WO 2010/ 078281PCT/ US2009/ 069624 METHOD FOR STREAM NG MULTI MEDI A DATA
OVER A NON- STREAM NG PROTOCOL RELATED APPLI CATI ONS [0001] This

appl i cati afig sd1do¥Bsit he benefit of the filing dates of %{Ef/ﬁ%wf%gézgg

U.S. provisional applications: (1) Application No. _ (
filed on Decenber 31, 2008 (Docket No. P74372); (2) Application
No. 61/160,693 filed on March 16, 2009 (Docket No. P7437Z2); (3)
Application No. 61/161,036 filed on March 17, 2009 (Docket No.
P743723) ; (4) Application No. 61/167,524 filed on April 7, 2009
(Docket No P743724) ; (5) Application No. 61/240,648 filed on
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these U S. provisional applications are incorporated herein by
reference to the extent that they are consistent with this
di scl osure. RELATED APPLICATIONS

[0001] This application claims the benefit of the filing dates of the following

U.S. provisional applications:

(1) Application No. 61/142,110 filed on December 31, 2008 (Docket No.
P74372);

(2) Application No. 61/160,693 filed on March 16, 2009 (Docket No.
P7437Z72),

(3) Application No. 61/161,036 filed on March 17, 2009 (Docket No.
P743723),

(4) Application No. 61/167,524 filed on April 7, 2009 (Docket No.
P743724),

(5) Application No. 61/240,648 filed on September 8, 2009 (Docket No.
P7437Z5); and

(6) Application No. 61/288,828 filed on December 21, 2009 (Docket No.
P7437Z6). All of these U.S. provisional applications are incorporated herein by
reference to the extent that they are consistent with this disclosure.
[0002] The present U.S. Patent application is related to the following U.S. Patent
applications, each of which is incorporated herein by reference:

(1) Application No. 12/479,690 (Docket No. P7437US1), filed June 5, 2009,
entitled “REAL-TIME OR NEAR REAL-TIME STREAMING;”

(2) Application No. 12/479,698 (Docket No. P7437U82), filed June 5, 2009,
entitled “VARIANT STREAMS FOR REAL-TIME OR NEAR REAL-TIME
STREAMING;”

(3) Application No. 12/479,732 (Docket No. P7437US3), filed June 5, 2009,
entitled “UPDATABLE REAL-TIME OR NEAR REAL-TIME STREAMING:” and

(4) Application No. 12/479,735 (Docket No. P7437US4), filed June 5, 2009,
entitled “PLAYLISTS FOR REAL-TIME OR NEAR REAL-TIME STREAMING.”



[ 0002] The present U.S. Patent application is related to the
following U S. Patent applications, each of which is incorporated

herei n by (I') Application No. 12/479, 690 (

P7437US |)‘rV8 {"%Zﬁgune 5, 2009, entitled "REAL-TI ME OR E&E‘Q&&@“ﬁ VE
STREAM NG " (2) Application No. 12/479, 698 (Docket No. P7437US2),
filed June 5, 2009, entitled "VAR ANT STREAMS FOR REAL- TI ME OR NEAR
REAL- TI ME STREAM NG " (3) Application No. 12/479, 732 (Docket No.
P7437US3), filed June 5, 2009, entitled "UPDATABLE REAL- TI ME OR NEAR
REAL- TI ME STREAM NG " and (4) Application No. 12/479,735 (Docket No.
P7437US4), filed June 5, 2009, entitled "PLAYLI STS FOR REAL- TI ME OR
NEAR REAL- TI ME SERHMMUAGFIELDTECHNI CAL HELD [ 0003] Enbodi ments of the

nvent i on el at fuh) AAAAGANPHL BLAB ISEORIANER RS ALY AT Y.

enbodi nent s of e i nvention r ni-ques
streani ng of daMerapsrticglaripembedimens eofdghegnendanatiate sarethnigues tlﬂaonllce'«arrpl e,

Hyper Text Tr anst@JamPr{ %?Qﬁmsu(g'ﬂm E’t}eamﬁé%%gs"}@h[aﬁ’%ﬁekar%lé eam ng of

content genera ers to multinmedi a content that Is constantly
transmtted froﬁ&&”@%%@@ﬁ“ﬂd@VWEEGEHE)recelved by a client device.
The content is usually presented to an end-user while it is being
del i vered by t hBASKIGRDUNIY server. The nane refers to the delivery

met hod of the ”ﬁfﬁbkﬁr‘%tk%ﬂg of éonéﬁ g%n?erélf}ef‘efg? gol rHLmnlngds 1a contem that is
constantly transmitted from a server device and received by a client device. The
content is usually presented to an end-user while it is being delivered by the
streaming server. The name refers to the delivery method of the medium rather
than to the medium itself.
[0005] Current streaming services generally require specialized servers to
distribute “live” content to end users. In any large scale deployment, this can lead
to great cost, and requires specialized skills to set up and run. This results in a

less than desirable library of content available for streaming.

SUMMARY OF THE DESCRIPTION
[0006] In one embodiment, a server device stores at least a portion of content to
be streamed. The content is typically a time based stream of images or andio
(e.g. sounds or music) or both; an example of a time based stream is a movie in
which the order and presentation of images is based on time, and hence it can be
considered a time based stream. The server includes a segmenter agent to
decompose the content to be streamed into segments to be transmitted via
packets according to a network protocol and an indexer agent to generate one or
more playlist files that can facilitate a client in presenting the segmented user
data. A client device is coupled with the server device (or another server which
. stores the segments and playlists and transmits them but does not generate them)
. via a network. The client device has an assembler agent to receive the one or
more playlist files and facilitate retrieval of the segmented media files into the

content according to the one or more playlist files. The client device can also



[ 0005] Current stream ng ser vices generally require specialized

servers to distribute "live" content to end users. In any Iarge scal e
depl oynent | ead to great cost, and requires glL
skills tovgg%@g@ﬁéﬁﬂ run. This results in a less than SI P4 0:9/%&%4

i brary of content available for stream ng. SUWARY OF THE

DESCRI PTION [0006] In one enbodi nent, a server device stores at

| east a portion of content to be streanmed. The content is typically a
ti me based stream of images or audio (e.g. sounds or rmnusic) or both;
an exanple of a tine based streamis a novie in which the order and
presentation of inmages is based on tinme, and hence it can be

consi dered a ti hwebaswputgtrestnmagenhe ogpniby copteut| virdens oameregntpuit er  agent
t o deconpose thgo Eénesrgm;eqhggdé‘;wreeaned into segnments to be
transmtted via packets accor to a network protocol and an

i ndexer agent tB‘%QHrIEF’m@Wﬁ@CWt préfreer gevagglarayires dajadg be trampmigiaghto

facilitate a cl lh%@tien't BevRE CPRIVehvBicl REdS RBTROIR 0 S Rinsilfk@in Cl 1 ent
device is coupled with the -server device (or another server which

stores the seg nﬁﬂl"@‘eé?ﬂ‘aﬁ1‘§y’f‘ih§t5§g‘%ﬁ'?&f faeain I SV fryiee BlSR stersede not
generate then) ‘jhuRipR sE@nﬁéﬁ@raL(mdfvhﬁalGll\ddﬁrfﬂesdleé/in&ﬁorkla%e%@rv@r&ﬁ:%@@| er

agent to receiv he one or nore | L.st. files and facilit

retrieval of thgmi‘%rﬁ‘éeﬁ?‘%sd’“ﬁﬁrcﬂ’%feP{aﬁg%hlle%%'“?ﬁezerﬁ'ﬁﬁsttgﬂlb M erdl ng to
t he one or norempdiayiles.Sh réspbmsto rdduestcior enﬁatdfrmndecﬁamde/hceahe feanee an
out put generato t co nt_via on qut put
conponent s of tﬁ%ﬂ%ﬁﬂan%t&a?&v&%&w{ g%ﬁ"ﬂnq%% %"e o mn‘rr)eopgay%St files af"f'ne server
devi ce acqui r esled#paubse ObéleW&mbqutaédeswoertahlet“@rh te thte ciew device. The
server device dh%ltﬁﬁ%édﬂ%l&%ﬁ@bett%ngﬁtt&f Rk Q‘nBr‘i ﬁﬂ:aﬁn g%amﬂrg}omc ifredi a
files with a segnenter agent. server eV| ce st or

mul tipl e segnente§PoRse tp FFGPQPFSJW ‘h?rfellﬂ“apef“ﬂ é‘§sﬁ’fﬂ‘°‘é91 ﬁ’éh’e?’@f eW'%er ver
devi ce further generat es one or nore playlist files having references
to the multiple gﬁ@la files. In response to requests for the data
fromthe client 188“e qrpbodigiept, e clifatdexise pagrecaive pIENOrS BF 98O devi ce)
transmts the oneremlaymrﬁeesp1r&ydheﬁttxheia|chresq&ndhea;tegrhee&stmeala$uﬂaset of the
multiple nedia fjles, ov e rk.to the cl.ien V, e

Ml t1 bl e medi a ferdE B B REAR e pn S g R iR e e R

t ransfer prot ocdéviderforrapsgtheayaBent tle'quequue‘sn gerferaarmtahcbo @ldice nidedanpue e;

this protocol repé?nin%%st?e’éﬁrépk tentiTTP.- [ 0008] I n one enbodi nent,
the client device can Tecelve and store the one or nore playlist
files. The cli emﬂﬁlﬁéﬁnmﬁoﬁw%mupﬁﬁ@ Hadistecan eaxldynenicallyfgenesyed by
identified in theRkay théﬁreti’xb\le@@?)ic%g R a%(ii)latyhﬁ cdnl Maﬂ@ﬁdrf‘

files. The client device (or another client devi ce2rﬁ can then generate
an audi o and/ or Mietd &e-BatYsTHsePEY I8 dsidehaneet Hisrfaqer wiated 6It@bnt ent .
[ 0009] In one emtuad.wemsmnarmmd@farad a@didonl th Bk paamie adyAgiRiical | y

ted b tr Th ted
Ayl st can | nERIBC ALY bk GNEL P oLt Bofiail ¢ econt B o o

si debar user i ntemngameyhichs$ betyent thoﬁ:tsermf1deahfﬁ£nmafebﬁ@narelashsonm etc.)
shown in additi o) e or. can

"nol ude addi t i onm ""8‘8?‘?‘?6‘%% %%éa“ “Eeha roffhs %""99‘1 Ry hekindh o8
program whi ch i SP%@yWYﬂlﬁevmqhnslﬂ?eﬂmlﬂﬁqudbemelewreds anrupdaes pbayligyi nal
playlist). In ofmd rmbﬁer@ma,me&na ?@ylﬁ@aaxegec?fﬂp %f fiRInkdi2g et hod,

described herein, to update t hen retri eved by
the client as aﬁ’%‘ﬁﬂ??@é?“ﬁ‘l‘%‘% §a§te COT‘EHB\ltt’ﬂse F'H’”@h@ Sé’ﬁ‘ﬁ’@d?%’é’ﬁfhe sgme

playlist can SDmgxfam tﬁnﬁﬂutﬂé’dadt ulmfreatfw@hltrebma&dsvﬁ,dsﬁce@aﬁmﬁtearatesent i ng
t he sane content: se al ternfrot‘)fgggﬁft rea{@ be the sane program

transnitted at a‘iffFrF é‘r{f‘ei}r’gﬁ 3 “‘Esar‘fdseﬁ"éhia@ BHfSsnitted at
di fferent bit rabkipl ptayling, tdrh bdrlves ofdhd flemetive sedatns iallidae genedteSer ver can
generate nultiple playlists, each for one of the alternative streans

of a
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downl oad the selected playlist (and further downl oad the nedia files
specified by that selected playlist). [0011] In one enbodi nent, a
client dey wtch froma first playlist in the i

pl ayl i st ;{*6820@@@3?% playlist in that variant playlist \f’%%q%g(}oms%m
receiving and presenting content. For exanple, a client device can be
receiving a program using the first playlist, and a first bit rate
and can determ ne through neasurenents of the throughput rate of the
network that it can receive content of the same program at a hi gher,
second bit rate, that content being specified by the second playlist.
In this case, the client device can request the second playlist,

recei ve the secoaanyglayibtiveichaefdrs begiothervaserspaifien the tlenatieelstgarhs. | es
specified in th i i 1 Ui he
content specifi gééﬁ‘g ?ﬁreﬂi???élsgte%[)%ﬂ thémtt%%%&gﬁ}gﬁt:p?%gg}?igﬂ%g% store
the medi a fil esdemng. anHéhercdignidevisegaridasigpbated oo quresdinesrark ¢ondisonsi er s f or
both playlists, @nethelchifentintRBhputiRle @ nERBKARES B irihsaR (1R WeRARilds S
operation to determ ne wh d how to switch or transition between

, _when an _ ! [
the two versi on@hish PlRMiSt OSRER Aom theoyariant glaplisk andithe flieatevigetAnce can use
pattern mat chi ngowfloddhig: saldetedpiaydiot (Gt fudtier §dvehidawehe R RIfRSpeified Be
content to find a rrgt C(Ei ng. BOi nt in the two versions and then cause a
switch after id8BtSEGFRB2E Py ansition in the new content fromthe
second pl ayl i st {00100k 2e drbodimene atd@di deeint canawivet fiooda fimcplaydigsn the
providing nul ti f.qn hat ] Jredia. conjent to
client devices Blélﬁﬂgp‘?%ﬁ%} g‘?ﬁ%etc%’@gpqaé'ilgéﬁt%t.vgﬁﬂgpél%ﬁsgﬁhéﬁt%c lz‘i'}ngg‘\]/c%ar
protection, a f ipresantingqopignt. Fenixemplora dlint deviesoan eavecedingtarnréamn,on
service creates g, shi R(Blaydk, mdlatflrglbﬁra%%@EMe%npﬁgngugﬂh streams and
generates playlist file s%. A second server device or Second content
di stribution seMFrEEmErEatBSthepuphpuptaiedf the petwarhthabit cangpeehir cetipnéahs. A
client attenpts HeQafOpbiraad: 4 NigheRls@phd Kif rafe] th®Conkent bR Pedifidddly cheni f orm
t stream associated with the

resource locator (CTRL). using a fir X

first server de&?cé'édpdar ‘f‘hi"‘f‘gl‘zéﬁe’ ‘h%%’te%tﬁj?v'&?‘?Pl“?qb‘?ﬁ'ih‘E)FF°°'?é%k\7F%fe. 1f a
client is unabl ectige tlovabragdaylitangberinl retsitvidg thehedia fileodpedifial ih thest URL,
the client att e”l%t %1 DS WHig RorhiRuidl 0Bk NALE, St L %caxﬁzaogbsstgggir@tt ed W th
anot her URL. [0(3 §'] 9 "one enmbodr ment” a met fod Tmel tudes providing a
request for a plphylist.skheglieht dpeaichysterg the metia éiles enfubstesuldmagt t he

playli st can be oeopieessestientAbuiGERY kil Bluyilsh, HERRANGRaLRLAE
request, the playlist in a conpressed fol mit a server can provide
the playlist inPtREMEDAPPEYISORERINNAS fatrmine wheandhpe (pivdigh Pst can be
provi ded by the uaRié8 betlvBeniRCMIRERDARES (tfeQbAMEY) For ER@ng¥, a¥lidnbdevican be
conpressed (also referred tQ. as _encoded) using a conpression

t echni que or f ot RAYFIJPAIhiPesy) thy Audig pdnteptip ¢ VLt @hihg content
conpr essi on t ec ofinguendhiry patt thekd @b QedibnsGad fhen ddag: Seviedh frgr and
receiving of the, playlist in a conpressed format can significantly
reduce the si ze‘dgguf?'ﬁ%aggqsgmﬂéq tﬁ%g%‘)”r%?ﬂg%gfo%tée %?ﬁ(a]%rpgaé{g Ved,
especi al | y when [@04Z Ipeydmistlingnowmetodincliderprof@ding multipde pduagidnt st 1 S
for a | ong base . i . . essi on
for a prayiior Rulofpoud aDtoRERRE R teyicds Ind iEndlh SO
requesting the praypiemeny fadener piatectinar a/mt servredevigeserdint Fedgpdndi ng to the
request by sendigR@ibhid sBvRY blestda sl oHREIPE aRermR MR &SidihQReaR kNI que
or format that is part of the HITP standard all ows an}/e conmpliant web
d

server to be ablEeefalss Bayist o) o RSPRISSSREr d51iss PriseaondsrarteatAistiaatipn i ant

([:):E Is(élgf P\ﬁ lo:\l g: s%fltéee @bk lslfp@raﬂ'@@t((gd]%:gn[ &?rsﬁtoa_ﬁlﬂaahis.ef_\km_t ﬂlefilj)bllsittﬁaownﬁaéEE
B . e Inventi o | ustrate Yy

e ot examo e, Metpt S el oy H Ui SR (PR PR RIS of ¢ h

acconpanyi ng dr awdamgssotiatedwvith the lfirsk eerveefiavioe ncee fisn@nehdistdtfugon t 0
simlar elenents. [0015] Figure 1 is a bl ock diagram of one

4



[0016] Figure 2A is a flow diagram of one enbodi nent of a technique
for one or nore server devices to support nedia content using
non- st r eany ols. [0017] Figure 2B is a flow di f
enbodinen?kggﬂgkﬁgg ni que for one or nore server devicggﬁﬁ%hﬁ?gggg%
dynam cal ly updated playlists to one or nore client devices. [0018]
Figure 2Cis a flow diagram of one enbodi nrent of a techni que for one
or nore server devices to provide nedia content to client devices
using multiple bit rates. [0019]. Figure 3Ais a flow diagram of one
enbodi nent of a technique for a client device to support stream ng of
content using non-stream ng protocols. [0020] Figure 3Bis a flow

di agram of one esrbiodli Hemtiendis unabieto Hpwjend theplaydistdild(e fitomdbe/firste R 1o
support stream pg flnt GRALRM sWith @&anrmwtpLtﬁ‘eam'agso&a%@@nh Q0 MRET gure
4 is a block diagram of one enbodi nent a server stream agent.
[0022] Figure 5[90d3ldnpnembodimsgt ameded @Hédeéﬁwcsmnﬂ@mquw fog a glaylisht

stream agent. [Q&Qs%l,»mflﬂngw @e Rqlidst H& iP5 Bst O lﬁ%@ﬁﬁ%ﬁ@dﬂénd ¥deivéng,
playlist file with multiple ta ure is a flow diagram

of one enbodi mefft"®HPE Y 8?8&"68 thF@&‘Wl‘ﬁ‘ lj‘li‘éo?‘gﬁesség OERMASEVE PRans as
descri bed her ei prov{d® 2 playkst GiLth€cobhpressea fdpin@etkerthisa gicapnaylist canie:

enbodi nent of an eletr nic system 6 Ais a flowhart
showi ng an exanple® yhtgweév I8t pﬁ%ﬁf’géoerlnégn e\/ﬁ?%y?ﬂ CHLRS GQBResse
alternative con(aéwtrefr:medao veancadad) upilnaybwmessnpmaﬂm}quﬁpgiormt aﬁsporsda

further flowcha |
content i n two o ST EATIENs b aRk RN il LR ULER PRI T,
showi ng an exan%h@semmm@\ﬂ/f%?e@iﬁg@ﬁﬁled’éy}lstﬁe accarnprswct@hn%emveen cont ent

usi ng audi o pat t; E?ﬁlﬂcaﬁﬁ;’ felhdaGhe sEng?tm: ddrd B, ra99u§&ioa% rddbigr ammat i cal 'y
how t he net hod ure 9C is _inplenmente audi o patfern

mat chi ng. [ 0030FsPeFiglyrehen heiplaylist gloysover Hye &rﬁ H‘F PlNlst sripfedPitent of a
techni que for p b&\élbadlgﬂﬂe)nmﬂ brieRhBodiMeii NBARE of RaPtesdshSfof NRhyliRTaybde

media content t gpt?olnal or bot etXé c(ixent (ng Isy@%m%[ac}u%t#x?hlc%ﬁyﬁst) ang nﬁ% server (the
system responding to the request by sending the playlist). The use of a
compression technique or format that is part of the HTTP standard allows any
compliant web server to be able to supply a compressed playlist and any

compliant client will also be able to decompress and use the playlist.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings in which like reference
numerals refer to similar elements.

[0015] Figure 1 is a block diagram of one embodiment of a server and clients
that can send and receive real-time, or near real-time, content.

[0016] Figure 2A is a flow diagram of one embodiment of a technique for one
or more server devices to support media content using non-streaming protocols.
{0017] Figure 2B is a flow diagram of one embodiment of a technique for one or
more server devices to provide dynamically updated playlists to one or more

client devices.



[0031] Figure 11 illustrates a network in which a client 1102

comuni cates bidirectionally with one or nore URLS in accordance with
one enbodi | LED DESCRI PTION [0032] In the fol

descripti o‘ﬂgr}{r'lune%rgﬁs specific details are set forth. I—Jioc\C/%/&/sg(%9/069624
enbodi ments of the invention nmay be practiced w thout these specific
details. In other instances, well-known circuits, structures and

techni ques have not been shown in detail in order not to obscure the
understanding of this description. [0033] The present description
i ncludes nmaterial protected by copyrights, such as illustrations of

graphi cal user interface i mages, The owners of the copyrights,

i ncluding the ad¥li§hBeurs2Cineflpw dsgnin of oncembodiment bea ethpiquefeone t hei r
rights, including.,cQR r('é AN; l[ LNgSE ;%;:g 6 t . owner
has no obj ection {no t ' aégsﬁsm e rep?o uc{e?tgéla@t%n';%%g%%hgﬁlg

pat ent docunent bﬁrfa“%she patent disclosure, as it appears in the Patent

and Trademar k Of[éolﬁ]emgaﬂe@Aqgaﬁ@\pe{ag@m oPbe eRHbBEMUN S {e@ﬁﬁ{uyﬁﬁaall
copyrights what sgever, Copyright Apple Inc. 2009. [0034) In one

embodi ment ,  t ec AT RYEe SHYPRASRTEHRIAE %f COREH RFIBBRPISHEBIPE RIARCINc] ude

mechani sns to d@qbuzvpngﬁtemam 11109 &X@@:ﬂbﬁ&fé%mﬂ&duﬂ@nﬂﬂaﬂm&ﬁﬁq@@-fﬂrﬁlg
protocols (e.g ot her tec tion Picture

Expert Group (MSEGf Ie‘%cf gaﬁ’fgson s"ﬁ%'i’m%ﬁt}nﬂf)tf"g “S'%é{?mglég’lt "% me streami ng
experi ence can. [¢E1]pFigmiedada bistkntjagriilé? choehisodattoastta saverlstrm agemtsi cal
or sporting eve c I tc

enbodi nent, a p oo%]l:% @rg%ﬁé"%tgaﬁ% |mn§fg§1 gmbog‘mcfh “Sc {1ent Qre%m S Rt pl e
media files and [%QZé}Eg!més@JSgﬁwwm@ddlmemQefafplalyhz% flbnﬂdil rmémn)@ﬂags The
pr ot OCO' can al ?@ﬁml ﬁjre@ IPAMHéérar;'olr &e%@\@&dn‘ngﬁ I()Péj? tgc(m:n
Resource Identifiers (URIs) that direct the client e segrrent ed
nmedia files stof¥dssmblgd %‘@FW%W‘S desgrbef hersin- segnent ed rredl afiles are

pl ayed back in aeerHignes ivd b1Bck diraM hohé éﬁboﬁiln&aﬁ(e?)an elEB%nE:'sys‘i‘éM can
provi de the user ive' event.

eal -time broadcast

Pre-recorded cot ?Ogﬁiﬂggﬁggés ‘bﬁ%‘ﬁ’/‘ihﬁ‘éﬂ‘owﬁ‘g&“§i‘ampfeé1f%%ﬁﬁ'éqm devisesas] | n
one enbodi nent, stvhnfhtfeﬁuremeailteﬁﬁﬁvdi“y)marﬁﬂlmﬁ{'dn‘j(ntlp[hfyl’ls@duce suppl enentary or
oLt et v e s OpE B YL RRIRNS s ST 67 st o
presentation) i rb@wetmntbmtmad@aéayllss/ent For exanpl e, dur| ng client

pl ayback of a mfébz% AR .w & b REnF Aol anaquyhﬂ;lk QRL& to the
playlist file, the % entify a locat rom ha client
can downl oad a $EYisIc@mbritch ?Wﬁ@cﬁoa‘emluﬁlég auflfpepati¢rn émchlean be i nstruct ed

to periodical |y (60207 Fig% oDrsQ80 < Brafhaiefilydo& 1R mdiMa®r Pigrbeds pl ayl i st
file(s) in order to access any suppl enentary or additional (or both)

medi a content t ABPIEBFRIy ‘ﬁéﬁd‘Pﬁ?‘FHHD%@H‘g [0036] In one enbodiment,
the server can mopnguuenowatﬂwmsguwbmbwbmd@taratédnmﬁﬁﬁ fot Ng mode.
In cunul ati ve node st fil nd append

media file i denfl¥ |08 sf"u[“bo?? rﬁ‘g "g?{’cﬁ?ocﬁ?”of'ﬁi’atd’l'%vﬂ WZﬂFlan”rt%m mﬂlulé client

t hen has access dedceabdingrdemgtivefstrédns. stream from a si ngl e playli st
file (e.g., a u?lﬂf& IC l%tlgm:us es ah:@t“mlgmw%lcf\) cl@enfh%%’l:ommgm at

downl oaded. In rol e server aval 1 ity of
media files by ldé?ﬁEiW @W#bdil@epffﬂiqf@UR’d@nmcprdewos vfith opg etntrt@diwgtl nni ng of
the playlist file on a rolling basis, thereby providing a sliding

w ndow of medi a DETAIIEID DESCRPTIdN e to a client devi ce. The server can

al so add nedi a L f ers to.the n rolling node,
the server c:an [6"'3?%1'“%}13“&’\?%? ani ey 'brger?féa?eé}ﬁﬁ Pals alfeoseffr?fBé'ia '? hat
have been nost Howerer.leybadiveds ¢fahd ihenfibranydyi tetpracilded withoue Hesetsheific
repeatedly dOWI’lI QI%S g&nrﬁgn&g n8\fvn El %usp Ftﬁ%g&é%md‘ teéh% EJQS h% nt' hue

vi ewi ng. The roI I'ng a5| S I'ng can Fe“use
when the content is potentially unbounded intime (e.g. content from
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[ 0037] In one enbodi nent, the mechani sm supports bit rate switching
by providing variant streans of the sane presentation. For exanple,
several v i a presentation to be served can be he
server. Eg‘gﬁzglgir%g}(g)ln can have substantially the sane cggﬁgfﬁ?&B@@G%‘e
encoded at different bit rates. This can allow the client device to
switch between bit rates depending on, for exanple, a detection of

t he avail abl e bandwi dth, w thout conprom sing continuity of playback.
[ 0038] In one enbodi nent, protection features nay be provided to
protect content agai nst unauthorized use. For exanple, non-sequenti al
media file nunbering may be used to prevent prediction. Encryption of
medi a fil es maynydeensbelvn iRaewil &l ordee dotao flistuse the suderstangindef thised.

Addi ti onal and/ géscg];itifo erent protection features may al so be provided.
[0039] Figure 1 1s a block diagramof one enbodi nent of a server and
clients that caH038nkheareent deseripiign ingladesmatpgal paptecird by corysiRhty iSyRb as
content. The examt®ioffof ElapMER uskr RPUdcdRBed BrleBMnbrs SEhY &JpykaHtLnt
connection with two clients coupled with a server via a network. Any

nunber of cl i eni™SUAEg ths@ssignps thecesert invEioRdretehe restrect sl 4gis and
mechani snms  descircherlg B&yagH, in thdsel id@érialsThd doplhS&WNEhA nBBYediioRW de
content and/ or g,% g@@r ate together to rovti de, content according to
t he techni ques ACNIUIR RTOSAAR 8L AP HisdrET ooyt & ieR  one
server may cr eatlisclodoe, asordppats in dredatest anthErapdnaeyk Offics fikndrecordabet t he
mul tiple nedia RN n h e L qr nsmt the
creat ed content %f‘%ﬂ)ﬁéﬁsgrﬁaa\}% Pﬁm%&té %%tic’%ge\é’ g?fi)’ %%@5\ S’p%? Qch %qo\?\o rk

whet her wired, 03l legge qrebodiment, @elmi@Evand somBoOeNtsi@periped kgngin can

conbi nati on t hegeplie mEQhniGXARBLIRer M&M%&f%%q%cgﬁ}ﬁglﬁ@n-gtﬂﬁmlngt ernet or

an intranet. As another exanple, network . be .a cellul ar
network (e.g., B@}OCQDW’.HWLE@K@t@ﬁﬁwOWEﬁH&geI Qsige Pigevs B@et 150 and
180 may be capalsip@liPEQiRetths) AFbGaNE hedttdal fié ﬁreﬁ'ﬂﬁl@@ﬂ}ﬁﬁéﬂ@&ﬁ.(e- g.
each devi ce can ,commynj cat er a WFi _wreless LAN and al so over a
wirel ess cel | ul B PPEREHBA TR BRI £IMe cRIal & SpRTEREIR0 ces 150
and 180 may be s & Wehodssa faed, el [ndnaembsiatidned ppescoDdaakegdhieny t al
assistant s that ;can..cQmaMALE Al EmaYSE ne8h kil A JAdhOLELERNERS Rt vor ks
as wel | as data Nerwbrks: “YRese™deblr fed nay be able 't UPI?IZE t he

st reanm ng nechalfiies psa sheecr Thsedotbrel @nplsobeld aglayhs filethg incufiesigtifnon k or
even swi fch bet Wl DRHATKIURS) HEFAROHclioh 00 boe FRAMPhedPRedBY
operate as a HITP server In _any nanner known iIn the art . That is
server 120 i ncl si@ed onaperEr When/be segeried mepi filpsare plaxsd barkdn cont ent

usi ng HTTP pr ot a&8ldance With iR pid)Bst S Rheciife chil SVife the bstr g@S£Rdabed in
terns of HITP, other protocols can be utilized in a simlar manner.
Segment er 130 affd-imeRRycast 8 Aive’ eygint Kreraqgtied cortepfeap b RigYidading 20

(or multiple segmglasSharner. provi de content in nedia files with a

playlist file a ri bed herein. These npedia.files and playli st

P Fes . be. pr SWSIOG ob ool ien Pl sepis con Ao uFOud Sapfbihs (o,
vi a ot her ser vepsjltengiivegnddik EPntpmt ¢¢.  cdlv stisehges) twtigiss ©lasd usswdrtingr ei n
can be inpl enen . f . f [géygg i nation

t hereof. [0042] quhggiédﬁt@%lqﬁ@&%ﬁggﬁf%éﬁ%ﬁgﬁteﬁ% I \)iq%fghlte?l)éocdgét;%{eam of
medi a dat a i nt oevanl-tHoppampisgduaing Flieakplahagk ofapedie ctena s wérvarceh agda HTTP

protocol s. | ndexgfiichHCURIR thdishisCle, HR FRIEALFidehd?) Akdedh frbilvhich
corresponding to the segnented nedia files so that client devices can

reassenbl e t he ASHRPheanidpwalogds sypRIGeEary Bedia filpnEhe cjent Gndte ipstiugied | e,
transm ssi on of (d f@odicunt eddtievp FromitikadrvBons 8F M&E updafdd plaflist BREPMASE tO
one or nore requests froma client ver agent 145 (or

f ] devi ce, TF er
other servers) °CHE/CAFEREN TPBIRLCURY G g‘“ﬁff*‘%’ %tf’) PEYAONER Wener at ed
by i ndexer 135 assrebrisdnteodiicedes of content as generated by segnenter
130. Server 120 may further include optional security agent 140 that
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[0043] dient devices 150 and 180 may receive the playlist files and
media files fromserver 120 over network 110. Cient devices may be
any type ic device that is capable of rece
transnittg%ogb§ﬁﬁ%££etmork and gener ate out put uhhzméﬂgﬁ;&%gggg24
received via the network, for exanple, wreless nobile devices, PDAs,
entertai nment devices, consuner electronic devices, etc. The output
may be any nedia type of conbination of nedia types, including, for
exanpl e, audi o, video or any conbination thereof. [0044] dient

devi ce 150 can include assenbl er agent 160 and out put generator agent
165. Simlarly, client device 180 can include assenbl er agent 190 and
out put gener at of003¢kinond gshoditenk tglserver agempegte 1B OtharimiBOve wediove t he

playlist files ﬁmmngﬁ{oxgrml&(?man@ M@tﬂefg@walcéy&éa%éaslwl.@tsfﬂé fhqaccess
and downl oad media fries fromserver 120. Qutput generator agents 165

and 195 use the ERW\N"S%IEB igpptifiess tojthesad ?fdhf‘géi“vé'ﬁtaftl% Bkt ther B cl i ent
devi ces 150 and adB&, toﬁleﬁdaeetﬂhyaieym frohe: stiglepudylist®ye (B8, QEs@VéaGl@@ln'aﬁ/ one

