SYSTEM AND METHOD FOR COVPRESSI NG STREAM NG | NTERACTI VE VI DEO RELATED

APPLI CATI ON [ 0001] This application is a continuation-in-part (Cl P)

appl i cat iwo 20d9/0882al No. 10/ 315, 460 fil ed Decenber 10pc2aB2008m835u% ed,

" APPARATUS AND METHOD FOR W RELESS VI DEO GAM NG', which is assigned to the
assignee of the present ClI P application. TECHNI CAL FI ELD [ 0002] The present
di scl osure relJYSEEMYHD MEI/HQB ﬁ%%@MPBE&S'Nﬁ@TREAM'NG INTERACTIVE

VIDEO
RELATED APPLICATION
[0001] This application is a continuation-in-part (CIP) application of
Serial No. 10/315, 460 filed December 10, 2002 entitled, “APPARATUS AND
METHOD FOR WIRELESS VIDEO GAMING”, which is assigned to the assignee of

the present CIP application.

TECHNICAL FIELD
[0002] The present disclosure relates generally to the field of data
processing systems that improve a users’ ability to manipulate and access

audio and video media.

BACKGROUND

[0003] Recorded audio and motion picture media has been an aspect
of society since the days of Thomas Edison. At the start of the 20" century
there was wide distribution of recorded audio media (cylinders and records)
and motion picture media (nickelodeons and movies), but both technologies
were still in their infancy. In the late 1920s motion pictures were combined
with audio on a mass-market basis, followed by color motion pictures with
audio. Radio broadcasting gradually evolved into a largely advertising-
supported form of broadcast mass-market audio media. When a television
(TV) broadcast standard was established in the mid-1940s, television joined
radio as a form of broadcast mass-market media bringing previously recorded
or live motion pictures into the home.

[0004] By the middle of the 20th century, a large percentage of US
homes had phonograph record players for playing recorded audio media, a
radio to receive live broadcast audio, and a television set to play live
broadcast audio / video (A/V) media. Very often these 3 “media players”

(record player, radio and TV) were combined into one cabinet sharing
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and to the home without suffering from widespread piracy or “second sales”,
i.e., the resale of used media. Typically publishers do not derive revenue from
second sales, and as such, it reduces revenue that publishers might
otherwise derive from the buyer of used media for new sales. Although there
certainly were used records sold during the middle of the 20™ century, such
sales did not have a large impact on record publishers because, unlike a
motion picture or video program -- which is typically watched once or only a
few times by an adult -- a music track may be listened to hundreds or even
thousands of times. So, music media is far less “perishable” (i.e., it has lasting
value to an adult consumer) than motion picture/video media. Once a record
was purchased, if the consumer liked the music, the consumer was likely to
keep it a long time.
[0005] From the middle of the 20™ century through the present day, the
media ecosystem has undergone a series of radical changes, both to the
benefit and the detriment of consumers and publishers. With the widespread
introduction of audio recorders, especially cassette tapes with high-quality
stereo sound, there certainly was a higher degree of consumer convenience.
But it also marked the beginning of what is now a widespread practice with
consumer media: piracy. Certainly, many consumers used the cassette tapes
for taping their own records purely for convenience, but increasingly

consumers (e.g., students in a dormitory with ready access to each others’

record collections) would make pirated copies. Also, consumers would tape



common speakers that becane the "nedia center” for the hone. Al though the
medi a choices were limted to the consuner, the nedia "ecosysten was quite
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enjoy the full extent of their capabilities. At the sanme tinme, the
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notion picture/video nedia_ Once a record was purchased, if the consumner
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pl ayed over dihgediadrpabtdun@ pddidReI YN Eyid@ cbRS@her 8f miedRemiay Havehe
publ i sher. [0006] The advent of the consuner VCR |l ed to even nore consuner

conveni ence,statckoledeiveaciise staditad T apetcanvputeanindsagiolly rebwe ofiheh coul d
be watched at a later tine, and it also led to the creation of the video

rental busi nmesse, eeitengiowa at’ eisesilof calsle$ o pnegranorienbV cetd andber accessed
on an "on demand" basis. The rapid devel opnent of nass-market hone nedi a
devi ces si nqeersoraltiothmegss(Pizs dsawelt as argranp oé cerdeist eantrads.gin dfe choi ce and
conveni ence for the consuner, and also has led to a rapid expansion of the
nedi a publ i S¥ONERXt At Ppresent application, the term “personal computer” or “PC” refers

to any sort of computer suitable for us in the home or office, including a

desktop, a Macintosh® or other non-Windows computers, Windows-

compatible devices, UNIX variations, laptops, etc.) These devices may

include a video game console, VCR, DVD player, audio surround-sound

processor/amplifier, satellite set-top box, cable TV set-top box, etc. And, for

an avid consumer, there may be multiple similar-function devices because of

compatibility issues. For example, a consumer may own both a HD-DVD and

a Blu-ray DVD player, or both a Microsoft Xbox® and a Sony Playstation®

video game system. Indeed, because of incompatibility of some games across

versions of game consoles, the consumer may own both an XBox and a later

version, such as an Xbox 360®. Frequently, consumers are befuddled as to

which video input and which remote to use. Even after a disc is placed into
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[ 0007] Today, consuners are faced with a plethora of nmedia choices as well
as a plethora of nedia devices, many of which are tied to particular forns
of nmedi a wo 2p@wva7d™al ar publishers. An avid consuner of mredits2008psitave a
stack of devices connect ed to TVs and conputers in various roons of the
house, resulti ng in a "rat's nest" of cables to one or nore TV sets and/or

