂﬁ%‘?’f%hﬂqa) playggl; {Ikep| ki into

Patue for bt piobidebtetl bilfie Fnpark PLEPE ) pfflpbolily b bislestBnl®l ' VE
(St ep 418)frequestly esamtitdals xhoulk Giterrietatle niales beﬁn@@myted ons of colum [2] in

t he SM and vvrlte to RA; initially, the SMis enp SO not hij ng is witten
into RA. (Step ze)enmcmfewt@p&ﬂda@néu@e véata mﬁkqsmdﬂ (ke @B 299) RA

d t
(Stop a2 PR oy alicreoatlinh pBalian bl SuROR s BRowcde Pl i W Apd® T8 -
Step 418. ref&tepfof tebkivaniwan €ld infarmation & iait b8 decdds ah?&theﬁg@ﬁéy X (3<6).

Read matrix positions of colum [3] in the SMand wite to RA; initially,
the SMis Bipmplienines wﬁp}eyquorm QUiRYf srisen Fven qxemplary pmbodigest, Réesont ai n

d bl bl k3
pg;?tl o(r)lc[ ES@TB Mﬂ%&ﬁl th I%é,& % %I%elg%tﬁ g\%r fcefwmg%f‘ta\@%t te o deri Lgt >
val ue for iml&lﬂah@ﬂil abdtis deaysG@ad%ﬂ@ Kedeﬁfeﬁnﬂl@hsﬂala%/ any eplegdendst hforaapare i to x.

(Step 418) is less than x (4<6). Read matrix positions of colum [4] of
the SM andWWfi‘P‘ttéieKaéS RA; |n|t|aIIy, t he SMls enpty so nothing is witten

into Ri\s (Step f]}%O}orego? 1ig examp es 1ﬁusQrage CePtath ég(%%(npiary em%o!ﬁments of the

invention from which other embodiments, variations, and modifications will be
apparent to those skilled in the art. The invention should therefore not be limited to
the particular embodiments discussed above, but rather is defined by the following

claims.
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(Step 422) RA does not contain blk4. Wite blk4 into position [4, 0] in SM
and the RA. (Step 424) Add 1 to i (i=5) to derive value for position [5,
0] . Go bax¢ot/mso&i ep 414. (Step 414) Conpare i to x. 22 VrDUA@ZN66H

PCT/ US00/ 22989 (Step 418) i is less than x (5<6). Read matrix positions of
colum [5] of the SMand wite to RA initially, the SMis enpty so
nothing is witten into RA (St expPRZODIR¥ES RA contain data block i or

bl k5? (Step 422) RA does not contain bl'ks. Wite blk5 into position [5,

- 414.
0k oy TSRO ke e RSB SEATCESL | o,
1 (j=1). Goto Step 40

----- The follopdngels astapybipten desgripior pEihe exopplayy nrregss iibisipted gsYigamrbare | to
x. (Stesgenraing a schedding mutain for 4 datgfile having six-d@a blqcBs:ep 414) Conpare i to
X. (Step 418) i is less than x (0<6). Read matrix positions of colum [1]

in th8T&NTand wite to RA Position [1, 0] contains blk 1; thus, blk 1 is

wri tt @fied D620 RRBeivéh nuibBesT RRShlobI ®r 8U8ta BEBYY asshmk 8 Azer BPESa RA contain
dat a pl,eek; |eq lt(pg@gz )St ep 422) RA does not contain blkO. Wite blkOinto

posi t} t he SM and the RA.  RA now has blkl and blk 0. (Step
424) (a to r aI ue for p05|t|on [2, 1]. Go back to Step
414. I4 Zﬂﬁﬁr éﬁ%‘& )(St ep 418) i is less than x (1<6). Read
mat r i YD t© c%‘lurm{9 in the SMand wite to RA Position [2, 01
cont attep HIR j & lewy thax @F6)plssi Tilons are enpty. RA now has bl kl, blk 0, and
bl k 2(St¢8t Y ChdhardDotesc. RA cont ai n data block i or blkl? (Step 424) RA

cont a{Sep HIKli is [Eksthan ROOLE)NRebd makrit pexitidndiof cplgint 0Pt he SM hnd #dekth to i

(I =2) RQiniBATY, ¥R IMlisembBIsoRRMihs BRvlithn iklo REO0 back to Step 414. (Step 414)
Conpaye eﬁ4i Di)e RA &4 %Lta'blb&lcﬁ% gohan x (2<6). Read matrix positions in

co u”(s %CK%% RA @es%x&@& all i hidebocitite iR RIpEP e b ifi8Bo8BR (8/df° A

(Step 424) Add 1 to i (i=1) to derive value for position [1, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 1s less than x (1<6). Read matrix positions of column [1] in the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk1?

(Step 422) RA does not contain blk1. Write bik1 into position [1, 0] in SM and the RA.
(Step 424) Add 1 to i (i=2) to derive value for position [2, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [2] in the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk2?

(Step 422) RA does not contain blk2. Write blk2 into position [2, 0] in SM and the RA.
(Step 424) Add 1 to i (i=3) to derive value for position [3, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (3<6). Read matrix positions of column [3] in the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk3?

(Step 422) RA does not contain blk3. Write blk3 into position [3, 0] in SM and the RA.
(Step 424) Add 1 to i (i=4) to derive value for position [4, 0]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (4<6). Read matrix positions of column [4] of the SM and write to
RA; initially, the SM is empty so nothing is written into RA.

(Step 420) Does RA contain data block i or blk4?

(Step 422) RA does not contain blk4. Write blk4 into position [4, 0] in SM and the RA.
(Step 424) Add 1 to i (i=5) to derive value for position [5, 0]. Go back to Step 414.

(Step 414) Compare 1 to x.
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bl k2, and bl k3. (Step 420) Does RA contain data block i or bl k2? (Step 424)
RA does contain bl k2. Thus, nothing is witten into position [3, 1]. Add 1
to i (i¥)pot/moderive value for position [4, 1]. Go back ror/Ssey24804. (Step
414) Conpare i to x. (Step 418) i is less than x (3<6). Read matri X
positions of colum [4] in the SMand wite to RA. Position [4, O]

cont a{Sep H1K4 is kb4 thah REE<@O Rall ansriapesigomiof coftmBobias $Nkhd vhitke bl k2,
bl k3, RARehikA1kA the( SHEP efhdB) soDRBSNEA waéRinko Aat @ bl ock i or bl k3? (Step 424)
RA do e @U@)d@s@i&@ontg ldi%tatﬂ@ékf‘l'd}%lk@ witten into position [4, 1]. Add 1
to | tl@A Sééﬁ/o‘? % rW%Ré'bf 5Q80 I:{%lﬁ%ll){S@ é@%ﬂfﬁg élg'tléf 414. (Step
414) %fp f %ﬁ) kﬁ S, €SS rix

posi t HH : tfaﬁ avvrlteto RA Position [5, 0]

cont a Onm%reb r positions are e now has bl kl, bl k0, blk2,
bl k3, Sd¢n<4116)ameqﬂaks>><(6§6 plngramenbh by 1 Rx1 oépa@ﬁte@éwé- bl ock i or bl k4?

