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RESOURCES CLAIM OF PRICRITY [0001] The present
application clains priority to U S. Provisional Patent
Application Serial No. 60/855,890, titled "TRI CK PLAY
FOR ADVANCED CODECS," and filed on October 31, 2006,
and which is incorporated by reference herein for al
pur poses. FIELD OF THE | NVENTI ON [ 0002] Enbodi nents of
the invention generally relate to digital video
recorders (DVRs). Enbodinents of the invention relate
nore specifically to techniques for perform ng fast
forward, rewind, and other trick play functions for a
digital video recording that is nmanaged by a digital
vi deo recorder. BACKGROUND [0003] The approaches
described in this section could be pursued, but are
PRRFORMINEJ BHIK FIAY EpisH At s DIGEAL Yanie Rie@RDER &KITIO HEIIGIENT
concei ved or pursued. UPhEF BEBPERCESNI ess ot her wi se
i ndi cated herein, the approaches described in this
section are not prior art to the clains in this
application and are not admtted to be prior art by
inclusion in this section. [0004] The Mtion Pictures
Experts G oup (MPEG specifies several standards for
encodi ng video streans. The MPEG standards specify
that an encoded video streammy contain nultiple
frames. An encoded video stream nay be "interlaced" or
"progressive.” If an encoded video streamis
interlaced, then each franme in the video stream
includes two fields. The "top" field of an interl aced
frame represents the odd-nunbered horizontal |ines of
pixels in the frame, while the "bottont field of an
interlaced frame represents the even- nunbered
hori zontal lines of pixels in the frame. As used
herein, a "picture" is a representation of and
encodes either a frame (in the case of progressive
video streans) or a field (in the case of interlaced
video streans). A picture that encodes a frane is
called a "frame picture.” A picture that encodes a
single field is called a "field picture.” [0005] In
addition to being either a frame picture or a field
picture, a given picture may, additionally, be an
intra-coded picture (an "l-picture"), a
predictive-coded picture (a "P- picture"), or a
bi directionally-predictive-coded picture (a
"B-picture"). I-pictures



i ndependently represent a conplete frame or field
within the video stream data fromno other picture
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present the frame or field that an -2 WD 2008/ 055221
PCT/ US2007/ 083201 |-picture represents. In contrast,
P-pi ctures and B-pictures do not independently
represent a conplete frame or field within a video
stream P-pictures and B-pictures rely on data that is
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As a result, commercially available DVRs are providing, to their users, a trick play

experience that is relatively unsophisticated and crude. Conventional approaches for
performing trick play functions in a DVR typically use a large amount of resources—
including processor resources, memory, and/or disk space—or provide a poor viewing
experience, characterized by imprecise repositioning inside the stream, a low number of
frames per second, etc. There is a need for an approach to provide trick play functions in a

DVR, with an advanced codec or a conventional codec, in a way that consumes a limited



unnecessarily obscuring the present invention. [0019]
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during playback should be as temporally close as possible (referring to presentation order) to



[0026] In one enbodi nent of the invention, a DVR

constructs a dependency graph that indicates, for
we@awk/opRet i cul ar picture in a data stream theP@T/ODB200T083201

set of other pictures that the DVR will need to

decode in order to decode that particular picture. The

DVR may use the information indicated in the
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pictures to decode an spl ay based

retdippddp prdeme fagha s¢ Hat Rlegke ﬁa@th%rw@vrswnaﬁfar IOH@SE) HegpHeckfeames.

A piﬁ%ﬁﬁr piefufSRLd c}éntaﬁﬁ’ Eféblts| (B r&1Y¥r BabR MR e8 qUSiy ofl AR filctures
| n ot her aSﬁeCtS he | nvent i on encompasses a conputer

candisieamargdonaty expepdyrigerode s aire sHetsiisneigpies. glaﬁr BYR
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am&ay thé b]iutaditySyfsm(mreg( D&B)panmmpi plemtes isslegmit andadiEplggctial
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sasse put’ streamto rograns
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[00§’$]i ngI tgér ag L& nthe Q&% on ef“&) ];seéA‘Qc Ilﬁl%r% Igefrﬂﬁ]sseﬁfa a-computer-

ex supports nultiple prograns e sane
rea@abba@@hem corfearnddd carpiiug lherferegdipg €ensi deo and audi o
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2.0  DVR OVERVIEW

[0028] FIG. 3 is a block diagram that shows an example of the internal structure and
operation of a DVR, according to an embodiment of the invention. An example of the
internal structure and operation of a DVR is further described in U.S. Patent No. 6,233,389,

which is incorporated by reference as though originally disclosed herein.



channel to a particular program extracts a specified

MPEG stream fromthe channel, and feeds the MPEG
wareeas2eb the rest of the system Anal og TV sPOREER07/083201

are encoded into a simlar MPEG format using separate

vi deo and audi o encoders, such that the remai nder of

the systemis unaware of how the signal was obtai ned.

[OOkﬂf Orqffl@t]j\g{] sHERM 19 @I@%L@f@é@ ah rﬂﬂ t ﬁlB@ule h{\z\ E'nfé@ia switch 302,

bl"anki ng i nterval t he ao TV signal in a

andrpRrfyEnUt BPdwe AWk dnwtmylgle %brece@%aﬂlﬁwon the 1mrttsﬁeams inany
of Hﬁ%im orBls O@M%@ed BV 8t stheaRdadeflel NOBHS) mb@ye B9 may

used modul ate I nformation onto certain |ines of
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mogige dflerrapipks ﬁé‘t&ttalrf%‘afuff"éh 394 s&*fal Yéedlite éﬁt@n {IHeS)sop@Hant
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are converted to an EG stream and sent to nedia
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di sk _or storage devi ‘gfi 305 0032] Cut put
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chafgel SRS i U P AR ek Pl Bl B ool P runes he

chaamﬂlt(ogpeiﬂ{aﬂmq;ﬁ@ea‘m eami:tmsjjeaﬁed BIPYO sﬁ@ﬂﬁ/ﬁ@ﬁﬁﬁadhannel and

083201 The OS
fee SCET &%QEIO 61'6318%(%%1 & h pﬁhe syﬁ%glg §An oggl;;\! %rzlia $e %ncgge\flyisint a
s1nmlar MBEG(ﬁ)rntaln es1n§&ph1hlewgie$\dn(hmmh(ofglcs<ﬂegn alllC.h that the remainder of the
Ut no

ddi
sysz‘ 1s tuna afe o%ow tH %1’(1]3.1 gvas i‘)’lﬁalnecp 3In&)rmat o ma abe ﬁTthdu{aﬁed 1Q}g|the

AF'ornatT on sup rogram
Vemcfal bhekiogiinpuival SV@I) afl thie ranaiongLiﬁis@naloﬁ a nsmhe?r@ﬁ standact watssfor
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of ft%‘?t%n%'tﬂég llhé)fo? &Sse%?)ﬁ%n'féﬁﬁ exte?ged &Yaes%}\}l QBE@S)S}éFcah

constructs a depen ctures |
sigeAlly wadedodsiey 10Put |nn*1016r3ﬁt amh)aswétto ths othenmadylesdhsiifrith¢ fignals had

becl SRER e%l\%% ﬁg@g%né% l&m&aw Maddlf data stream For

exanp termne, fromthe header of a
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stoﬁ%e @évlﬂ;%%ogl &l ld{e }I %{/\Mﬂﬁgﬂ] st@gﬁﬁ Iﬁﬁ: c%ﬁvetréag to &%PEG lélr@arm and

cture refer. tain this information
senf mgmd@qfﬁ:ylwb ga%ng@a awmtbftqgrbgffprg the MPEG stream into memory 304.

Media switch 302 then performs two operations if the DVR user is watching real-time TV:
media switch 302 sends the MPEG stream to output module 303 and simultaneously writes
the MPEG stream to hard disk or storage device 305.

[0032]  Output module 303 receives MPEG streams as input and produces an analog TV
signal according to NTSC, PAL, or other TV standards. Output module 303 comprises an

MPEG decoder, an on-screen display (OSD) generator, an analog TV encoder, and audio



an MPEG 4 data stream for exanple. If the data stream

is an MPEG 4 data stream then the blocks of a
w@200si0s2kar picture nay refer to up to 16 ot hePCT/Ds2007/083201

pictures (or up to 32 other field pictures) in the

data stream [0034] In one enbodi nent of the

invention, a DVR receives a data streamt hat

loglc€RAME SR %ne&ﬂo? EﬂHv&%%hé ﬂogﬁthggﬁc RJr S(Elﬁﬁly uﬁ‘?geg %ICP\{B}/ be overlaid

recel ves data str eam exam nes
on (9pRf e gesyfting Y gaplog gieaal. Mdﬁu@éalbfaﬁlap@tm@alﬁ 3@% aarbmp¢ld§e
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I nformati on c¢ontai ned hose headers. For each

stanslapd foppgty Anchiding NABTH Ghand BBSa stream that
particular picture's header identifies the other
pictures to which blocks of the particul ar picture
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depgmnrly EFFICIPRE USHOPRIESBUIR(Qfs the invention, the DVR
records a data streamoff of a source (e.g.,
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e BORRLOEHARE T EROLAZ2 Y B 100 BTy o

resen Ion or ures are.
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cab'len gtlé %\cﬁg{u él@ %%I gbengigl(cg)(g%h fag ghg rc1§ta%@?ail§ 1%%&1(15§'e]c))rd (2 ]; gﬁl%% oby
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sone encodi hg stan 0 no
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effiB¥Riconstruct s based on the series illustrated in