SR e R A A e A A

client devices cl&ravalasmtyidﬁ@iedndéilmyr&ww@gmgdnafxleéi&ht:fr&m]yther DRAM
etc.) to act as,a.buf di.a fil . ressed
media files or (ge%nnr’rﬁro(?theepc?yF dlieona”r?”“g%ebasw t}t)%eb\}pg)r 1edl é‘(§§§]’9 d; the
buf f er can pr ovindalopmfiyedie conrisacaessible tod cligntalsaert. Alhk ecreo pdnetso abdayond
the time of contepl rfUEGERLA Yo RED red
content can |ater | ﬁﬁﬁ $ Prwd; %Qﬁx@&h@éﬁ%ﬁ)}ﬁ "%ge Rﬁ%gré’%%gn M f[%oaded
This buffer can abﬁ"é“?}l‘@é’fﬁlﬁ‘é%@\ﬁ’é wohase @eﬁtaéqﬁeew\mpsteecm’e aécleﬂéhﬁhe devi ce

is attenpting t Qapekr TiR\Eer ek ee@&atédlw&wafaa&ra aaaé&aﬁbstaf%tﬂxa»mﬁlfwv
net wor k connection and hence_the buffer can ﬁ de network 1 atency or

connecti on pr obl&TREUINYEIAEE: ("Ef‘? féﬂt“gaé% ferRlayligiglowpigadingranpg usetyl ¢ her

i ncl ude opti onalwhse®el Edrkant @g&ﬂﬁt&llﬁ-iﬁo&méd thBime (&.2sp@6dtimlay t hat

provi de one or nore ofl t he Sec tg% ,I. tions discussed, herein.
Cient devices IBY"SHGYPBURaY© a‘ia fﬁﬂ%a" CORfinEF DERca e dxFgNSht s not
illustrated in Bieglaybstin th¢ @ﬂlth@]mddnumrle fmdlsbmdnmtagtn thd plgylisechni ques
that are descri j i mt an
unbounded streai(?y(%?f Ignj)f' Jf gﬁ%h%g}%yeg}\%g@léu grﬁéﬁéf g S&néh"%q)?ot ocol
(e.g., HTTP). Emtsoidingeatant geamapishe same pw@etaemrprmamnlemrevqmdu a data

and/ or provisi OQe&ananta%FeQé?ﬂEa%o?{ﬁ)rb%'sQOe% M bestsid A efred Bach RerrOVi de
alternate bit rates). Because nedia data can be transmtted soon

after creation: SFHEvgsubsiantially the same cantens utibg epradad 4 diffpreptbitgatesey anp e
data formats forrhisichie8lotSherlibt d@Gcer6 kit Bettveerfit thied®@Perdhgdn SBF Ver

(sender) and a client (receiv tream of nultinedia data are
provi ded; howev&F2mMPSt A dFeqig ﬂé{‘%a"&‘éaﬁ 21“% %R "é‘[&‘ﬁ'ﬂ(ﬁ?‘f‘%’&m‘s["@OM] A

medi a present at ICOJﬂlntlll‘}aifpl}l&lﬁhcbe transmtted as a sinul ated real -tine
stream (or near | =11 shle ecified b jvers
Resour ce | ndi ca ((;)??]( I3P§?T %%fotegl%lgeagms Q’I I éfov?dl(FOPrqtenc one
enbodi ment, t he citanyhgagst lfnlallltbzorlzsd @ Btrrdemmb hestequehtid dedit fiknal URI s..
Each URl in then%@éﬁlné ?ntay f)é \!ls@d {o é%rﬁ Peglcﬁonrr%QEr? to'nlo?mtech?‘h]eé &a)al?

e con f medi a

segnent of a stream Which uous st ream
data for a part &gl B?mﬁrne?gyaém “SIFSOMS’F ug éﬂ%@nat@d@r@ffeqemr@qcﬂeram of

nmedi a data, the rghik@MaydRYbefoRlaai Ns the playlist file fromthe
server. The cli g&éw}bso Qhtai ns and plays each nedia data file

i ndicated by th pyred 15 ¢ plack diagragyef OB gIRReAIREAtOf 2sFReerand Gists can
dynami cal |y or repeateadlayd feediqaealttiie, g@inear kdablimé, icbriterit OTIGH R Srapl€6f

addi tional and/aqr dlffer 20t Jredi a se st files
may be, for exa(r%'ﬁlurel ten &qP WﬁlCq‘g'ﬁlcg'}"e%tlof'@%tmvroCn’c??fgc%%%gmtprent

addi tional tags ashmrvafafr@ty\tork/e‘hyngmbewdcltehenNBbJe fupporet v@lizénguled. NBU
refers to Moving Picture Experts G oup Audio Layer 3 Uniform Resource
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nmedia files to be played. Blank lines can be ignored. [0051] Lines
that start with the comment character can be either comments or tags.

Tags can kegihhowbd:gy #EXT, while coment |ines can begi rl’dﬁd./I{SQOO’?/OG%M
Comment lines are normally ignored by the server and client. Th one

enbodi ment, playlist files are encoded in UTF-8 format. UTF-8 (8-bit
Uni code Transformation Format) is a variable-1ength character
encoding format. In alternate enbodi nents, other character encoding
formats can be used. [0052] In the exanples that follow an
Extended. MBU format is utilized that includes two tags: EXTMBU and
EXTI NF. An Extended MBU file may be distinguished froma basic M3U
file by a first tchpigues ppgtmechanismg descripp R UFurtljep OB BipleEXTaRMay s a
record marker tRafiddestdnt Rk g oppgd t3§éctﬁeL‘%ﬂrmtdoﬁthrﬁgcc@ﬁﬁirﬁp@ghym

that follows the tag. In one enbodi nen each nedia file URI is
preceded by an EeRiHigyes gndgnechagisms desriped herginxFongsamplg opater GRDAL j t | e>
wher e "dur at i onkreats pRGoAtemR Srdafe@heliIf) Bk S cRfatelthemulBslé Medid leg. ARE

"title" is the tai | e of the target rT.E(illia fi({e. 0054] In one
enbodi nent, the?f ‘?‘1?66\5\?%6(55 %“5&%“‘%&\73%’&‘ BEEH* I O iBinage the transfer and
pl ayback of medil@40) Nesork EXTmXy HeAdmGypBLTHRAIdIOMhERET witedyiikRss SEELENCE
EXT- X- KEY EXT- XTEWM%T%J lal%E combination thereof. For example, Network 100
may be the Internet or an intranet. As another example, network 110 may be a
cellular network (e.g., 3G, CDMA). In one embodiment, client devices 150 and
180 may be capable of communicating over multiple network types (e.g. each
device can communicate over a WiFi wireless LAN and also over a wireless
cellular telephone network). For example, client devices 150 and 180 may be
gman phones or cellular-enabled personal digital assistants that can communicate
over cellular radiotelephone networks as well as data networks. These devices
may be able to utilize the streaming mechanisms described herein over either
type of network or even switch between networks as necessary.
[0041] Server 120 may operate as a HTTP server in any manner known in the
art. That is server 120 includes a HTTP server agent 145 that provides content
using HTTP protocols. While the example of Figure 1 is described in terms of
HTTP, other protocols can be utilized in a similar manner. Segmenter 130 and
indexer 135 are agents that reside on server 120 (or multiple servers) to provide
content in media files with a playlist file as described herein. These media files
and playlist files may be provided over network 110 via HTTP server agent 145
(or via other servers) using HTTP protocols. Agents as discussed herein can be
implemented as hardware, software, firmware or a combination thereof,
[0042] Segmenter 130 may function to divide the stream of media data into
multiple media files that may be transmitted via HTTP protocols. Indexer 135
may function to create a playlist file corresponding to the segmented media files
so that client devices can reassemble the media files to provide real-time, or near
real-time, transmission of the content provided by server 120. In response to one

or more requests from a client device, HTTP server agent 145 (or other servers)



EXT- X- ALLOW CACHE EXT- X- STREAM | NF EXT- X- ENDLI ST These tags will each
be described in greater detail below Wile specific formats and

attri put eswéagw;azﬁgg]rl bed with respect to each new tag, P%&h%&&g/{,ég\gﬁ

enbodi ment's can SO0 be supported with different attributes,

formats, etc. [0055] The EXT-X- TARGETDURATI ON tag can i ndi cate the
approxi mate duration of the next nedia file that will be added to the
presentation. It can be included in the playback file and the formt
can be: #EXT- X- TARGETDURATI ON: aeconds> where "seconds" indicates the
duration of the nmedia file. In one enbodi nent, the actual duration
may differ slightly fromthe target duration indicated by the tag. In
one enbodi nent, may sangmiyRhe rretire playlisifiles as ggnorared byirdexeb €35end owdiat ed

with an approxi gt Sf&!H{eﬁtfak Q&eﬁfedfb?‘é‘egﬁm%ﬁgﬁ% séﬂrlﬁﬁ%ﬁherwﬁdﬂ?‘ for
a segnent may be prefixed Wt I ndi cating the pr oxi mat e

duration of thaPPioByestly 05 thanmldﬁ%‘aiear mpgeef leFeCPwyéunauaw i st

file can have a(@g\emusmm&% %%W%@werﬁh@nﬁ?ﬂb’@iﬂ@l@déﬁdﬁ’ﬂ@ﬁa& i f
present, of a UR qual to the sequence nunber of the URI that

breceded i 1, pl GRMSREM 19! BHUPLHELEERER . The EXT- XNEDI A- SEQUENCE t ag
can indi cat e theooasqueRcRvieesTSe andorfgo intag ra‘céir/esme piRlist flad and pfeeiafiesi N a
playlist file a?rgmtsgr%erfl%) g\.‘?étr né:twoer?O éthent deVices may%-e §EQJFI):?:I\CI>QElec<tpo%g:b er=>
device that is capable of receiving data transmitted over a network and generate
output utilizing the data received via the network, for example, wireless mobile
devices, PDAs, entertainment devices, consumer electronic devices, etc. The
output may be any media type of combination of media types, including, for
example, audio, video or any combination thereof.
[0044] Client device 150 can include assembler agent 160 and output generator
agent 165. Similarly, client device 180 can include assembler agent 190 and
output generator agent 195. Assembler agents 160 and 180 receive the playlist
files from server 120 and use the playlist files to access and download media
files from server 120. Output generator agents 165 and 195 use the downloaded
media files to generate output from client devices 150 and 160, respectively. The
output may be provided by one or more speakers, one or more display screens, a
combination of speakers and display screens or any other input or output device.
The client devices can also include memory (e.g. flash memory or DRAM, etc.)
to act as a buffer to store the media files (e.g. compressed media files or
decompressed media files) as they are received; the buffer can provide maﬁy
seconds worth of presentable content beyond the time of content currently being
presented so that the buffered content can later be displayed while new content is
being downloaded. This buffer can provide presentable content while the client
device is attempting to retrieve content through an intermittently slow network
connection and hence the buffer can hide network latency or connection
problems.
{0045] Client devices 150 and 180 may further include optional security agents

170 and 185, respectively that provide one or more of the security functions
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where "nunber” is the sequence nunber of the URI. If the playlist
file does not include a #EXT- X- MEDI A- SEQUENCE tag, the sequence
nunber of i URI in the playlist can be consider e
enbodinen9%8?%%ké%%Uence nunberi ng can be non-sequentigﬁ?”%gw&&wgﬂ
exanpl e, non-sequential sequence nunbering such as 1, 5, 7, 17, etc.
can make it difficult to predict the next nunber in a sequence and
this can help to protect the content frompirating. Another option to
hel p protect the content is to reveal only parts of a playlist at any
given tine. [0057] Sone nedia files may be encrypted. The EXT-X- KEY
tag provides information that can be used to decrypt nedia files that
follow it and t Hecussdhetinc&herddevices 150 and 180 may also include additional
#EXT-X—KEY:NETF@&gﬁﬂgﬁyQpﬁhgﬁkgﬁﬁg%ﬁQ?"l The METHOD par anet er
specifies the encryption net og and the URI paraneter, if present,
speci fi es how t P04®itIapre aphedimeyt, the coldquenhatarrdesosibebin trikaphlikttigr  NONE
i ndi cates no engpypt koo AdmiPHunBARER L Ao TRAMNALS: B v rdred, for
exanpl e AES-128, which indjcate _encryption u3|%gythe Advance

Encryption St andERR8RESFSE e &n HETEh Enbedimenss panjalsg ingfyde peesgtio2{ddi ng

[ see REC3852]. Ahediedatanlsokpikiioh afjal@thar hasidmsof @ Biyeapi (k.Q); tofp¥dvidé- KEY
tags. [0059] An EXT}§5§E§ haq mﬁ&%.% URI paraneter identifies. the
key file. A key fimas SO REAPTE TR ST SHIF RAYPTHSPon et 548 used to
decrypt subsequértdataegh t& réceivedininestratitiing Exaenplelday forsits Farlfiges afwel!
exanpl e, the AES-12 I - . or mat
of the key fiIe§%%ﬁéggp%h§§%§ggSgﬁéggQgﬂ%%%aégT%eég%ﬁ%§¥%gpgﬁfg{nat.
[0060] Use of AESlizgiadee aglproyidediduivess othhaformatsecas alsebels8pmoriedt

initial ' zat1on Y@Q&]OA m@&iy%);e%taﬁmgt'cgrﬂbemﬁé?nﬁ%XQitxﬂuqhgedqghqi-time
decrypting. Varying the IV can be used to Increase the strength of
the ci pher. Wedr3g(prgreprenl-iog sueay yrpicsisd by pnivers Bstaurcalidisaior of t he
nedia file can bernyaRGndSadshOIdy Nt e Tn BREMBELINAG, (R pIAlGSHPEiang Medi a

files. [0061] The EXT- X- PRO ATE- T] tag, can_asspci ate the

begi nni ng of t h&FEX S ?ﬂﬁﬁ"’f’?l:}ﬁé‘?wf[aﬁh 3%3@531‘%’?% fledEiErs Anireta t i e
and can i ncl ude fi@rthat ischi segrhet 6f at skrfen, 20ite ma) Be Dsigglesdaoglionedtieam bhe
date/tinme repreﬁgggg&ggpakgﬁ&]CYIEC 8601: 2004. The tag format can be:

ar program.

[0048] In order to play the stream of media data, the client device obtains the
playlist file from the server. The client also obtains and plays each media data
file indicated by the playlist file. In one embodiment, the client can dynamically
or repeatedly reload the playlist file to discover additional and/or different media
segments.

[0049] The playlist files may be, for example, Extended M3U Playlist files. In
one embodiment, additional tags that effectively extend the M3U format are used.
M3U refers to Moving Picture Experts Group Audio Layer 3 Uniform Resource
Locator (MP3 URL) and is a format used to store multimedia playlists. A M3U
file is a text file that contains the locations of one or more media files for a media
player to play.

[0050] The playlist file, in one embodiment, is an Extended M3U-formatted text
file that consists of individual lines. The lines can be terminated by either a single
LF character or a CR character followed by a LF character. Each line can be a

URY], a blank line, or start with a comment character (e.g. ‘#’). URIs identify
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EXT- X- PROGRAM DATE- Tl ME: <YYYY- MMt DDThh: mm ssZ> 100621 The
EXT- X- ALLOW CACHE tag can be used to indicate whether the client may

cache the nmedia files for later playback. T f or nat
can be: Eﬁ%@{&@ﬁ%gmme CESI NO> [ 0063] The EXT- X- END&%%’%?%{BB“@‘

i ndi cates in one enbodinent that no nore nedia files will be added to
the playlist file. The tag format can be: EXT-X-ENDLIST In one

enbodi nent, if a playlist contains the final segnent or nedia file
then the playlist will have the EXT-X-ENDLI ST tag. [0064] The

EXT- X- STREAM I NF tag can be used to indicate that the next URl in the
playlist file identifies another playlist file. The tag format can
be, in one enbodiedfiies to be played. Blank lines can be ignored.

EXT- X- STREAM | Nzt t:F d = ' =) K< R > e the
follow ng attri g%({sgsﬁlﬁﬁgayu\g’et@& !‘%ﬁﬁe&{ﬁ %{%agtﬁrtcgk E%QB‘{’NQ@F ei@ngi S an
appr oxi mat e uppé&aes-bbagherndegin ih SEXBarhilpramment kncesasbegineih s a nunber

of bits per sece@RfmediiBestd fdrhally8eRBRIGRMAL T shdclies, & didber that
uniquely identifies a particular presentation within the scope of

the playlist fiFEbodinent playlist files pre gnoqdad ip HEF-§ dermaty (T &-bit Unicode

EXT- X- STREAM DI Frdaftbsnavibit Forinht®is 3 anmbRREIRANIrhde rlefcodiag Edrinte mvar i ant
streans of the sgme Eg{rgg)s&.nt atign. Variant st reans arLd v%ri ant
playlists are dASEPFLEFOFMEYEMel MARHPENERIme FITRE &0 UFd see Fi gures
OA-9D). [0065] TUs2) lntiegeamgesttbay follamdancixtaniddNIHS focram ideilidgiabtatby t he
server device 1 0. QLAANL £8 eEARR T EAASRT REERSbAGITRAL Ao/ de! €5 L hat

represent the origlna dia content. Iren S use this

i nfformati on to destrayishdsl feomanbhsio M biile by hrshiingitkat fncludes “FEXBMAhner to
provide a real - {3035; ERTINRGES reb i@ mafikiTRat d&EAKRE M RS KRS BARAG Ly e 9-
view ng of a |live broadcast such as a nusic or sporting event) to a
user of the cli & thablpliews the @eeBIonEeBlrdifecas: gach media Ofv URIHs pregsped| i st
file identifiespaaBRTNFhd eorekadpld:S a segnent of the original
presentation (i.e., I.ginal nedia content). In one enbodi nent, each
media file is format § Ui 31UeT ansport stream a MPEG 2
program stream whereddivitioe* shecifiel the duk2i0% bt thd iyedid file ama “tifikras thatiabf can
be specified by hsegaercét%i ng,a CODEC, and the playlist can specify a
format by speciftyi né a C. In one enbodinent, all nedia files in a
present ati on hai¥séhie osagmbolliprentthe fdllowingaags mivkib¢ uspd ® rhaprgesthes ey be
supported in ot gmgimt ransport streamfile should, in
one enbodi nent, tE'[%E)Srflet?ai n ; SI r?i;fng&alv};lnf%z program and there shoul d-be
a Program Associ at i FXTEbTARGREPERSFIGEY am Map Tabl e at the start of
each file. A file thatr.gontBIASEYUEREESHOULD have at | east one key
frame and enough information to conpletely initialize a video
decoder. dients SHC*BEE)XbléEY)repared to handle nultiple tracks of a
particul ar type (e.EXRXPROGRAMIDETE-TIME choosi ng a reasonabl e
subset. dients sho in .o iment, ignore private streans

i nsi de Transport St E%M&%Wt%o not recogni ze. The encodi ng
paraneters for sanplB¥T-XITREAMISFream i nside a nedia file and

bet ween correspondi B across nultiple media files SHOULD
remai n consi stent. wever clrents SHOULD deal with encodi ng changes
as they are encdheseégedill degly becdesonibddan lpxeatsidgiajl yejovi Wehdle enseifie frrmaty
acconmodat e a r gePldribh@hrCRRAGARA with respect to each new tag, alternative

embodiments can also be supported with different attributes, names, formats, etc,
[0055] The EXT-X-TARGETDURATION tag can indicate the approximate
duration of the next media file that will be added to the presentation. It can be

included in the playback file and the format can be:
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[0067] Figure 2A is a flow diagram of one enbodi nent of a technique
for one or nore server devices to support nedia content using
non-streanin%}grotocols The exanple of Figure 2A is provid

terms of M9 er, other non-stream ng protocols 8&ﬁ“ﬁ€mﬂWPﬁ¥zed
in a simlar manner. The exanple of Figure 2A is provided in terns of
a single server performng certain tasks. However, any nunber of
servers may be utilized. For exanple, the server that provides nedia
files to client devices may be a different device than a server that
segnents the content into multiple media files. [0068] The server

devi ce receives content to be provided in operation 200. The content

may represent |ive aEXTaX-aARGETDURMIONs@ondsa sporting event, live
news, a b Cam\?v gi‘efsecongis 1Tct](,§iteﬁ9nedﬁra&onnq¥heme 91 1rlee Egsentboﬁlre recor ded
content (e.g., a concer a een recorde raining “Cenmi nar,

etc.). The cont éntctraurpgonrmeayatifies dighyly frbre tfsearrmdurataxmondiqawg by theany
format and protggo I yn one
enbodi nent thepd oLtJéﬁ?M&dlﬁgggﬁvggk éxnﬂﬁﬁk@éﬁg\%?ﬁﬁflﬁg Flsg&fdggnv;/% a
MPEG 2 stream hodpetesimatesiurpsion Pﬁhm@emdﬁr expraple.tiee WRIpIGr segrpent 96 9]

The server may wﬁeﬁ@a%ﬁa&&m&aﬁg th¥ agptoxifASdurdioh b R Segifent he
content in operatlon 210 content or_ at |east portions of the

content may be 08¢ldach @Fﬂiﬁ)?"ﬁﬁmw a playlisifile g have ad‘l‘?’qéle Stgiége device
(e.g., hard di skumter.arsstsequa@e ninbe, iNerkssm &fa WRIGs dquslito th sdiBERE Y .

o oM et BT SThEh SRRk Y e Mol o e
transferred to MEASEQURENSH tegcap lindinariie)sequence amebee wbibel finseR] thithe
server has an en ng?ynatppﬁﬁagg§%ﬁfﬁ§°”“a ngsessary, the content to one

or nore streans conversi on can occur without
storing permanent |y #EXd-X- M MeTFEXQFINEhcnumpet i n sonme enbodi nent s,

the storage opekgti ofhndbid iy seQ@enQﬂJrﬁb@xd&rthe' URITE R0 yist FOGRE nde € M
storage (e.g. an archival storageégln ot her enbodi nent s. ;0070] The

content to be SRR EEX S XMEREHPEQUENEE tagthe Teppeacervaber of thedissti n

operation 220. IyRI@NEe @mmmonsxada@i Baﬁuﬁrenmmv@mttse gqSdnteam i nt o
separate and distinct meg)l a files rrents BEﬁt can be

di stributed usi AY"TEE SREEPE @%be"gé %‘F"am Hé‘“’qé* FREAT, the
server segnent s nthigringdicRast, lseam atc ainksit Hififtdult suppdiet theekftect | ve
decode of the i nd| vi dual nedi a and key frane
boundari es such asbef’g§ Se%lueR etan%(%sn a}r'el(] tso%édﬁ?fg)?@ ?en%% Bmﬁa |es) The
media files can Abethg@pmndnbelgﬁr%dq@hmqngmnalo rs\ieal@ammsdf agpplisvgti nat el y
equal duration. ;I' ven@imeer also creates a UR for each nedia file.
These URI's allowcliient devices to access the nedia files. [0071]

Because the segi¥TIsSograncdiarfijesdanay$r s e PTReEX EXSKEZWERFPVidsher ent | y
deliver whol e fiilfatidnliRar 88T BEQKed:H Qdthyht RBMLriRs GATHIA iCand B TBMaE d
media file avail able before it can be served to the clients. Thus,
the client may F¥YPe(in time) the broadcast by at |east one nedia file
l ength. 1 n one enbodBXaMX.-KAEMETHDD=emsthed> [, URIPATRD-"PN a bal ance
between lag ti a 12 0 enbodi nment ,
two session typ el?’% g spéséneE?rSpﬁmﬁgset{’/eer‘l‘frygté%?eéhr?}’ a%cf'tg gﬁbported. For
a |ive session, poahseraif piexapd spricifies lm\rtblobuam@ﬁe kKeje streamis preserved.
I n one enbodi e fdr NORE: g are
removed fromt h@"ﬁ?ﬁﬁ%‘%& ay étﬁodo? ,Et [eggﬁergyppgrm\%g fromthe
server. The secsmymy'p@e'b?dsm@?ewdifsrfawn@véﬁﬁ 13pavichrndicatser e t he

client can tune ehdﬂ}ﬁﬁo@ﬁ%gﬂﬁ% RdvaRde Hn thfn%%@éé&nc()%n&] wittS4 Bistbidkepm t he
begi nning, start froma m [p *H‘Ef) ‘f‘ré&r session can be used
for rebroadcast a“‘f%‘?cséé’é%'l‘ge seq 73§f2}Tﬁé‘e KA dee sypgsedesginid i n
t he server nmenppyoi BXTORNME fagsd 230. The nedia files can be protected
by a security feature, such as encryption, before storing the files

13



[0074] One or nore playlist files are generated to indicate the order
in which the nmedia files should be assenbled to recreate the original

VBU tags ANATHEEGS descr i bed herein to pr ovi de. i ni o SATBH PRPT

client device to access and reassenble the nedia files to provide a
stream ng experience on the client device. A URI for each nedia file
is included in the playlist file(s) in the order in which the nedia
files are to be played. The server can also create one or nore URI's
for the playlist file(s) to allowthe client devices to access the
playlist file(s). [0075] The playlist file(s) can be stored on the
server in oper at[0069il ARHBXTRAKE¥ tagheth adiRighiaonteaidehtifibsahé kay fidd. Anegi a
files and playl i i rin
Figare 28, "a di FrerspReBhediselleg BEOL e o BRLM G APORUR
playlist file( s)f"qﬂrh?ed)le ﬂ@rf@é{i‘%tﬂlleb@pmxemplhéhma‘i -d2& dntrgptioameethod eges ed  or
stored. As anot hghogkapPhse it oplh@xéy 3k JM%@%@&%%% Gretdih €S May
be created before elther are stored nedia"files are to be
encrypted the pPEgVif¥Matj|e(s) can deflne a URl that allows

aut hori zed E | i erm06g]€N§eQ>e$.ESQ283ﬁHnghlly xfaqlili@ythﬁzlz\meesaﬁ@m adtallrﬂ@al?mon o
encryption key to t th ia files n encryption key can be
transnmitted usi H&cmé%%£€?‘@p€gr’{ﬂ‘gﬁ’?'}c@’rﬁmﬁ%““& decrypip ‘?By’}i&‘hﬁ%?’r‘?@fe
exanpl e, the pl a;eldltcsﬁncrEASb %St)‘engm)bfbe ctphérnWﬂeii tistiel, AES- 103 ehtirfition, ths a
further exanpl e, es, may. be arr.an n redictabl e
order so that theqqg |§ur{?be(r:%t§lr1leo é(dr'ae{!c?lf’e rltbe ?‘% {h rIgz‘iv V\ﬁp B ¥ he
pl aylist fil e(syecryp00Fmpdis files.he encryption rret hod i s AES-128, AES-128
CBC encryption, [dog{ z

Ry ﬁn?eégétm' RPRORY AVEARRLTIREE thcch Qg&ﬂtgfﬁ@g ggﬁﬂllgaogl

files. In one enbo he entir € IS encr
chai ni ng i s nor HsI"EXt Msdie f‘éPp‘ﬁ‘Fﬂ Bhbgpduiodate andil me i"ldésﬂ inpjudgrpe indicate

enbodi ment. The ,si8AYERC & e ehBSIIMER tRe datdifife b FreddiBicATs SBAEEY as
descri bed above. ne_enbodi nent, the server adds an EXT- X-KEY tag

with the key URI86Q10208 The {3 fefmat ¢ra'b Bl aylist file. The server then
encrypts all subseqLEmI XRRODGR AMIIRSTEMT IME ket YKREV-DDThH:ma:s€43ange i n

encryption confi i ' To.switch to a new
encryption key, ! E@aéhgwgfﬁéyfg%n%é%é%%b%vé éo\}ﬁ‘%’?aéeb‘f"beﬁ\?f Hea new
URI that is di stiiqatiay ¢aohm thd dowploadedonsslialdes foiRiter pleybatk. Tihetthgeformat
presentati on. Ig%b%erver al so adds an EXT-X-KEY tag with the new key
URI to the end ;/(I ist file and encrypts all subsequent nmedia
files with the new KeXl-XfAd#)y-Cr EgYENRYPYpti on, the server can add

an EXT- X- KEY tag)mmetéa@ ﬁimuum QQ:rﬁﬁBtQﬁq moaﬂnehhﬁatﬁmofef the

playlist file. The tag (w th " NONE hod) does not include a
UR ~ par amet er |ﬁ‘eﬁ‘ﬁgleéﬁ‘ﬂb?ﬁar‘?@?ﬁ‘tm‘hﬁlplay’é%ﬁ§eab"e‘|%f%ﬂ|°%i‘tPtIes are not
encrypted until a chengs- ENDlastrypu on configuration is nade as
descri bed above. The r enpv - KE froma
playlist file if" ?’ﬁémg‘i"@@)‘f'\‘ sf{j ‘ﬁi”ﬂ‘ét QYRR ﬁg aismemtoémﬁxﬁbgq’é?"fﬂfel e
encrypted with phglist kéhhaveltheEXEXBNDLET wg.ansmt the playlist file(s)
and the nedia fi C ests
in operation 27 do%fﬂ gg@é?%ﬁkwf; thgecaa%§9s% o mcﬁ HTeS tLat?he 8¢t Xttqgﬁ Fi gure
3A. [0080] In oﬁéh@ﬁh\d@ﬁ fite identifigs mrh@ema)tllstefﬂ%rﬁhesagtfhmamaaw iisenef i [ e to
a client devicechpdifsponse to receiving a request froma client
device for a playlist file The client device may access/request the

playlist file using BTURSTREAM-PYS [apaategyplesl |- deluecy2bpld<ERPent

device. The URI whaetrﬁaélmutghenb@&&tdy%e ugehl. ’frﬂi&nﬂbﬁyhmbvsfmlrﬁ-% the
server. In response, the s e the B list file to the

client device. T8 a%ﬂr?’%'ﬁfte B%‘\‘/’f ‘&oé'nﬁévﬁfi‘ﬁréa’ﬁf”i‘ fafesd S2TPRYIS (or
ot her identifi ebsypet secdride Thé ayﬂbutsPRDGRaM-mmeasxumm tHatriquplye nedi a
files.
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[ 0081] In one enbodinent, the server may limt the availability of
nmedia files to those that have been nost recently added to the

pl ayl i st fy do this, each playlist file can i pone
EXT- X- I\/EDIVXbZE@ﬂEﬁgE tag and the val ue can be i ncrenen{}%}{%googﬁ%’%?
every nedia file URI that is renoved fromthe playlist file. Media
file URIs can be renoved fromthe playlist file(s) in the order in
whi ch they were added. In one enbodi nent, when the server renoves a
nmedia file URI fromthe playlist file(s) the nedia file remains
available to clients for a period of tinme equal to the duration of
the media file plus the duration of the |longest playlist file in -
whi ch t he nedi aideptifees has‘ciaﬁmewﬁ@d&tior[ B8R {he Tvpe dithaplayist fo€. mplilayl i st
fileis the su I n that
playlist file. mf?ef Jplhﬁur atnﬁtgks can aﬁ%ﬁﬂﬁie I “ﬁﬁ t])({)‘\élnstémen‘oodl ment ,
the server can ﬁﬁpﬁ%Nhﬂéto deacsibe variantstseamsiofithp saseameserttation. Muihing f i | es
in the playlist s@dam@hhd JakilR lalitts@SaebdiBedRitneiENklsalsul Al o) s3e Pr €Sent.
[0083] Figure 2B is a flow diagram of one errbodl ment of a technique
for one or noreFEBIYEer98evi ces to provide dynanically updat ed

playlists to ongooes] THIferegirig@iKs afkEAlirGRSs caﬂ-B@usI@fh Bﬂhh Sdrier @ditele updat ed
using either of the cumil ati node descr i bed

herein. The exaMf e fra'ﬁpﬁﬂPae/prﬁT? tﬁ"smfﬂ’%@fescfgﬂ ’?pi’ies 8 thronginalimegis.
however, ot her nonenstTheahtnndevineotsedad isfofreatign ditERSbledn plesenathe be
ut|I|zed|nas eclalalcls e of Fi B.is provided in
ternms of a servg{rgh%)ggeform%&erégpﬁ%éﬁﬁgga K HSRev eal%me Wea E%er of
servers may be @tAeri¢nze(t.g. FoyingebniiNedroatdast Ss@rasetmuslhat Sppmoye\delstonedi a
files to client aq?eybggesclgﬁtydegge a different device than the server
that segnments the content into multiple media files. [0084] The
server device r &08¢p)Rseh pedip BlsURIin ébléabﬁlﬁto‘\}? dentifiena opdiz Bleivhis205. The

server may thenségeﬂmwafelohgﬁnatp%&naabn li 826 giMPhtdiPBhiedf). e CONtent in
operation 215. mlar to operation 210 in

ration S
Figure 2A. The % dgﬂet"t o B‘éedﬁgﬁ?/’? g‘@ﬂatfeg a%%%ﬁt%&?“?ﬂ?f‘é‘rm tiple
media files in MP@GaZprograxﬂﬁﬁeamThﬂ MPHEG2 afidib esmendy becamt The@rmdd t he

server nmenory i t n be protected by a
security featurgan%%ée% deg%s A lgla(;ecndﬁg%fa%Jtl‘e’ gé%}ﬁ? Bs?eﬁfgy?fof’g"é in
oper ation 235. PY)Q@@IW@%C@DE(EIDIn@nwwmmm fll inedia fikeeingensemdttion t 0

i ndi cate the orggk weRaib} t as; led to
recreate the origi rtlael acoﬁ'ﬁgﬁt%ﬁﬁg%qgrar{%%n SS@Q}H&F Pp%ft ﬁl [sﬁ? file(s)
can be stored offMpadEmess; ‘é\effa"m*?“éﬁ@ﬂbﬂlﬁ gheuldsg OHWUOélmeh@C%lFaea@tl on and

storing of medi anfik MPEGaNsloRhAYdnl ﬂ'nrere fshdufd)a P26 ax@A@s%@iQ&cﬁnGkabI@ aftl a
particul ar ordeé In Figure 28, a different or may al so be used.