( St ep—-424r--RA-does-contai-ti--bltk4----Hius—-noet-hi-ng--+ts-—-w-i tten into position [5,
1] . Alepl406) Clear(a R&}Erehce deny (RAyal ue for position [0, 1]. Go back to Step

414. égieﬁ/\ﬂ)sgﬂ&wg BGEI’/ US00/ 22989 (Step 414) Conpare i to x. (Step 418) i
is |egy J)fs e26), B} Lipx positions of colum [0] in the SMand

Ie
wrlte % @ [0 0] contalns bi kO. All other positions are enpty.
F‘

kO di ded 20 RA
cont lbsl ni o %%B%R?EE& %6‘? a“’%ﬁg’
not hi TG i é’SWOPt qo,q{abn mﬁl&lépt‘i @Bj’sm‘@&? Pack to Step
414 8Py 414) Corrpare | to X. (St ep 416) I is equal to x (6=6). Increnent
t¢n) 420) Dags R c@itaip datdhlock i or blk0?
----- éStep 422)RA dees not centain-blk0.- Write blk0-into-position{1 - F]-in the SM-and the RA: - - - - - - - -

----- RASA®ph£4O0dk1 eheblk r Reference Array (RA) (Step 408) Conpare | ‘to x.
(St ep(é2d24) ARl 1 SR defive 2aRlk forl SsitlonT201]. GPb&R 1854 44anpare i to x.
(Step 414) Compare i to x.
(Step 418) i is less than x (1<6). Read matrix positions of column [2] in the SM and write to
RA. Position [2, 0] contains blk 2. All other positions are empty. RA now has blk1, blk 0,
and blk 2.
(Step 420) Does RA contain data block i or blk1?
(Step 424) RA contains blk1. Thus, nothing is written into position [2, 1]. Add 1to1i (i=2) to
derive value for position [3, 1]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) i is less than x (2<6). Read matrix positions in column [3] of the SM and write to
RA. Position [3, 0] contains blk3. All other positions are empty. RA now has blk1, blk0,
blk2, and bik3.
(Step 420) Does RA contain data block i or blk2?
(Step 424) RA does contain blk2. Thus, nothing is written into position [3, 1]. Add 1toi
(i=3) to derive value for position [4, 1]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) i is less than x (3<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk4. All other positions are empty. RA now has bik1, bik0,
blk2, blk3, and blk4.
(Step 420) Does RA contain data block i or blk3?
(Step 424) RA does contain blk3. Thus, nothing is written into position [4, 1]. Add 1toi
(i=4) to derive value for position [5, 1]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) i is less than x (4<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5. All other positions are empty. RA now has blk1, blk0,
blk2, blk3, blk4, and blks5.
(Step 420) Does RA contain data block i or blk4?
(Step 424) RA does contain blk4. Thus, nothing is written into position [5, 1]. Add 1toi
(i=5) to derive value for position [0, 1]. Go back to Step 414.

r—ri—@
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(Step 418) i is less than x (0<6). Read matrix positions of colum [2] in

the SMand wite to RA Position [2, 0] contains blk 2. Al other

positi onsvapeIwepty. RA now has bl k2. (Step 420) Does RA ponuseom2eest a bl ock

i or blkO? (Step 422) RA does not contain blkO. Wite bikO into position

[2, 2] in the SMand the RA. RA now has bl k2 and blk 0. (Step 424) Add 1

to i (Stegi)l4)acCaeparyeiondl ue for position [3, 2]. CGo back to Step 414. (Step

414) t CaBPArS ilis fe@s ’éﬁan& SQ@ 51?%6%31 %igﬂﬁlg)&ﬁﬁ&;stdfgﬁhﬁlﬂﬂ) @the@?@gnmﬁé%

posi nsp a b

cont aﬁ% d%tm%c[ ﬁﬂé) er Bglém%luons rselﬂ%rrpftﬁg m ({GE? qlgdo and
E fﬁqgt bl ock i or bl Kkl ’> (Step 422) RA not

bl k 3

cont af C‘?ﬂtﬁlp [3, 2].in the SMand the RA. RA now
has bf QP )I&A* dB“r’Sl@maélhB kgt jhus, (ngfhé’bg ipousjtterigrtoypesifion [0 Lp)Addol ek i ve val ue
for pGsbki@mbacktoStep 4# back to Step 414. (Step 414) Conpare i to x. (Step
418) (Stem419donprani 0 {.2<6). Read matrix positions of colum [4] in the SM
and wStee416) i iRAuaPR (=6l [ndrentdnt £l =% Gbkd Stepldo6ot her positions are
enpty..-RA_now has_bl k2 __hik0 __blk3 __blkl, and blk4. (St ep 420) Does RA

conta ep 424) RA does contain bl k2. Thus,

not hi tS}eﬁj% é}b&%k}{éfel%hc%%?% |Ig‘§}[4 2]. Add 1 toi (i=3)to derive value
for to.Step 414. (Step 414) Conpare i to x. (Step
418) g E ]teﬁsa a§(§%<@)h Qd matrix positions of colum [5] in the SM
and wkyt ?1%4 RAPHY % on [5, 0] contains bl k5. Al other positions are
enpt y(Stend Hwinlsss thak 2 (OB0k Bead pladx pesiitions o cRlimupiAd ik M pigl wpitel®0) Does
RA coRtaiRestand 20 aoktainsdik Bl K3PothSt msitivR4 preRimmtpe R Acoow hasblk2.k3. Thus,
not hi (Rjep $200Ddes RA tortaingiati Blockn drdlk] . Add | to i (i=4) to derive val ue

for pesip 427) HA doed not Contaakkd. oWse Bl ifto doSiiRR [4.124)in GRIBMGLAd thd RAX. (Step
418) M&Wﬁ&%lk@ﬁrﬁﬂmk@%) Read matrix positions of colum [O] in the SM

and [ bl kO sitions are
enpty W(S 43 Ad%at © coﬁrél)tlg tgag{l% yelle 1‘%9@5&%&&@ bt gf)g‘%%kr e%%%g‘?ep 420) Does
RA CO tep 415 1 15%255 t?lan xl(lg lﬂeaé matrug1 positions of column [3] in the SM and write to
RA. Position [3, 0] contains blk3. All other positions are empty. RA now has blk2, blk 0,
and blk 3.
(Step 420) Does RA contain data block i or blk1?
(Step 422) RA not contain blkl. Write blk1 into position [3, 2] in the SM and the RA. RA
now has blk2, blk0, bik3, and blk1.
(Step 424) Add 1 to i (i=2) to derive value for position [4, 2]. Go back to Step 414.
(Step 414) Compare 1 to Xx.
(Step 418) i is less than x (2<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk4. All other positions are empty. RA now has blk2, blk0,
blk3, blk1, and blk4.
(Step 420) Does RA contain data block i or blk2?
(Step 424) RA does contain blk2. Thus, nothing is written into position [4, 2]. Add 1toi
(1=3)to derive value for position [5, 2]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) i is less than x (3<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5. All other positions are empty. RA now has blk2, blk0,
blk3, blk1, blk4, and blk5.
(Step 420) Does RA contain data block i or blk3?
(Step 424) RA does contain blk3. Thus, nothing is written into position [5, 2]. Add 1 to i
(i=4) to derive value for position [0, 2]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) i is less than x (4<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contain blk0;
thus, blk0 is discarded.
(Step 420) Does RA contain data block i or blk4?
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WD 01/ 93060 PCT/ US00/ 22989 (Step 424) RA does contain bl k4. Thus, nothing
Is witten into position [0, 2]. Add 1 toi (i=5) to derive value for
positi on W p1/2J060 Go back to Step 414. (Step 414) Conpare PCT/@WS00/2208t ep 418)
I is less than x (5<6). Read matrix positions of colum [1] in the SM and
wite to RA Position [1, 0] contains blkl and position [1, 1] contains

bl k0. (F8ép 4d4) P MoesdiniidBIkA] Khus, aidehif KGirittdhUsito ﬂﬂsﬁion%on PlALY Bios

di scagidspho d%hlve 9&1{1§for%§1|t15h?ﬂ%]a% %@E&’Staﬁaﬁtwp 420) Does RA contain data
bl ockdteRhi 1 BldRToatet © does cont a| n b k5 Thus nothing is witten