FIG™ 1. The DVR initially adds 1(2) to the graph. The
[00BRIR Tt EHlyptiases apgaamiBe of) a fepfeganiatipp ofj § wyies gfrftictatgs nppgportion

of SR ARLS. @ﬁ@icﬁl&sg Ilaﬁregarn%ﬁli‘n el @g/‘jtﬁ?tterst RatlifBeate those pictures’

types (I, P, or B) occur in decode order within the data stream rather than in presentation
order. The number in parenthesis for each picture indicates that picture’s place in

presentation order. In decode order, the pictures are: 1(2), B(0), B(1), P(5), B(3), B(4), P(8),



graph, a link fromB(O to 1(2). The DVR determ nes

that B(1l) refers to both B(O and 1(2). The DVR adds
w®@edp/0s:22t he graph and adds, to the graph, a |PeRUS200M083201

B(1) to B(O. Since B(1l) already links to B(O, and

B(O already links to 1(2), the DVR does not need to

add a link directly between B(1) and 1(2). The DVR
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ot her pictures, the DVR can begin to estimte the cost

of decoding B(4). The DVR can use such a cost, and
w@omB®sRgsoci ated with other pictures in the greEpis2007/083201

when sel ecting which picture to decode and displ ay

next during a "trickplay" node of operation. [0039] In

determ ning the cost of decoding a particular picture,
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ety 1T E 0N AP ). s B B B bt UFRUE Y ar
curfengitestlente) the TINIS's picmr@mhe etre oleh qoeindf dedodtnaeB(4) may be as little

nvent a y indicate dependencies at a
as d@; %\Or?p fa‘%??dln%hl%(g?{w fs% lf??ner than an entire picture. In
[00401]0 h Ia an emwaembocmhertt foé thie mwendi dno Ba,chtpttﬁerMRuthylded into two

2 gl u ar
or IBOI‘G a{]ea an lel’lgtg(i:ld Of(%e ecg?g eﬁ)e?cﬂ élClgSOS %18t,uR: to ta]ﬁotﬁer entire
picare s gra]ﬂqaeﬂdqtsdhpetnkiatmqs ot aawHraarof pncpmlru&i togn area of another
pieGHE AR prl e E b U D TR M E e U e
picgraghor txanipig iroeve entbedipent ditivaineatiof, cedr nqdu sf bp graah nogig
r t f .

roplclff TR AW, ARTTRERIIE P2 ol BED TR e
embpioeiftobdhe an\demmmt iho igraph tnhay mndacattadepesienaesmt ¢ eragularityitzat &

| | e ' A kgt i ~
flnér tﬁﬁ% ljlé é:lra]t?rle pgclﬂﬁé i frtllgtﬁcrlyuazht Jnﬁ?ﬁ%%h&to{gé/ iﬁ@%ﬁ%h,@%ﬂm Igé.}y determine
thegp‘é of diceding e paticdar rigtune fhased at laast gt pagizm thinebsts@fievoding the
R ARG B D REPAFAD L GRURREAL ed by the data stream

hat speci ocatl on. Anot her such operation
[00¢blr  dPngs shed? VR paseonstensisyl thesdependerdy gpapdythe DVR ¢mivshthehe

depifhey g ﬂ’i@(&%@é Qé%%%émi’%! &%@9&%@9&%@&% thalt ﬁ{é'u‘éé}tn% he@

E .g., twce as fast, three tinmes as fas
Cor@tl%:nd the RV tp Refore (AnsrtchPeradioR fss Endom jageepet aighrige user

spe&%@pa RRaRRAGH il zQ@ata {REMIVR, PR aIRIM IfhePingl HE 83r FhRMd &
data stream at he user -
immediately; the user mlght instruct the DVR to “jump” to this specified location in the data

stream and begin presenting the program represented by the data stream at that specified

location. Another such operation (or class of operations) is “trick play,” in which the user
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specified faster rate, either in forward or reverse,

as the user has specified. 3.2 RANDOM ACCESS
WORERAFENS [ 0042] For exanpl e, a user m ght i|iPGL/USZID7/083201

the DVR to begin presenting a programat a tenporal

| ocation that corresponds to picture B(3) (headers in

the pictures in the data stream nmay indicate tine

indRLAIP Rl Rbr d('e?d Wil & faglethfe'e MR Qstfaﬂhétg hln eﬂﬁerﬁbﬂaﬁ’ﬁ' (ﬁ%everse).
are suppose presented relative to each other).

In pgrfgeRing giech aeuop@aﬁm BB PBEays Higuehiom g dgat stream at the user-

spePified Bi@r rateTQ1't1§:r lnsfoﬁva{r@&qg{;@rﬁac GERS uRP LA éc‘?f'ihd I'n
r ezgonse he %Q@et ermne, fromt dependency

h zBA:%‘%@M‘ %QC% FROTHYNY based on t he fact
[00tlf!|at Fok Bx éﬁjee h ub ng%ﬁ%?ruﬁ(ﬂ@ ]DVRt@@eéQ}/ﬁeé@nhﬁg q Qraﬁloat a

first deco B(1l (as we
tenypersy locqting thay 90%39}}4? ngl?tﬁli%tB( bikeadsts ig H@wuy%wi&ee%at%am

maidieadyinReem e dRttarnil GHES R MhlcKk tﬁe%ﬁ&tgl%§ ateRufpdged to be
VR s picture cacheﬁ%@ypl cally, when random acgcess

w@#a@%\ﬁ tp gachoftehy der URRCICUSIBRCEE- 5(Pbie - GHeg ppicture

Thi¥ky apﬂanddﬁeadaé@oﬁerutw IWeRpSnsé, he mvnpnay\me{ekmia@ f&ﬁtﬁ the
m t he cur ent | ocation th

enoug

dePﬁP‘i‘eé%%mﬂééﬁa%éOf&e&Qdmge‘%(3 basedhen t@‘v‘/ﬁé‘%thﬁ‘i H’t‘ﬁ?f‘é t‘b%ﬁ%@ B(@3),

the WVR wilDhecB® tiSEdddbdd D), P@Y, B mmgp(sh@s Qf@l@ RAB (30 naelf)lhe
eat er the nunber of other | ct th t need t

ass no éﬁf B}eée Ig{CtBQF P?Scadﬂeéq' tﬁ?’& eiﬁo ed( Qurrengergs%deé ghthe
DViRes ﬂem&dﬁdle (bipeeahy, gheh afrahﬂoﬁ&t:d:e@ﬁﬁﬁfbu@ﬁ) Sstpeﬁfbrmdﬂl&ﬁle einff@ral

tockfiao Rich el BhisBiss sl 16 RRa I ol prstiEh ek o e gpment

loc&&ini tlﬁh@dalﬂa@&ﬁ dd‘c@cﬂeddﬁmm% ngha@DVR&I fi¢taid|cadhe pHlt houte u(sﬁ“ﬁl in

perfisie SRy ool A G PRE Blhe P Bt Bae Rl oaed

beftnca adﬁﬂmdkar pib@rguast, iB¢R)) ean H&chtdﬂlﬁ:&, theotii glaett ete)estirthdtedevyst aff

decpglgg gggparpcu:laﬁénc%{&[yglcﬁ H] ich B(3) depends already

PUHE “cache, then the DVR may
[0043]e ﬂl’mat ifi ametermt@drrﬁducfethé hneemm thaingéthl ewistatedfcoddaatdcaiing a

par? (( ggr éncture I(ﬁr e 1s equ to LE((, ?o)t g&h@r&ictures @or aﬁeaso)qgah the

1
es in tah
DVtheﬂlWRi tormyOCHelt eudm tn dectOIfiatheqmtlyulahlactd@dodarevg tosy Oblthese

oth%Br‘ep%tléBé/ g}g v%lih(lwgv b;ipggn]ésl azrgg yrreesé;l CF% 1& %%?ih ﬁltgttuggr ceache, then the
DVRaoimeyse e fuct theedace the pginmeaosiof de@dde BiBW Tof exab(p®) jf P(5)
alreﬁglﬁ%‘:as 1Rln &Q&Ae’d Y gllﬂ—rénftl %s?ﬂ)es gll t?%D@ggsgﬂg%gre%?g‘;e?ﬁ&F%S? A R

ese were already use
maAﬂQtemnmdwtéatWR thadecdding Wﬁt neB(Gabdeeddiiignfaesdte thototaB¢ ) of
dec%%(éngef rpl(%%‘] z%::ﬂseﬁ%l)gﬁ(lﬁﬁl;%‘gtmei c%&%, t’ﬂ%ﬁj %g{%q% %(Sgné@ﬁ 't&glecg& any of
12 B atritgh), cydnat BA3Ralsprdgpendssm thiese @rrme tesdeeo direngy cessltte,
decolle A5 imlar manner, for other pictures that are
tenporally close to B(3) in presentation order. For

[0084lanphiter theHaVIDUR deicgnined b decodmgepstiford3 (dk ebithng in Gissrample,
thefp%uré- (()Z\lfhlap&ile ﬁ\)‘ﬁ s u@:@(vlantgto \ﬁ\{{ﬁhﬁ nn%rr%ldgﬁ?gccésgo%ﬁ)oﬂ e DVR

pr esent at1on order. determ ne
may, alse d@q&rn@%@@q@g ©eB) 1n|a§1rg1|lag ﬁlafln%"afﬁf Ptilel] risAEs thRaie teﬁ)@orally
clo§éQ:§tB(9f1n Bl%g&@du@ﬂ ofde) For e)la%nple the DVR might also determine decoding

costs for I(2) and B(4), both of which are next to B(3) in presentation order. The DVR might
determine that the cost of decoding I(2) is significantly lower than the cost of decoding B(3),

-12-



WD 2008/ 055221 PCT/ US2007/ 083201 because the decodi ng

of 1(2) does not require any other picture to be
waoelewsdsit2( 1(2) does not depend on any ot her pPCT/USB)7/083201