per sonal {Iﬂ&%%h%c{ g? ggsgggit\{%qﬁo DI B By, SEBRLs Fﬁé?)zété é@r m(elop the

cont ext of € presen n t erm™pérsonal

refers to arlkd(%écﬁéﬁd %Ddﬁ)o HE 8's ée?é(vﬂt%&'?éﬁhé trhe%e\h&{,\;dn tH@rE%rr%rct Rrhbtee:

including a |nto or other non- oms conput ers,

W ndows- commanitidl & f@QMHCﬁ% cadliher d S@l 12RB88 witriRlcARRal Bhdichgdbessy devi ces
may include a video gane console, VCR, DVD player, audio surround sound
processor/ argdanipl€rin th@lcaké iof & iglk-sceded DD, R lLeer Magaieddop flpex, etc. And,
for an avid consuner, there may be multiple simlar-function devices
because of cdmpramnbldndtmensseu&fe cdrosctespapl @tioaos diss T mevitovwerd®mt h a
HD-DVD and a Blu-ray DVD player, or both a Mcrosoft Xbox(r) and a Sony

Pl ayst at i on((e)g- M@eﬁu@a&@myﬂb@eﬂobndébdemaéﬁlmetcn} Simdarpdhehiseity of
sonme ganmes across versions of gane consoles, the consuner may own both an
XBox and a |ma@enegdiefies deserarinaangdrihemest quﬁec’[ﬁﬂém@ﬂqud s@slners are
befuddl ed as to which video input and which renpte to use. Even after a
disc is pl acy§tamiymatye. gcdﬁgégtD?ipé%Q'ta(ieD-'g_S eipvpOf D IesS. thPu-ray, Xbox

or Playstation t he video and

df t t d ,
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etc.). Siml he "user ermn and hen se
correct aUd'lﬁsﬁ%UHH%@uﬁe}md systemfornat (e.qg., AC-3 Dol by Digital, DTS,
etc.). Oten tines, the consuner is unaware that they may not be enjoying

the nedia cq 0098% t o t|Rereladinglye anbhétidaseal medial deviclsavava 98erPaddetltd
system (e.g. ching a novie squashed at the wong aspect ratio, or

| i stening tahawhck offdesicyseAutitt Bevicdédike ihe Soiid<sBiDigisd Wnbic system
[ 0008] I ncreasi ngly, Internet-based nedia devices have been added to the

stack of de\dtmasn addioidirebtlyifioes the keetret [Semsiser Jeibes like tHeSlirgoxdt em
streamaudio directly fromthe Internet. Likew se, devices |like the

Sl i ngboxTM eafttertaiament player ageardvigdssr and sleamahthreuglearmane navariora hone
net wor k or out throu%h the Internet where it can be watched renotely on a

PC. And | nt énfidtropgbiiae ntematevhase dreqn pervatenad iegeaielyfaned RGabied TV- 1 ke
L R B TR
Eﬁe;gngin g &nwgﬁ@ %@9?05%6@& s ronRSi e Te Iaeene o PREL e ces
| acks ubi qwﬁo%g h&&% as%;%ﬁggﬁ acce gﬂp tgﬁ@ r{tgﬁ%é%) Rﬂﬁ%? h%#éf@ (%{?%8 ces
frequently Cé)éuhpfé%éih@é’%u% 4otk éxu@’l\/lga{é”é?@fre%”éﬁdﬁé ﬁnqrpfwyaon the

need for expensFve processi ng an or |l oca age. Additi ese

modern consumeivi&dig Geriey Edu@l@H'Wete\élléh‘b‘#'thé’sé@é\ﬁé’é@oﬁer%@ﬁéleﬂ%t off powver,
even while idle, which neans they are expensive over tinme and wasteful of

energy resowoprenichee f@%m@ﬁhﬁctlcmﬁﬁét i @erfayms osddHIdeks abrpabas endf the
consuner neglects to turn it off or
simple access to most media. Further, such devices frequently cost hundreds
of dollars to manufacture, often because of the need for expensive processing
and/or local storage. Additionally, these modern consumer electronic devices
typically consume a great deal of power, even while idle, which means they
are expensive over time and wasteful of energy resources. For example, a

device may continue to operate if the consumer neglects to turn it off or
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switches to a different video input. And, because none of the devices is a

conplete solution, it nmust be integrated with the other stack of devices in
t he hone,watto@n7stoel | | eaves the user with a rat's nest pofi/useoos®szsngl a sea

of renpte controls. [0009] Furthernore, when nmany newer |nternet-based

devi ces do work properly, t hey typi caIIy offer nedia in a nore generic form

:/ngoi : hroggqlr\'v &he Rils e@ﬁgit%ngf\;@eeﬁngr B ] Bgéﬁi%geﬁ%eggﬁh%a &zgtlssa';](r)?arhe
i nteractive co‘?ﬁfélét%ssolbﬂ"&ﬁ |Prfnb§i"b@ﬁﬁ8§r%?é‘a’ﬁ}‘([t’ﬁe 0 dé?%téél@‘of é‘égmoc

vi deos, ganes, or dlrector s conment his 1s e to the fact t

frequently thne NWRICAGEI YavEBURE iLdbr WRhRI REYGRE! bf‘w#e@%hb'éé'éaabf ifé?ﬁdi'@t
intended for a particular device that handles interactivity [ocally. For