1040

| nto I“i I§'1< I:g %tf( Rtegdmatr (gS tions o ;’}L %ES)% etp 414)
Conpa ' it f coﬁtalﬁﬁs kl amdS posqclon [1Sgl Ié?)n a§ns lkO %ea yC ntal S

G to

----- (Step42(l) Q@Bé\m%}m@a@éalm&(lmfo@?@nce Array (RA) (Step 408) Conpare |
to x. (NGt €3 RiR}ogs dogtaireblkSt Rans, noftBsdis, wriitetn ihtopoBition ([ §f Bp AL toGonpar e i
to X.(i€6tL apo BdR)toiStdpsalldess than x (0<6). Read matrix positions of colum
[3] igstéhe1dSMoashraMtotye to RA. Position [3, 0] contains bl k3 and position

3, 2 [ L — RA. Al |l' ot her
Losi tgéﬁg l%se EHOX tgg 5&%)0 g}ﬁkﬁ %m%}g?fﬁgggg@bl ock i or bik0? (Step
422) d(%% tal V}I(lte bl kO 1nto position [3, 3] in the SM
and tg%%‘! ?FSEC (% and bik0. (Step 424) Add 1 to i (i=1)
to defisR? 6%|t|on[4 3]. Go back to Step 414. (Step 414)
a('séep“}c?dJXSle%Sh@pXﬂ@ letis0l ess than x (1<6). Read matrix positions of
coI unﬁS’t@pﬂﬁ}léi)rCommI@\noamd wite to RA Position [4, 0] contains blk 4. Al
ot her (Speys4 18) d fislesy tharerid56). RAadmatrhasositidas of bblkmh, [3] bl ke Vst Wlile td. (St ep
420) RaePoAios JRL@icon@aisadI AkkpdsitRi [bliqlc%n{aﬁisqgkﬂ%m(ﬁﬁd%ﬁata@é ns bl kI .
Thus, WﬁgglmlﬁgRAs Mﬂb{};eg Oélmﬁ%@&hi [4, 3]. Add 1 to i (i=2) to derive

val ue

ata ‘,St ep 414. (Step 414) Conpare i to X.
(Ste %, d mat r.i Ltign f I [5] in
t he %2 Mﬁ%s Ot %?E %ﬁltff Ol}toé’Bﬂilglil ﬁg%glnkgl.essﬁlan‘gﬁﬁg{mposi tions
e “bl kI,
are (Step 424) Add 1 to 1 (1=1) to derive value for position [4, 3]. Go back to Step 414.
(Step 414) Compare i to x.

(Step 418) i is less than x (1<6). Read matrix positions of column [4] in the SM and write to
RA. Position [4, 0] contains blk 4. All other positions are empty. RA now has bik3, blk 1,
blk 0 and bik 4.

(Step 420) Does RA contain data block i or blk1?

(Step 424) RA contains blk1. Thus, nothing is written into position [4, 3]. Add 1toi (i=2)to
derive value for position [5, 3]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5. All other positions are empty. RA now has blk3, blk1,
blkO0, blk4, and blk5.

(Step 420) Does RA contain data block i or blk2?

(Step 422) RA does not contain blk2. Write blk2 into position [5, 3] in the SM and the RA.
RA now has blk3, blk1, blk0, bik4, blk5, and blk2.

(Step 424) Add 1 to i (i=3) to derive value for position [0, 3]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (3<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contains blk0;
thus, discard blk0.

(Step 420) Does RA contain data block i or blk3?

(Step 424) RA does contain blk3. Thus, nothing is written into position [0, 3]. Add 1toi
(i=4) to derive value for position [1, 3]. Go back to Step 414.

(Step 414) Compare i to x.
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bl kO, bl k4, and bl k5. (Step 420) Does RA contain data block i or blk2?
(Step 422) RA does not contain blk2. Wite blk2 into position [5, 3] in the
SM and t weO RB9306(RA now has bl k3, bl kl, bl kO, blk4, blk5, peaOUBIK298% Step
424) Add 1 to i (i=3) to derive value for position [0, 3]. Go back to Step
414. (Step 414) Conpare i to x. (Step 418) i is less than x (3<6). Read
mat ri @tgoei F)ii dniessothag 0l(446). [Rehd hfhtﬁ)hposﬁﬁér&ﬂﬁcmﬁ[llqmth%M Besititorn [0, O]
cont aRAS HosHdn ['Nd Rhhls WeShitd ﬁlcﬁ’&r EMWRniaind k@ Agafdler¢R8kiBhsebi KO;

k bl k3? (S
Zgzs’eﬁtﬁcwam ﬁéﬁﬁ%’;ﬁ?%d n%ad:/\r 9?%%‘2?& g p|05|0{| on [O, (35 P
Add 1 osi.tia 0. Step 414.
ket el st k15,3
I(g'[sgp@ﬁ 0 deyiy '631‘13&?55’834?’8’9% Blp&9 aidéf‘% dtumm [1] in Ehe EM anél \I/vr: rse

to RBterrdDGasmwapaitog) contains bl kl and position [1, 1] contains bikO.

Al | ofSterr 410 s it lesrtbamk €5<@mikeqpd nRAbapositehs of soluaim@] bl the BMaod birikdto do not

wr i t eRa. duopitiond?.0laoptains(bikE mddidjtidages2 RAnehin ek 0. ddl athbt pekidnsare bl k4?

(St €Perfk tﬂv) mearﬂ@e,s/ coRfand bk DAk 0;MéSnot RRLtE A Gﬁltalﬁe%té/\é’dgyt en into position [1,
gDoes@'A‘@c)ntélﬁd%“dlé/&ﬂcﬁ'b‘ﬂ%‘?fOr position [ Go back to Step

0 X Read
: g ond&%%@{ i é[iﬁus 3 qlgg %lj\v/lgl)l 1h§) oesﬁﬁ)(r)l [Egﬁ Arg(dszc% In (2. 0]
conta§1 s(é‘% é(f'r Lﬁtlon [2, 2] contains bIk 0 Al other positions are
) b t*ai ns bl k2 and bi kO; do not wite a duplicate copy.
(St ep(SA%‘)tl%é%e@Al foontoaPn stement bex! (i=4) GplsStepd06p 424) RA does cont ai n
bl k5. ~Fhts;---retht-ng-i-s-wri-t-t-ef-i-nt-o--post+tti-on--2;—-3t---Add 1 to i (i=6). o
back (SterSt@) (Adat.a Referepcedddhy Rfipare i to x. (Step 416) i is equal to x
(6=6) (Std 0% Tkpare Py x1 (j =4). CGo to Step 406.
""" (‘S‘tep4r2)alsress"thanx(4<6) feti=Q; " """"""""""TTCTTTomToTomosTmToTomomoomoes