[ 0045] For each picture in a set of pictures that are

tenporally close (in presentation order) to the

"target" picture (B(3) in this exanple), the DVR nay

£.0Pd et

beCQ&%%éne@&iélggsetfﬁgg )IE}B(%SIOF%EE%J egllr'%/ otﬂoe? ﬁl%%ugé t%tbﬁ élg(é)ggggp% goes not
dep@@%@anth?épﬁﬂ%@ure and (b) the tenporal distance (in

[00@5]es qRt &lch Pleafrt gleaf Jet bif Iﬁéﬂlﬂébﬁa@ e &%poﬂﬂl? U(')Eee(ln Eﬂe&thiﬁ@§ order)
at are ver rrpora cl ose target picture

to tb‘? danggl” Grrivg ( }1@ thig g )ythe Hé(tR mm@eéﬁrmmta vighteghgost for

tha@ﬁcthﬁn@%@é WYighte@8&t by §e batsg&‘oﬂ @Jtﬂ %t) e d'é&d&ﬁrf‘g JTBYOL BR picture
nore favorably than al ot her

anddbbge F%@Of@é@}ﬁmee(ﬂt W%envaa%?réﬁv &OWéh@wgeh@Cw{% diqiypydpt are

verPte@ipetfly $1008100hd Rebe€ MiStured BY weilthied mofX(@&R5b1Y hat ﬁh@ée@tﬂa& &b not
costs og other tenporally close pictures due t

as tempeyally gpser P, the ygetditrs may by .W@}gé&ed a@é%@wf@blx i allpfthe

oth@ﬂﬁct@ﬂ@b OdéspRAhisOhvdriige hBiRIMl BB (arkd ﬁg;ﬁﬁl@g Wte%hsiafcsgt a8l
|ven glctureswa ght ed cost, e DVR nultiplies

eXCF?fla © Brightif 60 felsaichty oy PIOB%/PlﬁtHreé Reuithe @rpst Piplgre’s

pot&?ﬁﬁﬂ hi@Retdadodifrgoot ah ofll EhtRAGRn( 6 tBe invedtioh] if®rdéRid ®@)ermine a
of t

|ctue|sf the tar [ C For
glV%‘k%‘Ffoees ‘fl%h feh It%éggﬁgl%%ﬁebﬁg%“ ‘feFQﬂmgacof)‘i Byragagrount
that 0 Bhsed S?] &e&@?@ﬂﬂ&hsﬁdt@y (efd, Qﬁmmb hagitd) gf gleia plaln%tlyfr@m tlid@rget
. DVR t nult ctures ecodi n
picfH- dik s s st e welh 0 P 08 SRS WD S iy from
the C@8dt proRye, e SER rﬁigllltahulh}ﬁly thepit@rgedecpdifg t5s€bys2. In such an
ecodi ng cos to,avai d [tipljcatio
embERaY s GOR] LR SV Pedr i bR boR bRt R piewres
declodlMgldSSt an avad mumplubz&los bgleao)jl ng cost may be given
[00 i g %gzgrtlougggf é}? % ém%%su efqgee 1&%;1{tt v IP ctulie ﬁ%%(?dgfg cost may
be givat dfferentdegmeed ckfenﬂhanqatn tpe pltmrees Wd:lghted]ﬁ)SEﬂEhﬂdé wahd piodure’s

temtpge dlrs]t\ellecrg:tfl onthett et c?ur e &0 Sotd rgngoft t & & fr:nEIOH the decoding
Uueh the" Rei ?1 COSt AN ar

cosdm@lah@moresnﬂumhudl@n ithe wagtmtd’re)st tharbbd teng)ntal dI&tandmes while in

[ ' t N t |
ol LR s REREL SRl S8 957 P b
weighed 7st Bas 6w tenparflelisweicght ed costs that are associ ated

bt h [ C : e .
0085 RGO R (LTl
(whidt mayf bet eselecer sgoateof oll kéthe pspecﬂ fuchds thanterf taof(r some other

I t I .
spepﬁflg& Hﬁlgﬁ'eir%B Ec&ﬁésﬁth%t%?%%fn@&la }é gl?gﬁﬁﬁkheetgr’gfzthg?tﬁlg rlllgﬁllesentatlon
ordplab@th)earhcmd BVER). ey DY Rl eyt selgpiene b thh picpiresthapedsonishas gigture’s
wel%gteh Q@stt P(Sr%& Iﬁe She WRQH%ﬁgle&Qﬁé 1c£93r thﬁ)f@ﬂ%cﬁ%ecf \pﬁl RYR
yseectteplcturet t1s somaedvm

lowegiessghteedogfhtldeh ricsee mighhios might neirbe Urd tglzet roetutiei dhis prv@tre
mlgﬁl? of IH%I’II ﬁ{t g€ Ehe@l&&rg Gfth tt;g'lb@eé? U%H{ng codll AREr sgfectqﬂggtﬁé picture,

be the picture with the | owest "decodi ng cost
in %ﬁle@bo@@le@teﬂlﬁ Y R drsogis dha felected pigtuphandeit oteTRipipres fhegthe

DVRVR 486 98&3ic iIh(%dé’QJ) g&:‘b@éjthg %&&dﬂé@pl&ﬁ‘l@ aHy DW‘tﬁén presents the

pi ctures that the R needs to decode in order to
decgdedoglectethpiclig @@tpé%efﬁs(f@ Dfegent thy datpweanh g eenng Famtthat ppigt in

the data stream, thereby completing the random access operation.
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decoded sel ected picture and proceeds to present the
data streanis content fromthat point in the data

W@ eoean22t her eby conpl eti ng the random access PCT/US2007/083201
operation. -13 WD 2008/ 055221 PCT/ US2007/ 083201
[0048] By selecting a picture with the | owest wei ghted
cost, the DVR may reduce the anount of tinme that the

[004§1ET ﬂ&%%le%@n%"@;h&ufe%lmt He1R &e\?\%ﬂt&fﬂ%stt fhe TRAR HGS HES: the

p05|t|on In dat a stream [ e al SO(%@V nmpi1 ng to a
ameyss Pk e tharihe uses hasgo patvherrted PYREp suw o the rq@mowﬂom wethe

dat£ lﬂ?eamu%ﬁfle ﬁ&i ]Hﬁ‘l lné t& Qﬁ&@ltﬁdnqgat %Ssott&nﬁlﬁalﬂr@&@t&ﬁﬁle Ilent that the
in |St|th|s ab fromt ol nt he "t echni ques

useadeally SERE i i 3 &0 W&yaq&éallydn@lﬁtagﬂlé@bﬂeoﬁ% t@bmlﬁtaé"ﬁe fqghniques
desibeabbREndMR BhWAKS tb MBHrdabh Iehiclt AE BRIR ﬁbvﬁ:}sljﬁl%ps to the

such an approach may soneti nmes produce an intol erabl
targeH PG g FEY SRAPPrRAEY SpURIERTSHESe &N inglgedly irasdriey W&afle the

DVIR &bbtc€8 lardGuah@G RN AINES. dBR G hRiIgHesaRQYiBe@htRNe HBY mREbe
contrasted to an ap Broach in which the DVR al ways

conirgterkiopag appraach.ip which the W YR plveays anas e Fpigysg @aﬁw%s most

cloielmetott@d @kt Iﬁ&tﬁfeliﬁ aedoae 696108 eheQlaBiredr; sh&ﬁarﬁ@g fasit ﬁl@,am
such an approac sonet i mes cause the DV

sonpekimes F%%E‘F %VWJB‘FH‘P {2 lpeptipnidighds 35y Ffllﬂogt”é(ﬁ‘f“a‘ﬁt ﬁn
preEHn&t%@ﬂ bRt @BmAhEdsitioht@which aqengaisau%grlw Cﬁ%&d\}ﬂo%%g%g _er oS
use .
4%)] E@ﬁp@é%@n@g@%‘o@w a DVR al so may use the
[OOdQ]penQem dl}!CL@geﬂptBO\teQa dDth)eﬂd & My @b thepiepéﬂdléﬁsf g@d{ﬂh@ cﬁd@sebﬁhlch
decod ur.l a Pl a
i ESDUE S det D R AR e ik Bl DS o PREHST, e
are 08 lpadidral Mypes (flicipplay bpgatione (thailayisd the asm beganefotlvaad at faster

oy B LAY BRE O o it Ro Tty B Sp b rghen
norplabylbgakk spedd3) p(le&)ngphta&atzngrehllnEfOId\&tcﬂatsloweﬂt]ﬁmﬁ oswal plagtack

d | ayi
spefh LD BN AR LBV ARSErL TSRS LRkl e e
[00p0]ay DEbdn thSJBMR play[s @@Bﬁ]str&l&‘mefbrwm aDAI’RNqSII tmoanaiapﬂa@back speed,
no sfr%:gigllgcregnm ra ons ne él t0 Iboyvﬁen in oaa%c no[ nRssm?l a{’l%Xha%ﬁlk I?‘Pl@ is Capable

consi deratl ons nee
of decainmnind phesigmiingrhd playbivk sPVR, al]splctap&i:d aedata)sftreairecthd Dh@

shou s{()) b%%fq?agg: I’?] tdf:(ﬁ)(a{n%%&d B a}l]ﬁég ?]g 5)?0% qriés a? lg p)él %eg& HLES stoWer
thani ecodi plgytanidsipbdyThg, wlidn psﬂeﬂrmpg gich a@sckaﬂayalwraspleelmb DVR

ma% Q&?al Iysdecc’(ldg\ﬁﬁci P]la% ?y j@gtrurﬁathat% ﬁ%?@&alfa S?l%grﬁd Th%@g% do\é@ﬁ(ﬂ

suc operation,
needd® skap thy dd@d@@@f aresenpitiay Oémefr[yctmesztmﬂeesmh aircunsstanpest h e