exanpl e, eacdon@dblddVD, HD-DVDs and Bl u-ray di scs have their own particul ar
interactive format. Any honme nedi a device or |ocal conputer that m ght be
devel oped t d0609port dafurthErnione, wiogn hanyfriewet Iaternel-dagehoevieesidb ewaek of
sophistication and flexibility that would likely nake it prohibitively
expensi ve armioperiyplteey typicallyefeomsediain aonoleegeararic fpOoI0IAddNIGHt t o t he
problem if a new format were introduced later in the future the |ocal

devi ce may rishendse berpvaiablenwbpeexaipals, deviges thalgsigam videe theawohdhaat |,

whi ch woul d mean that the consumer woul d have to purchase an upgraded | ocal
medi a devi cdnteraet @%hﬂf%amlllﬂs’[ﬂh@l\@eﬂrr@ﬁﬁr@ﬂ ingh the HEQragHve (HEass 8i ¢ vi deo
(e.g., one video streamf e) ntroduced at a |ater, date, the
| ocai dovi coyacrom ARy RS- Bk fi6t Smatons ot CAgsi ey 67 diB6RESt ne vi doo,
or it may not Q. | e n ornat

Ce. g, "avsun #e"ﬁéﬁ Louiss &ﬂé?oaﬂm%%@%ﬁﬁﬁauaﬁ '&%'Bﬁeré'ﬁtaveeﬁ% B zed
Wi th shutter r nsumer' s
; Wﬁgdg%(?ﬁ E]n% yamcu‘érqgrfr@%tflﬂfén'd}é f8rda ﬁ)%rt?c%%} e {Hat hgﬁd@

vi deo hard 'S option mnu

unavai |l abl e r
5005, 073599 | Féf%é%% 8/ 08 SEQﬁQXeﬂﬁb%V‘@ééh BPW@% DV¥®and Blu-ray discs

have their own particular interactive format. Any home media device or local
computer that might be developed to support all of the popular formats would
require a level of sophistication and flexibility that would likely make it
prohibitively expensive and complex for the consumer to operate.

[0010] Adding to the problem, if a new format were introduced later in
the future the local device may not have the hardware capability to support
the new format, which would mean that the consumer would have to purchase
an upgraded local media device. For example, if higher-resolution video or
stereoscopic video (e.g., one video stream for each eye) were introduced at a
later date, the local device may not have the computational capability to
decode the video, or it may not have the hardware to output the video in the
new format (e.g., assuming stereoscopy is achieved through 120fps video
synchronized with shuttered glasses, with 60fps delivered to each eye, if the
consumer’s video hardware can only support 60fps video, this option would

be unavailable absent an upgraded hardware purchase).



[ 0011] The i ssue of nedia device obsol escence and conplexity is a serious
probl em when it cones to sophisticated interactive nedia, especially video
ganes. [ O0802pmodaern vi deo ganme applications are | argel ypdiruisdedosssud f our
maj or non-portable hardware platforns: Sony PlayStation(r) 1, 2 and 3 (P51,
PS2, and PS3); Mcrosoft Xbox(r) and Xbox 360(r); and N ntendo Gamecube(r)

and W1 TM 386 i DS o ORtne of feha SEbSRE RRLLOL Ra bl et than

the others ganes” Wi o ran-on-onep orm-usua 0 not run
on anot her tf.ar I&REN Y SRatd it ; LN jjone
generation %er% tej\e/ipr(gqc)abtgo Wﬁgﬁﬁe&cﬁﬁéﬁﬁﬁo@ﬁougtté@Léértr%jngé ﬁféy of sfg%?'tgwgre gane
devel opers Gjgal gamekt ware ganes that are designed independent of a

particular platform in order to run a particular game on a specific

platform a [oowe] et ar \Wbayervidéo gafric/assicaliossitrnizkyelg alvidsh mto gamre
devel opment engine") is needed to adapt the gane for use on a specific

pl at f orm Eanhjophahfporiable haalwhre @latfernso sonyetlapStatioh@onoamd 3(P,, a

st andal one box attached to a TV or nonitor/speakers) or it is a PCitself.
Typi cal |y, the2,dntkBS§aMdicreandt Xlodx® andothadxc3b0@ratichNguehdaSamdiupeay DVD,
DVD- ROM or CD-ROM whi ch contains the_video ganme enbodi ed as a

sophi st i cat eand84i™'t angPSotbasest gamppl Faeh poimesadlattnresoe shftriantithepdbas have

increased, video games are beconing increasi nql y availabl e for downl oad.
[0013] The spaBers 9 th?t PEF\PS \WIHAT 1 1 %HP%\P@ Eﬂr@tmww&@n&ﬁtmﬁ.qﬂ ty with
e e e el Aot RSB Aot b b ol ot vre ane
mant expectod il SPERIERTS U A e AR ERR PERTABH) R0 S BRI o
ot o AR o Sbiard BB SaPFRR Mg BRI Y e
o gues SABSISBBYNAn ) ol 0k pENES ol d il ABoRRSE, 1T
hi ghest proprietary layer of software (frequently called a "game development engine")

is needed to adapt the game for use on a specific platform. Each platform is

sold to the consumer as a “console” (i.e., a standalone box attachedto a TV

or monitor/speakers) or it is a PC itself. Typically, the video games are sold on

optical media such as a Blu-ray DVD, DVD-ROM or CD-ROM, which contains

the video game embodied as a sophisticated real-time software application.