[0086] The servEPEEBMEnPlet the gpT efrepch s ’f‘lf‘é?ﬁ‘s“?’fic?“‘%‘?ise"“f?P§W)iL%P
file(s) and thehavedileasf dre@sy Basd antl BEouBiSinfddhKion fo EmatsRithlzeal | ent

requests in operation 275.. as i.bed in re detail with respect
to Figures 3A- 3§1‘.ae°[(8:6(§%j' %ﬁgﬁs Bﬁgﬂ)ﬁﬁ pf??‘@?@?’a?fg?mblgp]ﬁﬁﬁcﬁ &f by a
server for vari parscutaeypofese. aﬁﬂ'neorsre!ev)exych@ymgemsonemadﬂsa|©maals data to
be, B 0u1 ded 0 HaEuch bRk BHLERab D AR SR o ARl SASH b
operation 255. thRedeRprecogmival Thi%@tnaodmwa@metetsém semdnp\lv@m agdgami onal

portions of a |inige PMEGERTALA &nweem:or?egﬁynalhgﬁélamk ggr&ggﬁ fipf%r?nefdgtr an
exi sting pr esen} ation. Additional data may I ncl verti sements or

statistics (e.g" "%%’b’?QEDd‘f’“%‘EQ&S‘?‘@]‘al’IP‘hﬁe‘t%‘e%fs SPePLPsgl &Nt ). The
addi ti onal dat aerrwdihgdchb@esysaﬁéy&lrdien(:&dﬂfefbughr dxampie by SQNEYVidRRokEIR
presentation ortoa Op%n etnte |tn a,si debar user interface. The

addi ti onal data “¢ar L8 HFEREE et he same manner as the originally
received data. If the additional data constitutes advertisenents, or
other content to be inserted into the programrepresented by the
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operation 255. Changes to the playlist tile(s) should be nade
atomcally fromthe perspective of the client device. The updated
pl ayl i st r\gB 55828 f n one enbodi nent, the previous pl a;i,l iy ﬁ? 0624
di scussed Herow i greater detail, client devices can reques(f he
pl ayli st rrul tiple tines. These request s enable the client devices to
utilize the nost recent playlist. In one enbodi nent, the additional
data may be netadata; in this case, the playlist does not need to be
updat ed, but the segnents can be updated to include netadata. For
exanpl e, the netadata may contain tinestanps which can be natched
with tinmestanps in the segnents, and the netadata can be added to
segnents havi ng [Wbﬁlgng!2tA|!ﬁeQp\adpsram[0®088}ﬂbmh@empﬂateefd"qybésylongt may
also result int

Pﬁ,ofe%@mr%ev@a‘s tmh@t hidi ﬁnteﬁt%mggﬁonemmhe pfocolf"l o in

server shoul d renove l's, fromt

the order in V\thé’He’taHW %wéreéédéa'ov@eqlneenm %&H?T?ﬁ howepergpther non-

enmbodi nent, IItfaeea&ﬁﬁg\/;ﬁstoéo@smaws&utaﬁecﬂmalsmamm@ntra& e)@mplelotpn,rg'&lées t he
pl ayl i st fil e(s) unavai lable to client devices. In one enbodi nent,

the server mai nt?4 HEOVHAR RETNSOLE Sigle sere Wrﬁmgﬁ“ﬂ‘%im‘isl Hevef for the
duration of the ahpmgﬂﬁt ofzbiyik hﬁy bé dutilﬁ(dS)Foﬁeﬁartnﬁlb Nhégrar fegraides | e t o

be renoved to all g éjrtr mc@ 1 ent evhﬁe tt(% |r111| sh acc SSI ng the
presentation. ACESFAIRgY §' M eVEFS TR efeat G § ﬁnﬁ?@'eb Aviist file
can be prefixed svgmelntsahecEWnt)@t&fREAMnieMIﬁldsag to indicate the
approxi mate cu i t he
playlist file. mlﬁr)ﬁg ?ﬁersg}g&:&egngredg 1%?&;&@8 b@pro'v dgmfop%iggﬂgﬁg ﬁﬁ

pl ayl i st fil e(s)coren Mo rapecheny Bk auﬁlﬁﬁen/@rtvaey(e q,@c;sg]m&yb@eler@@ﬁws,
requests for theyg éamua%edf MRECSidn® by AQMESESNt ?&ﬂé&&aéar&omﬁ( STV er
provi di ng the updated gwsé ist in operation 27 g I 'n one enbodi nent,

playlists are uSaeRHa een&erardse: alﬁrég‘f"§ Sempipgr, iSon nRHF £onteqt pay li"’od of
time rel ated to rédaRed BY ©eierdticBbidg to 419 FdrRet abd piothas&howdH intkarpl ayl i st

file aIIowthesr\{]er to provide access.to servers.to a (?mcally
changi ng. pr esentAET BT BHSOTO FIlE EmoE T FEePEtN AP AATHP one
enbodi nent of a steahimihgfiemfodn MRES-Dstrendrewser,\oéter fdewitcas alsobgr ovi de
medi a cont ent t%u@"h&?t devices using nultiple bit rates, which is
one formof the e of alternative streans. The exanple of Figure 2C
is provided in t{@64EThsfsepmrimy thenstopetempartipat lepstrpogtioneefithagniortar ocol s
can be utilized o‘pElrat?onsmﬁn Jnﬂ:rcoﬁ@rﬂ%%t Jeadt pBriBNETR & oftbnt FrlaQHé SoredC 18
provided in terns of a server performng certain tasks, However, any
nunber of ser ver&mRAEATIhETGrATIHE, Bp2 Stpigge deyishisice hard disk iy Yerpea At

provi des nedi a fNeasik,lel. )Q)lrlnaﬁamdﬂyavmmuwtmoﬁerdhfaps&&&twedeyhs@ t han
a server that segnents.the content |ntoh:H.J| media files 0091]
In one enmbodi merfi®?ef FEIEBS & COTPAt g5 dies ‘Iv’f)lfBﬂ"bW'ﬁFthS*}FF‘g‘fe“T‘?‘.?ye or a
single playlist tifahslfﬁTeWItd hsioragetde pilkeormestiosy. fih bie elmbsdhﬁleiltnthé feeves hasgh e

pl ayli st fileto diff odi

presentati on. Fr d'a(r?g% VIEhCS Ecegsag g? Ceonpe('r;h()t\o/lOn ed, mor S%ef'flss(f: B e(s)
may i ncl ude eachl?/Faﬁr Bhﬁfthlsspn\@ssmnpammcm\nglouilswﬁeg mmaxbntﬂythatee@veno

al low client devipes 4 isiint ERb > sﬂaﬁ rg%/l G@binMied bl S 1S
described further In coﬁnectl on&f\?\n&]t i géjé%%\ﬁ% IaEquay l!’nstte % | es
havi ng vari ant dt'Pavhes lenger PrcIiEs (as aEXbe'Xd‘SFPREﬂM PIRET eipdimgiits- each
variant stream [6@ODTREonESR [FEAYLiIMNG if REmdr nﬁtb%uﬁfgﬂiﬂnéal’a gignt ation

can have the sane P MID attribute val ue. ROGRAM | D val ue
for each presentREPUR 28 Iheneeaboment fe SHer Gy eisis et BIRtEParaieii82] | n
one enbodi nent, distifct aaid Eles neetsa*gnfehg tlﬁambdn@%@@bamtﬁgalsm@rd/\hw

pr oduci ng vari ant ol peans. O%a ”ﬁa iant stre % gonst tE F e
same content incPudi AgSHEP SHaT YRR esm BeEUELF § PAPSIRE ai n
presentation. Tiseppoa ﬁffentwc@nocimkéxeidde'xcbalmdpé‘ﬂqs Gdg. odn p@d«ﬂt adkey
available for all variant streans within an accuracy of the snall est
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encoding of the nedia files targeted for the various types of
connections may be selected to provide a stream ng experience at the
target ba veI [ 0094] In one enbodi nent, a var t
is genera’[‘ggI ?fr?%ogpgratl on 242 with tags as descri bed hﬂcg'r}%sz@)ﬁg%/%hs

i ndi cate various encoding |l evels. The tags may include, for exanple,
an EXT- X- STREAM 1NF tag for each encoding level with a URI to a
correspondi ng nedia playlist file. [0095] This variant playlist can
include URIs to nedia playlist files for the various encoding | evels.
Thus, a client device can select a target bit rate fromthe
alternatives provided in the variant playlist indicating the encoding
| evel s and retrif@mebwnéar@@sucbs&pﬁﬁﬁdiadgt wluadakipssand f-friree baundages®. The

enbodi nment, a cl i r i ng
ol ayback (e g, eSS Dol & 1A Gk AR ‘g“b#é°§ B
variant playli stuiatiefi d&e songr @'Pfecr%ﬂsmliéf@ﬁ@bme ig filee Ta¢ss URds allowr ed on

the server in OQﬁénaaéngstgé&esslt&%msl on 242, each of the playlists
referred to in the variant playlist can al so _be generated and then

stored in oper at{%GH Brgause [*\96 enis gre,sgrverisng HIJP servesy) et ithershy

client device, idaeeselorefiles b sErK/&l’Qﬁcﬂilldhabé’lﬁcdﬁﬂi]dt@daﬁm@heﬂyﬁdd&tﬁlé hat
i ndi cates the vari. o Sb{f%COdl n server

may receive a r &GIEST OFYF SRR ﬁﬁwfﬁg’ ﬂi"Fecél‘f"ﬁgefhé&lﬂ?escflgm%éégg’i“é’(ﬁne in the
Vari ant pl ayl i sthedoradestyhyratiessy oteonaiiasfot leagtie dinloné emtatinennmegie fit | on
262, 10 T eSPONSELl 8 phidfolk EOHERL perl O 9SSRy DA SRR, ™o 2
playlist file correspongll n R T eGuast Pi'ent device in
oper ation 292. WZbﬂnloem%mWW%etwmysstOhememee ehonpedévantpesiphiast t o
request nedi a figesnddl 85 4 1RE s&SEY, Shiy 2 FR& SR DY Ebn Wtﬁ)evgngﬁlsltpnsger%d' a
files to the client device in response to r«g uests 1 n operation 297.
[0097] Figure 3 9 cabediggptFoaightaerisfiles thet aéw(saf%’rﬂe fémo‘@dtfféﬁ‘ﬁli*ﬁ que
for a client deypidafint fayBstFRObAd b bERMLING i (ROVBEENIThE SdobYd type of

non- stream ng protocols The exanple of Figure 3Ais provided in
terns of HTTP, RGREVEA" ev(?f"f?é?s‘oﬁo ez eddight tﬂ?"o‘f“&?@f ROMShPBe utilized
inasinlar narbnﬁdc.ast'(eh@ st fhotise Bdpmntg) stardfrogiie @E-pdi)3 Bhis &ipe be

per formed by onegsxlmil%gtbegs% If(%'?ebQJachXt E%ev%rall separate client devices.
For exanple, in the ¢dse 0 any oneé "THEBE met hods, a si ngl e client
devi ce may per f 690F3KTHe nesfiatfihes atcpelr@tm tha ser{ee mgmornyemjepestion230] ayd i st
file request Mol bihelbRhddfh Yhsdel %Pegtu@ Qth bdhedblof pefigocimd! €
the nedia files to enerate an I‘OVI fesentatfon/output) or
several disti ncttoerg enfileyigwperation2d® Themedia files argstorsd @s ﬁleqth@nare refdyt he

operations (e. g.o@anfrhif Singthd @A orkp¥iocd (CAHTEBIEHTPS) Bpfdvkd Simd 11 €
and request nedia files using URLs in the playlist file and can store

those media fil é%ebfsf)r?’”lﬁ‘g@cwr‘&"é@é‘?fﬁﬁ dE‘f“?eéﬂrtS“EiéV)‘F%@’ RAPEHeYSh process
the nedia files whithgeneicatafsnasbnpr ovi de a pr esent ati on/ out put) .

0098] Th i t t. f i
operation 300, R EdrER aBE A3 BBl Prisnitf e hOBePEF S 1o an
HTTP- conpl i ant -mepiadites shobld bEagsemiderlie sécreate ithiei origipal ottt int aperation 24Dt i al
playlist Tile suqtad, §n11£<§5%a§9t§1\g9f5,<te4d2d g[%bﬁ?{%@a&a%eeag%% B Rreirdb el

non- streami ng pr ot s can be supporte request,
the server wll pwdnmﬁﬁrmamqméomﬂhméﬁpwm FFgeSphW’FaswaqtheeﬂQd@ﬁ filkﬁéo

client over a n%;meksmeﬁu@lemua&@qn aqb%m delRE NERMRY: Kach a1 T ed
or wirel ess and can be anééhs&ﬂ ination of wired or wrel ess networks.

Further, the netRfb¥ed inyP 50 B throdrds fvitieh the mediglites e bs 1, | EEE
302 16) or a Celplawdarl‘h& &F\%Dmr&ﬁo?@ftﬂ\&f&ﬁr {BreQiRIs &P jhe p[aQQQﬁﬂe(sjrt:ae F' i ent
evi ce can recei I st fi In o ion 310. The playli st
file can be stof‘g?i”ﬁthﬁgbegﬁﬂf%#ﬁ?voﬁcfcesfﬁ'ép&' Sgﬁ(eaiew ce in operation 320.

The menory can 75K Te peybsrfleé) cam baawdd di &kserﬁarfrﬂ(@&htimﬁﬁ.rw,hilalhe
random access nenory. |In one enbodi nent, each tine a playlist file is
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[0100] The client device can include an assenbl er agent that uses the
playlist file to reassenble the original content by requesting nmedia
files indi he URI's in the playlist file in op I n
one enbodfﬁé%ﬁgmgﬁe{assenbler agent is a plug-in m)dulg’r hkg&w%égz;

of a standard Web browser application. In another enbodi nent, the
assenbl er agent may be a stand-al one application that interacts W th
a Wb browser to receive and assenble the nedia files using the
playlist file(s). As a further exanple, the assenbl er agent nmay be a
speci al - purpose hardware or firmware conponent that is enbedded in
the client device. [0101] The assenbl er causes nedia files fromthe
playlist file toreb@ncodwiborogaeaedia bles dridplagkist file(s) ara dieeatee th dpartictier UR! s.

If the playlist t i ile
i ndi cated by t hé’“ﬁ{ ﬁ ﬁ? Q?‘é‘*’%ﬁ&‘#@m@%&é §g_ldl‘ gg.- ex%?ylf e%la%sft

EXT- X- ENDLI ST t &9 g\aan crpnteddetore themediniiel ase dredted cetorept Af aypthcrhe | ast
and second-to-| %ﬁz;mﬂ'@ﬁu'eglailﬁs fRTEM nQ@na@lllr;@}‘rFagbé érEa%Jd bemce%hérlaﬁ first

nmedia file to play h een chosen, subsequent nedia files in the
playlist file af€™oaded, in one enbodi ment, in the order that they

appear in the pl{mb]mne&h FiRs frotdWrewdrfisted 1@&&1&@&@;) chifdePh&SERI A Out
of order). In ong?)&éf nggw CEhe client devjce n’gts to | oad
nedia files in AdVEfeE° ahoeyiges o ghtan p %YJI?%"&"“ EPOYREEn kHem i n
a buffer) to prowvdedgpuhe mt@erﬂ:leqotﬁechnmmobae}kcaabdtratn@mtnedmsergsnaécﬁref or
tenporary vari at, h 102] The
downl oaded nedi abrﬁ)g‘ftt %ge)g mﬁ%t A‘stangtﬂ exampqe ﬁga?ﬁ% Pfjhﬁgeyo%l

devi ce i n oper atiiaesmiB4@singHETRfe rorayfuither Wamplla hdde fd@mtlae'rb'e ammgedae
stored may be a'ﬁ){ur‘iﬁ‘é’&%ta(gfeo Fﬁ;t}fat% clil¥Ecdnhd ?é}}egtgﬁé sftéam \Rﬂ{outetﬁea”pl €,
random access nenory i sk, or a vi e storage may
be tenporary to%’(‘b"l‘%ﬁ)em ayback or may be permanent. lithe playlist
file contains tpe7EXFmEe frbikbihis Wg- 120 AHS! 198 VBLW e siolNGor t he

client does not store the downl oaded nedia files after the%/ have been
pl ayed. 1f the [SFaRAlS TRy beARPURd S indiyidugtiopdia files. Imapeaphqgingenty the ARHTS ¢ s
val ue i s YES, 't Ifiteictrcapted derph@eloaama&mgﬁﬁmhh@lymiemcuppheﬁlabxe@ media files

|ndef|n|telyfor | at e L.ce e ue of
{he. BT X PRoc N FEbri s sfajort of Falrediptles s sl e 37 at fibcnbi
time to the usembovk nInwmeerebddmmhnnﬁmswvdrlaedscah EXM{X-KEN tdgufifhahe kaUtRH pl e

nedia files so tt(hl‘ﬂe rldtof lh% pia %?fﬂ%u§’ﬁ’ee&@”ethe% Eugl;ggi y@ﬁs}é Jehttr%e a
order to provide a better uger exper | ence. dne e |nent
if the decrypti onthghst k?d@"'il@ change in epgyptioh enfigE@ion2gmeBC decr ypt| onis

applied to the I[msyrmhm%@eﬁa&ﬁ%n ke e SVet £ nfakd Bie héw AECT YPL ed.
I n one enbodi nent, pher bl ock chaining is not applied across nedi a

files. The sequé?‘?débl?llfﬁﬁé?w HRI thpfds diatipptrom allprevigys by URlesed i thae
initialization yesdneionSThdestdrakesidaboreT-X 08V df v&h@@n&h&eﬁ@ﬂnby, t he

content can be ut t fro evice in 350, The
output or presenta bgt%te]ea“gamg’iﬁ Tbéeq“%meggg[? ‘[C’)H\?f’%lwlﬁﬂrlt-ln
speakers or hea@%ﬁb’l’mdeﬂ'dnwuomtmbrvmyn add@h BHE- XfKERf(nagt\hatthds out put
via a screen or prol I V, A out put
known in the art "ﬁ%@bﬁ tﬁ&‘f]dlsgga&n%%ﬁg%@?gta ﬂgt 'lgalff %\;(wngﬁ@gﬁ{s devi ce
det er mi nes whet Iqefthetnhfé?@daqseotanq)umrléumdmaﬂfm presmbpdimbm. étlor ed,
current playli skupdue rR@Y 5109k nBRAGRLANE: BhingR i GENbRSA Present ed.

I f such nedi a fllllagésyuem st (gnd |n aeﬁ have no‘%ggbeen%equested) t hen
processing ret uF?fEﬁgt‘ra“%’;j%‘F‘é‘felaéﬁ“md PWV%T‘EHeWéO%WOWW%Ver?E&Pq files

are r equest ed andkth @gwom.‘aqﬁ@hgtemams plajifst 418 @crn@u@ramm@o Stedia fiedi a
files (i.e., all nedia st. have, been

e current pla
pl ayed), then pf'@%’@’é"'gl“ﬂ[@ ‘tbar‘ g"é’e&ﬂ%“ﬁ?’ ??ﬂé’f‘%ff"i‘tél?’? %@’%St filgey e Berediai nes
whet her the pl ayilds sterfhielneworkGh tesigmseato clencrequags in[oPdkftivh 200, ai deecrpbary| i st
i ncludes an end tag (e.g., EXT-X-ENDLIST) in operation 352, playback
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finds that the playlist file has changed since the last tinme it was
| oaded, the client can wait for a period of time before attenpting to
reload th file again. This period is called

m ni mum rgfgg@“&"ﬁ% It is measured fromthe tine thatl)%‘iﬁjSE‘dOIL))D&S%4
began | oadi ng the playllst file. [0108] In one enbodi nent, the
initial mnimumreload delay is the duration of the |ast nedia file
inthe playlist file or three tinmes the target duration, whichever
is less. The nmedia file duration is specified by the EXTINF tag.
lithe client reloads a playlist file and finds that it has not
changed then the client can wait for a period of tine before
retrying. The mmmeredetdiebighreipectonBgwedddi nent is three tinmes the

target durati On[dbkoﬁnmdale%b% faéehi%r Jrﬁhﬁhsﬁmﬁkt %iiéﬁ@@evggtnay’
whi chever is less. In one e o i ment 'S .
first attenpt, I EsSEPfedp regeinig arrauest Frammpelicarfigvigs @r#ﬂﬁyhémfﬁ%éﬂ\sémm

attenpts; howev@gyiceHah) 8EcesiHtdulp h%%laSWsYﬁQ%mh'gsz?gRI th 186 Naddig® 2
playlist file is |oaded or reloaded, the cli devi ce exam nes the

playlist file t8‘°6|é“t“é‘|jet’ﬁ°ﬁeTITar{éRId%‘&‘Ea‘eFrﬁ’tﬁlloéa‘M“Io@hF Blaylishife R e sqy st
file to load i SIrtrh@oﬁmdhcaseNe} BaySEbadd tRpliyistHlaxy tHeiclicdk dasedERCr | bed

b If the first nedi to b d been | and th
o ay it file aoie e monrarit e SO Erp i et Eg VRO t no

client can veri toactdssthe mhisplewreditfilespl ayl i st file contains the URl of

the | ast | oaded ia fil f y
found, halting b‘f@@b@ ek enﬁ) ?hﬂektf g‘*’gez%tﬁ%Wﬁ*‘g a{éfglabﬁuﬁzop&éﬂ fq’ggdlll)a fi
to | oad can be thoes thitheve baendinest fepdnidy ARl tofiles] playladt fitg(s).hEo <l°ei§1§,-eh@aded
URI in the pl aylplaZl st ﬁlla'cﬁrmc[l&hjcjoﬁﬂy ohd EXP&- Mebﬁi sﬁ%bXB}NEEt @ndhevat has
been | oaded and e playlist I'e contai ns DI A- SEQUENCE
tag, then the némbemrr&"ﬂeﬁ Pﬁéo'tec§°‘1€6%mnl?§}ﬁf‘l§é”’tllﬁ‘@‘BFFé“‘%XF‘Hﬁ""EWé | owest

sequence number platuat ﬁneswa@atemxgthametmvaﬂeuﬁeﬂn@gamnme@ ipthetohser | ast
nedia file Ioaded If the %ﬁgg ist file conta.%lns an EXT- X- KEY

that specifies & YHSH e eer tRareAmLatimeRet iR dreshT i rﬁ'go‘feﬁ%mﬁ‘%ﬁ file
and uses the key:ldIDEIlfdﬁ‘t thépla}dBYfile(s) tae nediglBle Fenplins alvdlabie i dierdts foes
foll owi ng the EXT- ut|I not i

encount er ed. [Ofi(]‘y} an%?‘%’g} it ra? Y{thif ]alme?#lﬁge%/ﬁ%ghé{mfi zes the
samre URl as pr ewn@usplyylusfddlm@ldubmmcﬂadfﬂbh@apimy:m st file. Thus, if
changes have Degheapel dbiibf\e b s bk biin of R ElLRIYF il MY
use the updated playl| to'retrieve nedia es and provide

out put based onft qﬁev“h'@dlraaplpyllsbfsle Phsrdepationsgatae begsednd Peayl i st file

may include, fOkmExAHEN 8he s@x@&%h RBin@fn aflehdlhrde Shath Fg?@gitﬁlofl e fiRgdi ti on
of a URl to a new nedia file, | acenent of a URI to a replacenent

nedia file. Wer? Ehelagisa %m?ﬁst’& sy tie EREXFAIP S tagfy prgsentone or nore
él ags may be upd@ﬂ(mg] Fl@utfeeﬁhﬁzﬂ_]oﬂz bl@grﬁrhaﬂ@e(e&))%dllﬁﬂﬂ ogextamlqee foi'bl&aolr _
uration tag m e u i f nges _to the iafiles result in
a change to t he¥'5’ﬁers§fvl o(f‘fv‘(g?s ' ﬁré’vﬁf g{f%ﬁ'bcﬁﬁ)b‘fpd?tﬁdepqeﬁg’ tlsg) (fneloegol ndi cat ed
by the playli st cfi¢nk deviceQ ThSplaisig uancbe 3Bdates! using tither df tregrannf mode
enbodi nent of a t m ng of
content using rruf?'gtqmn%gﬁdg ?Jasgrgoggv\%fggmllggydg%% ?9$§H9P9§{>r€§§{]d§?| ve
streanms. The exém‘mﬁef HFTH-hoyeaver. atBeringn pireamird@eptocals (eg. ke 185, arRpn

however, other BEBmItd RAMMG: RaffeP ClleSx il Beigdte I8 ig fdvidl iR tedhadrl | ar
manner.

of a server performing certain tasks. However, any number of servers may be
utilized. For example, the server that provides media files to client devices may
be a different device than the server that segments the content into multiple

media files.
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[0114] The client device can request a playlist file in operation
370. As discussed above, the playlist file may be retrieved utilizing
a URI pro e client device. In one enbodi nent | avl ] st
file incl u\’(sj'ggﬁlo %ﬂgs of variant streans of nedia fil gg&?%z@@é%e
the sanme content at different bit rates; in other words, a single
playlist file includes URIs for the media files of each of the
variant streans. The exanple shown in Figure 3B uses this enbodi nent.
I n anot her enbodi nent, the variant streans nay be represented by
multiple distinct playlist files separately provided to the client

t hat each provide the sane content at different bit rates, and a
vari ant playl i sf{o08dyiThersaverdeviee reffieive amteaiato he pbvxumndpesatiomms @hayl i st
files. This all ased on
client conditi ogéﬁerﬁgﬁﬁ' 'te?ﬁgraqﬁ! |%t}tieg‘?t%§'ln§&)°fy§%0@éen§ ?"e %r?teg\gled by
the client devi @&5.iPperater AltdSicam %S?@llarTM@elee!ylllf)sm Figire @\ s Yhecentehtgo

stored in the chj Ex’&%dgﬁ!’ké‘gﬁxeﬁf@dﬁﬂ{o%ndlt%lé’ﬁé‘cﬁ@ﬁl'e@l'ﬂ opéiftion 25 14k hichih
device may select the b rate to be used i n operation 385 based upon

current network %ﬁﬁ’ét?ﬂ%fﬁ‘%‘b%@d‘éermﬁ)@wa‘ PeiaEen 2 e Theopriiadtiesgat boom t he
server utilizi NGrddidled by NP ftatufe, ubiasthéryptiod beford Porm@ e &RpaNdi Ng t o
the selected bit rate {;gt operation 390. The retrieved nedia files can
be stored in t h&EF°BAt> devi ce nenory. Qutput is provided by the
client device uf0d85xOmgpriroes playtstdiles iaxlegene'ratbdcnqoeﬁﬁité o8 orderdn &hidh thae
client device deter ether chan the 0l

one enbodi nent, eﬁla'ﬂes%{ mvfséeemg% Ly of%ma f’mg’\?gﬁpg%?onjzg% rate
initially. Wi I dhpplayhistrige(s)ven bresthired ontthﬁesetybn igpperaliov R Wihile teoni t or

avai | abl e bandwi gt GEd Horins SF LEDL il KSR r to
det er m ne whet her tt h‘e av%m% Eﬂ% %]Qﬂn aElS?a%QZ%EBO%PQ{ﬁHean l‘%‘g‘tlz'rhl ghe
bit rate for pl &dsaieKisuref2Bspdiffergut opder mpyx alypdgivgsd. can sel ect a hi gher

bit rate and acgms] tﬂaeeweqb@ntthéreévérMh Galsml RYplayhidl Gleld) grheme blt rate
medi a pl ayli st |Ie The reverse can al so be supported. If

pl ayback consum&€deGles AR Hepeiatkiutepontee clieny ‘éﬂteS‘ﬂ‘é\PP?f@“’E&hS §%I ect a
| ower bit rate ategdntaeameﬁ&euam mdteape&nt elgurbsmdt s@ted by the |ower bit

rate nedia playl i ent VI ce changes the bit
ate i operat Simste syt Bkfheute doediylsfe el RAREE The

avai | abl e bandwisetvér may rdceive giditions datd © baperidedwp tite,cli¢rindevickes int devi ce
may select a dif; i t i ment,
to select a di fférgetﬁ)tg 2 40 Flthre gﬁtﬁtnhlg atgl%{e%tré QS%%érthLel ﬂ??ﬁ]@@%j
different |ist @lredm @et‘ah@t 48 edhd agditipral grtamay bet fof ¢Xampletpdditiest r esponds

to the new sel e?)Bl%gnsQ)‘fElt@@ﬂr&entét%n%@d&mﬂgdﬁf%ﬁhm fohsn &lsh@t devi ce
may change bit rates during access of nedia les within pl ayl i st.