[OOQP]t aﬁ&v&e@%hgﬂqﬁe Bﬁ ﬁo r 0 ejltstreﬂﬁ ?(gwglf(’l or lﬁhc@qwtaﬁﬁat fasher than

deco orf presentat any pictures under
norgia} nletfb@clamect the[Ip'YR mlgWWPa%@ne torréomgduaryest,wQS) of

deCG@tnggI?& r@&ﬂ’ﬂn{égoé’vw”gct&re apﬁg %gﬂémﬁ% E?&E%Vl% Qﬁ&aug& Q?Ihple

speed DVR m not e capabl e
the PGt & gsair nghit viant the PYRsy ptﬂsent theaweiram rmmerp%@ethﬁ datgy stream at

thrée\Mfrheb nefngl ﬂfa?ba%k sﬁé@g ‘t{u@fh@ D%H@ﬁl'léh't ﬁ&j[ b@éaﬁaﬂﬁ: o@Mggoﬁln%%?crtures at

For exanpl e user

thr%rt@%f‘elwmﬁlnéaybwgsp% (rh@ é?‘é% arighe 53 ba,pablh ef @P&P@ng pw@mﬁ aghalf
this rate, for example). Thus, the DVR might need to select, from among the pictures in the
data stream, a subset of pictures that the DVR will decode and present to the user. According
to one embodiment of the invention, the DVR uses the information in the dependency graph

to make a better selection of pictures to decode and present to the user, to maintain temporal
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three times normal playback speed, but the DVR m ght

not be capable of decoding pictures at three tine
woersmbs2pl ayback speed (the DVR m ght be capabP@r/v§2007/083201

decoding pictures at half this rate, for exanple).

Thus, the DVR might need to select, fromanong the

pictures in the data stream a subset of pictures
pregejﬁﬁl'ﬁoﬁ b&leg}{& W dn!tchqﬁg&gﬁ)leaﬂqle%s%%%ffylﬁggthg Iﬂ?er’lé%@fyback rate

According to one enbodi nent of the 1nvention, DVR
dengpsds t he i nformation in the dependency graph to rrake
[0092]b etAc%Brd?n%' 66hd QRbIRfmdRk 6 HE ﬁx%eﬁtf%nd\%éﬂ%e s Hj’e%%g@ ?ilayback

the user, to maintain tenporal -14 WD 2008/ 0552

ratqnme@}sgtb@rnms@?@tlwhlﬁr e bYiRaganglgcads mistuseie e LV Rrfiecrdeggictures
at dRQRA1 Plaf WM BVRICED whak kigpii d@@le PR dHS8hd PreRndiBRGKat least

rate denmands. ﬁ[}\;)?OSZ According to one enbodi nent of
sonperd theRigiries Brihe G pirdemdn Qidsr tognaipfaiaithe yser-preeifiphplRyback rate.

In drddr@o pBvEIE @&t iBSouk h\ﬂ@wﬂh BxpefibRe@br MODVR LsBQLPYR waihg for
decode pictures, the DVR decodes pictures at as great

undyly lgpgpegiod pidimsjm heygen %lPFeée%%}oﬁﬁP%ff%’ét RG] fﬁ@ DYk

seld?:[se&%ﬁﬂ@t arfarpr@fantafnciu@@,%sedam@st of patrthﬁi thbs6 RIS’ H&oﬂ@&)sts
data streamin order to nmaintain he user - SeCI

Dewdﬁﬁ%%%%drﬂ%ﬂ @mputaHoRstolag ‘B?Ct}?/siei‘i abayc inihe B?TH@“ \9f @ﬁﬁl%
acceggp)@éﬂa@@}@e for the DVR user (by not waiting for

| on eriods of time in between the
[OOSSJ éﬁf)‘éﬁ? Iggnt 8??1? &Vél?‘ftonp‘%"if’tné aloy-thanparpghgprward playback
mo&@ laegsk 85 peCiic O @S thad B e SRt Iﬁttet whieB tHeaserl cal ddce@st

piclyfbs Bh D IO IRSEr B itk R s GRS Tt B i R SUE spn by

the ttiesCiataesvhich therlavikl em acQU@ d&cop picaitdseag., 7.5 @R2d¢s peRsecond).

nbodi « t d
g G B RO AP o v G s THRGACR oggees thepieure tha
is tuﬁlefrralwanlrﬁang dedoadmeztdrﬁttheaduﬁeﬁtqﬁdtae (mlpmertthte)nro&we) atunding
i ctur th
to t‘g\hléeareggewﬁoé %%ml?er g&ge ﬁe%u %13 8Et I%Joée ?dénber %O%agp g i e current
picpperis aeho B\décob& posﬁtitel f)lasﬁhaﬁbn fvate candtif ohé Blaj))pmgmlrﬁBéRlsGHme.,
60/2@5j (lghﬁell:}l)tﬁ/e S?Eq categ%h%té)ﬁ({tuerg th(a?xg 9 trhg ]Zfé rseI;Jé) %)(%Jsrltleosn F % e3+8),
pregesli@itlpmiwm}; mmmnnmr erﬂboﬂﬂm@n@\dﬂtﬂeon‘&m&@l theeskippoi momberhady be
t [ { t
seléc]?ed t§ {r;rée)é)o(r&nsp%cr&el%gan ({T?P%rr%%e t%gr[]?;}:—ﬁ (Irﬂ%ﬁﬂ dj cusseLJ ?bov%r %nllnpensate
for ﬁeamthat\m@illeakmfnb@e DVR toHecateemd decods am mpr@mhqilceure
[00§JIJ]rrb §lor gta%{d) e)&%g}?ét@re raie éslfé :111? g%cﬁgc% ﬁ(v%mson nﬂgﬁg}é %?978 This Iﬁaﬁlgs
B(%ktmbtwt’hmmﬁthgplstu(q th.the DBB/oRZIB)to dechdnareesDVRS the DVR
N A
can(cf?)cs@tsﬁf‘i"léfegs?y ﬂgtc %RX%V&I‘ i@ﬁ% 75 hgst $elﬂ)?h1£§ d(?rcg)ﬁg ﬁ%g %i’g)tﬁ%aglge

present ati n W se
B(91 depeadsi amadpiei Qﬁantltm ogfier pigturag). ithemblesr DR ymiblet nosled abdst ted

magjﬂmpﬁhe ﬁéeéglé%%ﬁ?eﬁ'rﬁtb Bn AP RN WY &%Bdets Qﬁzﬁ‘pﬁbﬁg%ﬁ?& GTF{% DVR

I SCUSS ove conpensate for t

compputgs theadegodeosttfpve GURNdgleteraiaesevhattr heclodsle apst is below a
spe@ﬂ?l@ﬁ ﬂl%sh@tieTHé %Hﬁgd th&égggﬂélnag(l}é a%%lﬁgrﬂﬁﬁs sél&@ecpdagécﬂfn

13-second position m ght 97). This nmakes
mch(r@tﬂ)n theat hopaliagdie DERepy ﬁ@oflfh%mml@ plmuée tf%%aftl]’ié myralue may

delﬁh@m tht D vde s RLEwAR qn@é(ﬁﬁgﬁt«ltléﬂ, aﬁchl%ayWa{%/ from DVR to DVR. If the
decode cost is below the specified threshold, then this signifies that the DVR is able to
decode and present B(97) with a speed that will be sufficiently fast to maintain the user-

specified playback rate. Under such circumstances, the DVR decodes B(97) (and any other
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can do so sufficiently fast. However, if B(97) has a

very high decode cost (e.g., because B(97) depends on
w@2d0anse2gquantity of other pictures), then theP@VBS2007/083201

m ght not be able to naintain the user-specified rate

if the DVR actually decodes and presents B(97). The

DVR conputes the decode cost for B(97) and determ nes
pch@ttﬁh@ 'fleetdng béj@&egle% if gﬁfer ﬂosdep(ﬁieq}f‘?'g as%B@c?ﬂJd' iff gne dependenc

hr eshol speci f hresh be a val ue tha

grapl@ el Ié‘%??@éi Bb%?é ébrh@Hser b@fﬁ@rmﬁt)mumg %@be velpeRe S agring thi time

Wltp)é@gapthg@gggl@p@m% ngle picture, for exanple; this
value may depend on the DVR s hardware and

[0083In |@Wlw% if A deqogly cophisyrof hedgyy hyRpecyicdiieshpid, thga this

sigtlBEOER KOSV RIi$ndBbRW th8dSRRG /B NNEBNAIEd hii®Nl be
this signifies that the DVRis able to decode and

suf¢iendly st g ggmtajy) theuser-spseidigd plagbackicate: Yedes sichicrwpitgnges, the

DVRAShrch® fOBnBthed fcthiRehd $8 can SP&Lbddagd R @M&ﬂﬁ!& Wilbe-
Under such circunstances, the DVR decodes B(97)

and
sufifigntlytlit fo maigtapishobsaFrysHisd Dlapeerk crip st AlYE BRis £ L iehiporatly
clof &f #E@ﬁtaﬁ&ﬁérd&? edhds@nie e Hegpaed: térget’obld@lfe ﬂh@hlg