----- Clear a Reference Array (RA) (Step 408) Conpare j to

4
( S ﬂg)r id leSSthat )%?Oié}a%ead gnatrnz posmons of col%mn [4] in the SM and write to
RA Position [4, 0] contains blk4. Blk4 is written into RA. All other positions are empty.
(Step 420) Does RA contain data block i or blk0?
(Step 422) RA does not contain blk0. Write blk0 into position {4, 4] in the SM and the RA.
RA now has blk4 and blk0.
(Step 424) Add 1 to i (i=1) to derive value for position [5, 4]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) 1 is less than x (1<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blkS and position [5, 3] contains blk2. All other p051t1ons are
empty. RA now has blk4, blk0, blk 5, and bik2.
(Step 420) Does RA contain data block i or blk1?
(Step 422) RA does not contain blk1. Write blk1 into position [5, 4] of the SM and the RA.
RA now has blk4, blk0, blk5, blk2, and blk1.
(Step 424) Add 1 to i (i=2) to derive value for position [0, 4]. Go back to Step 414.
(Step 414) Compare i to x.
(Step 418) i is less than x (2<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0. All other positions are empty. RA already contains blk0;
thus, do not write a duplicate copy.
(Step 420) Does RA contain data block i or blk2?
(Step 424) RA does contain blk2. Add 1 to i (i=3) to derive value for position [1, 4]. Go
back to Step 414.
(Step 414) Compare i to x.
(Step 418) 1 is less than x (3<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk1 and position [1, 1] contains blk0. All other positions are
empty. RA already contains blk1 and blk0; do not write a duplicate copy.
(Step 420) Does RA contain data block i or bik3?
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(Step 414) Conpare i to x. (Step 418) i is less than x (0<6). Read matri x

positions of colum [4] in the SMand wite to RA Position [4, O]

cont ai ns b k#¥9308) k4 is witten into RA. Al other positi OPCT/AR@/ 205t Y.

(Step 420) Does RA contain data block i or blkO? (Step 422) RA does not

contain blkO Wite bikO into position [4, 4] in the SMand the RA. RA now

has b(d¢ép a2} Fod KBes Aovlceptat?dk3 Additd bik3 1ht0(&mﬁﬂont[@ AeFiNeSValndehd R POsi tion

I[5 4kAﬁ?aQ;vH§sCtk1kioou§§ st b, bl &R wiikg) Conpare i to x. (St epsﬁ/lw)d' 'St

ess and write
él@lggﬂ td“ on LOSI t%&l{l%%%&{i}?%{ &?8&30 Lds té%a%lglo %]@p %gﬁt ai ns bl k2.

AII o now.has k4, bl kO, blk 5, and bl k2.

(Step ?R) kY é% e?@&[ ﬁt(fﬁng%g DRAIER ROgitINS ogjlcQ]r“m’g étbthﬁzij\ﬁl APphVIERY not

cont aR dragition\ig; Qlecoptais bk andhpesitiqrold, Phconggingplkdn Allawherpgsitings A, RA now

has betaty. R4 elreaslylcantairisidk? lk0:ido. not Serép adpplicatebpy. to i (i =2) to derive

val ue(Step 4H)Ddes A Pdhtaid]dataliodkaicde HloA?St ep 414. (Step 414) Conpare i to X.

( St ep(StaB¥24) R4 dbescontdiablid. (1266 notiReath wiaftdr mtdomiﬁdnqas%)m&m g [O] in

the Si §ﬁt@déﬁkfé@alh@for%%s1ti°ﬁf’t3t4 Otd Bhck @ S&pf1ai ns bl kO ot her positions
are e gontains b| kO; thus, do not wite a dupllcate copy.

St K | e contain
Al s R e

St <6) .

Regg ROy Al %quSHWélS &¥e LtnRA @]eadw@rﬁ@nsmkénhl WrandeblkQ; dopat #tion
[1, oﬁummteagons bl kI and position [1, 1] contains bikO. Al other positions
are 5t §20)RveaRle acktainalatadilock tdrkdlk®@nd bl kO; do not write a duplicate

copy. (S{tafs 4pH A0 HodnamtdRAbIka N tTiuk, ndding Bl e mwﬁ)dgiti@?[s, 26 Alda 04493060
PCT/ Ug8 mg&ktegﬁmﬂez) RA does not contain bl k3. Wite blk3 into
posi ttg% ig)d%ﬂ & SM and the RA. RA now has bl k4, bilk0, bl k5, blk2,
Pt
t

bI kI d t I f t 2,
St el g Bt Yo gt on 12
thanx(4<6) Read matri x p05|t|ons of colurm[2] in the SMand wite to

(Step 406) Clear a Reference Array (RA)

(Step 408) Compare j to X.

(Step 412) j is less than x (5<6), leti= 0.

(Step 414) Compare i to x.

(Step 418) 1 is less than x (0<6). Read matrix positions of column [5] in the SM and write to
RA. Position [5, 0] contains blk5, position [5, 3] contains blk2, and position [5, 4] contains
blkl. BIkS, blk2, and blk1 are written into RA. All other positions are empty.

(Step 420) Does RA contain data block i or btk0?

(Step 422) RA does not contain blk0. Write blkO0 into position [5, 5] in the SM and the RA.
RA now has blk5, blk2, blk1, and blkO.

(Step 424) Add 1 to i (i=1) to derive value for position [0, 5]. Go back to Step 414.

(Step 414) Compare i to x.

(Step 418) 1is less than x (1<6). Read matrix positions of column [0] in the SM and write to
RA. Position [0, 0] contains blk0 and all other positions are empty. RA now has blk5, blk2,
blk1, and bik0.

(Step 420) Does RA contain data block i or bik1?

(Step 424) RA does contain blkl. Add 1 to i (i=2) to derive value for position [1, 5]. Go
back to Step 414.

(Step 414) Compare i to x.

(Step 418) i is less than x (2<6). Read matrix positions of column [1] in the SM and write to
RA. Position [1, 0] contains blk1, position [1, 1] contains blk0, and position [1, 4] contains
blk3. All other positions are empty. RA already contains blk0 and bik1; thus, do not write a
duplicate copy. Write blk3 into RA. RA now has blk5, blk2, blk2, blk1, blk0, and blk3.
(Step 420) Does RA contain data block i or blk2?
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RA. Position [2, 0] contains blk2 and position [2, 2] contains bikO0. Al
other positions are enpty. RA already contains bl k2 and bl kGO, do not wite
a duplicawveoveye (Step 420) Does RA contain data bl ock iPOT/UBOK2I8Y St ep
424) RA does contain blk4. Thus, nothing is witten into position [2, 4].
Add 1 toi (i=5) to derive value for position [3, 4]. Go back to Step 414.