As home broadband speeds have increased, video games are becoming

increasingly available for download.

[0013] The specificity requirements to achieve platform-compatibility

with video game software is extremely exacting due to the real-time nature

and high computational requirements of advanced video games. For example,

one might expect full game compatibility from one generation to the next of

video games (e.g., from XBox to XBox 360, or from Playstation 2 (“PS2”) to

Playstation 3 (“PS3”), just as there is general compatibility of productivity

applications (e.g., Microsoft Word) from one PC to another with a faster

processing unit or core. However, this is not the case with video games.

Because the video game manufacturers typically are seeking the highest
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possi bl e performance for a given price point when a video gane generation
is released, dramatic architectural changes to the systemare frequently

made suchwohat9/ateryy ganes witten for the prior generatiPOmUS@8O85dD not

work on the | ater generation system For exanple, XBox was based upon the
x86- famly of processors, whereas XBox 360 was based upon a

Povier PG ait d ks hOBATRARARD fYS5q§a0 chte Woirk Vg & 9IcRBUathe BBl i

architectur rven are rea I ons,

of ten unf easrb@a%eaOﬂtaa‘f'ﬁ%ltﬁ:"%chﬁ@ctﬁﬁ&@%aﬁ@@?tobﬂéaéé/s?ém'a'Fe% ﬁgg iR Thi s

is a detrinent to the consuner gane consol e manu urer and the

video gane sQichwAhEmBHY!gaPhtey writtéh fdr*’tﬁe%@?@@ﬁératﬂoﬁ JYRRIM doNfOtIRSIRDRI LY Of
keepi ng both an ol d and "new generation of deo gane ‘consol es hooked up to

the TV to behaldier hendlatiyn dybteharmsr. e@@iplé%B@QM' fagmRnyicacthen@s-i t nmeans
cost associated with emul ati on and sl ower adoption of new consoles. And for

t he publ i sheamily offpercessbed, whdreapXBoxe3edi was bated epogansweeBCliawidy.t o be
rel eased in order to reach all potential consuners -- not only releasing a
versi on for [06t4] br andTen‘nrNLiLm@ocag‘ah@u(ilézagi to exBobate RIpsips vathitenjureplowt of ten a
version for each version of a given brand (e.g., PS2 and PS3). For exanple,
a separate \@ven Bt yiden games are rew! tigne appli@dianaALisoEtenafegsibia ped f or
XBox, XBox 360, PS2, PS3, Ganecube, Wi, and PC, _anong ot her pl atforns.
[0015] Por t a@cé“%}@/ﬁh@e%acga%me&ef@Mqruv ah 9(”“&'@1'@” )Tfﬁﬁdﬁégegﬂﬂe%i@ttﬁﬁl e nedia

0% ST PRAR OB 00 h APSBETIRE o
i R O R 1 e e
corput 19, SRRl oy P anch NI SR AECLESSAARIEH L b o

G 2pi, o acCalenapEamIaHiUS ke oReCer Ry R ES LBt BeloB)

sof twar e de\&/@ihpéﬁfufﬁatﬁohparﬁﬁélbWeﬁgkﬂ@b@&] 8f Béwedngars. Ahtlier wiepildiisReoiys! y for
many different types of portable devices. A user may find that a given

ganme title irpeaos tren andlaplecksiondios npardansed araydedve tphselssgeontortibe nedi a

plaver. to reach all potential consumers -- not only releasing a version for each brand
of video game (e.g., XBox, Playstation), but often a version for each version of
a given brand (e.g., PS2 and PS3). For example, a separate version of
Electronic Arts’ “Madden NFL 08” was developed for XBox, XBox 360, PS2,
PS3, Gamecube, Wii, and PC, among other platforms.
[0015] Portable devices, such as cellular (“cell”) phones and portable
media players also present challenges to game developers. Increasingly such
devices are connected to wireless data networks and are able to download
video games. But, there are a wide variety of cell phones and media devices
in the market, with a wide range of different display resolutions and computing
capabilities. Also, because such devices typically have power consumption,
cost and weight constraints, they typically lack advanced graphics
acceleration hardware like a Graphics Processing Unit (“GPU”), such as

devices made by NVIDIA of Santa Clara, CA. Consequently, game software

developers typically develop a given game title simultaneously for many
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[0016] I n the case of honme game consol es, hardware pl atform manufacturers
typically charge a royalty to the software gane devel opers for the ability
to publ i swoaogaTeroen their platform Cell phone wi rel es®crarseeosiosssas so
typically charge a royalty to the game publisher to downl oad a gane into
the cell phone. In the case of PC ganes, there is no royalty paid to

publ i sh gamegs ol t;%%@%f%@)‘t%@%“@é\ﬁcéé( R ﬁ?é# Hhal $ha Rl 8@%§}g%‘ggé’ﬂtlé f the

hi gher cust ofref “servVice 0 Support the e fan

configurati gﬂ%a%ﬂiaéle%raﬁilsﬁgrp Iérsc,sél'lgfnc}r{%r peHatie in?é‘diaﬁlcaéfér. PCs typically

present |es arriers tot I racy gane software si they are readily

reprogrammalpg16y a taphRé eabé vf hBﬁl‘éﬂ,%Qﬁ@%@h@ol%?ﬁar@%ré’%@ﬁ)rﬁ\an be nore
easily pirated and nore easily distributed (e.g., through the Internet).