% speci f in the dependency graph)
[0050les dppae %{l@fl}m% OE e My onyarEs ol (BES Y HYC tt]I*FeDXBJ%“S a
set Bf B&TEct@aleld,, sixied plctu¥® orvbihdloBELpicifEl ﬂuhﬁ)epwlﬁ@m%s) that

t 005 Ate t f the d d
are bl it o é&é&ﬂf P BT b R BRgnion orde? (both
befSle QR ﬁﬂt@?éhet tg@ét ﬁlﬁerep\lﬁimhg&ga Qipeﬁ&ﬁn_ﬁ‘}l/ lglaph'j elmd?lfzaeﬁputes the
resen Wt a spee t W S u ] Cl e
e SRRl AR ot s DheE EBERT af il Bepttog op PEssis i Pl Mot ¥

decblddl@sst Badhibedodw &mmpéoaﬂiﬁdeﬁr,esﬁoﬁtﬁ theﬁ)‘t/fR I3eRKEOHRS filodl among the

picBRSovpg el Cof it Fpbfthe SRFi8T (GRET e el RaPRRporany
clostse(in ﬁp@maﬁmedd@{) aythackeer pic@ra rmhdaf soh Cibjunisganes, the DVR

n esent at i on 0 bl e
cec ROy pE RS G b SREITE bR ] RO Fugagpe
seldctedaneure):r‘moxdprmntts thaef seIehted plkmm']lbltkD?I’HSelt ef@t gefortningfthdgbove
pI‘OfeSS 6gap n, (t:hls {1mé w1tﬂ%he[ga Igetsplcture B@%@?r?(%t ﬂ’% sel%cte Plfﬁllé%%éri ErlSntB é)revent

een pictu er 'spec
1ncmfnepuabtbnnpet$b “shbuang” iaphybekportd heyw alnesiepittaoret he t ar get

jCct 7 ' d
00Bo HORRTD LS REIRLED 0 BLSBETALI AN
spediéipé thakeshelyl, thera pmnetehéommenmf tipunesitivinehe I¥B oatecly pgssents the

[ {
cur%eﬂ{ %1gt§ge¥bﬁ91§1 b‘élf?)gt F@g‘ﬁﬁg ék%gl%g\gar eﬁécaasé zI aglf thll ﬂﬁé \Izvﬁ)lp E‘ne Qa{r%:t
pictube(cgp &I Di ‘emcltl weesh dbapded prameseired DVRLs _s@e)a@ttlse nefw @rment
B Ay e PSR TR S RS R DR
preganpwhidd m(lilntaumgetb@measpegrﬁleé phaback traje, tahé sq the MR pinplyupresents
o B SR PRLANE S L, Bl RS iy
pospiblegtinesdbid sityition thdpces ghet hmoothrase ot g pesentatian) andalﬁ@mately
resﬁ[sqﬁ & 'I‘e&g%r'ié?ﬁpo?aﬁ 'g@ﬁ?ﬁe%ged%' prdsbhifa piCufdd® user before

Oger orm ng t'he above process agal n, this time with
[0058)e  tTnpigeast gsines anphodBay)of (hegavenien, sdreyerilic BVE spmputes e

dec%§e {3 BF W&ture' e DB thHe WP kost ’lritRRpiRGire by
pl ayback) the new current picture.
commensurate amount if one or more other pictures upon which that picture depends already

resides, in decoded form, in the DVR’s picture cache. Under such circumstances, the DVR

might not require as much time to decode the picture, and so the picture’s decode cost is
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[0057] Alternatively, if none of the other pictures

has a decode cost that is below the specified
wao boogssabd, then, in one enbodi ment of the i nvReL/US29P7/083201

the DVR nerely presents the current picture again

bef ore perform ng the above process again, this tine

wWth the target picture (e.g., B(97), which was not
1edBEABYSH e A RAE SAALE bl e b1k FraCRTDe BRI LB CHEEB e

pi cture. Under such circunstances, t e DVR canhnot
othproeivies Hrije BYRf aibifaresiadcure to decode and present

[00‘95‘]' | q, BRI é}ﬁlﬁﬂdﬂh&g of i€ 1ﬂ%§ﬁfonscﬂ§ﬁlgffés€éii tl{%lln%ﬁﬁzg boadi@fafd playback
and so the DVR sinply presents the sane picture again

mofes RYser-FRsGifiag g that asdpgiey thapghesragiaf which dig D‘éR s¥oiegeds

pic&fes! Otil& OVRESes epféa%h#ﬂe%hat%‘ G Rarkd it &kdiRl bR e T6: GG Shan-
t he "snoot hness" the presentation, and ultinmately

norpigkferyard PRy Back glogerexecphibiat iasteagh losatfaidrast icrertaa is

tem%bﬁﬁlfy' ERSd of B@°8kent Piclre nGRASENEIIR @TRAIDVRNb&Qfa (4B& picture
tion, whenever the DVR conputes the decode cost

tha? L) FGWHQS ibehipd He RNt PIPRTS Wliese i MePrdrd s gl skigjing
nuthkeat picture by a comensurate anpunt if one or nore
pi ctures upon which that picture depends al r eady

IOOPQS " detne sribodiu ety GrRRinn! 15 PR APt fleodnggigures a
the Uw%pe&ﬁ&lm@bﬁ&&%t BACEAS DVRN@&cBIR andplgiit alétuic SRURE @ata

as nuc decode th icture, and s he
S“‘”ﬁ@é?%ﬁr@e% Oggé%tg@ e ?P§C1 ig g Pihasty by ‘éégeﬁi&m the normal
plaf¥adk kiR Olhak, QB Bﬂfoémbddﬁﬁhiﬁ 6ﬂh@M1Varﬁ10ﬁXthé DIVR by sKijSs tb@&ﬁddmg
be .sav He to th E ﬁsgn
o en ot Pt it R BHE R e pief ot Tl e RE S Gl
grehr @nethe MRS iexiimuaf pitthe decvdemite.on, during
faster-than-normal backward pl ayback node, at

user-specified rates that are faster than the rate at
4.0whi IMPITHMERDVRT B2 Miﬂ?IMNISI\m%HMG}BW ARIE&)MVIBWS a

00bE 1 Bt b Pap faphCub LR E SRS 4FRREE o fhen

embaibhenadf Ob idvootatn ng/ & itnptegehtefdi (ibmpleeﬁslymmMQO includes a bus 402

current.p
or FAEBhPU AR i R B FEluaRiEb i Righ oy = prosppsos

couph:atwnhsbu‘s doiplor piokgssipe hifouhatie Compeartsypers HO0 &lse mcludes a main
I PRI . .

R D R

coupdtapailo (afstalieg odpmgutipn etdingsicadns o heexgsged BypmocdssadO4.

Maﬂl 1%6\,(19&8 lgtOé & a§ gce el tﬂ(ﬁr SBX ﬁ?e%‘é)% Vﬁﬁglepklaﬁeraﬁl;]tlermedﬁte

ctures in't ata strea l'ess o
1nfcusenorsqbem?gfek®dt1@1 eyirimktiona tebd @cegn@dty@foqemn 4@ Computer
I (i ' : .
sysfégr{/@tf}lrgﬁilr %Eﬂ&l{) g(ﬁ 8 1 mﬂﬁgs ﬁﬁ%‘z é@%ﬂ%&ggﬁ%&gragaﬁ%wce
cowleéé@huSaﬂO%W stsfring @'m;c plif@mh@rsandnn%ﬂuct@m famsoopsser )4t He

sto%%@ﬁev%&eﬁb fs'uce[gas&l ngh\@t%(dlgl@é %phéal d8k, qéa ﬁ@ld&@% JIQI'I'I%%CII t&&us

R's maxi mum pi ct Ure decode r at e. I MPLEMVE
402V CHAI LS ST IRARIM\AAFRIENS DWEERYS - EW [ 0061] FI G 4 is a block

[009\%]?8 L @g}rl]li)gt%t sybtemUh LAl 88 cAupfAIRHER 08 Y54 GIIACPI2UARA as a
cathode ray tube (“CRT™), for displaying information to a computer user. An input device
414, including alphanumeric and other keys, is coupled to bus 402 for communicating
information and command selections to processor 404. Another type of user input device is
cursor control 416, such as a mouse, trackball, stylus, or cursor direction keys for

communicating direction information and command selections to processor 404 and for
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enbodi nent of the invention may be inplenmented.

Conmput er system 400 includes a bus 402 or other
we eovssi2eat i on mechani sm for conmuni cati ng i nf BCTES$10071083201

and a processor 404 coupled with bus 402 for

processing i nformati on. Conputer system 400 al so

includes a main nenory 406, such as a random access

AN n

con?gg%% élél@? a lﬁne% O?fl%% Séﬁg s ?ﬁﬂs ?fllpﬁﬂ %H;V%ﬁﬂg%‘ﬂ& By two degrees of
freqdaBrip (e PEp g BB (@ReBLANEA segpné REE 5% oY) @@wﬂowwmerﬁlevwe to

spelRYRSsHioiOf AR My be used for storing tenporary
vari abl es or other internediate information during