(St ep(StddI2BRMAbEs dontin Bik2( APl HLG)=3) td & i\%&%ldef'@fl Ksith Regd matrix
posi tégd}gto(gfte 4)1I4urm 0[n3] in the SM aﬁd?’\?vrl teer to %oél(?ﬁgn ][3, 0]

cont at @MS ap [3, 2] contains blkl, and p03| ti on [3, 3] contains
bi kO. her | t| ar. g al re% cont ai k3 bl k| , and

b kO 1\/& fe S 33 ?)%gieta %%?P% W%f’ PRt a bl ock
[ aﬁ}ﬁ% LROSE It pP%‘uWPSi ¥fen into

pos. t Ffé‘ﬁ aﬁreadmentmwm ang blkY; doggpt B‘é&?(afléplgtaéﬁpcqpm (Step 414) Conpare
i to (Steg Q‘-);DQ%@A rortginglgtrehtlocloi or blei6) . 1 ncrenent | 1 (j=5). Go to
Step (1316p 424) RA does contain blk3. Add 1 to i (i=4) to derive value for position [3,5]. Go

----- (Step 4%%@% @;toq ear a Ref erence Array (RA) (Step 408) Oorrpare ] to

X. S gp )i id lebSth §? 2 pogﬂzt%n |cofurin K (nﬁlﬁ%l\ﬂ]a% :

X. CO ?a?n 01 %{g? m [5]
o th §B'E§ é‘ﬁmﬁg{& ¢ %‘P "5, 3]
conta ‘frIP?SI a%ars&grm rea Wl 2pd by 0 npj wBte ayng bl ki are
writ t SWPLCAIEFORA. Al ot her 05| tions are enpty. (Step 420) Does RA contain
dat a b¥ter#2G) [&GSMQMtQIStd@@MMI ®RAlgGes not contain bikO. Wite blkOinto
posi t {Bep #5) FA does ndteoBhnahikid.t Wait&Blk4 iRRA positroh i3, 1l The $NVkAd thd RA, and

bi k0. ThSRepnaiRhas RS, blk2, dlk1, biko] pIkBpardieslkae val ue for position [0, 5]. Go

back tSte @Qfﬂijd‘ll to 1((&5990631406 @PME@OM%@[@‘S](@B%@CM@ 414 less than x
(1<6) (stheath)ea tlons of col um |nthe SMand wite to

RA.

Posi t r now has
oo (9 sl %ﬂm@?@ e &abg?ﬁ%% TR ALt "o
bl kil ? % @Sgt a“ﬂso fﬁé) e1’:r<?°§i‘8i"i1§/3§evaI ue f or
posi t F th£ g ad@&om‘@gglb A0t write a duphcate copy.

(Step 420) Does RA contain data block 1 1 or blk5?

(Step 424) RA does contain blk5. Thus, nothing is written into position [3, 4].

(Step 424) Add 1 to i (i=6). Go back to Step 414.

(Step 414) Compare i to x.

(Step 416) iis equal to x (6=6). Increment j by 1 (j=5). Go to Step 406.

(Step 406) Clear a Reference Array (RA)
(Step 408) Compare j to x.
(Step 410) j is equal to x (6=6); END.
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(Step 414) Conpare i to x. (Step 418) i is less than x (2<6). Read matri x
positions of colum [1] in the SMand wite to RA Position [1, O]
cont ai ns vob ki/930psi tion [1, 1] contains blkO, and positi orCf/US0029890nt ai ns
bl k3. Al other positions are enpty. RA already contains bl kO and bl kl;
t hus, do nWHAKIS ETAIMEDIS:cate copy. Wite bl k3 into RA. RA now has bl k5,
bl k2, bl k2, blkl, blkO, and bl k3. (Step 420) Does RA contain data bl ock i
or bl k2? 27 WD 01/ 93060 PCT/ US00/ 22989 (Step 424) RA does contain bl k2.
Add 1 to i1.(i=3) phShélefor ¥yt @ifa iP4 ROt prBVidk Aatadn-déPandl@fcdsO Step 414.
(Step 414) Conpare i to x. (Step 418) | is less than x (3<6). Read matri x
posi ti ons @immwingthe fRps ofh the SM and wite to RA Position [2, 0]
contains blk2 a posi tion quZ 2]{;} contains bl kO Al other positions are
enpty. al rea{ﬂl‘g confssPiyines 432§ bi k0; do not write a duplicate copy.
(Step 420) Does co Lo ndat I or blk3? (Step 424) RA does contain
bl k3. Add 1 to ﬁbB(A| :4)Qﬁe'?z)&gg%t€%é)i\/ngéliﬁ%l’for position [3, 5]. Go back to
Step 414. (Step(c#1l4) Easipgrseididatadfibe intd StpdwraldtyB)f datal tdodka dasddharsaid i#hs6) .

[ ition I inthe SMand wite to L RA. Position [3,
OR]eagog?;ir In)s( RIOOs :)ogi f i@%v%ﬁgﬁ?ml[?ﬁ‘]a{:%?hé&?sﬁﬁ?@ls,diﬁﬁ’é?é’?]?lieélﬁri[‘%?'ai@}in%?ont ai n[s
bl kO Al other posi ;I{&Q?are enpty. RA already contains bl k3, bikl, and
bi kO; do not wite a é p ]Tcate copy. (Step 420) Does RA contain data bl ock
i or bl&4? (Stef)422) dRbrming aretuicaniumiber bf Kthe s toesehdl katd datadil@osi ti on
[3, 5] of the SMand the RA. = The RA now has bl k5, bl k2, blkl, blkO, blk3,
and bl k4. (Step 424) Nagrem gaghiof paiddime hotdisp pdurafign gebstastialpequal n [ 4, 5] .
Go back to Step 414. se(i(ﬁifiﬁiﬁtjeﬁ) Conpare i to x. (Step 418) i is less than
X (5<6). Read matrix positions of’ colum [4] in the SMand wite to RA
Position [4, O0](egont ahihscatihkth ob tipesdidtiadieaktd, 4] contains bl kO Al other
positions are enpty. RA already contains bl k4 and bl kO do not wite a
duplicate copy. (Step(2203fisbatsamhplusityphdatablockt 68 i or bl k5? (Step 424)

RA does:contain bl k5. Fhus... ' j i [ ([ 3.:4]. (Step
424) Azl%l ltoi (i=6) .(2-1)-60&%150 gﬁ}?%Eeg?Ijer%O%ﬁfg&ﬁﬁg?le%kamg&scéuﬁgg??{et S|,‘udt 0 X.
plurality of data blocks is available in sequential order to a

client accessing said data file during any time slot; and

® sending said plurality of data blocks based on said allocating step (e).
20 2. The method of claim 1, wherein said parsing step includes the steps of:

(D determining an estimated data block size;

) determining a cluster size of a memory in a channel server; and

3) parsing said data file based on said estimated data block size and said

cluster size.
25
3. The method of claim 1, wherein said determining step includes the step of

assessing resource allocation and bandwidth availability.