Thus, for a raghtfaeiec@ABicaRy eh@Rera rdyafyeo e sclonhe gatedevarbpans ages in
publ i shing on gane consol es, cell phones and PCs. [0017] For gane publishers
of consol e ahd aPityof pusiish, a gasiesortthenoplatioan.t Gell phod® witietdssi dantiersganes
through retail channels, publishers charge a whol esale price bel ow t he

sel ling pri cdsd typiadily aharge beoyalty toahe game ptblishesitgidownitas agbmesinte al so
typically has to pay the cost of manufacturing and distributing the

physi cal medha cebiphiong. imibeg@ase.of Fe gpinsisi Hese is 8O sPyaityfpaid i@ ptibsithar ged a
"price protection fee" by the retailer to cover possible contingencies such
as where t hed35R0% Ribsamadevalppersdypically iasedugh cestsidusdoitie lighiied, or i f
the retailer st refund par,t gr al | ?} t he, whol es(glcgp priﬁ,e apd/ or take the
gane back f rANBLYVICEAMAEN &y gHPROT fhg Wideianog A5G FRNUHTRYORMERTe fees
to publishers_to hel] et e ' er.tisi Y/ Furt hernore,
ot ai Ters araseRREb8alEs I iina BaRsb R EE el e VRS Ral e 16 ched
pl ayi ng the : ; ' [ none of

t he used garr%ee?’(Iar}\%ggEsgBemﬁ@héc{fhﬂé%gaﬁc%ﬁggiaggggédlli}d%%cg&% }JM?%QQCHXS? bur den

pl aced upon j biS|at drhed e R d and
P i R S G S R G ST ek

copi es. [ 001BbARscadifyTismbulidoedPanios@e aftsINténet)bFROs, fOF AeR%iwWade dBfhe

br oadband connectivity has becone nore wi despread in the US and worl dw de,
parti cul arl yidveldgee, there aendodts ahatdisamiantagdssnpublishiaglont gamet - connect ed
PCs are rented, ganes are increasingly being distributed via downloads to
PCs or consdoesolesl sell pboneslbad®Gonnecti ons are increasingly used for

pl ayi ng mul ti pl ayer and massively nultiplayer online ganes (both of which
are referred00d7] n t hdqQrgsseapubliisharssiicensgle g RE sorware, MasE' §lo nThese
changes mtigate sone of the costs and i ssues associated with retail

di stri but i orENAG&RAE-deidiglitse DaBesdhed ddgidkehannebirdublishere diesgrifant ages
to game publisqt]ers in that distribution ?OSth?) typi cal E% are Ifess and there
are little O¥hRIBSRBHEes G 8engwEca forEhe rakilRT a8 gareld MRt i | |

PUDTeCL 0 AR aRSSGHASPhob e el TR SR °° 1 122
fill I 1. _.di i . i . t

L SP ooty SR HUIGR Foal RG EPLCe, O,
on e SO, Bl §°08d AR REARB nd A OO BLOBLEE S

Unl i ke | | neasonfiRgbAci6s sfich a¥iviReand gl GdedHoctbicairlife gaRiciphie & canera

shooting video o I splay screen”or a m crophone recording audio from
the speaker sedgésd) ofiiti@e regiier MR Fefana Partsortdll sfufe witslesH8 phiek dpel/sropi ed
usi ng sinple video/audi o recording. Thus, even in regions where copyright

| aws ar e nottaké tlngameesdoirfomm sainalgpi Addiyionally, astadets, aldd/YgEcalgrehzegehi el ded
frompiracy and therefore a business can be supported. For exanple, Vivendi
SA' s "Wor | d feés Wapublishets MMISphaarket thre gamee $s dvéisugdlyeye d-uihenmare,
suffering from piracy throughout the world. And many online or MMOG ganes,
such as Li ndetaileshare ingeaasily Pewng Aok ggenes Hoe users whe have finishefines'

operators through economic nodels built into the ganes where assets can be
playing them, and then sell them as used games, typically sharing none of the

used game revenue with the game publisher. Adding to the cost burden



bought, sold, and even created using online tools. Thus, mechanisns in
addition to conventional gane software purchases or subscriptions can be
used to pap2bevo78tse use of online ganes. [0019] Wil e pi patyusSea@s/ okes4df t en
mtigated due to the nature of online or MMOGs, online game operator stil
face remai ning chal | enges. Many ganes require substantial |ocal (i.e.

user has o gL 0ot SRS shBrs, Tt M o o e U SRR, uch as
a | owend 'QﬂétﬂBbteﬁg}P@fﬁaﬁﬁtIpf?e‘?nﬁigﬁro?g%ﬁrisﬁtg%v&m@aﬁﬁﬂa- Lréé%ﬁﬂe'sy’ as

gane consol es age, urt e state-of-the-art and may

not be abl e bg18pndl e AD[ReRY BRSRHBATBedE RN HThESGaLING atker ' s | ocal
PC is able to handle the conputational requirenents of a ganme, there are

of ten inst a|dr@éd'jl@éhd:§d_m41@tiivtt* @ss bEReMe mBke WRickbraRT in theanPahibi [ ities
(e.g., if a new gane is downl oaded, it may install a new version of a