[0063le c uthotvestion fisielaise e hagsa o cpaPereyHeRdp ;ﬁorﬁﬁlé@é@ﬁfame of
a Hﬁl@ﬁfralg@mﬁ%gcﬁﬁ railyf@f &P140A afdbrdanes withs Ll es! Ak AAFmOM of a

nmenory (' or other static storage device
DV&o LﬁpﬂC@fahrtgdo Bifseraygiest olsthe iiveR§iost sglerdng tiryngefts BwtiFene

v1déd1§1€)gﬂdﬁ1tfbpdl§p1£y% aBIRGRASSPih 4 ected) rislt AEPHBAAGI TR 410,
such as a magnetic disk or optical disk, is provided

projided Eb%&ﬂ%’é?ft%“% 400 inaespense t%lers?qswg DA XSRS B OBpare

sequétRbd MGt ONSoreli O] onCOPRMA&Y in S48 ﬁBﬁlé@QOHHSuJBQnStructlons may
coupl ed via bus 402 to a display 412 such as

be read W&U@aliﬂé%PHt%éOfoW%thefF%‘PP‘H?fsfﬁ?dS? Crieg it é\“‘rlilaﬁs SoHee
devi®® 420 C BRRULGT ofUBESequedBes! T MétrudlRMé Ehtaikklidn miafhGheifbrlgos

al phanuner | c an er keys, ed t us 402 for
Ca“é@rﬂl}‘lﬁ‘??s%i‘é rf@ pey ‘Pﬁ’b‘Fﬁﬁ‘PF% S%W@%é%ﬁ’ﬁ‘gl%ﬂe‘ge ?Ib?k,iiei‘“‘@ﬁ%e to
emwdﬁﬁaﬁﬁ @hird40ided oﬁﬁﬁltrlﬁ arayu:)y pgedaﬁ pMSESF dr npwmtﬂ@mb@ @ith Software
SOor CO use, track
ms%‘i.“g?l‘){lfsto 1‘8&616‘8‘?%16%1“&‘%“1“81& TIEH*? %‘i}) Rt OfélberfPﬁéﬁ’?P%i‘rF Agt limited
to ally rsmtﬂccu@mbﬁlfa@@ﬂmthaﬂimaawmwmm sbfeelr€cti ons to
0 or 404 an 2008/ 055221
100BR17} CRBE (5w Qs oY Bt Ping SR B RgbisRREnHedim tha

pard¢11§zpdmy pﬂﬂzﬁhngﬁhﬁtﬁmtlmub pmeass@elotl Yo e&étiuhyn h&ghtwedium may

TR O haleffo R ot RS T .o
trartsﬁnss@p emeldfay l\fnmsdolaltldH’Iﬁedunmaluﬁésam exdn(06 B]Jtlc'ﬁhﬁr mz[g\netm digks,
such a stOIiaige ev1ce?ll6 ngolaf 1% medla 1}1% &Je]ts %rnaS 1St em sucL as malfnonllemory

rame vi'gegprsgfam
406;1 [ Erpisaysswm naclgondaedes eoamletl batdessalppatveid: atnrhfrbkr qutla;y invbdiéng the
wirgsf th& coggf&e ISA% 918£ d’h@lgsrﬁlgs &qsecﬁfl‘?a%% sg‘%%e (R fO}‘ITI? 8 acouséw or light

Fnventron, sel ect ting a i
wapsoyrlam thowe cdigpbdguring rage wa@mmdenfvar¢dﬂaw @ﬁlrmmtlcedons

i ck I b

100561 £ & BB TRAR Blorhlfeldibic IO 450 Ro ST, Erioppy.cisk.
fle)olple ritsk,dlards@du engegic tdpeomanp pthapnenensmnedien| zoﬁ@ ROM any other

opt%gﬂ{léiug‘ﬁ q)u'nghcgﬁilg ﬁ) ﬁ%ﬁ@é Xlnﬂ’ 8@& p% gipal 'n{éﬁh.lrr&]\gfhfl Bﬂén{w holes, a

e read into ma n1anot
RAYD apiR(BYL- and AARIGING adﬂdﬁiSHﬂEPBQ&h apgotbergnayey cigvr catridgd a

cargé&%l% ia?&s%beh B@rg%@ﬂ&e&cﬁ§ oﬁlfer 1'11@&51{111}1 lfﬁ) \Qfﬁgh gg&‘{j@{‘t%%g% read.

In naln nenDry causes rocessor
[00p6]oc e Yeriausdpransaé semptierdeddeble mwdlalmﬁydietl@foh@ﬂ iifyearrying one or

moFé’%Q&t%‘nE@% % Sne SHhds Wstr&diofd t()‘i)%c%:{s%r AhoPE&HURBH. Ho RAAGE, the

of or Iin conmbination with software instructions to
insfrygipRs Rt inftigly Phgaaried e maggtc dishpicdiemestcompetes. hihe remote

coﬂlﬁh‘t’& R RAd Ak $nsBEtiont Hed i%ddynamic memory and send the instructions over a

telephone line using a modem. A modem local to computer system 400 can receive the data
on the telephone line and use an infrared transmitter to convert the data to an infrared signal.

An infrared detector can receive the data carried in the infrared signal and appropriate
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to any specific conbination of hardware circuitry and
software. [0064] The term "conputer-readabl e nedi unf
wa@sgoogesteherein refers to any nmedi umthat parPCDURRDEE83201
in providing instructions to processor 404 for
execution. Such a nediummy take many forns,
i ncluding but not limted to, non-volatile nedia,
mréﬁﬁlr ah lpﬁlcg&lg |48 ofBEs 4dr émﬁ Hb?g‘e{nq& tf@&jdte@to nM?ﬁ‘m\éﬁ’ibﬂMO% €from
ia includes, for exanple, optical or magnetic
Wh@h prosessorAM fietgeves st ageuterdhe matruptions. e asirpeioneigiceived by
mainr}ﬁém QO@MQ?%tﬁ)nW sYore@é&Psﬂoﬁge d@lc@ 4wgﬁfe¥befélg @r after
Transmi ssi on di a’i ncl udes coaxi al cabl es, copper
exeﬁmtr@bamaooﬁﬁseéﬁto%pt. cs, including the wires that
[OOGWT'Dr CSRpRESs 90400 L RD SRS PELNIBEH 6 @804 LAKEBPILNR bus
formof acoustic or light waves, such as those
402 drrEMBEBERUAR FIGTECT AL RO Vigtre! ATV Ay HRtagP@EUgigEpn coupling to a

net@@fﬂﬂﬂlﬁ%@@tﬂapﬁ 2onieO0OR] a 1GRIABR ofLO17E rof example commumcatlon
nmput er - r eadabl e nmedi a i ncl ude, for exargg) a flop

1ntqg:fa§¢(418ama}f eetpitppEraigsl sgevicesligitad P@W"ﬂﬁﬁ{é@ garg ﬁbfémogﬁm
profay a @kt @6mAREIATInGo Rt a%oﬁ;@pa@iﬂlg @ﬁé/ ofqgtaleﬁ{one line. As
opti cal medi um punchcards

anoﬁ}ﬂ? sranple. GramyNERionAntrAtce & ?%@%Pe ﬁBﬂC@s‘f‘readletWM“%N”) card to
proRideMda@ Bdmﬁﬁﬁi@ﬂon&:oﬁ{e&ﬁhl' t6RROMpatyLAND erdmgfﬁﬁké 6431 4o be
. Iﬁr cartrid Hé{ﬁarrler wave as desceﬁ%
My EPS Hatt 61? SRR GO HIHCHATCH SaCrels Apdiessives
ele&tﬂfhl reﬁ%ﬁdomair@ﬁ@&] opyadlisigusls fhar emry dli gieDaqUdtRamE RPEaktiag

n% tb i nvol ved in carrying one or nore
Vafg%}a%ﬁ* st 8?1“36‘88 or nore instructions to processor 404
[0068) eXegwii Dik 4260y piedigpphvedes Uie commMshitathit@nsghaY or more
netxlézgllr]fﬁ Iﬁﬂa(lglne}é d%% él%\?lrgefr?; gr gxg%g?%ngri(l kqg(zgqa? %@%ldre %rggnr%ctlon

through idcaCiidhvon® 42 tom hidsscothpneri st sraoosty e@mdnee nphrithdaby an

SRR S0 e N R Sl B DB i
threlgh she vaorldt ide pa:lketpimmenimune:amrdnemak anwlcniﬁlrIH)hEdeferred to as
oS R, S BRTPa 0SaLBE i B A S e
or dpiealisighalarhedcasiygingtal datadstepps.opind Sgnals-tiBudNOh @ﬁ&/u%ﬁﬁzﬁﬂgs

7 3 a
and t gT 1%%%3 on 4%% %rﬁglgﬂf éﬁsﬂ {nlc'](‘i%flré ?ﬂn%éc%ﬁgn n%%gfrage 1 GWHIFE) gz?rry
the wigitehdapr loeed om mmputlee&ysuea\/l@@ anckeapboy forss tﬂhamer waves

e instructions received by main

tradng&%lh%j&l&é@%&lg%pt ionally be stored on storage device
[00649]0 elphentebeblomelOf carafené messegas cod regeivbyatp igdekreoprogram
col i KPR T CRIEUA S0 9 AR PLAR GG e e
Int@mmnzmndatau setvel 430 enighideanyniga pﬁqgwqﬁles@dgfor Wo2Rpdigalapegram
thr&%ﬁ‘i@rt&h&%k ARp 91?61 %{aﬂﬁet&v&k@tzz Qg& Mlhudléa%n ﬂfegfaw@f& i

nnected to a [ocal network For exa

accergamagrvideh¢ mrentiont e edbedoynB®adegyapplicatinn piovielgy far sdecting a
fram€ bV é ﬁﬁl% e Viddo ﬂ?@érm Il cﬂspla:?%’l\raacoﬁﬂﬁ& Wit BseiRAS %Jk%lay

provi de a data conmuni cati on connection to a
moé%?frae‘%}ﬁBﬁélﬂWgﬂl?%dé@feﬁ? t el ephone line. As another

[00?6]an'p|1ﬁ% re@&%@-ﬁ&ﬂ@ f-ﬂa% Qé‘le)le@ﬁt@([ E}aﬁ%ce‘éécﬁ 4DBYs PR réeelvRE3hd/or
area network card
stored in storage device 410 or other non- Volatlle storage for later execution. In this manner,

computer system 400 may obtain application code in the form of a carrier wave.
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provi de a data communi cati on connection to a
conpati ble LAN. Wreless |inks nmay al so be
wo ppBeseat ed. I n any such inplenmentati on, comMmeET/US100TO83201

interface 418 sends and receives electrical,
el ectromagnetic or optical signals that carry digital
data streans representing various types of

0'nf@kﬁ@ﬁS@ﬁ?;Aﬂ@ﬁ@ﬂTﬁﬁNﬂﬁﬁ¢E§i nk 420 typically

ErOVI a communi cati on throug& one or nore
[0k woFktbe faseasingspediagation éhy iprentiorhys hesmdaseribed mathwgfetence to

speufl@ lémﬁ&gmgﬁ)( AR G/ilf hoRENS, %'eollaentttllﬁft QM%S hf%@ﬁicatlons and
network 422 to a host computer 424 or to