4. A method for processing data received from a server to provide data-on-
30 demand services, comprising the steps of:
(a) receiving a selection of a data file during a first time slot;

(b) receiving at least one data block of said data file during a second time
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(Step 416) i is equal to x (6=6). Increnent j by 1 (j=5). Go to Step 406.
--------W001908i ep 406) Clear a Reference Array (RA) (StrETAC@)220%npare |
to x. (Step 410) j is equal to x (6=6); END. 28 WO 01/93060 PCT/ US00/ 22989
WHAT | S CLAIMED | S:  1slofy amdt hod for sending data to a client to provide

dat a- on- demand rvices the steps of 5 (a) receiving a data
file; (b) speci@?i ng ami‘?%nga ‘?fg& (c) parsing said data file into a
plurality of data bl ogis gaggglg% %ﬁﬂa%lédﬂ%talr@éc@ﬁd@e'l skch that each data
bl ock is displayable during sard %, interval; "10 (d) determning a

requi red nunber of tif(® s$equ$1ttaﬁy$1mpthyﬁ@ ajdaiabh)cklofsmd dwhdileiandeach of sal d
time slpt has a duratiQn substanti sai d ti erval e)

al locat?ng to each ti sfehEatE st 3\]& ‘Xmﬁ%ﬁ A&W‘%P%lis ‘Bcisa@ad% @FE‘P%"?% of
data bl ocks; and 15 (2) opLL;® M&’dl?élﬁyéar more additional data bl ocks, such
that said pI urality of data blocks is" available in sequential order to a
client accessing said data file during any tine slot; and () sendl ng said
plurality of daab s based on ai d. all ocatjng_ st . The

met hod of <l ai #%é.gﬁn%ﬁrtgap stHpedpapXil %4%@?5% ﬁ@dﬁlteﬁ‘gh%g (1)
determ ni i i si ze of
a menory Pl%atg& g%llﬁg%% géglrd &Z‘?& @ %ﬁ%@% d%%r}glé% Oggldg{a atQ aéﬁ?h ﬁea? Aggtggtr on said
esti nated ldatlas do¢ avdlabledn sﬁl’iﬂnﬁﬂlo@ﬁer@d) nslient rédeiviing 2hd data Biwksgsatdod of cl ai m
1, wherein said determni tep includes the step of assessing resource
al | ocat i onmgihad B%leagﬁl%\% ofbility. 4. A method for processing data
recei ved from gpgervero iy P 42tRn Mot BB Ata ALY €S, compri sing

t he steps of:

(b) setting a first variable [j] to zero;
(©) setting a second variable [i] to zero;
15 (d) clearing all entries in a reference array;
(e) writing at least one data block stored in matrix positions of a column

[(i+j) modulo x] in a matrix to a reference array, if said reference
array does not already contain said data block;
® writing a data block [i] into said reference array and a matrix position
20 [(H) modulo x, j] of said matrix, if said reference array does not
contain said data block [i];
(2 incrementing said second variable [i] by one and repeating step (e)
until said second variable [i] is equal to said number of data blocks
[x]; and
25 (h) incrementing said first variable [j] by one and repeating said step (c)

until said first variable [j] is equal to said number of data blocks [x].

6. The method of claim 5, further comprising the steps of:

@) repeating said steps (a) to (h) to generate a set of scheduling matrices
30 for a set of data files; and
G) applying a convolution method to generate a delivery matrix based on

said set of scheduling matrices for sending said set of data files.
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(a) receiving a selection of a data file during a first tinme slot; (b)
receiving at |east one data bl ock of said data file during a second tine

29 WO 01MGO6®BORCT/ USO0/ 22989 slot; and (c) during a nexPCTUR®/2bsst . (1)
recei ving any data bl ock not al ready received; (2) sequentially displaying
a data bl o¢k of Aghldomtdernand $ystenmnedmpri¢idy: r epeating step (c) until all data
bl ocks of said dg‘ta file has been received and displayed. 5. A nmethod for
generating a sch B F540d Chafiel SETYSS: a data file, said scheduling matrix
provides a send, gfgl cérﬁfolﬁxﬁ"‘ﬁﬁ@ f&aéoﬁtrghﬁ’i%lﬁldq{rstaseg@f &qabhél%ervéfé(:h t hat
said data 10 blocks are available in sequéntial order to a client

recei ving sai d aétshs@tlofoksonsatials compldiad saidifiysti sst offchahec] serwps; afd ()
recei vi pg a nunber of dat bl oc taflle h) setting a first
vari abl 8 [j] to?s¥pRerRpdyl 8?9?&5“%)%‘4@%8% PBﬁP%Veﬁe]fsg 2‘2 [%mef:w (d)
clearing alhagRtai®soih t@nsEh QLERE lﬁ)ﬂf ing at |east one data

bl ock stored 1?ln na@?llgx pos%tlons aﬁEu‘i SSI(( ?\Mﬁ) nmodulo x] in a matrix
to a reference whemin said ca]maljcomfoﬂr@mes/er f.srdoaﬁgni@ém dividead dataflle intont ai n
sai d data (1) ing a. data block [i] into_sa reference array and
a matrix p‘gaﬁ‘gt’ﬁkﬁ ansly ‘(“rtlai?? dpkierny Brafrix for s %’Fill%?a$3éﬂﬁ§?|b?% ks pqrossadl 1 ef er ence
array does t N i second
vari abl e [ﬁr?&gﬁ}ssgne g(?ll mflglgggﬂl ng cgr%; {ngl(;h tu%%%d%gégggg%%cﬁ%l@grﬁabl e [i]

i s equad t@emaidd nunber of data bl ocks [xX] ; and 25 (h) increnmenting said
first variable [j] by one and repeating said step (c) wuntil said first
variable [j] is equal to said nunber of data blocks [x]. 6. The nethod of
claimb5b, fgrthe r ( i ps (a) to
(h) to gengr at efhggi{? ngsd 5S¢ gﬁﬁtéﬁg’?ﬁl& ri 7?:{7@5lelfre J?d?lgoﬁégtrgo‘ﬁﬁegata files;

and (j) apikhidega sorfbinvoind inamnptfidnod to generate a delivery matrix based
on said set of scheduling matrices for sending said set of data files.

15 9. The data-on-demand system of claim 7, wherein said channel server includes a

controller, a modulator, and a network interface.

10.  The data-on-demand system of claim 7, further comprising:
a channel monitoring module for monitoring said system;
20 a switch matrix;
a second set of channel servers; and
a second set of up-converters;
wherein said channel monitoring module is configured to report system status
to said central controlling server, said central controlling server, in response to a report
25  from said channel monitoring module, instructing said switch matrix to replace a
channel server in said first set of channel servers with a channel server in said second
set of channel servers and replace an up-converter in said first set of up-converters

with an up-converter in said second set of up-converters.
30 11. A method for processing data received from a server to provide data-on-

demand services, comprising the steps of:

(a) receiving a data packet from a server;
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30 WD 01/93060 PCT/ US00/ 22989 7. A data-on-demand system conprising: a

first set of channel servers; a central controlling server for controlling
said firswose93oed channel servers; a first set of up-conperwsoms22esupl ed to
said first set of channel servers; and 5 a conbi ner nodul e coupled to said
first set of up@bdonverqaémhegénrdnbmbtumemsaxdauttﬂl@cmapt| ng to transmt data

via a transm ssj on nmedi u whet sai,d C ntr rolli serv

configured to d‘: SI de 8r%ﬁ§{zg1gﬁafcgcll2}q?1p%cke %68&’§Ei?ﬁﬁd€é Eﬁlﬂtpégé’ndel i very

matri x for sendi ng sakgddai®r Mesksioacr oss sal d transm ssion nediumin a

schedul ed manner such that said data file is accessible on 10 demand. 8.