[0118] If the biPesinigfign. d‘tﬂé’éf‘oﬁﬂf’atéﬁ‘éhg‘é‘“i’erﬁdﬁfﬁ%?e%t“b?f sgjstics tergewoehe

;:l : ent deV|h ce d%tﬂﬁteﬂﬂelﬁ@rﬁgtWélﬂiohﬁﬂ’geHh@L ﬂ”h@édﬁltnaﬁhl};ddﬁ)&daldtbela{/@l}ﬁgd mdsdl a
iles in the current ch have n een retrjeved an
presented. |f sﬁ%’ﬁ’u%tgq Qx%emyig“ @%P?femat"ﬁ‘e‘t‘igfﬁ%?%@gi"r?g“ % B¥hs to
operation 390 aridertane The addidiopaliedican Heisbgnsen@d & thedarme enaerckr asshmg t he
URI s for those fi h t her no.such

files (i.e. all n’égalg &tveagdagn?%hee dtc:htﬁmrr'ae%?ta Cﬁnsem'fates atdvph“sememsbor Efhe?

pl ayed), then p rcoen i ba gnserted dve dis PtoerampatfatntwbﬁmlayhstMtt gMditiotal | s
det erm ned whet gt 1L sRledYd 1S | t he
pl ayback of the Ejr(% rarsn E:a)s(ten%ﬁténﬂ)% aﬁ@? ﬁe’gfo}?tgdégslgs%ﬁgg}sek%%hnﬁ?gg‘%é

it does not, thé SOE4 41 PRgrarien, Bt o b sipree af thesemaned addiionahdatag | | ent
devi ce requests theQegn@In@a¢iht E&mhha)abthstn B‘eeﬁcrwe@ hQOH 8pBratdA dug dne

process repeats t h.the net shown ure 3B. [0119] Figure
4 is a block di ét&‘?étﬁwpg‘ffh%%"‘@%% F REEEGRd ztegeﬁwt* dapreifibegent . 1t

wi | | be under st gadraddaThd fieylielicupantsbaaédd mekewdditicial @&tianagert aghdncan
be distributed across several server devices. For exanple, a first
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[0121] Server stream agent 400 al so can include server stream engi ne
420, which represents one or nore functions that enable server stream
agent 400 W8 200 Byéz the real-tine, or near real-tine, %trfl%%&)ag)ﬁﬁs
descri bed herein. e exanple of Figure 4 provides several "conponents
that may be included in server stream engi ne 420; however, different
or additional conmponents may al so be included. Exanple corrponents
that nay be involved in providing the stream ng environnent include
segnenter 430, indexer 440, security 450 and file server 460. Each of
t hese conponents may further include other conponents to provide

ot her functions. As used herein, a conponent refers to routine, a
subsystem et c. opektoniasy. Chapdeerrehe Maylistfildta sihwbirbe magdodtomimally, froim therwar e
or sone conbi na %el t he content
to be provided fp%rg%cwe}%?glg%hﬁnes t%a]tﬁﬁcg&@%g&?]rlsiﬁeg]rﬁag‘lfstlggﬁas files |
using a Wb ser v@podinent.desirevieus glaylisHpsmjscussagrbeloyanrgreater dseihplienter 430

may divide the QentsBin rlad?xtsé?tl@rp?ﬂ@s;t %ngra% sfwm@deq%b&@enmn@@ka,eqf dat a
in a pre-determ ned fi | ndexer @%row de one

or more playl i steyife &“‘?‘FFa‘Pe 'BP%{ﬁcﬁ’ép‘éH‘sbc}HP@se?bB?‘m@Fﬂ thg lditiqual H¥yi a
files created bynaSQQﬁiEﬂatBaﬁi’ irfkBiO cask nanyr@nstéé@ nﬁiﬁx)éed tofbeﬁpdeeéa,mﬁd g Create
one or nore files nt| i.ers

i d
cor r espondi ng t(gegérégrﬁc?q%eélpiqregé(?%lug ?%ﬁgh?re?ﬁa%?) CRRERIYEAY i fiers
may be created oont@ssSmgaeatps yick cdnthemagbehmeirit tamesd@Ps io theisegphexvrand 40.
| nd 440 | ] i.n f list fil
o support acoed il bir S0 T RbnBRlRy hERT R iSRS (25 1 O
Security 450 nmayt4§8biiededaesionlgyiistynay alse resdsin the rgmovehef megiaifibss) Insweh as

those di scussed e@agémﬁemve\ésgrv&esﬁyﬁé refHo0e URY, BF Y infGa HED RN laylist
functionality rel ated rovi files stored on a host systemtoa

renote client dé‘%/ﬁhﬁérde’\/‘éb'%%F*\?é?”e‘ﬁéédeﬁé‘yth%ﬂ@ﬂtﬁ‘r tIn opecmbadigyp} i the

HTTP- conpl i ant @éroéroaﬂivss an[éﬂ:l.%%}es&it@luﬁ etr5akb§¢hap155i1@@dne(@|} Lﬁg\raﬂﬁﬂl@tt) one
enbodi nent of a[; nt stream g [t will r%erstodtht t he
el enents of a clII'€h Vécte? R "d‘g’% “l?ﬁh‘hﬁéerfﬁrg’taV‘faBﬁt‘ drediafdsand®ger al
client devices. pkokst e}easr)rmrme darafmrrcs‘tthedbrlgenblagzlevmee) mmnmﬂgcalmwl& an
assenbl er 530 a@‘?e t%%g%r OV dtO ? currentc QQ/Yclegt% flaﬁ acce SR] %? stream Of
media files to a secon ien ? hel Uded“an s put
generator 540 ( Ilpeesentities h@prdmxb'L emte' m@t@fs)sb’&binehe B80stdikccagbeur ity
550) . | n_anot het X anphean i R TREAM bre0) o Hlfene APk it Sve
playlists and prOV| de themto a secon client

retrieves nedi aSPhpladvedpmtion ofdhe madiafies lﬁ;/fé?ld |b¥theaﬁdl‘%§§l?elhh%l@§'at&n

out put to presermbbdi@sss, RGMcRialiids@id th&hih@ARE filsky BABedGRAkd 500 i ncl udes
control |ogic 510, mhlch i npl ements | ogical functional control to
direct operati ormBEdEent st ream agent 500, and hardware associ at ed
with directing oSepsibssquedt reglidsamiér zﬁdm@amf@gmnentaeﬂces tag)t @ tepy be
hardware logic circuits,. or sot r,e rauti one
enbodi ment , cl i &A1 S LFEIR BGERd e R PI{f&‘E‘g“ g{r‘?e "6?“%81”8"‘?5’31 i cati ons
512, whi ch repr obghts a:@uteialséquewe@armasmmgxmm t partod pf dru¢ cated to
instructions to i t 500

i ncl udes rrermryﬂgecl%%%&\%mh rlgm?%cgu itgg&@n@ggig@i%@\%%g%g%@g@gess to a
Menory resource PfQYN%f%?&%@“‘GéH‘WéMFW“Xﬂ@wmfﬁse'mtlo"l\/mmry 514 may

include nenory |08 Fig@re@d i€ Rhow ifa83MoRAGRMnbodMent 382 WeHlnique for o
alternatively, including nenory of the_ host system on which client

stream agent 500" PEEISERET devrss &hRroytls Bein PRt S50t &r'se e Muliels one

or nore interfaocesa&lohichRiofdfofie Pl BSQRBLf AGERHE sirfinBl TRE&SmpeLT rom (an
i nput / out put

Figure 2C is provided in terms of HTTP; however, other non-streaming protocols

can be utilized in a similar manner. The example of Figure 2C is provided in
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interface) client streamagent 500 with regard to entities

(el ectronic or human) external to client streamagent 500. [0127]
Cient str 500 al so can include client stream

whi ch repr‘gégéﬁ@%gﬁe or nore functions that enable cli g%&%ssg(ﬁglgépﬂ
agent 500 to provide the real-tine, or near real-tinme, stream ng as
descri bed herein. The exanple of Figure 5 provides several conponents
that nmay be included in client stream engi ne 520; however, different
or additional conponents nay al so be included. Exanple conponents
that may be involved in providing the stream ng environnent include
assenbl er 530, output generator 540 and security 550. Each of these
conponents nay famm¢ dferseivargedideingtdarsin Gekyplineeres atonupbenvif daveas ney
functions. As u 0, :
subsystom oto. ¥ i dePeap B RARPhal e rbfls LRLb B dBices
or sone conbi namabheMhéfﬁre@fdewfﬂohwsewsrs‘mgetemsg@ coment ¢ milgigle g
playlist file reeghYed froma server to access the nedia files via
Web server protocol (e.g., HTTP) front the server. In one enbodi nent,
assenbl er 530 miPOUAnsee spodimepfolippesvca et offeidnululs pladistflesionasingle ed by

URI's in the pl aysiaylst ﬁlEW)tﬁmuﬁ@&Qﬁ@laQ‘ﬂe &&0n mymgesuamdmtwrm i ncl uded
in the playlist f% nerat‘gr 540 na%{)%row de. t he

recei ved media PifeEa! ea’g"’déﬁ?a!’fdh%ﬁa atin, It djfferens enogdipgs g RIPB9ednd
visual ) on the baglst 8¢&) @ include@udh »geamem&hxﬁlprow&gmﬁgerenttﬁurranemarrpl e,
cause audio to b Put Lo [ e

output to a di spFaych devxces t(ggétﬁgﬁetweeggbcoﬁa§s amamlcaglé ([KIS 1S cgscpgedb
features such asurthhoseorxdecslgmwsleﬂlgabDQf‘e9DI Gl@ﬁt]t fifes baving vsnant $tusrtl$ at es’
one embodi ment of, ;3 &He%(rskztx StREAM ! Lrtet | Bridr@GRam | Bfen

pl aylist of Fi gure I nc es a specl er and ordering o tags
This is provi de§TRBAMIREE2g fstthew"wrep@%gn @mhgzve tigsptpe B‘F%?Rﬁ%"tﬂ}l | es
may include mor gurith@Wale OThe HRICOR LD ¢ATDIPEER RBSntontiAthiqua Methih he
tags can be arranged in a different order than shown in Figure 6.
[0131] Begin tadf*6¥ "t hdi cate the beginning of a playlist file.

I n one enbodi mmoszheghéhmmgxn@ﬁ@thb&r&r#@m@muba@gcc[awaatts ®Rent ag 620
can indicate the duration of th C t he duration
of "t he pl ayback PR eThedeamt' 7Bk MR By B hgb R Rt 600

I n one enbodi neiricjudalg ppttondrrotteny thERIO not paraol thoGhaixprésaRBEONDIRAENEN t ag;
however, other I can
provide infor matciﬂg'ﬁ k?@?éf%%&F g(?t)tﬁ% gm aLaQ%ﬁ%}Ot ma%%— rengg'%lﬁlﬁ éﬁ

provi ded by t he apratpyofithd sewlléshigigstaduestiohsf thel strgdmesc Khe metla fleef then one
enbodi ment . Dat Ghk Wrekriled BRonk SmBirkeff vt HPEBAME b b20:

however , ot her tags can al so be used Sequence tag 630 can indicate
t he sequence of # Program Strgangsyth sAmple UBgRABIE thappatel) farqomrepending, one

enbodi ment, Sequ&ﬂé‘:@mtaﬂgm%%tﬂeﬁmﬁﬂ\l@qt\)ﬁnhﬁ-a'reﬁm§§@aﬁ”@5nd ag; however,
ot her tags can al so, be us Securjty t

I a pro
Chf or mat Lon 1ol SERATET SaUP P g ARG EREHoE Y B Gvap B nedi a
files indicated shichbeayetn @harfusﬂr@nﬁ@ﬁ}hoxfmmngmmpd e, the securi ty tag

640 can specify [ | on. Kk es ) ifred b
R o R
EXT- X- KEY tag; Hhowpesasen 203t bersetvagrsa)ctaw aalesxb telnem@sbfdtormcr ¢cam1t 1h| st t ag

645 can indi cat epuihBes. MRIChREH: e pRARG Rl &EQX&n%ﬁulQéﬁe%é’i)(He?t 600

as well as |nforrrat|on related to the varil ant streans . g.,
many, bit rate). in epsrafiene? @ nfesdimadistiile *éat%ﬁﬁ‘tfoqﬁsslecttdalgt f6ﬁ5°f|a§ela%ed

EXT- X- STREAM | Npalh@8F.other encoding parameters) and stored on the server in operation 232.
For example, the media files may be targeted for high-, medium- and low-

bandwidth connections. The media.files can be encrypted prior to storage. The
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[0134] Media file indicators 650 can provide information related to
media files to be played. In one enbodinent, nedia file indicators
650 inclu TR o nultiple nedia files to be played. |In one
enbodinensgohﬁgkﬁp r of the URIs in playlist 600 corrégﬁgﬁ%%w@nghe
order in which the nedia files should be accessed and/or played.
Subsequent playlist indictors 660 can provide information related to
one or nore playback files to be used after playback file 600. In one
enbodi ment, subsequent playlist indicators 660 can include URIs to
one or nore playlist files to be used after the nedia files of

pl ayl i st 600 have been played. [0135] . Menory tag 670 can indicate
whet her and/ or lowdingnfyhamedia Blat tackered e thewyricit opes diedhinectiohd e taf t er

pl ayback of the ' ] .1 n _ane enbaodi ment ry tag 670
i's an EXT- X ALL%%&%%&"Y‘Q%&%@% SeRge ?qrﬁta‘ﬁq%ré‘geb%“d\;’\”ﬁde‘? Heggppl ayl i st
file 600 is the 0084} Inphagrtiodiment, b garfaniplaylig iegsasreted inoperation 28hwith

enbodi ment, end tatgégs c@ﬁ:@ibécﬁhe% mﬁa%aé ' u§-gncto§'ﬂ§ le;%lg ?"ﬁ{@]etasglnﬁy

follow ng section contalns several exa Exglay | 2S according
to one enbodi nemcludsifepsrams. 4y EXStX-BPTREAMANT (z8(for each encoding level with

HEXT- X- TARGETDURATRI 6N dbredpBathdNredoLpdiist file.
http:// medi a. exagple.comentjre.ts # - X- ENDLI ST Slidingnvvndow

Pl aylist, using l éﬂ;;g)x%g@w[gylist can include URIs to media playlist files for the
various encoding levels. Thus, a client device can select a target bit rate from the

alternatives provided in the variant playlist indicating the encoding levels and
retrieve the corresponding playlist file. In one embodiment, a client device may
change between bit rates during playback (e.g. as described with respect to
Figures 9A-9D). The variant playlist indicating the various encoding levels is
stored on the server in operation 252. In operation 242, each of the playlists
referred to in the variant playlist can also be generated and then stored in
operat_ion 252.

[0096] In response to a request from a client device, the server may transmit the
variant playlist that indicates the various encoding levels in operation 272. The
server may receive a request for one of the media playlists specified in the
variant playlist corresponding to a selected bit rate in operation 282. In response
to the request, the server transmits the media playlist file corresponding to the
request from the client device in operation 292. The client device may then use
the media playlist to request media files from the server. The server provides the
media files to the client device in response to requests in operation 297.

[0097] Figure 3A is a flow diagram of one embodiment of a technique for a
client device to support streaming of content using non-streaming protocols. The
example of Figure 3A is provided in terms of HTTP; however, other non-
streaming protocols can be utilized in a similar manner. The methods shown in
Figures 3A-3B can be performed by one client device or by several separate
client devices. For example, in the case of any one of these methods, a single
client device may perform all of the operations (e.g. request a playlist file,

request media files using URISs in the playlist file, assemble the media files to
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4t EXT- X- TARGETDURATI ON: 8 #EXT- X- MEDI A- SEQUENCE: 2680 #EXTI NF: 8,
httos://oriv. exanpl e.com fil eSeguence2680.ts #EXTI NF: 8,
httos://pr] | e.com fil eSeauence2681.ts #EXTI NF: 8,

. ex
httos://oﬁyé?gwéﬁgfk.conifiIeSequence2682.ts Pl ayl i st FGTESgRopf{e624
encrypted nedia files #EXTM3U #EXT- X- MEDI A- SEQUENCE : 7794
#EXT- X- TARGETDURATI ON : 15 #EXT- X- KEY: METHOD=AES - 128, URI ="
https://priv.exanol e. coni key. php?r=52" #EXTI NF: 15,
http:// medi a. exanpl e. coni fil eSeauence7794.ts #EXTI NF: 15,

generate and provide a presentation/output) or several distinct client devices can
perform some but not all of the operations (e.g. a first client device can request a
playlist file and request media files using URIs in the playlist file and can store
those media files for use by a second client device which can process the media
files to generate and provide a presentation/output).

[0098] The client device may request a playlist file from a server in operation
300. In one embodiment, the request is made according to an HTTP-compliant
protocol. The request utilizes a URI to an initial playlist file stored on the server.
In alternate embodiments, other non-streaming protocols can be supported. In
response to the request, the server will transmit the corresponding playlist file to
the client over a network. As discussed above, the network can be wired or
wireless and can be any combination of wired or wireless networks. Further, the
network may be a data network (e.g., IEEE 802.11, IEEE 802.16) or a cellular
telephone network (e.g., 3G).

[0099] The client device can receive the playlist file in operation 310. The
playlist file can be stored in a memory of the client device in operation 320. The
memory can be, for example, a hard disk, a flash memory, a random-access
memory. In one embodiment, each time a playlist file is loaded or reloaded from
the playlist URI, the client checks to determine that the playlist file begins with a
#EXTMB3U tag and does not continue if the tag is absent. As discussed above,
the playlist file includes one or more tags as well as one or more URIs to media
files.

[0100] The client device can include an assembler agent that uses the playlist file
to reassemble the original content by requesting media files indicated by the -
URIs in the playlist file in operation 330. In one embodiment, the assembler
agent is a plug-in module that is part of a standard Web browser application. In
another embodiment, the assembler agent may be a stand-alone application that
interacts with a Web browser to receive and assemble the media files using the
playlist file(s). As a further example, the assembler agent may be a special-

purpose hardware or firmware component that is embedded in the client device.
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http:// medi a. exanpl e. conifil eSeauence7795.ts #EXTI NF: 15,

http:// medi a. exarrpl e. conifil eSeauence7796.ts #EXT- X- KEY: METHOD=AES
-128, URI ttp riv.exanple. confkev. PhOr=53" #EXTI

http:// macwg 12 com fil eSeguence7797.ts Vari ant Bl gﬁ}ﬂs?@?/o?%f“e
#EXTMBU #EXT- X- STREAI\/H NF: PROGRAM | D=1, BANDW DTH=1280000
http://exanmpl e. conf | ow. nBu8

#EXT- X- STREAM | NF: PROGRAM | D=1, BANDW DTH=2560000

htt p://exanpl e_conl m d. nBu8

#EXT- X- STREAM | NF: PROGRAM | D=1, BANDW DTH=7680000

[0101] The assembler causes media files from the playlist file to be downloaded
from the server indicated by the URIs. If the playlist file contains the EXT-X-
ENDLIST tag, any media file indicated by the playlist file may be played first. If
the EXT-X-ENDLIST tag is not present, any media file except for the last and
second-to-last media files may be played first. Once the first media file to play .
has been chosen, subsequent media files in the playlist file are loaded, in one
embodiment, in the order that they appear in the playlist file (otherwise the
content is presented out of order). In one embodiment, the client device attempts
to load media files in advance of when they are required (and stores them in a
buffer) to provide uninterrupted playback and to compensate for témporary
variations in network latency and throughput.

[0102] The downloaded media file(s) can be stored in a memory on the client
device in operation 340. The memory in which the content can be stored may be
any type of memory on the client device, for example, random-access memory, a
hard disk, or a video buffer. The storage may be temporary to allow playback or
may be permanent. If the playlist file contains the EXT-X-ALLOW-CACHE tag
and its value is NO, the client does not store the downloaded media files after
they have been played. If the playlist contains the EXT-X-ALLOW-CACHE tag
and its value is YES, the client device may store the media files in_deﬁnitely for
later replay. The client device may use the value of the EXT-X-PROGRAM-
DATE-TIME tag to display the program origination time to the user. In one
embodiment, the client can buffer multiple media files so that it is less
susceptible to network jitter, in order to provide a better user experience.

[0103] In one embodiment, if the decryption method is AES-128, then AES-128
CBC decryption is applied to the individual media files. The entire file is
decrypted. In one embodiment, cipher block chaining is not applied across
media files. The sequence number of the media file can be used as the
initialization vector as described above.

[0104] From the memory, the content can be output from the client device in
operation 350. The output or presentation may be, for example, audio output via

built-in speakers or head phones. The output may include video that is output via
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http://exanpl e. cont hi . nBu8

H#EXT- X- STREAIVH NF: PROGRAM D=1, BANDW DTH=65000, CODECS="np4a. 40. 5"
http://exa }:on1audl o-only.nmBu8 [0137] Figure 7 is a flow dia

of one enb |2W8r%828]f a playback technique for assenbl ed’cgfursé‘ﬁ’ﬂ‘ﬁ”&“
descri bed herein. In one enbodi ment, playback of the received nedia
files can be controlled by the user to start, stop, rewind, etc. The
playlist file is received by the client device in operation 700. The
nmedia files indicated by the playlist file are retrieved in operation
710. Qutput is generated based on the received nedia files in
operation 720. Receiving and generating output based on nedia files
can be acconpl i &beetnaspdpsied frdnﬁdxeabﬂweevu{eOAi%fBiypé bf dnq;ntl{nebvn irnmlztrt i S
detected in operat 73 the ¢ nt_dev det er

i nput i ndi cates"& ?‘n’hze B3 erraf;tl't‘m(b)%:l b"ﬁﬁ]ee" evfcﬁge 'l?fwméfp th§f°oa|5‘f t he
process concl udesy rawrdnpdilafjlbamnhfsst@pt curtefnt nlmstlw’rmhthavmdx bt ebyed orewi nd
or forward requ t i generate
out put based ong%%rékj\lléla §/€%p %3%&57 Jf!&%%ﬁidggﬂg%h?ﬂ@vgﬁgﬁbg in menory
in operation 76¢¢quq8fed>cth@sxéoqeﬁsrr@setamétomerptm@ée inj yhigh Qg ehaore frigdip

processi ng r evefiles ak PeRE:RIIAhd BB proddds fePealsCif th&QY Gre B@ﬁxcﬁ%hn@ﬁfek tigs and
repeats the process. I.nh an alternate enbodi nent | ayback can support

a pause feat ur e 2} matia flep indheueren Rlanlishhave Seen Plagerbs t H‘i‘@eiﬂ“éypﬁ’é??ﬂs as
with a stop i nptﬂopel[aﬁarsﬂs]z Whhdeeksminey wHethasé playdii filg inklBd¥ap BRI 8. eam

to anot her stre ther scribed wt to Figures

On 0D, Cne ol | SAOSE e By nglie 5 it o EXI b EEDHE A TPeaHoN e
operations of eaghphjbatheses wbedmdmediaﬁlemdnddtaitryitlwtlmistefﬂermcs

mul tiple client ribed

di stributed caslé’gg:)éiaggds Iﬁ%e 91%35 i R& e t}ﬁg g{s Ihegéhe%ﬁ%”gev?&é es|'£osl ayl i st
and the two medphylm w,aimfmthamveparwmes bdalo tpeopemtien P eebtait & ent

devi ce which rerﬁ{rghgrv&gpggpeqlpgyp‘lgtk&%e%gpggn{| ed by the two nedia
playlists and sw tches betweéen the two streans ovi ded by the
retrieved nedi al$10fleds dijcpsseg ip @reaqesfé?tqﬂemmefee% todg@r% Hhp servgy may

al ternative enbggiafslisttiftto Hiudauce @Jppkh@mﬂg%raéﬂt >, :NAYAI A8da be
nodi fi ed or therﬁg@n be nore r fe erations .t n shown i n t hese
£t aBp

figures. The me “f'?f%l?f’"iﬁ?é’“ "%‘Qra H?“a A qegiEntina éqtié‘?f’fjcadi)f’f er ent
streans. A vari aammqnhlayhtmat(e gabhthefwrteérrdoeueﬂ sadach) pToOsessed i n
operation 901 t rm ne availabl e st g.
spor ting event) Qu E‘m %rly contgl\éir adg%o%al c%lr en a llenPCanlr?lgarc]i?l% \H/%t%:dg

first stream canlab‘est ’érel‘n detserderf ﬂ‘bmmmowdrral mhanplndwl wig¢h Hlar)'hs@éasat i on
903, and a cliepf, aé%yhaqﬁcaﬁﬁnpaaasrbvér?&Jnhggﬁyb@clﬂmmg& a%{: kst for the

first stream The client device can la playlist for
the first streafiSPHrieshutha plotisdis /hﬂcrnssﬂawqwawloed efrthenrimdiptiils e

deternmine a bit bésaé&xé)rﬁurﬂﬂaﬁofrﬂﬁé BRI FhCIRR6Y EfdNad i96ne 1&h fikgest stream
in operation 90 |t will be agrgrem ated that the sequence of

oper ati ons may g(EOBeIPPBErW'i"}? fhe 6%“'(9&‘?“%?"(%"1%‘”&?7"@F*@r?ﬂay{“ﬁan what
i's shown in Figtile) Qlﬂessimrpla@mmkentalﬁ@ﬁé amonﬁﬁﬁmm&yg. behdaeked or ned
during operatlon 9 ion 911 t he cl devi ce, sel ects
an alternative ﬁeéipgdvlc a?sasé?ayﬁggﬂflt{oh © O5F iaRe TP PP Yhsbg\ll'géﬁfj on the
nmeasured bit rafledethabmecpmhsafllechas Gdged mhushealhitemnatwavé)adm!dﬂlaclmhayl i st

may be at a Secgﬂ]q’vept' fEi,th &Bgd J)fh.'i%e t#eﬁ)rejuttgrngtgntg %ﬂ)a [}E rpf%g s? }' fe@ lp It rate

of the first stream %Eﬁ nmean ive ream
wi || have a hi gRbis periogay qatle mhrahnmh@rrf iclogd dedayr diaprmeaphyed fipméhenat i ve

nedi a playlist %@uﬂ@m@@leﬁp&gﬁ 1bddirlglthd playBstt@d t €r match than the
current playlist for the first streambased on current conditions

(e.g. the bit rd881ageqsehgdimsntoie sl Bipimem yeload delapis fhedpgHorgof3  t he

al ternative nedi Ipl @sdid Sk if e playisexiié 67 thaé Em&ltheaiged daralied, WhRY&dr and
processed. This typically nmeans that the client device can be
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storage (e.g. in a tenporary buffer) of the content specified by the
second nmedia playlist while presenting the content obtained fromthe
first nedi creates an overlap 955 in tine of t r S
content (s \ﬁg%fﬁ%ﬁbézﬁ gure 90) that allows the client de\ycS.ZUS?@g@%%%Qch
bet ween the versions of the programw thout a substanti al
interruption of the program In this way, the switch between the
versions of the program can be achieved in many cases w thout the
user noticing that a switch has occurred (although the user nmay
notice a higher resolution inmage after the switch in sone cases) or
wi t hout a substantial interruption in the presentation of the
program | n opeisgtisofihdAdtia filh duretidndsipeciBadi byehedEX BINFkage ¥ the dliednsi ti on
poi nt at which ] ia
Playl ot to contaut: pEst HEPEHRL Al BRARhEE: Bh hEbT haf P
exanpl e of a tramsﬂqd|0<§nmpb¢fme rqtmwné“m nmfmyso dgiay lgsmembsdxshmmthren
Figure 9D. The ggpi mgtar%pmd‘oh%ﬂa mmubnla%fé@ﬁmﬂmmr@mma@mﬁt I's then
presented in operation er the swtch. | The net’hod shown
in Figures 9C ar\‘ﬂ"céB’CF’éﬂﬁ%s‘éﬁt‘f‘se“@ﬂ?é‘"%“o@m'%‘ﬁ%e‘F815 ferefsst aitemmnsd -t he
transition poi ntsr atsbdofid REFERPLANABIU for BbdefentRAOMpS:; HORE R biherBAIGNENT ON
audi o sanples fromthe two streans 951 and 953 to determ ne the
transition point™® P | be appreci ated that alternative enbodi nents
can use pattern [(rﬂmhmécmgmea pMilike file salogaled sr relbadeanhwlenttdb\&cetdxﬁfﬁﬁésaﬁps
Ingt ng E\é\ﬁ f;;f&%ﬁymy%t%le té?g? tir%rtgllr%% r%{(lhea ftlgt%q%agn,l[l‘ﬁ)% uptqjxleté)loagtl?

951) specified the mddia filg sey:ptedrmléa fptayddsgtbed aiboae Hitihe Eirst mtdlefllbmdfer

can be used for f t he
pattern matchi ngﬁi?ee?éftglé%ﬁﬁ ﬁ’;&de‘&@n@ﬂ‘he g‘ﬁ?ﬁgﬂgpﬁég%a O g’t% go)é

sanpl es 951A an W@éﬁm%@g 9‘5’18‘8 chqﬁécavlvqéw@a%%@n@éwwé@ a

conpr essi on t ecResIanNOR ES tlfeﬁlis't ﬁ)ﬁdéarﬁnédnaffﬁ@d?fﬁr% oﬁget Kfﬁé’re fi r»@grségFWny ch
have al | necessgﬁe/ content to splay a si ngTe vi d frame

content in stre é’é‘f‘“@%ﬁ'%’%‘é‘?‘ﬁﬂ’éf‘ﬂ‘i‘ﬁﬁ%f‘éﬁ?ﬁ ‘?ﬂ@é‘l@eﬂlaﬁﬁegl‘t"‘fiﬁ@ (e.qg.
time el apsed si meelemh@mba.ﬁmmmgolmfwﬂghﬁe INt-OQARIYRI iR the ptam%ﬁﬁle

ti t b f h .o

begi nni ngof _eadiiiop RSN Hlstobadngl b6 o Hreah i FEPBUG e FRG et each
of the video saniplEE-BMBPIA-SEQUEENEE o sk, thenegonqitu fils oroadfcard beethe

Ll mestanps Del wegfil\Re IR SLRERTRARY o0l dhEe RS sch B dGLERIIF! 0 @

transition pOI nt ecause t ecause
of the differendk I?Shm?%ﬁbwﬁ@brlf 'éspleﬂ!StfriecglmlaeﬁXTrX Kﬁé’ tagyybat

st r ears; homve@pecﬂ1¢§9f@9@ﬁé @ﬁntrefchénh@evﬁae%&%@ﬁpﬁem@%%sé‘s% ke used
to verlfy there 1s an ove intinme between the two streans. In

r
operation 943, t“ﬁéjeé']elkéhf”eé‘é@%cﬁ’ét k¢ prdisfilenfollowipg ?‘éﬁxgﬁﬁ@h't‘a%‘ﬁ‘ébl fied
by the second nafidtieer BXIYR-KEY;tad ikscotttent is for the same program as
t he content obt fromthe first ISt a it can include
ti mest anps al so%llqg]dl(g %ﬂ‘i?gtﬁ“?%m“‘ ‘f"it%éécfﬁi‘r]b%s the pamg Iﬁ?@@é‘ﬂ'fslll n a
stream can be asbdedddvmlmdpie@yalyhsfﬂef Ghusaif shanganmvefbeen eadangpthe, i n one
enbodi ment an | 1 i.hest s _can be
added to an ent ?ﬁ yl}s?llﬂ]aemm 8%{%&9%%??189% géat %r'i‘iﬁag'ﬁ{”‘gq §1§/ ’?rgs% mg‘?}aa

medi a pl aylist. fﬂeﬁéﬂfbmw@}eqwtbaﬁwonekfa’nwnaeﬁle%e ina URl for a first
sanpl e of an au@oﬁzpéwaﬁge;nmﬁeg%@tﬁpné YR dé%r%%mypé 1&#‘8n8941&§f“ 953

obtained fromthe second mlatgé@é hi's |nc es au

sanpl es 953A and® ¥Meidlileadgitieso top ﬁevo'ra%qwa@ﬂiadwlm@em pheUR] ent

devi ce can perf@éplmc&nd%aﬁqém ﬁlemiﬁmbﬂlgge@arem% @uﬁhsﬂayﬁﬁm 8% drihotde two
the transition

streans 951 and 953 to sele t he overl a

poi nt 959 whi ch ‘4ARHE: “ﬁ%ﬁecgﬁéefkﬁ’ﬁnh‘b‘fhﬁ%gﬁﬁs) ﬁ"ﬁg‘aﬁ‘&& the dyrftiod e BYned
video franme (e.g. i-frame 961) after the matched audi o segnents (e.gqg.
segnents 957). Begi nning with i-frame 961 (and its associ ated audi o
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[0143] Note that the backup streans are interm xed with the primary
streans in the playlist wwth the backup at each bandwidth is listed
after the or that bandw dth. A client is not

single ba(:vgégﬁg)t’o?sezgam set. In the exanple above, ALPHA gﬁ?%ﬁﬂb@gﬁl d
be foll owed by GAMVA, for instance. Simlarly, it is not necessary to
provi de a conplete parallel set of streans. A single |ow bandw dth
stream may be provided on a backup server, for exanple. [0144] In
operation 1010, the client attenpts to downl oad playlist file(s) from
a first URL using a first stream associated with the first server
device or the first content distribution service. Figure 11
illustrates a nétwwlakd ifichaniaéscd the nehia Gites rebdl0iR achange i toeadugssion of the

bi -directional | vices or content

di stribution se {E/ilwcaglts]mq&ﬁngﬁ%gfgﬁgﬁce W tﬂﬁ%a&ﬁgtfﬁodi ment. The
playlist file(s)OltdhFigwe3Basaiiav diagrar phane embodimens of ayhniquefover devi ce

or content dist Elxéﬂﬂ@évf&@tosﬁﬁﬁﬂn%ﬁednﬂn &aédt Qd?nglngﬂag it 9n ;atk@“xslch &Mhe 1102.
If a client is unable to downl oad %ﬁlst ll) fromthe first

URL, server devi¥®@of blFe”lf‘BYﬁsé'ﬁ‘Emsleé‘f’F’iaB\Eiel ‘g§@r3§|‘%1§°‘(‘%edg“te“6ﬁ.f$ to an

error in rel oadHTYP] Hevelendiher hor-Gredmihg pro®tdlSaiibe uiiliked flalsemitar at t enpt s
to swtch to an alternate stream In the event of a failure (e.g.,

i ndex | oad fail P& on one stream (e.g., operation 1010), the client
chooses the hi glhi34] Therbiest d&viceahdr@qu&ﬁta@lashstﬁ&m: beadtion BED. mat wor k

connecti on suppgris 0 QQ %iﬁ]%y%ﬁt fJ[?O%?gy b retnEve‘?I llz?‘rl; e rﬁgovpcle? fo the

al ternates at tﬁe same b ent
t he order |i st edlidnhdavise bloaytmmdlmdﬁorche@i@ahqghé mqllfdei lhﬁengsqu emant1102 is

not able to succgssk Hll rhéﬂlmw’% QI%QIdfe EI'Q rﬂnkﬂom;m a't Blff@;@{t bﬂ‘?é&&l Qn%gne]f rom

URL 2 or another URL in which case P il'e(s) are
transmtted frofidse Sﬂg{eé’t’ariféﬁtlf‘\‘ﬁénws UB StfPFéhQ:'F‘F%ft‘les ofi§pcd of gt ur e

provi des redundamanSireSMTEhE BaknpWshdwiih |Fi§ﬁ4‘er3®chs@s thi® ethbghen€ | hent s
even in the event of severe |ocal failures, such as a ser.ver crashi ng

or a content di &89HehEPRALIMERH heyaTionLSahMaY s Famgsentprby My figg distinct
prot ection proviptdgst filaesepiratklly pyovided fz)l’tm/dlléﬁ trmuéatch ploeidé el samtbasdhitent

locations fromvyhi.eh clients can retni stg medj a files.
t
Thus, if the client cannot oy At Bl eal P lg%am Y falr?ag fq%‘)catl on,

it can attenpt dotimepledst filtse Thisraown the dientalewiectoneent the bit eatd basedyon et .