graphi cs driwetdwibde} paricdiarly ta tips bgmelsid/ta Intdrabt @adafesiiveheredhicamét- upon an
ol d version of the graphics driver, inoperable). A console may run out of
| ocal di sk smawectes! ROs @rgseriedagamdevand dueasingy sl digititeded yigi cal | y
recei ve downl oaded patches over tine fromthe game devel oper as bugs are
found and fidavloads ta Prsdirfdonagliesnéisar bragsihantconnectienmaredngreasingly he
ganme devel oper finds that a |level of the gane is too hard or tgo easy to
pl ay) . TheséJS@QthHQ?YF@q@PH@@V&R/a@QVWﬂ%%H%Y NEdinIayAeen Hiesa3es Apethpfer s

pat ches i nt NBUGE & o{ e A HTPESE): eclpUe b HEEACBRTHIVbE ) ssues.
brovi e or aphiee GPYOERAN e STheSs Rk Forle EorRt Rt taub MbaREN o, ror
e SRS S0LEE AR AN P MRS SHER A BABEIEAY 3,
S saccs, SHATELUORI 0 rER SRSt ete AU BRI B! D2,
I nternet conm@ebi AG costsTRdmfmsbicemedrh Bubadwnldadediegfneoumd stilrsuisieens or

piracy, and because of their size (often many gigabytes in size) they can take

a very long time to download. In addition, multiple games can fill up small disk

drives, such as those sold with portable computers or with video game

consoles. However, to the extent games or MMOGs require an online

connection for the game to be playable, the piracy problem is mitigated since

the user is usually required to have a valid user account. Unlike linear media

(e.g., video and music) which can be copied by a camera shooting video of

the display screen or a microphone recording audio from the speakers, each

video game experience is unique, and can not be copied using simple

video/audio recording. Thus, even in regions where copyright laws are not

strongly enforced and piracy is rampant, MMOGs can be shielded from piracy

and therefore a business can be supported. For example, Vivendi SA’s “World

of Warcraft” MMOG has been successfully deployed without suffering from

piracy throughout the world. And many online or MMOG games, such as

Linden Lab’s “Second Life” MMOG generate revenue for the games’

operators through economic models built into the games where assets can be
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character requires storage space or conputational capability beyond that of
the local PC or console, it can create a situation where the user can not
proceed iwoth@/game, or mnust continue wth reduced- qual iPCy/use@glosssss Thus,
online or MMOG ganes often Iimt their storage and/ or conputational
conplexity requirements. Additionally, they often limt the anpbunt of data

TS U g S LR o B B R TP oA e e ke

of users tha e gafes her or e

techni cal Ty-Jdepowd e i IeﬁtlHﬁﬁrq%hrﬁé %oft\ﬂéFeeﬁéﬂcﬂ%é!s E?!é%s%?up%ﬁﬁé @ﬁﬁ]uhng | ocal

copi es of ganes an e ganmes so that t can cheat e cheats

maybe as si ey tg%dwgfﬂ{égsé)ygé,qmeoggﬁésrepeat faster than is humanly
possible (e.g., so as to shoot a gun very rapidly). In ganes that support

i n-gane assqpoigpnsactweans pira€y ehe dkl diercAnigatssHud td geehatofe 8PEMIrRL i cation
that results in fraudul ent transactions involving assets of actual economc

val ue. When arMmdGseonine\jdote operatonstil fand eémiamihgskallenmyesuMangsset
transactions, this can result in substantial detrinental consequences to
the ganme opeganes sqUie0adjswndiat tosal (fe. devielnop) prgcassisyresomcéaborgning as
PCs and consoles are able to produce increasingly sophisticated ganes
(e.g., with ardV¥MQGalke workpenngpi B4 usaidiasas lovepreimanaealpcaleampiger and
more realistic behavi ors, such as real-time physics simulation). In the
early days de- Qh%nQ/WHBGUb%I%DU n%}ﬁ%‘t@%/a lw¢ad '@B‘i‘?@ déﬂ/@ladﬂ?ﬁirﬁe e 1o very

Ioprren st of the

ELTei Dot RBL it gamB AGTOBAUE B Fn cOnselhe 208! Iryfan fubes to the
such et hodBe stAlE-FafeRL Al R nedRle R RANGR Be e et e e ve
speci al' ef f age, aJ0fiAk, (FBOKCPORRAPbCCalaEk K fS0B30E cRyRLARFERt ef forts

nore cl osely rese pecia pictur opnent than

sof twar e deyghapomBhts 5of ghit A6 r@%ﬂéanéisrp?tl AESmplRibdeTAé By | ons of

3-D worl ds generate ncreaS| ng phot or ea ., conpute

graphi cs t haie gegIPiRGorhBalibiftdsC(eas, f|a' Y& @8hie0iR doWRISAYed hM‘nay install a
phot ographi cal I'y) characters, props, and environnents. One of the nost

chal | engi ng raspeststorodf @bmmfwhﬂl\sérlthag@meﬁhéd@r@@ }/umﬁaMHcﬁgam@g a
conput er -generated hunman face that is indistinguishable froma |live action

human f ace. rEbantalporegr oldevarsiohradltbgigesphics dri@ninopeiab el consctaptay e
devel oped by Mova of San Franci sco, CA captures and tracks the precise
geomet ry of rangert pblagal diskfspaee as morghgareeslane downidsided. Complex gamesi on.
This technol ogy allows a 3D face to be rendered on a PC or gane consol e
that is virtiMaicaly i%‘@t@%@%ﬁ@%l%tqﬁ%rﬁvﬁr@ﬁ]ﬁ h@@dhﬁlgﬁén%6§1/@ﬁp€h%%

Sever al T oo CRPYER A GRyOT L BuHIEBNS o6 b 01188 MG Betdiear
mmy be- appardite OgveRBet fate R R éﬁeﬁggm'éhngﬁaﬁ on 8 S P ReY tnlfc”,f
unot exsant. ALABskh by SH0F el B bl ﬁrgw%;é SRS,
PO 30E Sl ARSRS NSRRIt S o it Bcpel yoons ancor
high pol ygonngeside §Hepesmpatibilifleddisie dphsx bohSimsHaB8ues.