The dat a- on- den@ind sygtltbnmttﬁaﬁngamfrsS?tp saldalags blogi d conbi ner modul e

include a conbj pfier. 15 9. The data-on-d dsystemof

claim 7 wher ei d??sal dg?ﬁ‘?g ‘L@%E{D‘ﬂl‘ WE‘FEB%S%IS PRI F‘n a nodul at or,

and a networ k |@Lerfaggp1a§, fho si{ieiafabigeion- demand system of claim 7, furt her
c

conpri si ng: annel noni or| ng nodul e for nonitoring said system 20 a
switch matri x; a second set of channel servers; and a second set of

up- converters; erej.n . said. chan nmonitoring nodule is configured to
report sysf%m s ’ﬁgthofl(??glg?rﬂqieﬁp:hﬁqcmﬁrlﬂtﬁ? ﬁfﬁp%%t?ver sai d central
controlling ser i

noni t ori ng nodule, i ngbtnr&lg%tl géﬁgéﬁg%lﬁﬁg%%#g%%g&?@eﬁ@ l?i:['slfczsteaf‘i:gaialachannel
server 10n sai d fh)rst smbiviig ahageely darusd s with a channel server in said
second set of chhannel servers, and repl gce an up-converter in said first
set of up-convetters lapingsaidiemeserrsy date i n sai d second set of
up-converters. 30 11. A nmethod for processing data received froma server
to provide data-on- demand services, conprising the steps of: (a) receiving
a data packet fTienmathediofelaim 13 furiecbh 83136} tRETEPOOAMARNSAn eplzrganendi ng

header infqormatiaon in said data packet c) organi zing said data packet
into a dat %‘W@é’@eﬁé@é@aaﬁack@d@emﬁ r??ﬁ%"tegon

15
14. A method for calculating a delivery matrix, said delivery matrix provides a

send order for sending data blocks of a set of data files, said method comprising the

steps of:
(a) calculating a scheduling matrix for each data file in a set of data files
20 to form a set of scheduling matrices;
(b) generating an identification array containing an identification for each
of said set of data files; and
(c) combining said set of scheduling matrices and said identification

array to generate a delivery matrix for said set of data files.

25
15.  The method of claim 14, wherein said calculating step includes the step of: (i)
generating an array containing a set of time slots for each data file; and (ii) generating
an array containing at least one data block of a data file to be sent during each time
slot.

30
16.  The method of claim 14, wherein said combining includes the step of using a

convolution method.
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sai d header information; (d) authenticating access to said data block; 5
(e) decoding said data bl ock when access is authenticated; and (f)

di spl ayi mpo sapea@at a bl ock. 12. The nethod of claim 11, fRETNE00/22089pri Si ng
the steps of. (g) term nati ng AMENDEDSCNAIMIS St ep when an energency bit is
detected; 10 (hJreceivediby thedntenmtiicpalButealands Ortoler(20D1 dissplody i ng sai d

ener gency data. 1Xhewkiwmsel-boostided; réthaning didims bhidhahiRd (£pdpps)] Si ng the step of
tuning to an enmergency channel when no data packet is being received. 15
14. A method for Acedroputet iimpgeraenlexi on-demanrhdata bgoadeasdmdéllod\zemprisiag thexact of

d d bl.ocks of fil id
ﬁ;?xl)deieeﬁgvf & ey VeRemals oGP B lhoduRten st bl (7D bfbadFrsk ok
each d%l@aﬂt df diien®, 8fideffandldaf ini 4 6n chehtt Pedifit %aan%ﬁtwmretgca@:sﬂs%lém of
matri ces; %ﬁmener ating an identification array containing’a

i dent i Saidan-demandrdatmfiles requiresiag amaunbpf transmnission: bandsvidth(that leamdﬂpnmdcgt ehi d

set of hﬁ@!! aid identification array to generate a
dgl i verl?/e matri xpgaor Jrﬁ] se?ﬂg\‘tédata files. 25 15. The method of claim 14,

wherein said cal cul at| ng step includes the step of: (i) generating an
array cont ailBi ng Aa cemiputet ifriplementenl metld eacériddtia dlaie;17amdhefein the act of
generati&_g .an &/r:lra cont ai ni n% é? Ieast one data block of a data file to
be sen®cRfIpl makix comprisesshe pgt ofrhe et hod of cl ai m 14, wherein said
conmbi ning includes the step of using a convolution nmethod. 32 WO 01/93060
PCT/ US00/ 22989 AMENDED CLAIMS [received by the International Bureau on 15
Cct ober 200Prepasng @ firsy schechéwgcmarlmumableéormanssm@ firsgy datp dilersaid first

unchanggd ﬁ(&hgéggf&%qe&n‘iwwaerfxr&t”&b?diﬁyr‘to?dda?é‘bﬂfé@“&léj% & BhBAAGRS malfR Nod

conpri sing
10 providing a first sequence for transmitting said first plurality of data blocks sequentially within

time slots in a manner such that any client receiving transmission of said first data file according

to said first scheduling matrix may begin accessing said first data file within one time slot.

19. A computer implemented method as recited in claim 18, wherein the act of

15 preparing a delivery matrix further includes the acts of:

preparing a second scheduling matrix suitable for transmission of a second data file, said
second data file being represented by a second plurality of data blocks, said second scheduling
matrix providing a second sequence for transmitting said second plurality of data blocks -
sequentially within time slots in a manner such that any client receiving transmission of said
20 second data file according to said second scheduling matrix may begin accessing said second

data file within one time slot; and

generating said delivery matrix through a combination of said first and second scheduling

matrices.

25 20. A computer implemented universal data broadcast method as recited in claim 17
further comprising the act of preparing an electronic program guide (EPG) suitable for broadcast

to said plurality of clients.

21. A computer implemented mett recited in claim 17, wherein said on-demand

30 data includes video data. 33
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preparing a delivery matrix defining a data transm ssion sequence suitable
for broadcast, to a plurality of clients, on-demand data in a non client
speci fi c wannegieo wher eby transm ssi on of said on-denand Bat/aséo/izes
requires a t of trans ssr ndw dt ha ndependent of 5 the
nunber ot ha. phpRpple) TERRTRREA actRatha® ekl e | e A ORmBRC e
r eci tmhtamcmu%gﬁ,ﬂgdamherel n the act of generating a delivery matrix
conprises the act of: preparing a first scheduling matrix suitable for
transm ssion of a first data file, said first data file being represented
by a first plurality of data blocks, said first scheduling matrix

provi di ng irs i t I a
bl ocks seqﬁzejrttl a}I\I ?/&Wﬁp?mﬁﬁhehfe Ofn@lhto'tl ﬂ’qn%ﬁ"ﬁ%}' dé.rﬁhset?h(grg %’l }gTﬁ}e 1a5
rSecei vinethod camprisiag theracafofsai d first data file according to said first
scheduling matrix may begin accessing said first data file wwthin one tine
sl ot . 19 Aeeamgtcﬁgnalrmtaemnrdﬂrk i Blight 3pedific bh Bemiand dbii Kivirg, at\IBRt @he t he
act of pg@garlng a delivery matrix further includes the acts of:

pr epar ﬂ‘ﬁgl ond scheduling matrix suitable for transm ssion of a second
data file, said second data file being represented by a second plurality
of data bl oprResssingisdidsemoeliens spesifid omgemamf datg ipooder 4o mpke reaslyovadt! atdgastnce
for trans(grtft] 3 sai d ec(@ﬁﬁl plurality of data blocks sequentially within
time Y544 HCOAMTLP" & Bhat any client receiving transnmission of said
0 second data file according to said second scheduling matrix may begin
ccessing said second data file within one tinme slot; and generating said
delivery matrix through a corrbl nation of said first and second schedul i ng
matrices. 28h20. AgompvbEIBPIsRENMEhBRthed asHpdiedsRlclaimy 2. UpBBRICAMPTIFNEHSE as
recitegeddgr.claim17 further conprising the act of preparing an electronic
program gui de (EPG suitable for broadcast to said plurality of clients.