I ocation. [0146];idn.A@goRModi ment, to indicate the additional

| ocations fromwhich the client can retrieve a playlist, the sane
variant playl i s{0MlGThgmlayket fle(sheanbe qutrved byribe tlisnidstiee banericadBhS. but a

new LTRI of the Theglngdand(s) aeed itéHd in R 16 d&de nhddiok @bbéfmﬁﬂ@g@ttermt
to access the first URL associated with the desired bandw dth. [fit

cannot downl oad TPhEieRdgYiFs BeY selegiihe tH‘e““f? % betusggrp opgratiop ARy Pasedipert ¢ e npt
to access the nextenliRlwiik esmaatielsgeats. MegiaBag dﬂMrd}h&ted&M tﬁ@seﬁfdr Unt il

it has exhausted_all e. possi.bilities 014 An exa

includes 1 reduRdiie ‘}"%&&? S 17 B piaﬁléﬁ E]‘\%t[? H’ﬁé‘%ﬁﬁ% ﬂg‘t iate

redundant | ocat irospsrafi@r390 h€heA6B30GA el Midhaicatt Ht.stored#Eﬂﬁ' MBdot device
memory. Output is provided by the client device utilizing the media files in
operation 394 and the client device determines whether to change the bit rate.
[0116] In one embodiment, a client device selects the lowest available bit rate
initially. While playing the media, the client device can monitor available
bandwidth (e.g. current network connection bit rates) to determine whether the
available bandwidth can support use of a higher bit rate for playback. If so, the

client device can select a higher bit rate and access the media files indicated by
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#EXT- X - STREAM | NF: PROGRA M I D=1 http://ex anple.com|ow .nBu 8

#EXT- X- STREAM | NF: PROGRAM LD=1 http://exanpl e. conf m d. nBu8

#EXT- X- ST ROGRAM | D=1 http://exanplel.com md-r

8 #EXT- X @%&‘K&%@F PROGRAM | D=1 ht t p: / / exanpl e. conl Mﬂ%@@gﬂ%
#EXT- X- STREAM | NF: PROGRAM | D=1 htt p:// exanpl e2. corn/ hi -redudant 2. n8u8
#EXT- X- STREAM | NF: PROGRAM ED= |

htt p:// exanpl e3. cont hi -redudant 3. nBu8 #EXT- X- STREAM | NF: PROGRAM | D=
| , BANDW DTH=65000, CODECS=um ht t p: / / exanpl e. com audi o- onl y. nBu8

, BANDW DTH=1280000 , BANDW DTH=2560000 , BANDW DTH=2560000

, BANDW DTH=7680000 , BANDW DTH=7680000 , BANDW DTH=7680000 p4a. 40.5""'

[ 0148] Not e t hatheihightrthitsate xadip blaylzofila. Theereferde enati®de (Seppgrted. If the

m d- r edundant 2. om
Shttp: !/ exanpl egéi*’%%}; &’Bﬂrﬁe@ ‘Fo/o%?&cH %!mld@mc He cg%ntt FévEc? fér( s%fégx{mé% bit
change. However ratd amd@mssemaimfdpﬁtmdlwqd@dmdamr bltmmpdmpl@ént fbe a
change only 1o fdigrfi leBRAPRIce Bt tifte Waéﬂa&& 30k Q3AbmpIE ipne
enbodi ment, a playlist can be conpressed a server device and sent
to a client devieeempgiog changpinayyl lef’@ﬂdﬁ’\‘d‘hﬂ’fé" @ﬁ??ﬁ?eéggﬁdmp‘l"a‘?h st

normal |y requir @fenf @0RE mal Eef'rect DdiFERA DR N mtob@atwn@xi | Blond EAddARnt,
unconpressed playlist, and hence a co[?resse pl ayl ist uses |ess

avai |l abl e bandvm“tﬁe'r‘?“c?fd‘fée’?{‘éf’wq{he digptfleyiee 'aaw‘#‘éet ditfergnt lit, of GRIs
t el ephone net wordecludedia thelp@iyng fild thal 8otk ponds 1O thene® @¢lstdd. bitlrite.OM@ne

mbodi h | | b di
Co a butltin compvar o PRuRRyRIRDF e e St Rar i Teed T o weo

server that is anlaipéaytlstw th or corrpatl ble with a transfer protocol

such as the HFTE jifﬁute%ﬂ?ag{:éﬁe%&tcf?a%gé lﬁefi‘% ﬁf%&?'ﬂ%n% cﬁélﬁ Bevite

conpression tec ue or Ity Is-t ate or Zip
conpr essi on facndPtP'Wyne@MhﬂWPhele are an@nppeq unplayesoragdapshilesan dg cewpr essi on

facilities whi chy,g%ewhih Bavefnotaoeémm@%%d hesfed. tllfﬁﬂﬁtn%&lamegbgﬁm can
be used in other éenbodinents. The use of conpressed playlists can be,

in one enbodi nefften PRRESEHPE feBWaSI‘O PREAtIGR &90nd %‘@r‘\?é?oredé?f’i“’cfégs &hd client
devi ceSf_ : n) one r@ndvedlidimithe Ukia@or@:cm@é/ﬁlleéiffn tephyhe. If@l;&dkﬂé nEHBK ABdia E) e.g.
a text I1e an S |1 Cl e e ate or gzl p y a
2t ananr s s od TUiah < AT DRF ARG e e B R S BR R ol Ty by
client device. Ardesiogpptdiedstooperation8pGinovhichfit it dergined woahgortessi on

aciLi1y_can be oupi bt 6L LB LEALAShETR P EidthOn

or g/ rfc/rfcl951 arkthe piobasyhansemeleleds éfrisdoandt. rigan pragessing reyorsep gpesation

?l i elnt t devi ce camy i @EBEnCRYICY redtRRY kiohd'Re P&SHsAOLMO problf, Sl
acilities. process repeats through the method shown in Figure 3B.

{0119] Figure 4 is a block diagram of one embodiment of a server stream agent.
It will be understood that the elements of server stream agent 400 can be
distributed across several server devices. For example, a first server device can
include the segmenter 430, the indexer 440 and security 450 but not the file
server 460 and a second server device can include the file server 450 but not the
segmenter 430, the indexer 440 and security 450. In this example, the first server
device would prepare the playlists and media filés but would not transmit them to
client devices while one or more second server devices would receive and
optionally store the playlists and media files and would transmit the playlists and

media files to the client devices. Server stream agent 400 includes control logic
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[0150] In one enbodinent, a client device can periodically request an
updated playlist; for exanple, the client device can request froma

server | ayl i st every few seconds (e.qg. Q
30 secondsqvﬁgglg@ﬁsgsgt her period of time). A grow ng pl i’f%lislmogéf%ﬁ

a playlist for a live on-going baseball game that allows a client to
start viewng fromthe beginning of the live ganme at any tinme during
the live gane, can becone | arge enough that use of conpression can
limt the consunption of a network's bandw dth as the grow ng
playlist is repeatedly sent through the network. [0151] In one

enbodi nent, a client device can optionally specify, when it requests
a playlist (suchl(as/han irgpehadnaesdogitah funtiha] comtohdo dtrmrppemmn ofsetvechni ques
it can support ch AL&ar

t echni ques rreang[ret% ?ent ﬁ&)e£+ dtwacf agsoc'gpe%"avﬁﬁlgpec{mrgporp erauon OE%S%f‘é%rode t he
conpressed or epcouadent &0t éwglc iy de biridwane loghe eirads er m@quegmnmlor a
playlist, with hnﬁwﬁptﬂn%n@ém@eﬁ.%r L&k gtpéamq%%]@mqm&a%éae%?m%%chn' que,
i s received by a server I n one enbodi ment, I's not required
to support a coARRiEaioRTH 2t Whithricprawnicgde saysnenand/at progiemsthgt PEidE an

unconpr essed pl %mcggnsta'mtrmpg,gﬁem/er can respond to the client
device's reques 0&%{ sendi n to the client devjice, an unconpressed

playlist or a p Ji Sefvery é%eé‘éﬁpodg‘i“ﬁjﬁs BReTHf 14 WE‘CEEFﬁf?Feé“sssal on

t echni ques specinfeined devicd dracebs telfmedﬁtylré‘seurﬁe foeqorafgtdata OF inkthetigsay| i st .
The client devi receives. tpg gl i st land uses it gg dESCI’”I bed
herein; if the p a)?fl Jt may incy ﬁ%ﬁ'@' 13 AgFa 1P perYeE SRR SEEG W P 'S decoder
on the client dewilemaswgbhinalsdiag cemogef the hosasyaeln oo mbivd eerveyntréahe cI | ent
device. [0152] Ej i I

el ectroni c syst géﬁgp%oﬁéée eicsfép}c%%ug%&ggg 0%@' PEJ“S?{%'Q‘% oﬁg@fﬂ&gﬁ.&hﬁg °8 i S
i nt ended t o repfisehich gepresgngecces "é¢f@€<tsrt@ﬁi>fe(a§ymué¢mpl\tml¢ﬁe® sefrered or
wirel ess) incl ud&éag.,a(gér@ao@%mg&d tocéﬁééﬁe%@e@ecﬁanpwh@ﬁ,a@éﬁ&ﬁgﬁo sdrédt op
conput er systens, | ul ar tel éphones, personal digital assistants
(PDAs) i ncl udi n@trf‘éﬁ‘laﬁ‘iﬂ‘é(?o enabl ed PDAsi set top boxes, entertainnent

systens or ot he[OlQD]rSiWEB{tre%Q@eInfMa‘l‘sodﬂiﬁh@&ﬁ sepéértseéaﬁaénlgmem %icﬁ onic
systens may incl ude nor and/ or different conponents.

ol octront syt SRS iy BOTE RGO L B e ep st QBT AL (e proutlt
devi ce and/ or t ke reabrimeror deavre@IeUm{ @&éiﬁl]nglz_als astrited haeisy SheaxuBRlO of

i ncl udes bus 80 evi.ce to _comunicate

i nformation, an%‘ggfeég’g%g(%? &3%}' g%ag be ' %lgeﬁ? it e reaﬁ’r ocess

i nformati on. Wiehgnegd2@dromerer. Gh@y@ﬁ errﬁd@@@ai @mpbhqnsstmaataéd bguntlhded. si ngl e
processor, el ec%&mlécmamt&@%ayﬁylnba@dwlﬁomkg L k@eamrfgc essors

and/ or coprocessors. Electronic sy may 1 nclude random
access menory (RANpPHBent B‘Fh‘é?sea?ﬁé?ﬁ“é@ S‘Edﬁfedé‘éo éFé\F“&SéSQS@G fileserverred to

as main NMenory) 46 @it /dhdsOcdipondHdima TaHEPMCISdQiRr ESH Rl pRvARd

i nstructions tha%cr}aé?be execut ed bxe}g{ocessg 810.. Main nenory 820
may al so be used ighse ASISRINERINy 4 (OMRORTH} BETHP FWfiR A SO HESH at e

i nformati on dur mhghaxeplenensa iohardwae, sofoddre fismbite P some s&binatidd). [ 0154]
El ectronic system 800 may al so include read only nenory (ROM and/or
other static stor age device 830 coupled to bus 805 that may store
stati c i nfor mat (WA2lafegmimetdBldividentbe arenpip bepewded itdediBdifea that or age
devi ce 840 may t o) iHn-and

st ract i ons. Der e nrand e SO RPh RO TR
magnetic di sk of*aF|pi aMERErd30 mar divise the sprsend intpretiefevainedh fixadesizeoup| ed

to electronic sm,g;@mf&gpma[&;@@gmﬁe@gkrf&map system 800 may al so be
coupl ed via bus 510 devi ce 850, such as a cathode ray tube

(CRT) or liquid [%‘S%It‘%qxefoﬁ“ﬁ maéyw(“ﬂw)e ormgregplayfit lesithat BPHET on to a
user. El ectroni addsassbiRIO the Gridiadiles @reatdd byisdgménter aBQ NaduA e tajy,nput
devi ce 860, including al phanuneric and ot her keys, which may be

30



810. Anot her type of user input device is cursor control 870, such as
a touchpad, a nouse, a trackball, or cursor direction keys to

conmmuni cate di r}acti on information and command sel ecti ong U% Jols ?%essor
810 and t o' @SMP5ur sor novenent on di spl ay 850. [Olila)jr Pep
system 800 further may include one or nore network interface(s) 880
to provide access to a network, such as a |ocal area network. Network
interface(s) 880 may include, for exanple, a wreless network

i nterface having antenna 885, which may represent one or nore
antenna(e). Electronic system 800 can include nultiple wreless
network interfaces such as a conbination of WFi, Bluetooth and
cellular tel ephmyxdnnileebffeﬁea& or h:bte\/ﬁ)éskmihmtlrsﬁﬁgaﬁeﬁ srlerd8QdanEfieral so

i nclude, for exa [ nlcte with

r enot e devI ces Vlr’;%s glm%rokeagxq“bf cre%%l}by s€ menh&rgﬁp Tthe leE::!I}U 1ETS mag% | e an
Et her net cabl e, cmatedbenassigned bibdider sagrﬁenbelﬁ(lmtmdcxaca‘tﬂ dndegergdd caal cabl e,
or a parallel c rface(s)
880 may provid qué:@glgéeocgngzém%ﬂa 3 P%adr?éeggﬁ%{m V\%ﬁ?(SJa? o%é%%%“afg

conform ng to WeHizgdm of ths medig/fides. | EEE 802, 11g st andards, - and/ or t he

wirel ess networ 'ﬁ)lmts%EJrﬁﬁﬁsdma&& p%l?dé's%n és(E% e@nc@ﬁfo’ﬁ%%@lln as&ﬁ&@
network, for exanple, by conform n&b?‘ | uet oot h standards. O h
ot

W r el ess networ ﬁ‘sfqﬁ%eéla?(&'éeyeﬁﬁ’d)’%f‘ RERBdesWERSqTVAT %‘BC“BE?’I‘%ﬁBE‘}Pt ed.
[0153] :j n addi t kdgtodiding m?,s dréred M@Js,yster@mmahgtauldandel«ma Web &ress LAN
st andar ds, net: interfa 8 ovide wjrel ess

comuni cat i onswgéé('ﬂﬁy, SUPRRYT: g’)’ig’?ﬁ g 8#% ’%il\???foé?f Ml tiple Access
(TDVRA) prot ocol $01283 Eiprade SSystlenindiagraniiilond enlﬁdmmmf«aahenos\saa:ﬁ@m

protocols, Code It[anH bg hnﬁ@fstotl\)@!hgl] tﬁ)é tﬁerf‘?é%&%? 2 cl{e Féeg{ 8§ g‘lg‘]sl“ﬁg? S ence

any other type of nmruni cat 1 ons
in the specifi catrpﬁ@ﬁewer?l ¢ligntedewipdso Hprasample, @rflrﬂalrrﬁnéqlﬁwdpmwﬂﬂdemans

that a particul aésem@#s@b@nd s%wngc&s@ afid el roQ'nl@ %e&ﬁfted%treaqn Sesala bed in

connection with t nmbodi ment is inclu in at” | east one enbodi nent

of the inventi oﬁ'esweaﬁsékyﬁnw’fwé ”Bf‘“flh‘lﬁs ﬁ'h?‘&@’égmieﬁ‘obﬁ"é’ (yrdsEfinRENt "
in various pl aCQ&luU@arH@&rrﬁ)lfb@%(fan@écbﬁW 55(15)9IMBth&QQ&ﬁ[ﬂ@-ralphMa@|chent

referring to the sanme e 0lq In the re
Gpeci 11 oati on | EHACH Y EHErOHEXRS R LT OG- RATPORRr Bren el o
specific enbodl mmﬁ\etvs:s rhdmriaas‘spedxﬁedm the plajiovne@ideenerdds ag vitp@nd predeat

various nodific |ons ges,can d u
departing fromt e c?d(l)a er s tr?am aﬁa"‘%% g C?rﬁmﬁto ven‘i ?Nglr?B The

speci fication amdpldnfzma lpgjsal @nelona@gmromtordy‘ﬁv 0p¢ra110b@f ¢lsgtatrebmdagent an
| 11ustrative rakhes,d afa Js&%{a{eh%?Hﬁecﬁﬁ@@%ratlfﬁfpﬁyp dt?éam ek %d ow ng

Appendi x is a draft specification of a protocol accor
particul ar enmbodPgeey bf hardyarg lagie pirqusnor spitwayg Mututféorifrra@raa éib@“et hat

the use of cert @nBodiBdht WRER Streaf-aBent BOTRclud¥ISHE INHbre aphifthdions SIALL  NOT,
etc.) in this Apéﬁlﬁndlx appldééto this particul ar enbodi nment and do not

apply to other B EPFRST €O %?WCBE’EP’PWTW‘@ PEAVide frsieyftians sl o t
logic 510.

[0126] Client stream agent 500 includes memory 514, which represents a
memory device or access to a memory resource for storing data and/or
instructions. Memory 514 may include memory local to client stream agent 500,
as well as, or alternatively, including memory of the host system on which client
stream agent 500 resides. Client stream agent 500 also includes one or more

interfaces 516, which represent access interfaces to/from (an input/output
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Thi s docunent describes a protocol for transmtting unbounded streans
of multinedia data over HTTP. It specifies the data format of the

files and \%%1%‘74 ns to be taken by the server (sende(r}])r(f,]@gcoj()()%{J&%4i
: )

clients (recéivers) of the streans. It describes versi

protocol. Table of Contents |I. Introduction 2. Summary 3. The
Playlist file 3.1. New Tags 3. 1.1. EXT-X- TARGETDURATI ON 3. 1. 2.

EXT- X- MEDI A- SEQUENCE 3. 1. 3. EXT- X-KEY 3.1.4. EXT- X- PROGRAM DATE- Tl ME
3.1.5. EXT-X-ALLOW CACHE 3.1.6. EXT-X-ENDLI ST

interface) client stream agent 500 with regard to entities (electronic or human)
external to client stream agent S00.
[0127] Client stream agent 500 also can include client stream engine 520, which
represents one or more functions that enable client stream agent 500 to provide
the real-time, or near real-time, streaming as described herein. The example of
. Figure 5 provides several components that may be included in client stream
engine 520; however, different or additional components may also be included.
Example components that may be involved in providing the streaming
environment include assembler 530, output generator 540 and security 550.
Each of these components may further include other components to provide other
functions. As used herein, a component refers to routine, a subsystem, etc.,
whether implemented in hardware, software, firmware or some combination
thereof.
[0128] Assembler 530 can utilize a playlist file received from a server to access
the media files via Web server protocol (e.g., HTTP) from the server. In one
embodiment, assembler 530 may cause to be downloaded media files as
indicated by URIs in the playlist file. Assembler 530 may respond to tags
included in the playlist file.
{0129] Output generator 540 may provide the received media files as audio or
visual output (or both audio and visual) on the host system. Output generator
540 may, for example, cause audio to be output to one or more speakers and
video to be output to a display device. Security 550 may provide security
features such as those discussed above.
[0130] Figure 6 illustrates one embodiment of a playlist file with multiple tags.
The example playlist of Figure 6 includes a specific number and ordering of tags.
This is provided for description purposes only. Some playlist files may include
more, fewer or different combinations of tags and the tags can be arranged in a
different order than shown in Figure 6.
[0131] Begin tag 610 can indicate the beginning of a playlist file. In one
embodiment, i)egin tag 610 is a #EXTM3U tag. Duration tag 620 can indicate
the duration of the playback list. That is, the duration of the playback of the
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3.1.7. EXT-X-STREAM I NF 3.1.8, EXT-X-DI SCONTINUI TY 4. Media files 5.
Key files 5.1. IV for ABS-128 6. Cient/Server Actions 6.1. Server

Process 6. ng Wndow Playlists 6.1.2. Encrypting nedia fi
6.1.3. Pr o‘&?é"wg%{}g}rl ant streans 6.2. Cient Process 6. PﬁiU52@3Q@6ﬁb
the Playlist file 6.2.2. Playing the Playlist file 6.2.3. Reloading
the Playlist file 6.2.4. Determining the next file to |oad -47-

media files indicated by playback list 600. In one embodirﬁent, duration tag 620
is an EXT-X-TARGETDURATION tag; however, other tags can also be used.
[0132] Date/Time tag 625 can provide information related to the date and time of
the content provided by the media files indicated by playback list 600. In one
embodiment, Date/Time tag 625 is an EXT-X-PROGRAM-DATE-TIME tag;
however, other tags can also be used. Sequence tag 630 can indicate the
sequence of playlist file 600 in a sequence of playlists. In one embodiment,
sequence tag 630 is an EXT-X-MEDIA-SEQUENCE tag; however, other tags
can also be used.

[0133] Security tag 640 can provide information related to security and/or
encryption applied to media files indicated by playlist file 600. For example, the
security tag 640 can specify a decryption key to decrypt files specified by the
media file indicators. In one embodiment, security tag 640 is an EXT-X-KEY
tag; however, other tags can also be used. Variant list tag 645 can indicate
whether variant streams are provided by playlist 600 as well as information
related to the variant streams (e.g., how many, bit rate). In one embodiment,
variant list tag 645 is an EXT-X-STREAM-INF tag.

[0134] Media file indicators 650 can provide information related to media files
to be played. In one embodiment, media file indicators 650 include URIs to
multiple media files to be played. In one embodiment, the order of the URIs in
playlist 600 corresponds to the order in which the media files should be accessed
and/or played. Subsequent playlist indictors 660 can provide information related
to one or more playback files to be used after playback file 600. In one
embodiment, subsequent playlist indicators 660 can include URISs to one or more
playlist files to be used after the media files of playlist 600 have been played.
{0135] Memory tag 670 can indicate whether and/or how long a client device
may store media files after playback of the media file content. In one
embodiment, memory tag 670 is an EXT-X-ALLOW-CACHE tag. End tag 680
indicates whether playlist file 600 is the last playlist file for a presentation. In
one embodiment, end tag 680 is an EXT-X-ENDLIST tag.
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6.2.5. Playing encrypted nedia files 7. Exanples 7.1. Sinple Playlist
file 7.2, Sliding Wndow Pl aylist, using HITPS 7.3. Playlist file

w th encr La files 7.4. Variant Playlist file § rj
Consi deraﬁé%gmg%q&:f erences Normative References |nf O&ﬁgﬁﬁ%@%é%u
Ref er ences

[0136] The following section contains several example playlist files according to

one embodiment.

Simple Playlist file

#EXTM3U

#EXT-X-TARGETDURATION:10
#EXTINF:5220,
http://media.example.com/entire.ts
#EXT-X-ENDLIST

Sliding Window Playlist, using HTITPS

#EXTM3U
#EXT-X~-TARGETDURATION: 8
#EXT-X~MEDIA-SEQUENCE: 2680

#EXTINF:8,
https://priv.example.com/fileSequence2680.ts
#EXTINF:8,
https://priv.example.com/fileSequence268l.ts
#EXTINF: 8,
https: riv.example.com/fileSeguence?2682.ts

Playlist file with encrypted media files

#EXTM3U
#EXT-X-MEDIA-SEQUENCE: 7794
#EXT~-X~TARGETDURATION:15

$EXT-X-KEY:METHOD=AES-128, URI="
https://priv.example.com/key.php2r=52"
$EXTINF:15,

http://media.example.com/fileSequence7794.ts
#EXTINF:15,
http://media.example.com/fileSequence7795.ts

#EXTINF:15,
http://media.example.com/fileSequence7796.ts
#EXT-X-KEY:METHOD=AES-128, URI="
https://priv.example.com/key.php?2r=53"
#EXTINF:15,
http://media.example.com/fileSequence’797.ts

Variant Playlist file

#EXTM3U
#EXT-X~-STREAM-INF : PROGRAM~-ID=1, BANDWIDTH=1280000
http://example.com/low.m3u8
#EXT-X-STREAM-INF : PROGRAM~ID=1, BANDWIDTH=2560000
http://example.com/mid.m3u8
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-48- |. Introduction This docunment describes a protocol for
transmtting unbounded streans of nultinedia data over HITP

[ RFC2616] . %’ rgtocol supports the encryption of nedig data

the provis ﬁmg 8Pt ernat e versions (e.g. bitrates) of P& Q{S?(é’glﬂ?%u
Medi a data can be transmtted soon after it is created, allowng it
to be received in near real-time. External references that describe
rel ated standards such as HTTP are listed in Section 9. 2. Summary A
mul ti media presentation is specified by a URI [ RFC3986] to a Pl ayli st
file, which is an ordered list of additional URIs. Each URI in the
Playlist file refers to a nmedia file which is a segnent of ‘a single
conti guous stream T@XQI- TBW@NFG’&@FR%éDﬁI PRWIPTH-SE8@0ai ns t he

Playlist. It rel oadsIdJieB ,eosdve@qgut@ednl n th| s docunent
to di scover additi ons 4 . Yald " MUST NOT",

"REQUI RED', " SHALL" " SHALL NOT " SHClJLD' "SHOULD NOT",
" RECOVIVENDED' I\/AY _HMWAE’MWO be

interpreted as described in RFC 2119 ¥ RFC2119] .
[0137] Figure 7 is a flow diagram of one embodiment of a playback technique

for assembled streams as described herein. In one embodiment, playback of the
received media files can be controlled by the user to start, stop, rewind, etc. The
playlist file is received by the client device in operation 700. The media files
indicated by the playlist file are retrieved in operation 710. Output is generated
based on the received media files in operation 720. Receiving and generating
output based on media files can be accomplished as described above.
[0138] If control input is detected in operation 730, the client device can
determine if the input indicates a stop in operation 740. If the input is a stop, the
process concludes and playback stops. If the input indicates a rewind or forward
request in operation 750, the client device can generate output based on
previously played media files still stored in memory in operation 760. If these
files are no longer in a cache, then processing reverts to operation 710 to retrieve
the media files and repeats the process. In an alternate embodiment, playback
can support a pause feature that halts playback without concluding playback as
with a stop input.
[0139] Methods for transitioning from one stream to another stream are further
described with reference to Figures 9A-9D. One client device can perform each
“of these methods or the operations of each of these methods can be distributed
across multiple client devices as described herein; for example, in the distributed
case, one client device can retrieve the variant playlist and the two media
playlists and provide those to another client device which retrieves media files
specified by the two media playlists and switches between the two streams
provided by the retrieved media files. It will also be understood that, in
alternative embodiments, the order of the operations shown may be modified or

there can be more or fewer operations than shown in these figures. The methods
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3. The Playlist file Playlists MJST be Extended MBU Playlist files
[M3U]. This document extends the M3U file format by defining

additional_ta M3U Playlist is a text file that ¢
i ndi vi dualw{)izﬁ@é’?szf nes are termnated by either a sin %érﬁi_s 03/089624

character or a CR character followed by an LF character. Each line is
a URI, a blank, or starts wth the comment character 'fr. UR'S
identify nedia files to be played. Blank lines are ignored. Lines
that start with the comment character are either comments or tags.
Tags begin with #EXT. Al other lines that begin with' Ware comments
and SHOULD be ignored. M3U Playlist files whose nanes end in .nBu8
and/ or have thecdrlIlIePa @iaﬁtealﬂy%is‘[yqa&el "tammdrérmateiammlmmmaammdﬁstmsmemrl " are

encoded in UTF- ?eu% e %?"Lésf‘ﬁ#@%{% mmen«lvalrvl)le streams lflorand/ or

have the HTTP Con ypée |o npegur are encoded in
US- ASCI | | npl eneregmmi (9991 SBHOLL Eyeph. o@m:a@wﬁ’f?@lydan b¢ dang: bxesclwhtﬁbewﬂarres

end in .nmBu8 or s dfe frdaHSHbE §e?egte9‘i’r8}h tl‘éT -Eﬁant B%}’lf%; x%*&ﬁer&%%@i“an&r ¥Pe

"appl i cation/vnd, appl e. npegur | For I"ement at i ons
MAY produce Pl agliandevice F@éhmﬁ%}g@ver@aﬁaﬁéé péadastifqi tht“arﬁ!m stsmal/ ane fHigve t he

HTTP Cont ent - Ty p&ide} &bﬂh%%@ﬁ?ﬂst for thd BrsEote SR fesleMBld dob bey f or mat
defines two tags: EXTMBU and EXTI An Extended MBU file is

di sti ngui shed f PISHEASWEST AhapBise fetermingp bitrae of; thegpetyqrineonneetiondor HEIST be
#EXTMBU. EXTENT fitsEsti2am ac@redtim(mm wih 8¢ appesialet bacthé &Qudﬁw&fa file

;;)?ggteljfe:jegybg_nt Ié%ﬁ Nihﬁ:m?y 6 pexg?rge&&w{der vsygltlh xmac#erem than whleJlﬁls slll\élévsr;l in be

Figure 9A; for example, operation 907 may be performed during operation 903,
etc. In operation 911 the client device selects an alternative media playlist from
the variant playlist based on the measured bit rate from operation 907, this
alternative media playlist may be at a second bit rate that is higher than the
existing bit rate of the first stream. This typically means that alternative stream
will have a higher resolution than the first stream. The alternative media playlist
can be selected if it is a better match than the current playlist for the first stream
based on current conditions (e.g. the bit rate measured in operation 907). In
operation 913, the alternative media playlist for an alternate stream is retrieved
and processed. This typically means that the client device can be receiving and
processing both the first stream and the alternative stream so both are available
for presentation; one is presented while the other is ready to be presented. The
client device then selects a transition point to switch between the versions of the
streams in operation 915 and stops presenting the first stream and begins
presenting the alternative stream. Examples of how this switch is accomplished
are provided in conjunction with Figures 9B-9D. In some embodiments, the
client device can stop receiving the first stream before making the switch.
[0140] Figure 9B shows that the client device retrieves, stores and presents
content specified by the first media playlist (e.g. the first stream) in operations
921 and 923, and while the content specified by the first playlist is being
presented the client device in operation 925 also retrieves and stores content

specified by the second media playlist (e.g. the second stream). The retrieval and
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#EXTI NF: <duration>, <title> "duration” is an integer that specifies

the duration of the nedia file in seconds. Durations SHOULD be

r ounded to the nearest integer. The remainder of the line follo %g
nt

the comma YOXHWE8Pt 1 e of the nedia file. 3.1. New Tag§CwTHiS§°°a/869a
defines seven new tags: EXT-X- TARGETDURATI QN, EXT- X- MEDI A- SEQUENCE,
EXT- X- KEY, EXT- X- PROGRAM DATETI ME, EXT- X- ALLOW CACHE,

EXT- X- STREAM | NF, and EXT- XENDL1ST. 3.1.1. EXT-X- TARGETDURATI ON The
EXT- X- TARGETDURATI ON tag i ndi cates the approxi nate duration of the
next media file that will be added to the main presentation. It MJST
appear in the Playlist file. Its format is:

#EXT- X- TARGETDURA?ﬁga\eI g<imacomabsary de&r)axtthaabmdms;&tiﬁahb)aﬁe febndmediaa fil e

'I\EA)A(\'YI' ;j(l_ T\/];E?)Ir A—S lS:EthJ Bl?ergrésgﬁln% ?l're%gﬁtenq %Etgine rom §1‘e %'rs?r‘nedia playlist creates

an overlap 955 in time of the program’s content (shown in Figure 9D) that allows
the client device to switch between the versions of the program without a
substantial interruption of the program. In this way, the switch between the
versions of the program can be achieved in many cases without the user noticing
that a switch has occurred (although the user may notice a higher resolution
image after the switch in some cases) or without a substantial interruption in the
presentation of the program. In operation 927, the client device determines a
transition point at which to switch from content specified by the first media
playlist to content specified by the second media playlist; an example of a
transition point (transition point 959) is shown in Figure 9D. The content
specified by the second media playlist is then presented in operation 931 after the
switch.