[0020] Also, during game play, large data downloads may be required

to provide graphics or behavioral information to the local PC or console. For

example, if the user enters a room in a MMOG and encounters a scene or a

character made up of graphics data or with behaviors that are not available on

the user’s local machine, then that scene or character’'s data must be

downloaded. This may result in a substantial delay during game play if the

Internet connection is not fast enough. And, if the encountered scene or
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rapidly, the PC or gane consol e supporting the gane may not have sufficient
RAM to store enough polygon and texture data for the required nunber of

ani mat i orwbnrameg3generated in the gane segnment. Furt her pCcrhis2@sngises opti cal
drive or single disk drive typically available on a PC or gane console is
usual Iy much slower than the RAM and typi caIIy can not keep up with the

Loxt ures. oo FEaeh bR Sirale B h R Rad FRAEAL IR BRI Y, ¢ s
into RAM why, % ﬁ@@o?@ @é\’isdﬁ‘e%c‘!&?c%ﬁﬂé %ltﬁa Qle¥e b %am arrn&torrpl exity

and duration e capacity of the e case 0 ani mati on,

for exanple, rbBééd FRthel ddhé, & MRbsorfinddNAtCRRRLREE-dualIigl §raBhicd. TAUS,
resol ution face that is not photoreal, or to a photoreal face that can only

be ani mat ed drfihedr MIMOG @@ niBsdiesn whithReine®ra bader cbmpuedaibraguses, and
| oads pol ygons and textures (and other data) tor nore franes.

[ 0024] Wat chigognpelepityogaess memts. oditiehai theyaftesslimit¢he ameent akdataPC or
consol e displays a nessage simlar to "Loading..." is accepted as an

i nher ent dr dvdresédrsigluringdhg’ gams@slirm‘orcMNﬁD@@ammmagaaie@ naffhw tel ay whil e
the next scene |loads fromthe disk ("disk" herein, unless otherw se

qual i fi ed, reaeesof usersribglotan play tb@@ﬁﬁhﬂs or rragnetl c nedia, as well

non-di sk media such as_senmi conductor. "Fl ash" nmenory) can take several

fseconds or d08R1kever dTUriEAmOER. te"l’hﬂ'§a'||ysk'|é°‘0(l§§'%a@f3 %ﬁ%a&;tﬂ‘%%ﬁﬁ'%y?w the

dégiirkﬁ;ly)”%gteﬁﬁ@e?%@ neTcal CRBES P! GBS g TRdRGG LS faRRsD ek 11om

whi | o the”Lrth%@éﬁ%h%%%ﬂ&% s AR e Bie a8 ndi o b st B ™ e
F I h

arong a | ar Séé‘%ﬁn*&”r B ARARERY oS CiBfe, HATT s6 1B sHBY b SRR BT i P one

So, dependi rh e!ﬂég Eﬁc?cgl?ltihﬁffe iE/é?{étP‘tr‘&i’?\%ﬁ@ﬂ‘bri'sgSh8fEPI%"S’tBlg @hﬁfréé&i‘éljé’@wgons

textures an ectl | ect required

scene (e.g.,ofobhrtieatiort mﬁeé‘lﬂﬂéﬂn¢|*afuf:iﬁféﬁﬁftraﬁ§h@ﬁ&13ﬁHdolpihbtaﬁéfs@?s@In their
uniforms). It may be possible to enunerate many or all of ‘the various

per mut at i onsacigl guoRoaiEREILE. Wiieh &t oslihe of MM\@G@tec&mbmc medb! fnbgsethd
store the objects on the disk used to store the gane. But, if the nunber of

per nut at i onson sudhaaspet ttansaaimnenthisfcantresaym sudptanted deyimertal of t he
objects may be too large to fit on the disk (or too inpractical to

downl oad) . Tanseqesneas taghpQaamiopeisd@ise systens are typically constrained
in both the congl eX|ty and play duration of given scenes and suffer from

|l ong | oad tilAB32} or colfif eastsd sigpelopingnz FErERME MasidAVNiasaRESIaNdi t at i on

wth prior art vjdeo st ens
P consoles arega le to zroduce increasingly sophisticated games (e.g., with

more realistic graphics, such as real-time ray-tracing, and more realistic
behaviors, such as real-time physics simulation). In the early days of the video
game industry, video game development was a very similar process to
application software development; that is, most of the development cost was
in the development of the software, as opposed to the development of the
graphical, audio, and behavioral elements or “assets”, such as those that may
be developed for a motion picture with extensive special effects. Today, many
sophisticated video game development efforts more closely resemble special
effects-rich motion picture development than software development. For
instance, many video games provide simulations of 3-D worlds, and generate

increasingly photorealistic (i.e., computer graphics that seem as realistic as
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and application software systens is that they are increasingly using | arge
dat abases, e.g., of 3D objects such as polygons and textures, that need to
be | oadedwormb@/t7B®2PC or gane consol e for processing. AgCiitsecusssssnbove,

such dat abases can take a long tinme to | oad when stored locally on a disk.
Load tinme, however, is usually far nore severe if the database is stored a

remot e | ocatj,gn. 400 acBREERS Shol Al AHARNSHPLAERTroA pich @ o tuation

it may take m'nutes, ays Wh ar ge dat abase.