30 dat a1 notepel i SEVGEE ot Sig ER LA R A vaREFHO SR 2l ™
PCT/ USgiid idRidthgZsaid orceligpuspreificranl duimamdeldtataivingcht il?@strcﬂtéldaﬁﬂllbﬂ claim17,
wherein said on-demand data includes game data. 23. A conputer inpl errent ed

rethod for ﬁeordh@datdtspgcﬁ&tmts%ﬂa%f(sﬁm :ad 5 nethod conprising the
acts of: receiving digital data including non client specific on-demand

data havi ngreddiving@denfiil forGidatlitdsEonedita file from said user of said STB.

25. A computer implemented method as recited in claim 23, wherein said on-demand

data includes video data.
20

26. A computer implemented method as recited in claim 23, wherein said on-demand

data includes game data.

27. A computer implemented method as recited in claim 23 wherein said non client
25 specific on-demand data includes a plurality of data files, and said act of processing said non
client specific on-demand data includes processing said non client specific on-demand data in

order to make at least two data files available to said user.

28. A computer implemented method as recited in claim 27 wherein a first of said at

30 least two data files is provided real-time to said user.
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processing said non client specific on-denmand data in order to make ready
said at |least one data file for a user of said STB. 10 24. A conputer

i npl enentved oretobod as recited in claim 23, further conpriBCTVgSedx989act s of :
receiving an el ectronic programguide (EPG indicating the nature of said

received digital data incluydin ai on client specific on-demand data
having at | édst GhePTRRHIE wﬁf@pﬂgﬁ H}egwacﬁswlgeaila clapr Zdavherei asfglisaofﬂ alof
sai d SIB; cerlk Vd i ..ol €ast one data file fromsaid
user o égtat?)&% ggﬁ%ﬁﬂ%gﬁ%@gﬁé@%@% n?egéicehet hod as recited in claim23,

wherein said on-demand data includes video data. 20 26. A conputer
i npl emented nmethod as recited in claim23, wherein said on-denand data

i pcl udes gangg data. 27.. A conputer . i epent ed .hod as, recited. 4 claim
8 wher oi i 3B - dorsompuieh: PIBmeREd mhethod ok Soniling s rlophasc ST vl I
of dat gefiddasompriRthgsthé betaef: of processing said non client specific
on-demand data i ncludes processing said non client specific on-demand data

|n order ! gty dleilaPamh ihdRdiE idn(diefSsR¥fc! Hlidnd & HaHglat 1% oft
conput er i nplenented nethod as r dinclaim27 wherein a first of said

cite
at  30dredile andwan digctaoric peagram gpidoWEBEG, sasbEPGiindicatingshé datussenf. sa@areceAnd@NDED

SHEET (,AR E 1 . 01/ 93060 PCT/ US0Q/ 22989 . conput.er i npl enented
et hod B} Gtk pRghon Rl rael ¥ oo a g dat e feasCol T FRL ast 1 o da o
files is stored,to a rsi,stent nenpr ice. 5 30. A computer inplenented
ﬁ‘ét hod for 8591'114188P?lﬂ@?’ﬁéaé?!%b&%g%%ﬁ@é} said nethod conprising the
acts of: receiving digital data including non client specific on-demand

dat a havi ngreeeiviega derand fog said at lepst onp datadilefreay saishyser of wift SHBgWdde (EPG) ,
said EPG indicating the nature of said received digital data and non
client specipracessing spidrman clientaspaeific on-demandadata imnerderatoamiked meadyl GaigrabVéasti ng
said EPG ae&t Z.ltf a .éser of said STB; receiving a demand for said at |east
one datBePirelstUnMSPY user of said STB: and processi ng said non client

specific on-demand data in order to nake ready said at | east one data file
for said user.

15 31. A set-top-box (STB) capable of receiving and handling a plurality of digital

services such as VOD and digital broadcast, said universal STB comprising:
a databus;

a first communication device suitable for coupling to a digital broadcast communications

medium, said first communication device operable to receive digital broadcast data;
20 memory bi-directionally coupled to said databus;
a digital data decoder bi-directionally coupled to said databus; and

a central processing unit (CPU) bi-directionally coupled to said databus, said CPU
implementing a STB control process controlling said memory, said digital decoder, and said

demodulator, said STB control process executing instructions for:

25 processing an electronic program guide (EPG) received via said first
communication device, said EPG indicating a nature of data broadcast via a digital

broadcast server coupled to said communication device;
providing a user of said STB an indication of said broadcast data;

receiving a request for desired data received by said STB, wherein said desired data

30 is received in a non client specific data-on demand format as designated by said EPG;
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15 31. A set-top-box (STB) capable of receiving and handling a plurality of
digital services such as VOD and digital broadcast, said universal STB
conpri si mgo oB9Mead abus; a first communicati on device suitabCeUS@r22e$upl i ng
to a digital broadcast conmmunications nedium said first communication
devi ce oper abl ePrPeLSPIBE esald dgsipsidt data geepivreadn adeanaclioy spepibicydata-on demand

bi - di reCtif%Hﬁ%)tl-Xn oupled to said databus; a digital data decoder

bi -directional?y coupled to said databus; and a central processing unit
(CPU) bi-directionally c | ed.to sai.d databus. sai i npl ementing a
STB control pr o@gg}@"}%ﬁf s*chﬂgatgéqﬁn 5P ?@Hﬁ”derdglgﬂgl decoder, and said
denodul ator, said STB control process executing instructions for: 25
processi ng an el ectronic program guide (EPG received via said first

communi cation device, said EPGindicating a nature of data broadcast via a
dtgital br3adcadt SERasdecited ipl cdaim 3l.suhareingssid B TBaontal progessds opeigbledpng a

user of; i i:ndi I i ta Vi . est
for detriafesnt e A7 bP I, B3 AIEFER SRbnel GoalAEEbY 0 Syl
r ecei vemwadsast seroer, ahd aot simphancbudy dadeeso rlatheframdtwo ormahorasof deaid ghadliag diy
sai d ERPG %5 AMENDED SHEET ( ARTI CLE 19) WO 01/93060 PCT/ US00/ 22989
proces$h418¢l8ai d desired data received in a non client specific data-on
demand format; and providing said desired data to said user of said
universal STB. 5 32. A STB as recited in claim31, wherein said STB control
ﬁ;ocess is operable to sinultaneously tune into two or nore of a plurality
channel s3br 0adcSEB asyreeiteddinuglaive bavherpingaitt §B coatrokprocessds toperable to

si mul t Qus| roce kO qQr f i lurality, of .

channe /e g $B' R ChR Bhhel i By Yo STl Ragpid of Hleellacmyips
procesfathfe ePesidbietected dhtdNdesodedsatd Belebre@ datd, Sdec6mpee saidnsedectar diwa, sl ect
data requested CE%Q said user, determne the nature of said sel ected data,

decodeassgmblesaiddecodedideta, starcifiedeciedsdaty 1o 83id Mmesepriadnd Preyide s3ideselcieds ai d
decodega i &propblf Brot@lsd ARRE! BAn il bhisg d Mermory, and provi de said

sel ecte ata'in properly process manner to an out put device. 15 36
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