[0141] The method shown in Figures 9C and 9D represents one embodiment for
determining the transition point; this embodiment relies upon a pattern matching
on audio samples from the two streams 951 and 953 to determine the transition
point. It will be appreciated that alternative embodiments can use pattern
matching on video samples or can use the timestamps in the two streams, etc. to
determine the transition point. The method can include, in operation 941, storing
content (e.g. stream 951) specified by the first media playlist in a buffer; the
buffer can be used for the presentation of the content and also for the pattern
matching operation. The stream 951 includes both audio samples 951A and
video samples 951B. The video samples can use a compression technique which
relies on i-frames or key frames which have all necessary content to display a
single video frame. The content in stream 951 can include timestamps
specifying a time (e.g. time elapsed since the beginning of the program), and
these timestamps can mark the beginning of each of the samples (e.g. the
beginning of each of the audio samples 951 A and the beginning of each of the
video samples 951B). In some cases, a comparison of the timestamps between

the two streams may not be useful in determining a transition point because they
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Each nedia file URI in a Playlist has a uni que sequence nunber. The
sequence nunber of a URI is equal to the sequence nunber of the URI

that prec ' s one. The EXT- X- MEDI A- SEQUENCE tag jndicates the
seqguence %ﬁ%@r"’”&@gfhe first URI that appears in a Pl a%leiTéq 2?09{0%9.6% ts

format is: #EXT-X- MEDI A- SEQUENCE: <nunber> |ithe Playlist file does
not contain an EXT-X- MEDI A- SEQUENCE tag then the sequence nunber of
the first URI in the playlist SHALL be considered to be I. See
Section 6.2.1 and Section 6.2.4 for information on handling the
EXT- X- MEDI A- SEQUENCE tag. 3.1.3. EXT-X-KEY Media files MAY be
encrypted. The EXT-X-KEY tag provides information necessary to
decrypt nedi a f magsottblateciodnongh drbecatise of thediffetendegn the boundaries of the

#EXT- X- KEY: METHOD= > = <; RL> e Hg_‘i)
specifies the encr@%ﬁ @gﬂvﬁ%gttr#%’h eLrUJﬁ o arsé)%:rf-gr , mIE’s?;{ Sr e%sngér?tcfm
specifies how t be vise & yerifyrkerkisygn overlap 955 in time between the two streams. In

operation 943, the client device stores in a buffer content specified by the second
media playlist; this content is for the same program as the content obtained from
the first media playlist and it can include timestamps also. In one embbdiment,
timestamps, if not present in a stream, can be added to a playlist for a stream; for
example, in one embodiment an ID3 tag which includes one or more timestamps
can be added to an entry in a playlist, such as a variant playlist or a media
playlist. The entry may, for example, be in a URI for a first sample of an audio
stream. Figure 9D shows an example of content 953 obtained from the second
media playlist, and this includes audio samples 953A and video samples 953B.
In operation 945, the client device can perform a pattern matching on the audio
samples in the two streams 951 and 953 to select from the overlap 955 the
transition point 959 which can be, in one embodiment, the next self contained
video frame (e.g. i-frame 961) after the matched audio segments (e.g. segments
957). Beginning with i-frame 961 (and its associated audio sample), [;resemation
of the program uses the second stream obtained from the second media playlist.
The foregoing method can be used in one embodiment for both a change from a
slower to a faster bit rate and for a change from a faster to a slower bit rate, but
in another embodiment the method can be used only for a change from a slower
to a faster bit rate and another method (e.g. do not attempt to locate a transition
point but attempt to store and present content from the slower bit rate stream as
soon as possible) can be used for a change from a faster to a slower bit.

[0142] Figure 10 is a flow diagram of one embodiment of a technique for
providing multiple redundant locations that provide playlists or media content or
both to client devices using alternative streams. If a playlist contains alternate
streams as discussed above, then alternate streams can not only operate as
bandwidth or device alternates, but also as failure fallbacks. For example, if the
client is unable to reload the playlist file for a stream (due to a 404 error or a

network connection error, for example), the client can attempt to switch to an
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Version 1.0 of the protocol defines two encryption nethods: NONE and
AES-128. An encryption nmethod of NONE neans that nedia files are not

encrypt ed. tion nmethod of AES-128 neans that i iles are
encrypt ed v&é\??llg%?%épmvanced Encryption Standard [ AES_ 1"%}?019&‘?9 24

128-bit key and PKCS7 paddi ng [ RFC3852]. A new EXT- X- KEY super sedes
any prior EXT-X-KEY. If no EXT-X-KEY tag is present then nedia files
are not encrypted. See Section 5 for the format of the key file, and
Section 5.1, Section 6.1.2 and Section 6.2.5 for additional
information on nmedia file encryption. 3.1.4. EXT-X- PROGRAM DATE- TI ME
The EXT- X- PROGRAM DATE- TI ME tag associ ates the begi nning of the next
nedia file w thabemadsmbnt Befdming todfightrol0, to inplemdi daildadr @fdtdctian, a first

representation isévérﬁ%é:%%?ﬁ?s@&?nie%P&éﬁédti&?s&ﬁ&]ﬁl cARBhred PdeRe h B2t € 2

time zone, For exa _
#EXT- X- PROGRAM DAMELFE Riereajebayd with DT+ imeresign>1002 as discussed in

conjunction with the description of Figure 2C. In operation 1004, the first server
device or first content distribution service generates playlist file(s) from the
stream(s) generated in operation 1002. A second server device or second content
distribution service can create a parallel stream, or set of streams, in operation
1006 and also create a playlist. These parallel stream(s) can be considered
backup streams. Next, the list of backup streams is added to the playlist file(s) in
operation 1008 so that the backup stream(s) at each bandwidth is listed after the
primary stream. For example, if the primary stream comes from server ALPHA,
and the backup stream is on server BETA, then a playlist file might be as
follows:
#EXTM3U
- #EXT-X-STREAM-INF:PROGRAM-ID=1, BANDWIDTH=200000
http://ALPHA.mycompany.com/low/prog_index.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1, BANDWIDTH=200000
http://BETA .mycompany.com/low/prog_index.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1, BANDWIDTH=500000
http://ALPHA .mycompany.com/mid/prog_index.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1, BANDWIDTH=500000
http://BETA .mycompany.com/mid/prog_index.m3u8

[0143] Note that the backup streams are intermixed with the primary streams in
the playlist with the backup at each bandwidth is listed after the primary for that
bandwidth. A client is not limited to a sinéle backup stream set. In the example
above, ALPHA and BETA could be followed by GAMMA, for instance.
Similarly, it is not necessary to provide a complete parallel set of streams. A
single low-bandwidth stream may be provided on a backup server, for example.
[0144] In operation 1010, the client attempts to download playlist file(s) from a

first URL using a first stream associated with the first server device or the first
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3.1.5. EXT-X-ALLOW CACHE The EXT- X- ALLOW CACHE tag i ndi cates whet her
the client MAY cache downl oaded nedia files for later replay. Its

format is: - X- Al LOW CACHE: <YESI NO> 3.1.6. EXT-X-EN Th

EXT- X- EN&W@%@?Zﬁhdi cates that no nore nedia files W!B:C}r%éoogﬁ%?gat to
the Playlist file. Its format is: #EXT-X-ENDLIST 3.1.7.

EXT- X- STREAM | NF The EXT- X- STREAM I NF tag indicates that the next URI

in the Playlist file identifies another Playlist file. Its format is:
#EXT- X- STREAM | NF: [ attri but e=val ue] Lattri but e=val uel * <URI >

content distribution service. Figure 11 illustrates a network in which a client
1102 communicates bi-directionally with one or more URLSs, server devices or
content distribution services, in accordance with"one embodiment, The playlist
file(s) may be transmitted from the first URL, server device or content
distribution service in operation 1012 to the client 1102. If a client is unable to
download the playlist file(s) from the first URL, server device, or content
distribution service (e.g., due to an error in reloading the index file for a stream),
the client attempts to switch to an alternate stream. In the event of a failure (e.g.,
index load failure) on one stream (e.g., operation 1010), the client chooses the
highest bandwidth alternate stream that the network connection supports in
operation 1014. If there are multiple alternates at the same bandwidth, the client
chooses among them in the order listed in the playlist. For example, if the client
1102 is not able to successfully download from URL 1, it may download from
URL 2 or another URL in which case the playlist file(s) are transmitted from the
alternative URL to the client. This feature provides redundant streams that will
allow media to reach clients even in the event of severe local failures, such as a
server crashing or a content distributor node going down.

[0145] The failover protection provides the ability to provide multiple redundant
locations from which clients can retrieve playlists and media files. Thus, if the
client cannot retrieve a stream from a first location, it can attempt to access the
stream from a secondary, tertiary, etc. location,

[0146] In one embodiment, to indicate the additional locations from which the
client can retrieve a playlist, the same variant playlist tag would be provided with
the same bandwidth, but a new URI of the redundant location. The client
initially can attempt to access the first URL associated with the desired
bandwidth. If it cannot download the playlist from the first URL, it then can
attempt to access the next URL presented for the bandwidth, and so on until it
has exhausted all the possibilities.

[0147] An example below includes 1 redundant location for the 2560000
bandwidth and 2 redundant locations for the 7680000 bandwidth.
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The followng attributes are defined for the EXT-X- STREAM | NF t ag:
BANDW DTH=<n> where n is an approxi mate upper bound of the stream

bitrate, I as a nunmber of bits per second. P <j >
where | i VO CopeaNshdoiatons

that uniquely identifies a particu
presentation within the scope of the Playlist file. A Playlist file
MAY contain nultiple EXT-X-STREAMINF URIs wth the sane PROGRAM | D
to describe variant streans of the sanme presentation.
CODECS="[format] E, formag*" where each format specifies a nmedia sanple
type that is present in a nedia file in the Playlist file. Valid
format identifiers are those in the 1SO File Format Nane Space
defined by RFC 4281 #ERAGMRBI 1. 3.1.8. EXT- X- DI SCONTI NU TY

#EXT-X-STREAM-INF:PROGRAM-ID=1,BANDWIDTH=1280000
http://example.com/low.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1,BANDWIDTH=2560000
http://example.com/mid.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1, BANDWIDTH=2560000
http://example].com/mid-redundant2.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1,BANDWIDTH=7680000
http://example.com/hi.m3u§
#EXT-X-STREAM-INF:PROGRAM-ID=1 BANDWIDTH=7680000
http://examp]e2.coWhi-redudantZ.m3u8 '
#EXT-X-STREAM-INF:PROGRAM-ID=1,BANDWIDTH=7680000

http://fexample3.com/hi-redudant3.m3u8
#EXT-X-STREAM-INF:PROGRAM-

ID=1, BANDWIDTH=65000,CODECS="mp4a.40.5"
http://example.com/audio-only.m3u8

[0148] Note that in this example both the filenames (e.g., mid-redundant2.m3u8)

and the actual URL (e.g., http://example2.com <http://example2.com/> ,
http://example3.com <http://example3.com/> ) change. However, in one

embodiment, a redundant location can be a change only to the filename or only

to the website.

(0149] In one embodiment, a playlist can be compressed by a server device and
sent to a client device in a compressed form. The compressed playlist normally
requires fewer bits to represent the playlist than an uncompressed playlist, and
hence a compressed playlist uses less available bandwidth of a network, such as a
wireless cellular telephone network, when being transmitted or received. In one
embodiment, the playlist can be compressed by a web server according to a built-in
compression technique or facility that is used by a web server that is compliant
with or compatible with a transfer protocol such as the HTTP 1.1 standard

protocol; an example of such a compression technique or facility is the deflate or
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The EXT-X-DI SCONTINUI TY tag indicates that the nedia file follow ng
It has different characteristics than the one that preceded it. The

set of ch ristics that MAY change is: file format_nunber an
type of tﬁ&@%@ﬁmg§%£ding paranmeters -54- o0 encoding' gga@gﬁggmgmmt

.timestanp sequence Its format is:

the gzip compression facility of HTTP 1.1. Other standards based compression
facilities which are part of a standards based transfer protocol can be used in other
embodiments. The use of compressed playlists can be, in one embodiment, an
optional feature of server devices and client devices. In one embodiment, the
playlist can be textual content (e.g. a text file) and be compressed efficiently with
deflate or gzip by a standards based web server and then decompressed
automatically by a client device. A description of a version of the gzip
compression facility can be found at www ietf.org/rfc/rfc1952.txt; a version of the
deflate compression facility can be found at www.ietf.org/rfc/rfcl951 .txt. Many
web servers and many web browsers on a client device can automatically support
the deflate or the gzip facilities.

[0150] In one embodiment, a client device can periodically request an updated
playlist; for example, the client device can request, from a server, an updated
playlist every few seconds (e.g. every 10, 20, or 30 seconds or some other period
of time). A growing playlist, such as a playlist for a live on-going baseball game
that allows a client to start viewing from the beginning of the live game at any time
during the live game, can become large enough that use of compression can limit
the consumption of a network’s bandwidth as the growing playlist is repeatedly
sent through the network.

[0151] In one embodiment, a client device can optionally specify, when it requests
a playlist (such as an updated playlist), what compression techniques it can support
(such as deflate or gzip); support for these techniques means that the client device
can decompress or decode the compressed or encoded content. The client device’s
request for a playlist, with the optional specification of a compression technique, is
received by a web server which, in one embodiment, is not required to support a
compression technique for a playlist but can send an uncompressed playlist. The
web server can respond to the client device’s request by sending, to the client
device, an uncompressed playlist or a playlist compressed using one of the
compression techniques specified in the client device’s request for the playlist.

The client device receives the playlist and uses it as described herein; if the playlist
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#EXT- X- DI SCONTINUI TY 4. Media files Each nmedia file URI in a Playlist
file MIST identify a nedia file which is a segnent of the overaII
presentation. Each nedia file MJST be formatted as an MPEG

Transport @P‘é‘ﬁm 28h MWPEG 2 Pr ogram Stream or an NPEGPET%&?W%%M
el ementary stream USO_138181. Al nedia files in a presentation MJST
have the same format. Transport Streamfiles MJST contain a single
MPEG 2 Program There SHOULD be a Program Associ ation Table and a
Program Map Table at the start of each file. Afile that contains

vi deo SHOULD have at | east one key frame and enough information to
conpletely initialize a video decoder. Cients SHOULD be prepared to

handl e nul ti pl elstcbﬂﬁﬂéébed}ﬁt iBdepéitell b DdecddgéPén theclignt davidi QicDis addectaer) by
choosi ng a reasopnab nt.s MJST |gnore private streans

i nsi de Transpor " ¥ 3’ ert‘?‘n’a{t'ecig’ﬁ'étfeﬂﬁe not recogni ze. The encodi ng
paraneters for §HARIRgired shibhcldiggraeafrermbokiment obahi edecfroriesystond.

e e e ony SOl AT AR PR LR RS D

as they are encelasitopicgbtents@eithencuimgog wirglesstiafliding, Ydr geampio Aeskiap
computer systems, laptop computer systems, cellular telephones, personal digital
assistants (PDAs) including cellular-enabled' PDAs, set top boxes, entertainment
systems or other consumer electronic devices, Alternative electronic systems
may include more, fewer and/or different components. The electronic system of
Figure 8 may be used to provide the client device and/or the server device.
{0153] Electronic system 800 inciudes bus 805 or other communication device to
communicate information, and processor 810 coupled to bus 805 that may
process information. While electronic system 800 is illustrated with a single
processor, electronic system 800 may include multiple processors and/or co-
processors. Electronic system 800 further may inclﬁde random access memory
(RAM) or other dynamic storage device 820 (referred to as main memory),
coupled to bus 805 and may store information and instructions that may be
executed by processor 810. Main memory 820 may also be used to store
temporary variables or other intermediate information during execution of
instructions by processor 810.
[0154] Electronic system 800 may also include read only memory (ROM) and/or
other static storage device 8§30 coupled to bus 805 that may store static
information and instructions for processor 810. Data storage device 840 may be
coupled to bus 805 to store information and instructions. Data storage device
840 such as flash memory or a magnetic disk or optical disc and corresponding
drive may be coupled to electronic system 800.
[0155] Electronic system 800 may also be coupled via bus 805 to display device
850, such as a cathode ray tube (CRT) or liquid crystal display (LCD), to display
information to a user. Electronic system 800 can also include an alphanumeric
input device 860, including alphanumeric and other keys, which may be coupled

to bus 805 to communicate information and command selections to processor
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to accommopdate a resolution change. 5. Key files An EXT- X- KEY tag
with the URI paraneter identifies a Key file. A Key file contains

t he ci pher MJUST be used to decrypt subsequent la fil I n
t he Playlﬁ¥$2XWh2%%ES-128 encryption method uses 16-oc€g§qk%$gb&$%%
format of the Key file is sinply a packed array of these 16 octets in
binary format. 5.1. IV for AES-128 128-bit AES requires the sane
16-octet Initialization Vector (1V) to be supplied when encrypting
and decrypting. Varying this IV increases the strength of the cipher.
When using the encryption METHOD AES-128, inplenentations SHALL use

t he sequence nunber of the nedia file as the IV when encrypting or
decrypti ng nedi 810.iAregher t¥peof by -irenddeaie Bicaereont@p8saiab atd towrhpdd, t he

sequence nu .nber a %I,‘a Qaeckgalll,agrecgrsgpdir%ctgog _kg)%ttoe Eonpntiﬂcngcgt% dg’&qoxp added (on
the left) with zeros.

information and command selections to processor 810 and to control cursor
movement on display 850.

[0156] Electronic system 800 further may include one or more network
interface(s) 880 to provide access to a network, such as a local area network.
Network interface(s) 880 may include, for example, a wireless network interface
having antenna 885, which may represent one or more antenna(e). Electronic
system 800 can include multiple wireless network interfaces such as a
combination of WiFi, Bluetooth and cellular telephony interfaces. Network
interface(s) 880 may also include, for example, a wired network interface to
communicate with remote devices via network cable 887, which may be, for
example, an Ethernet cable, a coaxial cable, a fiber optic cable, a serial cable, or
a parallel cable.

[0157] In one embodiment, network interface(s) 880 may provide access to a
local area network, for example, by conforming to IEEE 802.11b and/or IEEE
802.11g standards,-and/or the wireless network interface may provide access to a
personal area network, for example, by conforming to Bluetooth standards.
Other wireless network interfaces and/or protocols can also be supported.

{0158] In addition to, or instead of, communication via wireless LAN standards,
network interface(s) 880 may provide wireless communications using, for
example, Time Division, Multiple Access (TDMA) protocols, Global System for
Mobile Communications (GSM) protocols, Code Division, Multiple Access
(CDMA) protocols, and/or any other type of wireless communications protocol.
[0159] Reference in the specification to “one embodiment” or “an embodiment”
means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the
invention. The appearances of the phrase “in one embodiment” in various places
in the specification are not necessarily all referring to the same embodiment.
[0160] In the foregoing specification, the invention has been described with

reference to specific embodiments thereof. It will, however, be evident that

44



6. Client/Server Actions This section describes how the server
generates the Playlist and nedia files and how the client should
downl oad §§§ﬁ$ @y hem 6.1. Server Process The production of th

MPEG- 2 str 078 si de t he scope of this docunent, V\ﬁcgfpsg@%ﬁgu
presumes a source of a continuous stream containing the main
presentation. The server MJST divide the streaminto individual nedia
files whose duration is approximately equal. The server SHOULD
attenpt to divide the stream at points that support effective decode
of individual nedia files, e.g. on packet and key frane boundari es.
The server MJUST create a URI for each nedia file that will allowits
clients to obt avaricufimodifitagions and changes can be made thereto without departing from

the broader spirit and scope of the invention. The specification and drawings are,

accordingly, to be regarded in an illustrative rather than a restrictive sense.
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The server MJUST create a Playlist file. The Playlist file MJST
conformto the format described in Section 3. A URl for each nedia
file that v w shes to make avail abl e MUST app in t

Pl ayl i st |‘&8?%§}8?ﬁ2g{3r in which it is to be played. The%%ﬁ 53@9@%98?4
file MUST be available to clients if its URI is in the Playlist file.
The Playlist file MJST contain an EXT- X- TARGETDLTRATION tag. It MJST
i ndi cate the approxi mate duration of the next nedia file to be added
to the main presentation. This value MJUST remain constant for the
entire presentation. A typical target duration is 10 seconds. The
server MJST create a URI for the Playlist file that will allowits
clients to obtain the file. Changes ARPENIMXP| aylist file MJST be made
atomcally fromthe point of view of the clients. Every nedia file
URI in a Playlist MJUST be prefixed with an EXTINF tag indicating the
appr oxi mat e dur ah¢ foHowing Aprendis ai adrif} $pecifichtien efarppaecoMayordisgtyi at e an
absol ute date ag\g'uédlzmém\%cﬁlner@oﬁﬁgfn@?ntlbrl 8¢ Ww@ ﬁcﬁe‘r&do'agha't fhe uéé%lf with an
EXT- X- PROGRAM D ? he value of the date and tinme 1Is
arbitrary. |f tRatpksyreys (b B ThIUHNGT ﬁé‘lf\%%ﬁléuﬁi‘lp@ B¢ s
presentation thappdaBR aFpIRW this barfiédl eMbSIm&R Rlddiohot 4pBlyEeJihef- ENDLI ST

tag.
9 embodiments described in this disclosure.

Abstract

This document describes a protocol for transmitting unbounded streams of
multimedia data over HTTP. It specifies the data format of the files and the
actions to be taken by the server (sender) and the clients (receivers) of the

streams. It describes version 1.0 of this protocol.
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If the server wishes to renbve an entire presentation, it MJST nake
the Playlist file unavailable to clients. It SHOULD ensure that al
nmedia files in the Playlist file remain available to clients for at

| east the WRPELIGHELf the Playlist file at the tine of FCAHFeYp/069624
6.1.1. Sliding Wndow Pl aylists The server MAY limt the availability
of nmedia files to those which have been nost recently added to the
Playlist. To do so the Playlist file MJUST ALWAYS contai n exactly one
EXT- X- MEDI A- SEQUENCE tag. Its value MJST he increnmented by | for
every nedia file URI that is renoved fromthe Playlist file. Media
file URIs MIUST be renoved fromthe Playlist file in the order in

whi ch they wer eTabldefiContéigs) t he server renoves a nedia file URI from
the Playlist, the nedia file MJUST remain available to clients for a
period of tinme éqlpfPducdon he duration of the nedia file plus the
duration of thezlgqgggt Playlist file in which the nedia file has
appeared. The ddr AT T O of a Playlist file is the sumof the durations
of the nedia fikegnawidynieriét. |f a server plans to renove a nedia
file, it SHOULD ensure that an HTTP Expires header reflects the

pl anned tine-to-1|i3eNelvdlagit is delivered to clients.

3.1.1. EXT-X-TARGETDURATION
3.1.2. EXT-X-MEDIA-SEQUENCE
3.1.3. EXT-X-KEY
3.1.4. EXT-X-PROGRAM-DATE-TIME
3.1.5. EXT-X-ALLOW-CACHE
3.1.6. EXT-X-ENDLIST
3.1.7. EXT-X-STREAM-INF
3.1.8. EXT-X-DISCONTINUITY
4. Media files
5. Key files
5.1. TV for AES-128
6. Client/Server Actions
6.1. Server Process
6.1.1. Sliding Window Playlists
6.1.2. Encrypting media files
6.1.3. Providing variant streams
6.2. Client Process
6.2.1. Loading the Playlist file
6.2.2. Playing the Playlist file
6.2.3. Reloading the Playlist file

6.2.4. Determining the next file to load
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The server MUST nmaintain at |east three main presentation nmedia files
in the Playlist at all tines unless the EXT-X-ENDLI ST tag i s present.
6.1.2. En i dia files If nedia files are to be e
server I\/Ug&xgéffﬂ{bgsezgg URI which ' wll allow authori zed)%ﬂ'ﬁfséﬁ@@g%ﬁgp
obtain a Key file containing a decryption key. The Key file MJST
conformto the format described in Section 5. The server MAY set the
Expires header in the key response to indicate that the key nay be
cached. |If the encryption METHOD is AES-128, AES-128 CBC encryption
SHALL be applied to individual nedia files. The entire file MJST be
encrypted. Ci pher Bl ock Chaining MJST NOT be applied across nedia
files. The sequence GuibBayindentigptedrmediafifes | e MJST be used as the IV

as described in_Section 5.1. The server MJST encrypt every nedia file
ina Playlist udi FM net hod specified by the EXT-X-KEY tag that

most imredi ately pre j JRI in the Playlist file. Media files
pr eceded by an EX%[&?S&E@@P&;I&M@

7.2. Sliding Window Playlist, using HTTPS
7.3. Playlist file with encrypted media files
7.4. Variant Playlist file

8. Security Considerations

9. References
Normative References

Informative References
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tag whose METHOD is NONE, or not preceded by any EXT-X-KEY tag, MJST
NOT be encrypted. The URI of every EXT-X-KEY tag nust be di sti nct

fromthe URL of WSer Y ot her EXT-X-KEY tag that appears or
appear ed iWOEHE BT ist file, unless its METHOD is NCNET/U,&FIOW“%“

EXT- X-KEY tag with a METHOD of NONE MJST NOT contain a URlI paraneter.
The server MJST NOT renove an EXT-X-KEY tag fromthe Playlist file if
the Playlist file contains a URI to a nedia file encrypted with that
key. 6.1.3. Providing variant streans A server MAY offer nultiple
Playlist files to provide different encodi ngs of the same
presentation. If it does so it SHOULD provide a variant Playlist
file that lists elaaimodacrtioant streamto allowclients to svm'tch

bet ween encodi ngs nam ca Variant .Playlis ST ¢
EXT- X- STREAM | NF t 80 TR kerplPl b 0o R Wil MR RRRE T
tag for the sane prfesdémcdiaden okISTTTIRAREC2GHE]. FherproPROCHAMY e att ri but e

val ue. The PROG?A'\é‘nLthYc{%'o'f'ﬁme&%at?%ﬁcl"mp{u%%%@ﬂ 8 h@RaMSdioRe uni que
within the variant Pl
(e.g. bltrates) of a stream. Media data can be transmitted soon

after it is created, allowing it to be received in near real-time.

External references that describe related standards such as HTTP are

listed in Section 9.

2. Summary
A multimedia presentation is specified by a URI [RFC3986] to a
Playlist file, which is an ordered list of additional URIs. Each URI
in the Playlist file refers to a media file which is a segment of a

single contiguous stream.

To play the stream, the client first obtains the Playlist file and
then obtains and plays each media file in the Playlist. It reloads
the Playlist file as described in this document to discover

additional segments.

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL",
"SHALL NOT", "SHOULD", "SHOULD NOT", "RECOMMENDED",
"MAY", and "OPTIONAL" in this document are to be interpreted as
described in RFC 2119 [RFC2119].

3. The Playlist file
Playlists MUST be Extended M3U Playlist files [M3U]. This document
extends the M3U file format by defining additional tags.
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If an EXT-X-STREAM INF tag contains the CODECS attribute, the
attribute value MJIST include every format defined by | RFC4281] t hat

is present_]j dia file that appears or will appear.in.the

Pl ayl i st f\ﬂ)g(.”%lﬁl’%sé erver MUST neet the foll ow ng const"F&(‘ﬁﬁ%wWéﬁ“
produci ng variant streans: Each variant stream MJST consi st of the
same content, including content which is not part of the main
presentation. The server MJST nmake the sane period of content

avai lable for all variant streanms, within an accuracy of the snall est
target duration of the streans. Matching content in variant streans

MJUST have matching tinmestanps. This allows clients to synchroni ze the
streans. Elenentary Audio Streamfiles MJST signal the tinestanp of

the first sample i 406 sk MR HRPRAL AR Winki PR RS, (20 11081 with
an owner identifier o

"com appl e. st r eani lHgestareterpoted Sy eehi sings LappracteTera @R nary data MUST
be a 33-bit MPEG 2.1Br,a0" Bfveh 8YENLALWradke. G20 fide TEBSURITR blank,

or starts with the comment character '#. URIs identify media files

to be played. Blank lines are ignored.

Lines that start with the comment character '#' are either comments
or tags. Tags begin with #EXT. All other lines that begin with '#'
are comments and SHOULD be ignored.

M3U Playlist files whose names end in .m3u8 and/or have the HTTP

Content-Type "application/vnd.apple.mpegurl” are encoded in UTF-8
[RFC3629]. Files whose names end with .m3u and/or have the HTTP
Content-Type [RFC2616] "audio/mpegurl” are encoded in US-ASCII
[US_ASCII].

Implementations SHOULD produce Playlist files whose names end in
.m3u8 or, if transmitted over HTTP, have the Content-Type
"application/vnd.apple.mpegurl”. For compatibility, implementations
MAY produce Playlist files whose names end in .m3u and/or have the |

HTTP Content-Type type "audio/mpegurl".

The Extended M3U file format defines two tags: EXTM3U and EXTINF.
An Extended M3U file is distinguished from a basic M3U file by its first
line, which MUST be #EXTM3U.

EXTINF is a record marker that describes the media file identified by
the URI that follows it. Each media file URI MUST be preceded by an
EXTINF tag. Its format is:



expressed as a big-endi an eight-octet nunber. In addition, al
vari ant streans SHOULD contain the sane encoded audi o bitstream This

allows cli W tch between streans w t hout audi bl I 1 ng.
62. Clienﬂggéﬁ%é§¥§¥bw1the client obtains the URI to tH TEF%@%?%%&
file is outside the scope of this docunent; it is presuned to have
done so. The client MJST obtain the Playlist file fromthe URI. If
the Playlist file so obtained is a variant Playlist, the client MJST
obtain the Playlist file fromthe variant Playlist. This docunent
does not specify the treatnent of variant streans by clients. 6.2.1.
Loading the Playlist file Every tinme a Playlist file is | oaded or

rel oaded from t he #XFINFsturafRin>,<tile> cl i ent SHOULD check that the

Playlist file begins with #EXTM3U and refuse to continue if it does

not. The client SHOULD i gnore any tags it does not recogni ze.
"duration” is an integer that specifies the duration of the media

file in seconds. Durations SHOULD be rounded to the nearest integer.
The remainder of the line following the comma is the title of the

media file.

3.1. New Tags
This document defines seven new tags: EXT-X-TARGETDURATION,
EXT-X-MEDIA-SEQUENCE, EXT-X-KEY, EXT-X-PROGRAM-DATE-
TIME, EXT-X-ALLOW-CACHE, EXT-X-STREAM-INF, and EXT-X-
ENDLIST.

3.1.1. EXT-X-TARGETDURATION
The EXT-X-TARGETDURATION tag indicates the approximate duration
of the next media file that will be added to the main presentation. It

MUST appear in the Playlist file. Its format is:
#EXT-X-TARGETDURATION:<seconds>

The actual duration of the media file MAY differ slightly from the

target duration.

3.1.2. EXT-X-MEDIA-SEQUENCE
Each media file URI in a Playlist has a unique sequence number. The
sequence number of a URI is equal to the sequence number of the URI
that preceded it plus one. The EXT-X-MEDIA-SEQUENCE tag indicates
the sequence number of the first URI that appears in a Playlist file.

Its format is:
#EXT-X-MEDIA-SEQUENCE:<number>
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The client MJST determne the next nedia file to | oad as described in
Section 6.2.4. If the Playlist contains the EXT-X- MEDI A- SEQUENCE t ag,

the client sunme that each nedia file init wll co
unavaiIabl‘gég&{znr%@g ime that the Playlist file was | oadéd ?Pgﬁﬁ%“
duration of the Playlist file. The duration of a Playlist file is
the sum of the durations of the media files within it. 6.2.2. Playing
the Playlist file The client SHALL choose which nedia file to play
first fromthe Playlist when playback starts. If the Playlist file
contains the EXT-X-ENDLI ST tag, any file in the Playlist MAY be

played first. If the EXT-X-ENDLIST tag is not present, any file
except for the last and second-to-last files in the Playlist MAY be

pl ayed first. Once [: L S i Lle t8.-pl s_%&gh en,

subsequent nedi a fIlfF%g)]alfylrll&?lheedggﬁaif‘{nga{m ﬁ%ﬂ%gxll:’@%dse In (?%fea or der
that they appear athen the segesics remblqeof dhecfisst URAart the playlist¥AlLlobeded. The
client SHOULD attegRtiadih8ad media files in advance of when they

will be required for uninterrupted playback to conpensate for
tenmporary variations in |latency and throughput. If the Playlist file

cogtT aiN?jsr thehEXg- XSelskéddh €AGHRd Sagflaa.d.z;;férsnfm{ﬁu&x d'F]rﬂlamggm’ée ?:I [ egt
MJ cache do e I i1les after they have been pl ayed.
O herwi se the c|i\éﬁ€?%g¥g€§§%88i5\*x‘ﬁﬁé%ed media files indefinitely
for |later replay.