Cha@wwéﬁtmaés Eregienithyt deparingtignnide bl&?é?‘fv”lsélélt Fﬂ?dowafé%f the

invéntdorP The §REificArR afld Bralvihel WeNadeb QM Hﬂﬁ) wdat@rded in an 111ustrat1ve
connunlcatlon services through t e wor | d wi de packet

rathes than @ &strisHY e ¥05%n net wor k now commonly referred to as
the "Internet" 428. Local network 422 and |Internet 428
both use electrical, electromagnetic or optica
signals that carry digital data streans. The signals
t hrough the various networks and the signals on
network |ink 420 and through conmunication interface
418, which carry the digital data to and from
conputer system 400, are exenplary forns of carrier
waves transporting the information. [0069] Conputer
system 400 can send nessages and receive data,
i ncl udi ng program code, through the network(s),
network |ink 420 and comuni cation interface 418. In
the Internet exanple, a server 430 mght transmt a
requested code for an application program through
Internet 428, |SP 426, |ocal network 422 and
communi cation interface 418. In accordance with the
i nvention, one such downl oaded application provides
for selecting a frame of a nulti-frame video program
for display in accordance with a selected trick play
node of a DVR as described herein. [0070] The received
code nay be executed by processor 404 as it is
received, and/or stored in storage device 410, or
ot her non-vol atile storage for later execution. In
this manner, conputer system 400 may obtain
application code in the formof a carrier wave. -19 WO
2008/ 055221 PCT/ US2007/ 083201 5.0 EXTENSI ONS AND
ALTERNATI VES [0071] In the foregoing specification,
the invention has been described with reference to
speci fic enbodi nents thereof. It will, however, be
evi dent that various nodifications and changes may be
made thereto without departing fromthe broader spirit
and scope of the invention. The specification and
drawi ngs are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. -20
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WD 2008/ 055221 PCT/ US2007/ 083201 CLAI M5 What i s
claimed is: 1. A nethod for selecting a picture of a

woredosiosect ure vi deo program for display, the peeUbmd7/083201

conprising: determning, for each picture of a
plurality of pictures in a data streamthat represents
the program a cost associated with decodi ng that

cLRiGkure; selecting, based at least in part on costs

associated with pictures in the plurality of

Whai igclaineslisia particul ar picture from anmong the

1.

4

Pl UK &lctiod fHf seRb oW RS uredR muﬁﬂ%iﬁﬂl}é D frb8aR st diGilyadhe
picture for display. 2. The nethod of aim1, further
conpphed spprisidgei ving at least a part of the data

St I @aMling féd et Aduré ol 8 Prub 8606 (st PR data @RGP HaDBpresents
based on a codec, each picture in the gnl,ur ality of

pi ct ur edhe RAFAYehePat T Eh kdwspdinghagrictive DVR a
depRRUSNC Yasgll ANPast Mhart oA dbEAtsEsi Al ith RbGkeN iSe plufhlither
plurality of pictures depend from which other pictures

in the PR PPgrtisplar piftakedrossamens thgplurghitypd icgfrescpagd m
1, JMask@ignnd iﬁlua@@icafrgﬂﬁugPﬁy.ni ng a cost for each
picture of the plurality of pictures conprises:

determnin ar each individual picture in the

pl uﬁ%ﬁ’lql?t’ﬂpdgc%f Ca?lglt]lﬂ?lggl?r YHNHFUM  nunber of ot her

pi ciectiesg dthadst heechftie e denodeddibedl ofdeo acpidet UNR);
corresp 0 that indiyvi d.ugl1 n@i cltturg can be

di sPFay RO HEUPIEF R MR AR PERRS 7Y st ep

of ghetreting midyriag.cogi [1\R, ackpdndpnayteupd tiof itdates which pictures

Plural G @ B SR RTRLL R0 ARG Ay L 0f R85 Ry of

gk

i ndi vi dua urali 0
steps comwresi ng: determning a set of one or nore
ot her pictures upon which the individual picture

. depandsecddy RdSh T YndrenqRE &gﬁéﬁde?erfﬁﬁeu@l Llo& bt &@ﬁgica;kdof the

determ ning how many pictures int et of pictures
al ridegtywavistuseangesded and are al ready present in

a MR oS ftefehGRE MBual Picturd &y ARG HASt pidedbd™ Tninimum
wherein each picture of ‘'the plurality of pictures iIs

at | easthugher of gfheppiciurgsithat peed to be drepiledthgiase a pietuge

B- pi ct UrBrreBondihiEro®l el i@fal %cﬁirer@aﬁ be fidpb R _
conprising: receiving, at a DVR a request to begin

Slr g’é{ﬂgﬁﬁtﬁo%eof %lg%r 16,l r\I/]hgrteinatheS ﬁgpc(l)ffcieteegrnglgnlgnatcolstr}ort er;lgh picture of the

plurality of pictures comprises performing, for each individual picture in the plurality

of pictures, steps comprising:

determining a set of one or more other pictures upon which the individual picture
depends in order to a represent a complete frame; and

determining how many pictures in the set of pictures already have been decoded and

are already present in a DVR’s picture cache.

The method of Claim 1, wherein each picture of the plurality of pictures is at least one

of an [-picture, a P-picture, or a B-picture.

The method of Claim 1, further comprising:
receiving, at a DVR, a request to begin playing the program at a specified point in the

program;
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recei ving the request, perform ng steps conpri sing:

wa@ledoensi2ei ng a target picture that correspondsPeDUS1907/083201

10.

specified point; determ ning a decode cost for the
target picture, wherein the decode cost is based at
| east in part on a nunber of other pictures that need

to J‘i?es GRE %jl%gel{/lﬁg Q{qud'ue&%e%ﬁﬁqg st%ﬁkec h‘%ﬁgﬁé pi cture;

determ ni ng whet her the decode cost el ow a
speci fi ediefpinggladarast piqure fh#éc‘ﬂ@élﬁ@és @dhft speeilipepdn: t he

speci fi %lgtehﬁﬁlﬁéq(aegodetcbﬁ %ﬁﬁ&ﬁ%’e{‘[ﬂctﬁfédwh&&ﬁQ@Heb&ﬂ bhtes

target pl cture, decode cost is not bel ow
the specifi ebaed afelé%mwarttonéﬁlu@lé%rdﬂ ORgT BiRdTes Prab Bt Py

a picture otp&hbaddi@ddded® dedb@ahe Riget MEre; 7 The met hod
of aimé6, wherein the step of decoding

pr esent ideTHRELTRIeEsE the deqods gost s heloHey Sp%ﬂ?sﬂr thegghold;

decodi ngr @OBeRlle R & bObRKe HeEilit BfeshN@NhM et hd
target picture depends. 8. The nethod of C aim§,

wherei n the Bieesniing hqduadtirkyrariddpr esenting a pi cture

ot her tih@pasdee &@f@%t R meg detlet RBEShERMPEA 8&Sding and
determining a particul ar set Bl ctures that are

wi thin a spel{P{i¥ae 8elhEeoBsr ﬂE ORI PiEEseness t o
the target picture; selecting, fromanong the

parThecmétm"d F&tlaimab, svﬂabremttﬁedstcp @ftdec(&hrtgmtl pr@emg dei tadpeiicture

¢ hr e iP a3 G b pPELRHE TR g R EE P E picure
pi cdeperels. 9. The nethod of Caim1l, wherein the step of
sel ecting the particular picture based on costs

as Sﬂfé‘ Iﬂétﬁ&i (Wdlzﬂmaéc gv(ﬁél%lnl‘lﬂé %tgpc(l%frhe&;}fngpinﬁgp?ésérft%? Qlf 1cture other

access units conpri ses: ing a par icture
f r dhamathe fageet histugd ﬁﬂrth¢r|099flpn$68p| ctures based at least in

par&eterﬁnne(g@a?&fula@ 0518 @&%&3&@5@%&&&? %al eel dF tdofforal

pluralit pi ctures Excee speci e that
cor r es péHyenesloghetateptigiiigirount of time that i's

al 's‘él@@&’n HBmRARR g AR \ﬁﬁﬁﬂla& ée't'f%%elfeaé& plgﬂu%f tﬁét%&ss@dléié&%ﬁ?a

of the program ar e spl ayed igital vid

r ecor derde¢q@yRYst gt @6@!3 gan thy smqlﬁaﬁdﬁhrgslg),!fb@ncf i ed m)de.
10. gelbigndBaRdeRine thleedd pigs.ei n the step of

sel ecting, based at [east | n part on costs associated
B SRk DR R kel Ray g based o
Pi Cdodik @SsoCiRHa kit @Scess ubds in the plurality of access units comprises:
selecting a particular picture from among the plurality of pictures based at least in part
on whether costs associated with pictures in the plurality of pictures exceed a
specified value that corresponds to a maximum amount of time that is allowed
to pass between times that different pictures of the program are displayed

while a digital video recorder (DVR) is operating within a specified mode.

The method of Claim 1, wherein the step of selecting, based at least in part on costs
associated with pictures in the plurality of pictures, a particular picture from among

the plurality of pictures comprises:

0.



WD 2008/ 055221 PCT/ US2007/ 083201 determ ni ng, based
at least in part on a user-specified playback rate, a

W a00g@es52pi cture that is a first specified tenpPCHUS2007/083201

11

12.