3.1.3. EXT-X-KEY
Media files MAY be encrypted. The EXT-X-KEY tag provides information
necessary to decrypt media files that follow it. Its format is:

#EXT-X-KEY:METHOD=<method>[,URI="<URI>"]

The METHOD parameter specifies the encryption method. The URI

parameter, if present, specifies how to obtain the key.

Version 1.0 of the protocol defines two encryption methods: NONE and
AES-128. An encryption method of NONE means that media files are not
encrypted.

An encryption method of AES-128 means that media files are encrypted
using the Advanced Encryption Standard [AES_128] with a 128-bit key
and PKCS7 padding [RFC3852].

A new EXT-X-KEY supersedes any prior EXT-X-KEY.

If no EXT-X-KEY tag is present then media files are not encrypted.

See Section 5 for the format of the key file, and Section 5.1,
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The client MAY use the val ue of the EXT-X- PROGRAM DATE-TIME tag to
di splay the programorigination tine to the user. If the val ue

includes tine zone information the client SHALL take it into account,
but if it UBEYMEPE he client MUST NOT infer an ori gi n§FFﬂ§2?0?/ﬂ?§’624
zone. The client MJST NOT depend upon the correctness or the

consi stency of the value of the EXT-X- PROGRAM DATE-TI ME tag. 6.2.3.
Rel oading the Playlist file The client MJST periodically reload the
Playlist file unless it contains the EXT-X-ENDLI ST tag. However the
client MUST NOT attenpt to reload the Playlist file nore frequently
than specified by this section. Wien a client loads a Playlist file
for the first ti nmeSeotionreel. DadSeaioklo)d fosddditivhadinforshaddnndsmetiiaat it has

changed since the fIilast t%.ma it was | oaded, the client MJST wait for a

period of tine bef'or €4 “é"r‘rpti ng to reload the Playlist file again.

This period is called the initial mninumreload delay. It is

measured fromt h@_{ir@f&@@d@;@%ﬁ[ heft thegan | oading. the Pl ayli st
' I

file. The initial mninmumrel oad delay 1s the duration of the I|ast

media file in the PledT-$PROCRAMDAIE-TVE wppsgretaicg dficdesiomnoe dficchever

is less. Media filgxOHédd fil®With 8n SR616k b thdRy timBe TEHhtcMme ag.
representation is ISO/IEC 8601:2004 {ISO_8601] and SHOULD indicate a

time zone. For example:
#EXT-X-PROGRAM-DATE-TIME:<YYYY-MM-DDThh:mm:ssZ>

3.1.5. EXT-X-ALLOW-CACHE
The EXT-X-ALLOW-CACHE tag indicates whether the client MAY cache

downloaded media files for later replay. Its format is:

#EXT-X-ALLOW-CACHE:<YESINO>

3.1.6. EXT-X-ENDLIST
The EXT-X-ENDLIST tag indicates that no more media files will be
added to the Playlist file. Its format is:

#EXT-X-ENDLIST

3.1.7. EXT-X-STREAM-INF
The EXT-X-STREAM-INF tag indicates that the next URI in the Playlist
file identifies another Playlist file. Its format is:
#EXT-X-STREAM-INF:{attribute=value][,attribute=value]*

<URI>
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If the client reloads a Playlist file and finds that it has not
changed then it MJUST wait for a period of tinme before retrying. The
m ni mum del is three tinmes the target duration or a nultiple of the
initial m‘ﬁgéﬁw{%@zfgbad del ay, whichever is less. This RS T5PR0P%2D. 5
for the first attenpt, 1.5 for the second, and 3.0 thereafter. 6.2.4.
Determning the next file to | oad The client MJST exam ne the
Playlist file every tinme it s |oaded or rel oaded to determ ne the
next nedia file to load. The first file to | oad MJST be the file that
the client has chosen to play first, as described in Section 6.2.2.

If the first file to be played has been | oaded and the Playlist file
does not contai n t e fellohiot dviDhtdys BEEHRSNGEr thaBXTHRSTREYAMdNFeigt  MUST
verify that the current Playlist file contains the URI of the |ast

| oaded nedia file at the offset it was originally found at, halting
pl ayback if it doeBANBWIDTHe<mrext nedia file to | oad MUST be the
first nmedia file URI following the |ast-loaded URI in the Playlist.

If the first file to be played has been | oaded and the Playlist file
contai ns the EXT- X¥YMEDI SASEpORiReEe ¢ppgr honedofitheestrppaybittgfpdi a file to

| oad SHALL be the &pfslhdh fudel FORSer SREMENCE Nunber that is greater
than the sequence nunber of the last nedia file | oaded.

PROGRAM-ID=<i>

where i is a number that uniquely identifies a particular

presentation within the scope of the Playlist file.

A Playlist file MAY contain multiple EXT-X-STREAM-INF URIs with the

same PROGRAM-ID to describe variant streams of the same presentation.
CODECS="[format]{,format]*"

where each format specifies a media sample type that is present in a

media file in the Playlist file.

- Valid format identifiers are those in the ISO File Format Name Space
defined by RFC 4281 [RFC4281].

3.1.8. EXT-X-DISCONTINUITY

The EXT-X-DISCONTINUITY tag indicates that the media file following
it has different characteristics than the one that preceded it. The
set of characteristics that MAY change is:

o file format

o number and type of tracks

o encoding parameters



6.2.5. Playing encrypted nedia files If a Playlist file contains an
EXT- X-KEY tag that specifies a Key file URI, the client MJST obtain

that key file and use the key inside it to decrypt all la fjles
fol | owi ng Whéoﬁlﬁﬁz% KEY tag until another EXT-X-KEY tad’%i’%gl82009}069624

encountered. If the encryption METHOD is AES-128, AES-128 CBC
decryption SHALL be applied to individual nedia files. The entire
file MIST be decrypted. G pher Bl ock Chai ning MJUST NOT be applied
across nedia files. The sequence nunber of the nedia file MJST be
used as the IV as described in Section 5.1. If the encrypti on METHOD
s NONE, the client MJST treat all nedia files follow ng the

EXT- X- KEY tag as océ¢readitgsegueferot encrypted) until another EXT- X-KEY

tag i s encountered. §E>§ s This section contains several exanple
Playlist files. %7f.“i‘?7s"a | rrpg“F‘g'l' laylist file #EXTNBU

Its format is:
" #EXT-X-DISCONTINUITY
4. Media files
Each media file URI1 in a Playlist file MUST identify a media file
which is a segment of the overall presentation. Each media file MUST
be formatted as an MPEG-2 Transport Stream, an MPEG-2 Program Stream,
or an MPEG-2 audio elementary stream [ISO_13818]. All media files in

a presentation MUST have the same format.

Transport Stream files MUST contain a single MPEG-2 Program. There
SHOULD be a Program Association Table and a Program Map Table at the
start of each file. A file that contains video SHOULD have at least

one key frame and enough information to completely initialize a video

decoder.

Clients SHOULD be prepared to handle multiple tracks of a particular
type (e.g. audio or video) by choosing a reasonable subset. Clients
MUST ignore private streams inside Transport Streams that they do not

recognize.

The encoding parameters for samples within a stream inside a media

file and between corresponding streams across multiple media files
SHOULD remain consistent. However clients SHOULD deal with encoding
changes as they are encountered, for example by scaling video content

to accommodate a resolution change.

5. Keyfiles
An EXT-X-KEY tag with the URI parameter identifies a Key file. A Key
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#EXT- X- TARGETDURATI ON: 10 #EXTI NF: 5220, _
http:// medi a. exanpl e.comentire.ts #EXT-X-ENDLI ST 7.2. Sliding Wndow

Pl aylist, ysi S #EXTMBU #EXT- X- TARGETDURATI ON: 8
HEXT- X- NE[#QZ@%@E% ; 2680 #EXTI NF: 8, PCT/US2009/069624

https://priv.exanple.comfil eSequence2680.ts #EXTI NF: 8,
https://priv.exanple.comfil eSequence268Lts #EXT1NF: 8,
https://priv.exanple.comfil eSequence2682.ts 7.3. Playlist file with
encrypted nedia files #EXTMBU

file contains the cipher key that MUST be used to decrypt subsequent
media files in the Playlist.

The AES-128 encryption method uses 16-octet keys. The format of the

Key file is simply a packed array of these 16 octets in binary

format.

5.1. 1V for AES-128
128-bit AES requires the same 16-octet Initialization Vector (IV) to

be supplied when encrypting and decrypting. Varying this IV

increases the strength of the cipher.

When using the encryption METHOD AES-128, implementations SHALL
use the sequence number of the media file as the IV when encrypting or
decrypting media files. The big-endian binary repfesentation of the
sequence number SHALL be placed in a 16-octet buffer and padded (on

the left) with zeros.

6. Client/Server Actions
This section describes how the server generates the Playlist and

media files and how the client should download and play them.

6.1. Server Process
The production of the MPEG-2 stream is outside the scope of this
document, which simply presumes a source of a continuous stream

containing the main presentation,

The server MUST divide the stream into individual media files whose
duration is approximately equal. The server SHOULD attempt to divide

the stream at points that support effective decode of individual
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#EXT- X- MEDI A- SEQUENCE: 7794 #EXT- X- TARGETDURATI ON: 15
#EXT- X- | CEY: METHOD=AES128, URI =" https:// pri v. exanpl e. conl key. php?r =52"

#EXTI NF: 1 ' di a. exanple.conffi 1 eS equence77
#EXTI NF: 1§NOE{){0§7%{;§d i a. exanpl e.com fi | eSequence779§’i‘tﬁsﬁs-2(g)§/-06%24

#EXTI NF: 15, http:// medi a. exanpl e. conl fil eSequence7796.ts
#EXT- X- KEY: METHOD=AES128, | TRI ="ht t ps: // pri v. exanpl e. conf key. php?r =53"
#EXTI NF: 15, http://nmedi a. exanpl e. com fi |l eSequence7797.ts

media files, e.g. on packet and key frame boundaries.

The server MUST create a URI for each media file that will allow its

clients to obtain the file.

The server MUST create a Playlist file. The Playlist file MUST
conform to the format described in Section 3. A URI for each media
file that the server wishes to make available MUST appear in the
Playlist in the order in which it is to be played. The entire media
file MUST be available to clients if its URI is in the Playlist file.

The Playlist file MUST contain an EXT-X-TARGETDURATION tag. It
MUST indicate the approximate duration of the next media file to be added
to the main presentation. This value MUST remain constant for the

entire presentation. A typical target duration is 10 seconds.

The server MUST create a URI for the Playlist file that will allow

its clients to obtain the file.

Changes to the Playlist file MUST be made atomically from the point

of view of the clients.

Every media file URI in a Playlist MUST be prefixed with an EXTINF

tag indicating the approximate duration of the media file.

The server MAY associate an absolute date and time with a media file
by prefixing its URI with an EXT-X-PROGRAM-DATE-TIME tag. The

value of the date and time is arbitrary.

If the Playlist contains the final media file of the presentation

then the Playlist file MUST contain the EXT-X-ENDLIST tag.
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7.4. Variant Playlist file #EXTM3U #EXT- X- STREAM | N1LF: PROGRAM | D= |
, BANDW DTH=1280000 http://exanpl e.confl ow. nBu8

#EXT- X- ST ~PROGRAM | D= 1, B ANDW | DTH=. 2560000
htt p: //exﬁgnﬁ%el"@@z 'mi d. nBu8 HEXT- X- STREAM | NF: PCT/US2009/069624
PROGRAM | D=1, BANDW DTH=7680000 htt p://exanpl e. conf hi . nBu8

#EXT- X- STREAM | NF: PROGRAM D=1, BANDW DTH=65000, CODECS=""' np4a. 40. 5"
http://exanpl e.com audio-on | y.nBu 8 8. Security Considerations
Since the protocol generally uses HITP to transmt data, nost of the
sanme security considerations apply. See section 15 of RFC 2616

[ RFC2616]. Media file parsers are typically subject to "fuzzing"
attacks. Cients SHOULD take care when parsing files received froma

server so that no i @@Lér%}i‘ghesf t.b L%V@Qrﬁenqi?ai p‘?gs&rﬁgion, it MUST make
the Playlist file unavailable to clients. It SHOULD ensure that all
media files in the Playlist file remain available to clients for at

least the duration of the Playlist file at the time of removal.

6.1.1. Sliding Window Playlists
The server MAY limit the availability of media files to those which
have been most recently added to the Playlist. To do so the Playlist
file MUST ALWAYS contain exactly one EXT-X-MEDIA-SEQUENCE
tag. Its value MUST be incremented by | for every media file URI that is

removed from the Playlist file.

Media file URIs MUST be removed from the Playlist file in the order

in which they were added.

When the server removes a media file URI from the Playlist, the media
file MUST remain available to clients for a period of time equal to

the duration of the media file plus the duration of the longest

Playlist file in which the media file has appeared. The duration of

a Playlist file is the sum of the durations of the media files within it.

If a server plans to remove a media file, it SHOULD ensure that an
HTTP Expires header reflects the planned time-to-live when it is

delivered to clients.

The server MUST maintain at least three main presentation media files

in the Playlist at all times unless the EXT-X-ENDLIST tag is present.

6.1.2. Encrypting media files
If media files are to be encrypted the server MUST define a URI which
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Playlist files contain URIs, which clients will use to make network
requests of arbitrary entities. Cients SHOULD range-check responses

to prevent erflows. See also the Security Consj i ONS
sec!toi on ofwgé@(@é%gy[ RFC3986). dients SHOULD | oad res?&ﬂ‘&s@w}awﬁu
identified by URI lazily to avoid contributing to denial -of-service
attacks. HTTP requests often include session state ("cookies"), which
may contain private user data. |nplenentations MJST fol |l ow cookie
restriction and expiry rules specified by RFC 2965 [ RFC2965]. See

al so the Security Considerations section of RFC 2965, and RFC 2964

[ RFC2964] . Encryption keys are specified by URI. The delivery of
t hese keys SHOULD' wd! alew avtbetizby clnivexdbeain sKeysfile tonggnitglaTP over TLS

RFC5246 formerl r
[sessi on ]cof)ki e. 9. yel%??“%neuﬁgegm @{l}@gr\gb%er ences%%‘z‘%?%fgq L
Depart ment of Come&t¥YNational Institute of

The server MAY set the Expires header in the key response to indicate

that the key may be cached.

If the encryption METHOD is AES-128, AES-128 CBC encryption SHALL
be applied to individual media files. The entire file MUST be

encrypted. Cipher Block Chaining MUST NOT be applied across media
files. The sequence number of the media file MUST be used as the IV

as described in Section 5.1.

The server MUST encrypt every media file in a Playlist using the

method specified by the EXT-X-KEY tag that most immediately precedes
its URI in the Playlist file. Media files preceded by an EXT-X-KEY

tag whose METHOD is NONE, or not preceded by any EXT-X-KEY tag,
MUST NOT be encrypted.

The URI of every EXT-X-KEY tag muét be distinct from the URI of every
other EXT-X-KEY tag that appears or has appeared in the Playlist

file, unless its METHOD is NONE. An EXT-X-KEY tag witha METHOD
of NONE MUST NOT contain a URI parameter.

The server MUST NOT remove an EXT-X-KEY tag from the Playlist file if
the Playlist file contains a URI to a media file encrypted with that
key.

6.1.3. Providing variant streams
A server MAY offer multiple Playlist files to provide different

encodings of the same presentation. If it does so it SHOULD provide
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St andards and Technol ogy, "Advanced Encryption Standard (AES), FIPS
PUB 197", Novenber 2001, <http://

csrc. ni st cations/fips/fipsl97/fips-197. pdf>. 13818

I nt ernat i o"ﬁ‘%é@d %u zation for Standardization, ''ISQO ﬁjmwm‘;%

| nternational St andard 13818; GCeneric coding of noving pictures and
associ ated audi o information", Novenber 1994,

chttp://ww. iso.org/iso/catal ogue_detail ?csnunber =-44169>.

[ 150_8601] International Organization for Standardization, "ISQOIEC
I nternational Standard 8601: 2004; Data elenents and inter change
formats -- Information interchange -- Representation of dates and
ti mes", Decenber 20@diant Playlist file that lists each variant stream to allow
<http://ww.iso. or i al |2 er=40874>. [ RFC2046]
Fr eeg N. and N. B%‘%Jg%%tsg@%ﬂe%%ﬁ?%géﬁ Sodggﬁrpﬁﬁg'r net Mail Extensions
(MME) Part Two: Media Types", RFC 2046, Novenber 1996. [RFC2119]

Bradner, S., "Key Wefafp1fyRits MR T BntBh &S EXP-H-SPREAVENF tag for each
variant stream. Each EXT-X-STREAM-INF tag for the same presentation

MUST have the same PROGRAM-ID attribute value. The PROGRAM-ID

value for each presentation MUST be unique within the variant Playlist.

If an EXT-X-STREAM-INF tag contains the CODECS attribute, the
attribute value MUST include every format defined by [RFC4281] that
is present in any media file that appears or will appear in the

Playlist file.

The server MUST meet the following constraints when producing variant

streams:

Each variant stream MUST consist of the same content, including

content which is not part of the main presentation.

The server MUST make the same period of content available for all
variant streams, within an accuracy of the smallest target

duration of the streams.

Matching content in variant streams MUST have matching timestamps.

This allows clients to synchronize the streams.

Elementary Audio Stream files MUST signal the timestamp of the
first sample in the file by prepending an ID3 PRIV tag [ID3] with
an owner identifier of
"com.apple.streaming.transportStrea'mTimestamp"‘ The binary data

MUST be a 33-bit MPEG-2 Program Elemeﬁtary Stream timestamp

-60-



Requi renent Level s", BCP 14, RFC 2119, March 1997. [ RFC2616]
Fielding, R, Cettys, J., Mgul, J., Frystyk, H , Masinter, L.

Leach, P., rners-Lee, "Hypertext Transfer Pro - -
HTTP/ 1. 1" ,WQE%@%?E‘? June 1999. | RFC36291 Yer geau, F.,t"%&ﬁl‘—s?%’?"’%?““
transformation format of |1SO 10646", STD 63, RFC 3629, Novenber 2003.
[ RFC3852] Housley, R, "Cryptographic Message Syntax (CV5)", RFC
3852, July 2004. [RFC3986] Berners-Lee, T., Fielding, R, and L.

Masi nter, "Uniform Resource ldentifier (URI): Generic Syntax", STD
66, RFC 3986, January 2005. [RFC4281] Cellens, R, Singer, D., and P.

Froj dh, "The Codecs Paraneter for "Bucket" Media Types", RFC 4281,
Novenber 2005. expressed as a big-endian eight-octet number.

In addition, all variant streams SHOULD contain the same encoded
audio bitstream. This allows clients to switch between streams

without audible glitching.

6.2. Client Process
How the client obtains the URI to the Playlist file is outside the

scope of this document; it is presumed to have done so.

. The client MUST obtain the Playlist file from the URL If the
Playlist file so obtained is a variant Playlist, the client MUST

obtain the Playlist file from the variant Playlist.

This document does not specify the treatment of variant streams by

clients.

6.2.1. Loading the Playlist file
Every time a Playlist file is loaded or reloaded from the Playlist
URI:

The client SHOULD check that the Playlist file begins with #EXTM3U
and refuse to continue if it does not. The client SHOULD ignore

any tags it does not recognize.

The client MUST determine the next media file to load as described

in Section 6.2.4.

If the Playlist contains the EXT-X-MEDIA-SEQUENCE tag, the client
SHOULD assume that each media file in it will become unavailable at

the time that the Playlist file was loaded plus the duration of the
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[ US ASCR] Anerican National Standards Institute, "ANSI X3.4-1986,

I nformati on Systens -- Coded Character Sets 7-Bit Anmerican National
St andard formation Interchange (7-Bit ASC I

1986. In fqg{rq?r%lu"%sz{’}fg References |1D3]1D3.org, "The | D3 &Eﬁ@&’gﬂ%&%
data tagging format", dittp://ww.id3.org/ Devel oper I nformation>.

| M31J1Nul | soft, |1 nc. , "The MBU Playlist format, originally invented
for the Wnanp nedia player", <http://w ki pedia.org/wlciJMU>.
CLAIMS: 1. A nethod conprising:

Playlist file. The duration of a Playlist file is the sum of the

durations of the media files within it.

6.2.2. Playing the Playlist file
The client SHALL choose which media file to play first from the
Playlist when playback starts. If the Playlist file contains the
EXT-X-ENDLIST tag, any file in the Playlist MAY be played first. If
. the EXT-X-ENDLIST tag is not present, any file except for the last
and second-to-last files in the Playlist MAY be played first.

Once the first media file to play has been chosen, subsequent media
files in the Playlist MUST be loaded in the order that they appear N
and played in the order that they are loaded.

The client SHOULD attempt to load media files in advance of when they
will be required for uninterrupted playback to compensate for

temporary variations in latency and throughput.

If the Playlist file contains the EXT-X-ALLOW-CACHE tag and its value
is NO, the client MUST NOT cache downloaded media files after they
have been played. Otherwise the client MAY cache downloaded media

files indefinitely for later replay.

The client MAY use the value of the EXT-X-PROGRAM-DATE-TIME tag
to display the program origination time to the user. If the value

includes time zone information the client SHALL take it into account,

but if it does not the client MUST NOT infer an originating time

zone.

The client MUST NOT depend upon the correctness or the consistency of
the value of the EXT-X-PROGRAM-DATE-TIME tag.
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dividing a streamof data into nultiple nedia files, wherein the
multiple nedia files conprise a first group of nedia files and a
second gray¥g e o%gi a files, wherein the first group OfP(H‘F[%‘Z?UJOkJG&S
are conflgured e stored with a first encoding in a tran

protocol conpliant format and wherein the second group of nedia files
are configured to be stored with a second encoding in the transfer
prot ocol conpliant format; generating a first playlist file
having a plurality of tags and a plurality of Universal Resource

I ndicators (URIs) indicating an ordering of the first group of nedia
files to recreate the stream of data,; generating a second
piaylist file having a plurality of tags and a plurality of URI's

i ndi cating an ord@fgnlgel@dfdm%hgﬁ@ggqgg group of nedia files to recreate
the stream of data; and generating a variant playlist file
having a plurali tyT'BfC“?‘éWSérer“adlfﬂ“w%‘P t‘*&?Pé?TY"UFQF“s""F it cating the
first playlist fi I@n@n.glu{reimens;emlg)t@gl ist file. 2. The method of
claiml1 wherein the transfer protocol conprises a hypertext transfer
protocol (HTTP)-conpliant protocol and wherein the first encodi ng and
t he second encodi nlgov@averthhcﬂi‘earl\&UST NOTtahehpt tdv@)adiuhe PRAG: Ak mogncodi ngs
with the sane codefce ut, ﬁ;[and'e]::xfﬁ%d éﬂsse ta rates or encodi ngs with

di fferent codecs at the’s erénf™data rates. 3. The nethod
of claim1l1 further corrprl SI ng: generating an updated first
playlist file or Upaa; t in the updated
first playlist fil a‘g}'hor t%‘gtqoa%?g?gglsgg%géﬁgﬁ qrgtltl}n%m%g(ﬁsga i ncl udes at

| east one updat ed mhstif"ﬁ%lfﬂ@aﬁnﬁh@atathaﬁelagzed@wee@hhﬁg@evb the first or

second group of negisdodid, ﬂ}%cllemﬂiUS-Ehﬁ'altrfgrt qocpéftﬁle%i%}e?’ wherein the
at | east one change to the first or secon group of nedia files

conpri ses addi ng oEMBingtpreraddyiFiaviist filsaeaipdThineerighisseltsd first or
second pl ayli st flthemitia[:ﬂ')iﬂldﬁlﬁn J:éRJa&dél@y tlhenﬂﬁdieafrf)mltleé&u@lﬁlatt he added
one or nore msdiat&lllest L rTgF; 21 f claim3 wherein the at

| east one change tO° T8 bfe?;?’"s?a th A Hfg Foup of nedia files
conprises nodifications to the one or nore nedia files and the

P e Tt ey RO Bl ibiold defy BUPALEEE oY ByfiRayNe Mo @

files, and one or
updat ed to refl ectfile eheayliss Qfétt!mﬂshemget ﬂl&atwnewlofrhemnse rredl a files.

less. Media file duration is specified by the EXTINF tag.

If the client reloads a Playlist file and finds that it has not

changed then it MUST wait for a period of time before retrying. The
minimum delay is three times the target duration or a multiple of the
initial minimum reload delay, whichever is less. This multiple is

0.5 for the first attempt, 1.5 for the second, and 3.0 thereafter.

6.2.4. Determining the next file to load
The client MUST examine the Playlist file every time it is loaded or

reloaded to determine the next media file to load.

The first file to load MUST be the file that the client has chosen to
play first, as described in Section 6.2.2.

-63-



6. The nethod of claim 3 wherein the at | east one change to the first
or second group of nedia files conprises renoval of one or nore

sel ected qﬁ&&@ﬂ@ §¢ fromthe nedia files and the add'%h?ﬂm%%w@&?mor
nore further iles to result in one or nore remain

files and the updated first or second playlist file conprises URIs to
the remaining nedia files and wherein the streamof data is a
contiguous tinme based stream of content for a single program 7. An
article conprising a conputer-readabl e medi um havi ng stored thereon
executabl e instructions that, when executed, cause one or nore
processors to: divide a streamof data into nultiple nedia
files, wherein the nmultiple nedia files conprise a first group of

media files and a ﬁ@ﬁ@:&@'ﬁgrt&bbopl%fed TR Aeh 164de 5hd tﬁmgﬁ'stmlé he first
group of media files are confiqgured to be stored wth a first

encoding in a traneEsot fniinke XEB&MED&‘?\ISW‘MCW%‘%‘@P% t he

second group of nEMU&vabﬁf?&aﬁth@c&féﬂtfPlﬂﬁHEtQﬂie doRta® the tURT8EkhMatth @ second
encoding in the tr iant - generate a

nsf er co
first playlist fil@8 a‘f‘i ﬂg{;‘ abﬁ g‘feH‘ a%?ﬂgtfa[ﬁ%ka?fbﬂté'abﬂ"ér ality of
Uni ver sal Resour C@Idzybehkciawcresm(tumheﬁext ekt td10adeMUST Bethe ng of t he
first group of nedi cr.ea t he m
generate a second ttl)r ayﬁdla‘(-%'SIe ﬁi{ tré)ﬁ YA ngla§1thl Td%%g??fnﬁgegla%’ggs and a
plurality of URI's indicati ng an ordering of the second group of nedia

files to recreate ffﬁl% vk hf% @Pﬁ been loaded Q%Qf?{ﬁ;ﬁi Gy ar | ant

playlist file having a plu tags and uralty of URIs

indi cating the fi r%"[‘taﬁ‘Pﬁ'QlE?@tX EWMW%@&@%‘hQP%yW@@ fikitd e. 8.

The article of clajosm M&h%&mth&ﬁea@@és%eq&w&%kr tﬁa@ daftfS @
hypertext transfer grot ocol E‘)cﬁf pr ot ocol wherein the

first encoding and® ’h‘@e¥8‘t°8?Fd’“§‘rl? |”f‘?dash?‘€d“ﬂﬁlf’1k@??§nt |n that they are
one of: encodings with the sane codec but at different data rates or
enc, odings with dé{$elglent codetc he sane or different data rates.
9. The article of>¢laim e P'?Fle'ine %{’rlﬁsrl sing instructions that, when
execut ed, cause thléaﬁhehsofllemansmncﬁ?@sxmthg)thatspecxflesg&agrate an
updated first play | ile,
wherein the updat eﬂgk?ﬁu tﬁeC%F'{?Ml st &F{ﬁ%?f{ﬁ%‘&% ]'?X( N'E]g%nd
playlist file inclitgascrat all é’é@lﬁ figsp éollgpyiva the EXTRK- KEYdiaEamtllng at | east

one change to the fiofhatEsor.xSEOONY isThReRl. Media files.

If the encryption METHOD is AES-128, AES-128 CBC decryption SHALL
be applied to individual media files. The entire file MUST be

decrypted. Cipher Block Chaining MUST NOT be applied across media
files. The sequence number of the media file MUST be used as the IV

as described in Section 5.1.

If the encryption METHOD is NONE, the client MUST treat all media
files following the EXT-X-KEY tag as cleartext (not encrypted) until
another EXT-X-KEY tag is encountered.

7. Examples

This section contains several example Playlist files.
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10. The article of claim9 wherein the at | east one change to the
first or second group of nmedia files conprises adding one or nore
media fil updated first or second playlist fileg.]

URIs to tﬁio%eﬁ%ioéﬂﬁ | es and the added one or nore nedi gcsqug@wg?%
The article of claim9 wherein the at | east one change to the first
or second group of nedia files conprises nodifications to the one or
nore nedia files and the updated first or second playlist file
conprises URIs to the nedia files, and one or nore of the tags in the
plurality of tags is updated to reflect the nodifications to the one
or nore nedia files. 12. The article of claim9 wherein the at

| east one change to the first or second group of nedia files
conprises renoval; ofg;Qne pRlidREe Sel ected nedia files fromthe nedia
files and the addition of one or nore further nedia files to result
in one or nore rerd&™¥ MY nedia files and the updated first or second
playlist file conurxges-TURGETDURAOoNaERI ni ng nedia files and wherein
the stream of dat ai@éxsrgﬁ contiguous tinme based stream of content for a
single program I3 F'Q%arat us conpri sing: means for

di vi di ng a stream mp:/Gieta.ckdiiple. dottl/dntiRlie nedia files, wherein the
multiple nedia fil i a first group of nedia files and a
second group of ne |§Q$ﬁNedﬁ§TV\herei n the first group of nmedia.files
are configured to be stored with a first encoding in a transfer

prot ocol conpliant, f@r : rejn t econd group of nedia files
are configured t?%eﬁlg{ﬂgmg&\?\f%‘g’g% on P§ncodi ng in the transfer
prot ocol conpl i ant*EXJMa ; means for generating a first

playlist file havigexplAR@TDorOfiohk&ds and a plurality of Universal
Resource Indicators (URIs) indicating an ordering of the first group
of nmedia files to raf %%E%W%%%?W dat a; means for
generating a secorykxynayij st file having a plurality of tags and a
plurality of URI's iindicating . an ordering of the second group of nedia
files to recreate W%}/%’f"reé‘ﬁ IS’FO"E{E{E‘!‘ ?qugﬁﬁﬁgo‘ts nmeans for generating
a variant playlist#BH¥TFRBaving a plurality of tags and a plurality of
URI's indicating t J ' ' he second playlist file.
14. A machine i m@éﬁ%ﬁ?@e x%@%l&%@égﬁ%{??ﬂg%gﬂs

https://priv.example.com/fileSequence2682.ts

7.3. Playlist file with encrypted media files
#EXTM3U
#EXT-X-MEDIA-SEQUENCE:7794
#EXT-X-TARGETDURATION:15

#EXT-X-KEY:METHOD=AES-
128,URI="https://priv.example.com/key.php 7r=52"

#EXTINF:15,
http://media.example.com/fileSequence7794.ts
#EXTINF:15,
http://media.example.com/fileSequence7795.1s
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requesting, with a client device, a playlist file over a network
using a transfer protocol; receiving, in response to the
requestin i.ant playlist conprising a plurality
pIuraIitngquﬁﬁ&%?gal Resource Indicators (LI MO indicgﬁﬁhgggwﬁgggﬁ
playlist file and a second playlist file, wherein one or nore of the
plurality of tags indicates a first bandw dth paraneter associ ated
with a first playlist file and a second bandw dt h paraneter
associated with a second playlist 73 file wherein the first
bandwi dt h paraneter is | ess than the second bandw dt h paraneter;
selecting, wth the client device, the first playlist file or the
second playlist fi#@XTINF:15, using the transfer protocol, requesting
the selected firstyQf j ' {th the client device,
wherein the requeswﬁﬂg§ﬁ%%§ggﬁéégw?@%ﬁ%%%§”$%§iant playlist file
corresponding to the selected playlist file; receiving, wth

the client device, strtexrespesiredolsaaxli st file, the requested
playlist file havi Ufis indicating a plurality of nmedia files and

n
a plurality of tagégéh‘am:h PEAPRLERRPE KSR FY pl ayback of the

plurality of nedia files; using the transfer protocol,
requesting one or %E%ﬁNFH the nedia files in an order indicated by
t he requested playli’s iFe; receiving the one or nore

request ed nedi a fi hips/nedarexirhge.crai/filoSdquanseig7.tshe transfer protocol.

7.4. Variant Playlist file
#EXTM3U
#EXT-X-STREAM-INF:PROGRAM-ID=1,BANDWIDTH=1280000
http://example.com/low.m3u8
#EXT-X-STREAM-INF:PROGRAM-ID=1,BANDWIDTH=2560000
http://example.com/mid.m3u8 ‘
#EXT-X-STREAM-INF:PROGRAM-ID=1, BANDWIDTH=7680000
http://example.com/hi.m3u8 .
#EXT-X-STREAM-INF:PROGRAM-
ID=1,BANDWIDTH=65000,CODECS="mp4a.40.5"
http://example.com/audio-only.m3u8

8. Security Considerations
Since the protocol generally uses HTTP to transmit data, most of the
same security considerations apply. See section 15 of RFC 2616
[RFC2616].

Media file parsers are typically subject to "fuzzing" attacks.
Clients SHOULD take care when parsing files received from a server so

that non-compliant files are rejected.

Playlist files contain URIs, which clients will use to make network
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15. The method of claim 14 further conpri sing: generating an
audi o and/or video output representing the stream of content by

pl ayi ng t iles with the client device in the t ed
by the p|§§ |st0?n% e, and wherein selecting, with the ?Fﬁgﬁ?&%ﬂ&g%%,
the first playlist file or the second playlist file conprises
selecting the first playlist file having a | ower associ ated bandw dt h
paraneter. 16. The nethod of claim 14 further conprising:

nonitoring avail abl e bandw dt h-on the-client device while receiving
the one or nore requested nedia files over the network wherein the
one or nore requested nedia files is received over the transfer

pr ot ocol ; coﬂpaﬂimgummayammbiabkasBHﬁﬂﬁdemeammkhhﬂmkﬁrst
bandw dt h par anet i.f.h fiIe;
wherein the reque?%?%g%?ﬁéf?eﬁ‘%gtm%i S% e”ggggﬁdﬁgF | | e

conpri ses request isagion kEREGWOIRPEIBPPL st file if the second bandwi dt h
paraneter is within the avail able bandw dth and the avail abl e
bandw dt h exceeds the first bandw dth paraneter wherein the

requesting of the‘Hﬁ@m§ﬁcﬁﬁﬁﬁoﬁbﬁ¥@ﬂ$ﬁ@%@ﬁﬁﬁﬁﬂﬂﬂ§¥§yﬁéﬁagst|ng medi a
files ut|I|Z|ng URbmnbm"&h@mﬁg@&&ﬁnmﬁadﬂkﬂth playlist file. 17.An

article conprising a conputer-readabl e nmedi um having stored thereon
HTTP requests often include session state ("cookies"), which may
contain private user data, Implementations MUST follow cookie
restriction and expiry rules specified by RFC 2965 [RFC2963]. See
also the Security Considerations section of RFC 2965, and RFC 2964
~ [RFC2964].

Encryption keys are specified by URIL The delivery of these keys
SHOULD be secured by a mechanism such as HTTP over TLS [RFC5246]
(formerly SSL) in conjunction with a secure realm or a session

cookie.

9. References
Normative Referem;es
[AES_128] U.S. Department of Commerce/National Institute of
Standards and Technology, "Advanced Encryption Standard
(AES), FIPS PUB 197", November 2001, <http://
csre.nist.gov/publications/fips/fips197/fips-197.pdf>.

[ISO_13818]
International Organization for Standardization, "ISO/IEC
. Intemmational Standard 13818; Generic coding of moving
pictures and associated audio information", November 1994,

<http://www.iso.org/iso/catalogue_detail?csnumber=44169>.
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execut abl e instructions that, when executed, cause one or nore
processors to performa method conprising: requesting, with a

client devwé%m%ﬁgfayl ist file over a network using a tansb&boeosza
pr ot ocol ; receiving, in response to the requesting, a vari ant

playlist conprising a plurality of tags and a plurality of Universal
Resource Indicators (DR s) indicating a first playlist file and a
second playlist file, wherein one or nore of the plurality of tags
indicates a first bandw dth paraneter associated with a first
playlist file and a second bandw dth paranmeter associated with a
second playlist file wherein the first bandw dth paranmeter is |ess

t han the second bdh¥SE®R par anet er; selecting, with the client

device, the first playkjcstiddal Sre@fizdi B@fo$§ﬁ9<ﬂ:qi ﬁqllé},\/l Syt | €

using the transfer protocol, requesting the se ecte first or second
playlist file with thehimagenal %fé’iﬁa@éﬁob\?f@f‘é?*ﬁa tiereenisa@pdiest i ng uses a

URI fromthe variant phawhingt fJﬁnL@-.q%ﬁ%mewng, to the selected
playlist file; recei vi ng the client device, the requested

playlist file, the req%?éetsé‘lﬁa“ﬁFag/‘Fai‘eéta“q“i“Peé" P55 A9RFs i ndi cating a
plurality of media filastpandvaispbighsdldatalog@f detdinganmty-ta0g749ar anet er s
related to playback of the plurality of nedia files; - using the
transfer protocol, requesting one or nore of the nmedia files in an
order indicated bylRFA2046E dreed tNe dndoN Bdrénsteinf IMiwdtipurpose InternechiiVi ng t he

one or nore requested gﬁ%isgngwlgﬁg?}ﬁiyg%edﬂﬁfg\ﬁgr,li{#@iogg the transfer

pr ot ocol . 18. The arti furt conprisi’ng generating
an audi o and/ or November 1996.

[RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requirement Levels", BCP 14, RFC 2119, March 1997.

[RFC2616] Fielding, R., Gettys, J., Mogul, I., Frystyk, H.,
Masinter, L., Leach, P., and T. Berners-Lee, "Hypertext
Transfer Protocol -- HTTP/1.1", RFC 2616, June 1999,

[RFC3629] Yergeau, F., "UTF-8, a transformation format of ISO
10646", STD 63, RFC 3629, November 2003.

[REC3852] Housley, R., "Cryptographic Message Syntax (CMS)",
RFC 3852, July 2004.

[RFC3986] Berners-Lee, T., Fielding, R., and L. Masinter, "Uniform
Resource Identifier (URI): Generic Syntax", STD 66,
RFC 3986, January 2005.

[RFC4281] Gellens, R., Singer, D., and P. Frojdh, "The Codecs
Parameter for "Bucket" Media Types", RFC 4281,

November 2005.
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vi deo out put representing the stream of content by playing the nedia
files with the client device in the order indicated by the playli st
file, and whepRloHs8£! €cting, with the client device, thgs %ﬂs&&)t)/o 0624
playlist file or the second playlist file conprises selectin %
first playlist file having a | ower associ ated bandw dth paraneter.

19. The article of claim17 further conprising instructions that,
when executed, cause the one or nore processors to performa further
met hod conpri sing: nonitoring avail abl e bandwi dth on the client
device while receiving the one or nore requested nedia files over the
network wherein the one or nore requested nedia files is received
over the transfer protocol; conparing the avail abl e bandw dth
and the first bar[@w,qc;dmpar aneter associated with the sel ected
playlist file; wherein the requesting the first or the second
playlist file conprisetMiégrbdiraarudseiny ANl 4d98% the second
bandwi dt h par anet er i Sinftirhition spmnsavebdeabhﬂad@arsewtﬂlmMaﬁ he

avai | abl e bandwi dth e eed th t dwi dt ra [;

wherein the requesti nég "%ﬁ%b%‘fﬁf prarpAYGH “’?‘fgﬁ‘laré%?n?igf’rprl ses
requesting nmedia fil esASIIIi[)I |DemgpeUF98§ in the second bandw dth
playlist file. 20. An apparatus conprising: nmeans for
requesting, with a client device, a playlist file over a network
using a transfer IpfommapeoReferences means for receiving, in response to
the request, a varimdjt phRYLIGhe %ncﬂa&lbﬁerlﬂta%ﬁlngrfmn'atﬁy of tags and a
plurality of Uni versal Resource I ndicators indicating a first
playlist file and a sed®RY“pPMag} pigfDepeiprer_ IQ/@H@F‘EP’}? one or nore of the
plurality of tags indicates a first bandw dth paraneter associ ated
with a first playli fi eada cond andw dt h paraneter
associated with a @@i’% piisg 1If’"st \ﬂ%é}'%lf?fmf“h ’?‘#%t bandwi dt h
paranmeter is |ess than‘m‘zdﬂedme&ndmb)raﬁldmlﬁlplhyepar anet er ;

<http://wikipedia.org/wiki/M3U>,
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means for selecting, with the client device, the first playlist file
or the second playlist file; means for requesting, using the
transfer protocol, the selected first or second playlist file with
the client device, wherein the requesting uses a URI fromthe variant
playlist file corresponding to the selected playlist file;

means for receiving, with the client device, the requested playli st
file, the requested playlist file having URIs indicating a plurality
of nmedia files and a plurality oftags having paraneters related to

pl ayback of the plurality of nedia files; means for requesting,
using the transfer protocol, one or nore of the nmedia files in an
order indicated by the requested playlist file; nmeans for
receiving the gne or nore requested nedia files over the network
using the tran ot ocol ; means for generating an audio

and/ or vi deo oyt put re&rgsentin ~the stream of content by playing the
media files with t HEPEPPLHPRTPFce in the order indicated by the
requested playlist diidifg a dleathng d&p s AtES1eQheddd bW eih Wi i€l tiple

conpri si ng: . eans for nonitori avai l abl e bandwi dth on the
client device Wit 8leF EXRATHP AGTY HER aﬁlﬁ?@dﬁé&%@ﬂ@mﬂg&?‘g&files
over the netwofiks \WRefeRi the fiREor Ol ofRiedHEIE dresHAasied o opedfvilhes 1S
recei ved throq&h t he non-stream ng transfer_ protocol; neans for

A | ) .
conparing the Evtoredinen pamembarHoghePritientipm 2Ky R SiFaRhnet er
associ at ed W t §ot\6r 5RkLALLAe BInBYheSio elstoed with a second encoding in the

transfer protocol compliant format;

generating a first playlist file having a plurality of tags and a plurality of
Universal Resource Indicators (URIs) indicating an ordering of the first group of
media files to recreate the stream of data;

generating a second playlist file having a plurality of tags and a plurality of
URIs indicating an ordering of the second group of media files to recreate the
stream of data; and

generating a variant playlist file having a plurality of tags and a plurality

of URIs indicating the first playlist file and the second playlist file.

2. The method of claim 1 wherein the transfer protocol comprises a -
hypertext transfer protocol (HTTP)-compliant protocol and wherein the first
encoding and the second encoding are different in that they are one of: encodings
with the same codec but at different data rates or encodings with different codecs

at the same or different data rates.

3. The method of claim 1 further comprising:

generating an updated first playlist file or an updated second playlist file,
wherein the updated first playlist file or the updated second playlist file includes
at least one updated URI indicating at least one change to the first or second

group of media files.
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means for requesting the second playlist if the second bandw dth
paraneter is within the avail abl e bandwi dth and the avail abl e

bandwi dt h exceeds the first bandw dth paraneter; nmeans for
requesting nedia files utilizing URIs in the second bandw dth
playlist file. 22. A method conpri sing: transmtting a variant

playlist file to a client device using a transfer protocol, the
variant playlist file having a plurality of tags and a plurality of
URIs indicating a first playlist file and a second playlist file and
wherein the figrst phawleist of tlhien Haerinpthel bFibast Yynoddhah @O g flseor
plurality of Universal Resoqurce Indicators (URIS) |nd|cat|ng an
ordering of as¢Qndgroyp gfipedip e srrprisgs@dding gp¢ prynaremngdéa lghdwdheg, to
recreate a st ﬁﬁ@é@d)ﬁrsp(ﬁfts@cc;ngg aghgtqp%]ingmyssméms tRAREHs At &ATeT
content of a program and réin the second playlist file has a
plurality of téded oaadr mopdmedid fitey. of URIs indicating an ordering of a
second group of nedia files, having a second encoding, to recreate

t he stream of dat a; transmtting, using the transfer protocol,
either the fisst pTeyksibdbf ti8n0T whieingBE avleaspbmeydhiatde tbithetfirbtart he
client device in response to request fromthe client device
utilizing a - &5PR4 B9 ﬁ@e@}afﬁeéﬁmav%ﬁm%de fiqafipas to the one of MOFRIPEif ng,

using the trapgkghd AL firshér L&ARA! u%@t 6 cotapiscleMIStolthd SEaihr oM
the first group of nedia files to the l'ient device in response to
one or nore ré& done pbmpxerﬁ the tagsrin tl@a&lv@btmﬂmgszs wglateRitsrefledihe he
first playli s}m{j ﬁ|c§n P“Q nggld]hgrelﬁéd%sﬁlegom the second group of
nedia files to device in response to one or nore requests
fromthe client deV| ce ut| l'izing URI's f|-omthe second playlist file.

LR e BTN I RO e

nmet hod of cl aiddba? Bb![ﬁ bﬂ%dﬁﬂ[@rcbr&‘apﬁ@s removal of ST Mokd sem@teamnddmat ed
playlist file_ to the client device, the updated playlist file

i ncl udi ng updftee§orghe H’édlialﬁl%gtanﬂlﬂé‘;ﬂdﬂ%‘tonﬁf pee ‘Efrm?fﬁ@“él@é&?élla;ﬁl%iﬁ st
file, and whergpintdde oHpal 1%91&1 ideSthedth Ad! 'aﬁ(ﬁ tHel #Jﬁatb@ﬁllsyges%ccﬁﬁ | east

one updated UR i ndi cat i ng at |east one change to the first group or
second group phyleedlecofipriess. URIS to the remaining media files and wherein the stream

of data is a contiguous time based stream of content for a single program.

7. An article comprising a computer-readable medium having stored thereon
executable instructions that, when executed, cause one or more processors to:

divide a stream of data into multiple media files, wherein the multiple
media files comprise a first group of media files and a second group of media
files, wherein the first group of media files are configured to be stored with a
first encoding in a transfer protocol compliant format and wherein the second
group of media files are configured to be stored with a second encoding in the
transfer protocol compliant format;

generate a first playlist file having a plurality of tags and a plurality of
Universal Resource Indicators (URIs) indicating an ordering of the first group of

media files to recreate the stream of data;
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25. The nethod of claim 24 wherein the at | east one change to the
first or second group of nedia files conprises adding one or nore
nmedia files and the wupdated first or second playlist file includes
URIs to the nedia files and the added one or nore nedia files. 26.
The nethod of claim 24 wherein the at | east one change to the first
or second group of nedia files conprises nodifications to the one or
nore nedia files and the updated first or second playlist file
conprises URIs to the nedia files, and one or nore of the tags in the
plurality of tags igencmaselasednd playkst fidchavinge phodlityiod tagh emba pluraliteobne

one chang 1 o N FIFUEE &1 CRIRG r whp Erowta e Flst \Dskifelle "

renoval of onetrédm 6bdaga;sel ected nedia files fromthe nedia files and

the addition of one or nore further nedia files to result in one or
more remai ni ng medBeRCrAte e ¥arARHPIRKESt fijschiBg amiviakityof Sag prd @ pioyaity of
conprises UR %PEIQiﬁdﬁlﬁtiﬁ,@fﬁ@'fﬁ‘bﬁtg&yﬂﬁcﬂié‘aid th@&con@ﬁlaylﬁ?ﬁﬁsft icle

conprising a conputer reada medi um havi ng stored thereon
execut abl e instructions that, when executed, cause one or nore

processors to; ransmi. a-varian |avd i st fi,l i
device using a't rarrl{}s1 5&1@1&0%‘%%15@'7, et @15 ﬁag#r pﬁ{)tgﬁqlicgw%ﬁﬁgg%%%é a
plurality of tagsergnstoeol IHUTR)-cdnyplabt pilcsoli and mdwtcimiie rdt encdingaayl i St

file and a second playlist fil and erein the first. playlist file
has a plural i {3 SB?"P“@&_ S "ﬁdﬁfeﬁ‘?”ém'%“ Y TRPYRY ‘é’?coé?é‘gﬁﬁ’ﬁf@e _
| ndi cat ors (URkSd cddaélb@dk bifireiin Rk SRS d? @n@dirgh vithl diSéretic0ddrs af theedi a
files, having a first encoding, to recreate a streamof data for a

conti guous ti pEndershfersetdatara®s. content of a program and wheréin the
second playlist file has a plurality of tags and a plurality of URIs
i ndi cating an ordering of a second group of nedia files, having a
second encodi Ag, t The ®trleaf elainh@ figthee eempisimgpitstructions thatt whensmi t |
using the transfe the first playlist file or the

{ protqﬁolﬁ ei t her Ny

second pl ayl i SEFFeEPE PRIVETTRUE PHSTTES (9'n response to a request
fromthe client deydnemitdirn hpdaieddira playRit fl¢ orantipdatedsdcand plaliny flest
file; transfer, using the transfer prqotocol, at |east .one, of
() nedia fil 38 owg*tqdugﬁféftp?@ihé 2 8F theanaieq racnd BlaylhBleanstudee
devi ce in respOBSEoufARRd URITRiBating at least one change to the first or second

group of media files.

10. - The article of claim 9 wherein the at least one change to the first or
second group of media files comprises adding one or more media files and the
updated first or second playlist file includes URISs to the media files and the

added one or more media files.

11.  The article of claim 9 wherein the at least one change to the first or
second group of media files comprises modifications to the one or more media
files and the updated first or second playlist file comprises URIs to the media
files, and one or more of the tags in the plurality of tags is updated to reflect the

modifications to the one or more media files.
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request fromthe client device utilizing URIs fromthe first playlist
file; or (b) media files fromthe second group of nedia files to the
client device in response to one or nore requests fromthe client
device utilizing URIs fromthe second playlist 29. The article of
claim 28 wherein the transfer protocol conprises a hypertext transfer
protocol (HTTP)-conpliant protocol. 30. The article of claim?28
further conprising instructions that, when executed, cause the one or
nore processors to: transmt an updated playfist file to the
client devicel2t heThpadtled ! plany Pivdierd the af laadt ook cigngpddhesstar t he

first playlist file or dat to the secon | aylist file and.
whereih the uptareEoRh of Rk Spplt e okt defoiiet ¢y of
updat ed URI's indifoad ihe thedhofigemdtiie ddigiohiof she Gf @b fofthaiadin fléd t0s
stored with the first encoding_ in the transfer protocol conpliant
format and t hESHHHRTELT {RoTe Fraleddpbmadip fitss apd thepippaed Rest tifeceianges to
the second gr : B 2isEd 8 WM f.d i in the
transfer prot gfégﬁqut:%npl |ﬁ§1r?%§ grﬁgygrﬁngmn%E%édghfﬁe%%?\gﬁg gliern%&%rﬂ
wher ei n t he chiduiris atcontifiwuntioie afed seeant oioniest®r adidigisgregremor nor e
media files and the updates to the first playlist file include URIs
to the nedia files and the added one or nore nedia files. 32. The
article of cl&.m 38nuhefstuscdneistiganges to the nmedia files conprises
nodi fications to the one qr. nmore nedia files anpd the_ updates to the
first playlist fi|@e%ﬁa&&lémmsge%Ofﬁ?éawmnaﬁwwgf}w§ & Bhreei henpr e

of the tags ipulthe Redh EldsteymPhisd PRISt drdup IRERLIG1eO afi e §R61d £B8) of
nodi fications to the one or nbre nedia files. 33. The article of

cl ai m 30 wheraiedafigs, wherigdbe fist g pededia filos ez copfipipd bderstrpral - of
one or nore s H@dﬁ: £l i i ?m .

addi ti on of oﬁgﬁgtrﬁ%gre I%rl%ﬁéﬁﬁ%%@gk%?l%ggﬁg %Iﬁrfzéllg{ﬂal?tgnl n 5%1%%% nor e
remai ni ng nedseaorfd gresp of mnda fikw arpubafigsed © Uehseoréd wih apécayd estodingl e

comri se RIS, 0, LA S0 Dk fIR Rl 05 34-An apparatus

means for generating a first playlist file having a plurality of tags and a
plurality of Universal Resource Indicators {(URIs) indicating an ordering of the
first group of media files to recreate the stream of data;

means for generating a second playlist file having a plurality of tags and a
plurality of URIs indicating an ordering of the second group of media files to
recreate the stream of data; and

means for generating a variant playlist file having a plurality of tags and a

plurality of URIs indicating the first playlist file and the second playlist file.

14. A machine implemented method comprising:

requesting, with a client device, a playlist file over a network using a
transfer protocol;

recelving, in response to the requesting, a variant playlist comprising a
plurality of tags and a plurality of Universal Resource Indicators (URIs)
indicating a first playlist file and a second playlist file, wherein one or more of
the plurality of tags indicates a first bandwidth parameter associated with a first

playlist file and a second bandwidth parameter associated with a second playlist
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means for transmtting a variant playlist file to a client device
using a transfer protocol, the variant playlist file having a
plurality of tags and a plurality of URIs indicating a first playlist
file and a second playlist file and wherein the first playlist file
has a plurality of tags and a plurality of Universal Resource
Indicators (URIs) indicating an ordering of a first group of nedia
files, having a first encoding, to recreate a stream of data for a
contiguous tinme based stream of content of a program and wherein the
second pl ayl i §ite Whdrein izsfirat phdwalth paramoétert iadess tiad the sptand dhndwidhf URI s
i ndicating an_ordering of a second group of nedia files, having a

second encodi RJ& F§5recreate the stream of data; means for

transnitting eithegeldchiggfWiftsthe Bliay Hevite, fHel fRstQlaylinerils 6£@BEecphay| i st
file to the client device in response to a request fromthe client
device utilizPBYILAEUR's fromthe variant playlist file using the

transfer protocol  udiRARE nfaﬁ)srf?rtprr&gé&elﬁil}eggng[a%e %ﬁi‘%ﬁ ﬁl@@or%ce&ékylaﬁ‘ﬁ i a

files fromthe first group of "nedl a ient device'In
response to ofike wih the ckent devies whefeiroiire rdypesting esxts ad &R frem thteivatizitng
nsfer protocol; or (b)

#eR:jls af 1[ iolmets h? ?%#11?3? ﬁ%ebclsoac %}%?351&%%({1 e%%l%%g%fﬁgﬁ?s:t ?‘%s to the client device
in response to OnercodiviPywith he uR&it deficd) Melrbuested 1yl EVd, e requektedi ng
RIS Trom the o B 1o ok URES ifdidafing 3 plogatty of medih Rloe and s Sharaity of
tags having parameters related to playback of the plurality of media files;
using the transfer protocol, requesting one or more of the media files in
an order indicated by the requested playlist file;
receiving the one or more requested media files over the network using

the transfer protocol.

15. The method of claim 14 further comprising:

generating an audio and/or video output representing the stream of
content by playing the media files with the client device in the order indicated by
the playlist file, and wherein selecting, with the client device, the first playlist
file or the second playlist file comprises selecting the first playlist file having a

lower associated bandwidth parameter.

16.  The method of claim 14 further comprising:

monitoring: available bandwidth-om the client device while receiving the
one or more requested media files over the network wherein the one or more
requested media files is received over the transfer protocol;

comparing the available bandwidth and the first bandwidth parameter
associated with the selected playlist file;

wherein the requesting the first or the second playlist file comprises

requesting the second playlist file if the second bandwidth parameter is within
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the available bandwidth and the available bandwidth exceeds the first bandwidth
parameter;
wherein the requesting of the one or more media files comprises

requesting media files utilizing URIs in the second bandwidth playlist file.

17.  An article comprising a computer-readable medium having stored thereon
executable instructions that, when executed, cause one or more processors to
perform a method comprising:

requesting, with a client device, a playlist file over a network using a
transfer protocol;

receiving, in response to the requesting, a variant playlist comprising a
plurality of tags and a plurality of Universal Resource Indicators (URIs)
indicating a first playlist file and a second playlist file, wherein one or more of
the plurality of tags indicates a first bandwidth parameter associated with a first
playlist file and a second bandwidth parameter associated with a second playlist
file wherein the first bandwidth parameter is less than the second bandwidth
parameter;

selecting, with the client device, the first playlist file or the second
playlist file;

using the transfer protocol, requesting the selected first or second playlist
file with the client device, wherein the requesting uses a URI from the variant
playlist file corresponding to the selected playlist file;

recetving, with the client device, the requested playlist file, the requested
playlist file having URIs indicating a plurality of media files and a plurality of -
tags having parameters related to playback of the plurality of media files;

using the transfer protocol, requesting one or more of the media files in
an order indicated by the requested playlist file;

receiving the one or more requested media files over the network using

the transfer protocol.
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18.  The article of claim 17 further comprising generating an audio and/or
video output representing the stream of content by playing the media files with
the client device in the order indicated by the playlist file, and wherein selecting,
with the client device, the first playlist file or the second playlist file comprises

selecting the first playlist file having a lower associated bandwidth parameter.

19.  The article of claim 17 further comprising instructions that, when
executed, cause the one or more processors to perform a further method
comprising:

monitoring available bandwidth on the client device while receiving the
one or more requested media files over the network wherein the one or more
requested media files is received over the transfer protocol;

comparing the available bandwidth and the first bandwidth parameter
associated with the selected playlist file;

wherein the requesting the first or the second playlist file comprises
requesting the second playlist if the second bandwidth parameter is within the
available bandwidth and the available bandwidth exceeds the first bandwidth
parameter;

wherein the requesting of the one or more media files comprises

requesting media files utilizing URIs in the second bandwidth playlist file.

20.  An apparatus comprising:

means for requesting, with a client device, a playlist file over a network
using a transfer protocol;

means for receiving, in response to the request, a variant playlist
comprising a plurality of tags and a plurality of Universal Resource Indicators
(URIs) indicating a first playlist file and a second playlist file, wherein one or
more of the plurality of tags indicates a first bandwidth parameter associated
with a first playlist file and a second bandwidth parameter associated with a
second playlist file wherein the first bandwidth parameter is less than the second

bandwidth parameter;
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means for selecting, with the client device, the first playlist file or the
second playlist file;

means for requesting, using the transfer protocol, the selected first or
second playlist file with the client device, wherein the requesting uses a URI
from the variant playlist file corresponding to the selected playlist file;

means for receiving, with the client device, the requested playlist file, the
requested playlist file having URIs indicating a plurality of media files and a
plurality of tags having parameters related to playback of the plurality of media
files;

means for requesting, using the transfer protocol, one or more of the
media files in an order indicated by the requested playlist file;

means for receiving the one or more requested media files over the
network using the transfer protocol,

means for generating an audio and/or video output representing the
stream of content by playing the media files with the client device in the order

indicated by the requested playlist file.

21.  The apparatus of claim 20 further comprising:

means for monitoring available bandwidth on the client device while
receiving the one or more requested media files over the network wherein the
one or more requested media files is received through the non-streaming transfer
protocol;

means for comparing the available bandwidth and the first bandwidth
parameter associated with the selected playlist file;

means for requesting the second playlist if the second bandwidth
parameter is within the available bandwidth and the available bandwidth exceeds
the first bandwidth parameter;

means for requesting media files utilizing URIs in the second bandwidth

playlist file.

22. A method comprising;
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transmitting a variant playlist file to a client device using a transfer
protocol, the variant playlist file having a plurality of tags and a plurality of URIs
indicating a first playlist file and a second playlist file and wherein the first
playlist file has a plurality of tags and a plurality of Universal Resource
Indicators (URIs) indicating an ordering of a first group of media files, having a
first encoding, to recreate a stream of data for a contignous time based stream of
content of a program, and wherein the second playlist file has a plurality of tags
and a plurality of URIs indicating an ordering of a second group of media files,
having a second encoding, to recreate the stream of data;

transmitting, using the transfer protocol, either the first playlist file or the
second playlist file to the client device in response to a request from the client
device utilizing a URI from the variant playlist file;

transferring, using the transfer protocol, at least one of: (a) media files
from the first group of media files to the client device in response to one or more
requests from the client device utilizing URIs from the first playlist file, or (b)
media files from the second group of media files to the cli.ent device in response
to one or more requests from the client device utilizing URIs from the second

playlist file.

23.  Themethod of claim 22 wherein the transfer protocol comprises a

hypertext transfer protocol (HTTP)-compliant protocol.

24.  The method of claim 22 further comprising:

transmitting an updated playlist file to the client device, the updated
playlist file including updates to the first playlist file or the second playlist file,
and wherein the updated first playlist file includes at least one updated URI

indicating at least one change to the first group or second group of media files.

25.  The method of claim 24 wherein the at least one change to the first or

second group of media files comprises adding one or more media files and the
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updated first or second playlist file includes URIs to the media files and the

added one or more media files.

26.  The method of claim 24 wherein the at least one change to the first or
second group of media files comprises modifications to the one or more media
files and the updated first or second playlist file comprises URIs to the media
files, and one or more of the tags in the plurality of tags is updated to reflect the

modifications to the one or more media files.

27.  The method of claim 24 wherein the at least one change to the first or
second group of media files comprises removal of one or more selected media
files from the media files and the addition of one or more further media files to
result in one or more remaining media files and the updated first playlist file

comprises URIs to the remaining media files.

28.  An article comprising a computer readable medium having stored thereon
executable instructions that, when executed, cause one or more processors to:

transmit a variant playlist file to a client device using a transfer protocol,
the variant playlist file having a plurality of tags and a plurality of URIs
indicating a first playlist file and a second playlist file, and wherein the first
playlist file has a plurality of tags and a plurality of Universal Resource
Indicators (URIs) indicating an ordering of the first group of media files, having
a first encoding, to recreate a stream of data for a contiguous time based stream
of content of a program, and wherein the second playlist file has a plurality of
tags and a plurality of URIs indicating an ordering of a second group of media
files, having a second encoding, to recreate the stream of data;

transmit, using the transfer protocol, either the first playlist file or the
second playlist file to the client device in response to a request from the client
device utilizing a URI from the variant playlist file;

transfer, using the transfer protocol, at least one of (a) media files from

the first group of media files to the client device in response to one or more
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request from the client device utilizing URIs from the first playlist file; or (b)
media files from the second group of media files to the client device in response
to one or more requests from the client device utilizing URIs from the second

playlist file.

29.  The article of claim 28 wherein the transfer protocol comprises a

hypertext transfer protocol (HTTP)-compliant protocol.

30.  The article of claim 28 further comprising instructions that, when
executed, cause the one or more processors to:

transmit an updated playlist file to the client device, the updated playlist
file including updates to the first playlist file or updates to the second playlist file
and wherein the updates to the first playlist file include a plurality of updated
URIs indicating changes to the first group of media files stored with the first
encoding in the transfer protocol compliant format and the updates to the second
playlist file include changes to the second group of media files stored with the

first encoding in the transfer protocol compliant format.

31.  The article of claim 30 wherein the changes to the media files comprises
adding one or more media files and the updates to the first playlist file include

URIs to the media files and the added one or more media files.

32.  The article of claim 30 wherein the changes to the media files comprises
modifications to the one or more media files and the updates to the first playlist
file comprise URIs to the media files, and one or more of the tags in the plurality

of tags is updated to reflect the modifications to the one or more media files.

33.  The article of claim 30 wherein the changes to the media files comprises
removal of one or more selected media files from the media files and the addition

of one or more further media files to result in one or more remaining media files
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and the updates to the first playlist file comprise URIs to the remaining media

files.

34.  An apparatus comprising:

means for transmitting a variant playlist file to a client device using a
transfer protocol, the variant playlist file having a plurality of tags and a plurality
of URIs indicating a first playlist file and a second playlist file and wherein the
first playlist file has a plurality of tags and a plurality of Universal Resource
Indicators (URIs) indicating an ordering of a first group of media files, having a
first encoding, to recreate a stream of data for a contiguous time based stream of
content of a program and wherein the second playlist file has a plurality of tags
and a plurality of URIs indicating an ordering of a second group of media files,
having a second encoding, to recreate the stream of data;

means for transmitting either the first playlist file or the second playlist
file to the client device in response to a request from the client device utilizing
the URIs from the variant playlist file using the transfer protocol;
means for transferring at least one of (a) media files from the first group of media
files to the client device in response to one or more requests from the client
device utilizing URIs from the first playlist file using the transfer protocol; or (b)
media files from the second group of media files to the client device in response
to one or more requests from the client device utilizing URIs from the second

playlist file using the transfer protocol.
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