13.

di stance away froma current picture in presentation
order; determ ning a decode cost for the target

pi cture; determ ning whether the decode cost for the
t ar(g:?etrmﬁﬁ : HiLa htsieagﬁiln Wit %n%%_@&lsf)éc?ﬁje_d ﬂlib}'bﬁéJ}QJeda' tafgfet Igigtﬁre
decode cost for the target picture is below the .
speci i deptitiestiopdficd hrapordedigeiion gwanhiom gIcaiem ictigin
target pirGEii®n ARG, if the decode cost for the target
picture is not below the specified threshold, then
perdesrmingg sqcspde cogrpT the [t Pide%sr ni ni ng a particul ar
set ge@frmfti ek hd s tHdRSodt REd: @R MebhhiftuR i$8IANE specified
specified tenporal distance away fromthe target

pi ct ur e fpsheldesent ati on order; selecting, fromthe

parif ineWb@de e84 @b RBI piRICLFESy (HRRFecHTcdMRESORI, Hek H&Dding
that are associated with decode costs that are bel ow

the specPf PYng HicddReHRCre 4 decodi ng and presenting

at ik gRskcdAB @gs@forttﬁb&a%@tepiaﬁre PR bbb PScitibtBihredkdd, then
associ ated wi.th decode costs that are bel ow t he

speci f i SAIPRHBSHAIGOMPHINL'A di gital vi deo recorder

(DVR) t Rigferrhiging@phaitRulhegt bosth@oi@ursd tha.ard VithiBa6ktond specified
pi cture of aplur?ljt\é of pictures in a data stream '
that represefft¥og! disi sger%@’ fony e farges BIGRTGIN QELsGRtgfpn order;
decodi ngeledialg, iﬁi(blﬁ H:jér[ﬁfticﬁﬁf ag bl otbé:t':}ﬁ!ﬂuréi, ohtﬁ(?lﬁﬁoria picpﬁ’és#that
on costs associ at e t ictures in t ural i

o ctures, o phavgdedsiBgk So7 ey iRt Estota
plurality of afi ctures; and output the particular

picture for.display. 12. The DVR of Claim 11, wherein
t he DVR due%o"fll%raf‘ﬁ QF%%IHE PEFEES Og\ {he gng EMYE Pé?“‘i"“%&’%& i
part of the dabdawsd wendecodticsdeahat hedetbwoihe apecidde threshold.
each picture in the plurality of pictures; and

ook rﬁ&'&% AR rgéog)cli]e? l(lﬁ\éﬂgﬁ%gtﬂg?@}‘f%u%?%@h that indicates

Ictures | ‘pi ctures depend
f r adetemhinehfootdeh picpire ol @serality of hetysésuin aldita pirgfin that represents a

pi cture T&*f‘“ The VR %g itnHeP i ¢ Xl‘l}%u?rk-n the DVR is
furt her%cO n |’gaur.ecf to: deter r?l. ndé,ilg .Po ~each indivi dual
pi celeeiebisad ptHeaspinpar on cgstofssqsiaseduwidspictarcsimiberphyratitshdie r
of ot hen,; fied Yn&Sich ict[ﬁ%ef%n{ 811(5}% &Qﬁigﬂﬁﬁr o@_‘lﬁfcﬁfr@s; &nd
pi cture corres onding to that I I ual® prcture can
be QiR hgypadicular picture for display.

The DVR of Claim 11, wherein the DVR is further configured to:

receive at least a part of the data stream;

encode, based on a codec, each picture in the plurality of pictures; and

generate and store a dependency graph that indicates which pictures in the plurality of

pictures depend from which other pictures in the plurality of pictures.

The DVR of Claim 11, wherein the DVR is further configured to:
determine, for each individual picture in the plurality of pictures, a minimum number
of other pictures that need to be decoded before a picture corresponding to that

individual picture can be displayed.
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Claim1l, wherein the DVRis further configured to

w@eeoBosirel f or each individual picture in the ppPC¥/Ebi00y083201

14.

15.

16.

17.

18.

19.

of pictures, steps conprising: determning a set of

one or nore other pictures upon which the individua

picture depends in order to a represent a conplete

fraR peRdr 66HLET T \ﬂ{eﬁgn &Q%V@Muﬂ%e? EéHf&ﬁreU o faé}ﬁmﬁ%r &fch

pi ctures already have been decoded and™ are already

pr éddifduplpiiupVRbe plyraditueleidweh lepI®mpTKEZDVR of C aim

11, de‘f@?ﬁ[ﬁﬁg"a £86MHnk 'oPﬁleeQ)tl%fr pfchﬁesﬁlpHﬁ %lchxh&fldlpﬂdﬁﬁllﬁc%ﬁe

is at | east one of | - pi Cture, -picture, or a

B- pi ct urdgpenggin o tcwmp@ﬁer@ ﬁ?fﬁPlitf,ff%effI)éll nthe DR is

furddn@ming @ HdwIMARhid@res [BRELY BF f?lctfn%g WSy hv R Mecoded and

playing the programat a specified point in the

programmﬁﬂﬂ?mﬁEW*%@BéﬁggiﬁﬁwF%%@Fb?ng the request,

perform steps conprising: determining a target picture

t hathedOVR €8 0D0OAS 1,txﬂqetdﬂlemp @lelnfré eth@Pluflity of pRiu@ ek Ai 18gt one
a decode. cost for the t get picture, wherein the

dec(gdle PLprejad PigRtL gr 4B NEAYEL i n part on a number of

ot her pictures that need to be decoded in order to

decBae>YRef Chirgét, whcotinthe D\deisdumthencordigwiedtdher t he

dec co e

dec gg zvecaofé{luests to %g%u? ﬁaﬁ;‘lg R&S I(E:%rﬁg él%i] ?1218(#1%?11& 1h %Iﬁ: é)li]ogram and

deao@wpqmanweapwegénuwngﬂnhebnas@gnmpWGMuge and if

t he dec [ ol d,

then decsaratsadtel e AENRLAEFEPEA! SN EIRE he

t ar get phe@tmmnelg aﬂﬁcodf lsest ByFhaohreel @etme] §hergin dreedepode cost is

decodi ng and bide§ ﬁtqga{s[ fﬁq)aft I&ﬁ atnﬁlrnggltof B[h%f @Et%refs Wit He%ﬁ to be

conpri ses decoglng one ‘or nore ot tures upon

whi ch the taﬂgeﬂﬂbmemh¥e)@m@hﬂﬂ%wQ¥&Bdﬂmhe DVR of

G aim 1fé1ete¥m§rn§'“nle§epﬁ19 UaGaB0s BERR/ Bdrich Rlchdid:e

ot her than target picture further conpri ses:
det er mi nf thgdecogaeast i @rﬂaw thegpegitiediheashpldghaniigeodipgeand

within a spegjfd@do QQQ&gepgkngeH@oral cl oseness to
the target plcture sel ecting, from anong the

par ti cultbihe deaode gpssispecheday e spagiied tlivasholds thar desefliag apfl
with a decogl%s&l‘ﬁﬁé a pldke bifier (BSShd ARR pibG&rSPec fi ed

t hreshol d; and decodlng and presenting the selected

pi cture. of Ca erein the

furTII’?é?V]%BF?F E@o"v}%e n Q%P@Bg a%dllifﬁsteP‘il%%}P%Far%ﬁ’F B‘FWF uther

fr w@n@mgle&dmelgmu bahbieyotied pRueésipes whRE @itk talged @G defends.
part on

The DVR of Claim 16, wherein decoding and presenting a picture other than the

target picture further comprises:

determining a particular set of pictures that are within a specified degree of temporal
closeness to the target picture;

selecting, from among the particular set, a selected picture that is associated with a
decode cost that is less than the specified threshold; and

decoding and presenting the selected picture.

The DVR of Claim 11, wherein the DVR is further configured to:
select a particular picture from among the plurality of pictures based at least in part on

whether costs associated with pictures in the plurality of pictures exceed a
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a maxi mum anmount of time that is allowed to pass
between tinmes that different pictures of the program

are displayed while the DVR is operating within a

specl fi %gecmqralu%%at J(H‘FGS}Q)\{BS Rfa rgl)@fnmn]aﬁouw fi§leMhdt lI‘seallowed
DVR is further configured to: determ ne, based at

| east i ro pasp betyperptimesdhat secaent pisiirgs| ohhsaegerag pis displayed
target RinakWEHVRA opeladin@whihinSlspSRESS hégd tenporal

di stance away froma current picture in presentation
order; determ ne a decode cost for the target picture;
det DR E ORRBIT & e e SN sduther £qnliehd s got

Pi CdetiRineSha@l A\ask i6 PREbA h 6r-spdairRe Pk Blick dae adgrsa@ticture that
play the target picture if the decgde cost for the

target pt %ﬁﬁ?@e?l ef@@rnawal figlance saay PR CAFRNSIE and
per f or mpadsedt@amtorddre f ol l owing steps if the decode

cost for the target pjicture.is not belowthe

spe%’ltq“ing’& atdﬁ?(@gﬁgﬁtg‘?rﬂ&eetf”@ﬁﬂ?lﬁ}lﬁg a particular set of

ot hiferpinetwhic@sr thbdécoas eoswiok fHeNargetpat@t th IRPAC §pecitied

t enpor al , di sfance away fromthe target picture in

pr esent AEERG der; selecting, fromthe particular

s et deoddeqint pray theatngetgactue nthe decody @splioe the taget plratre arbelow the
associ at ed.twi ttg‘ %eg{pded costs that are below the

speci fi eFUHFSUREIE" %Gnd decodi ng and presenting at

| egstrfoonet ledst thh dolméngtepafi the (hdcotiarossfot thatargn @icture is not

associ ate th decode ts that are bel ow t he
o oort f efunhl BelREP iR GRS

determining a particular set of other pictures that are within a second specified
temporal distance away from the target picture in presentation order;

selecting, from the particular set of other pictures, one or more pictures that
are associated with decode costs that are below the specified threshold;
and

decoding and presenting at least one of the one or more pictures that are

associated with decode costs that are below the specified threshold.
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