Furt her, SU%@FM&%% B ert rﬁgsgﬂf‘aglteﬁgirrﬁu%ﬁk SKWB%aQi@ti&g?rr%r 3D model

of a detail -masted sailll n a game, novi

hi storical dpsiemmanti} crsilingr£compandatbriepitcadinadiddeankpral end-user.

However, the database is at risk OP eing pirated once it has been

downl oaded tiadistegliseable fief a live d0HBK asasiace. Fackhl vamtlife tezhdolwgiard a

dat abase sinply for the sake of evaluating it to see if it suits the user's
needs (e.g.,such GoribucdsRearity Daptareghovelapeal chevaltd Sam BrahcistacCar y

appear ance or | ook when the user perfornms a particular nove). A long | oad
time can be capiigesrangriradksrthe psecise geewrsinyanfiangerfdran s fdae abaigh bef ore
deciding to make a purchase. [0026]Sim | ar issues occur in MJOGs,

parti cul ar | yeaglufjanwdilerbis immaiionud Bisstecbnalopy iadews rcelédaeatsl he cust oni zed
characters. For a PC oiﬂsgame consol e to display a character it needs to

have access "#BJIRE Qagdifase I8Mep oGl YipHRlgtStinouishaplesios@. ) as
ﬁ' 'st?3n862?ﬁ?@&f{%ﬁﬁi%a%ﬁfiebgaéﬁhﬁéﬁﬂi@ﬁ Eﬁé}r?ﬁ%?ngf ﬁ%ﬁ@hgﬁ@ﬁ%@%%ﬂ % oal Ly,
characters AveosPyas ey i st HRBRewnE Bl Alort PGy Yope haBEARE 0k cn
|s availabl e, agal Ly gfed ngcgﬁ’(ﬁéjﬁ% ngﬂeefs 'oftgh%earat%ol‘{@h%%%?aﬁcﬁ’ a di sk.

But, as the gane progresses, ncounters a aract er or object

whose dat ab i ; [ i i created
A cust omi sod Raeells e S ERER it ey D SR ERIORe Dl ayea.
i ts dat abasejjssdtingord Myl L6 drredhbatlE @ hibBBghed Bf el s tetiliiedl todel ay of
the gane. [0027] G ven the sophisticati'on and conplexity of video ganes,
anot her chaldotige 4 dighvietree apRotreglisrner ecaitthgothlel reatieriisg of altargei or art
vi deo gane consoles, is that it frequently takes 2 to 3 years to develop a
vi deo gane aturabercstpabfgdrsrendhighirekolotion déxtds, potenti@ly aithtthatpohe@wongi deo
gane console platforns are introduced at a rate of roughly once every five
years, gane anslel ieptures abanging ontaframgebefrapreehasiaaskhe fiacchooregames year s
in advance of the rel ease of the new ganme console in order to have video
ganmes avai | 48083k oncurWegnihjohaelyoehEsonahsgaNast WithOptailed tedyers chamasr al
consol es from conpeti manuf actures are sonetines rel eased around the sane
iha Riea il

time (e.g., "@P F 9RMeGRRSEe |RAPTHIH ggrﬁﬁtm%h%t h@RaPYECIERL be
The | argest RS A SudianuShaR feulidaaltt B RIS Buline Bncol o
wr e schoaul SHERSR AT adtiair iR Baric SUahEht, ERumer 08 dife RS '
B ace thal P B B e o R S Beast ol than

others, and eyl snidhelibwEEHRIOREERAM, BREYSESIACHPRE! Mup Withitae Picture

producti on conpahi es al so have to apportion their Iimted production
resources basgdnin \dagd rdtb evatahe IGRY @ah@deept erehdkehy pdgeasanal a novi e
wel | in advance of the release of the novie. Gven the grow ng | evel of

i nvest ment rtegureésCdrognt\gamess ypioatly |gaimmogt otthet paygars amds texausries dhty
becom ng i ke notion picture production, and gane production conpani es
routinely déibble winei meanediaita givenesene e rpelydiditad inloemplesty aed e of t he
future success of a particular video gane. But, unlike they notion picture
conpani es, tdirgtigreby itke aapaciiymiithe dinoihetaasesidacigkanimating, oroduct i on
itself; rather, it is predicated on the success of the game consol e the
gane is int endE I othiymayAimita IP<a8r AGanCoRIRe et d VeresoHdindacgt once
may mtigate the risk, but ffort inr]creases %Od$1to’raand

, t hj diti |
TR qtent Lot SHRDE dlat plbIEHapr 1ip Shol Bal Tae tiidian Only bs nimats

12



[ 0028] Appl i cation software and user environments on PCs are becom ng nore
conputationally intensive, dynam c and interactive, not only to nake them
nore vi smabl2goszppmal i ng to users, but al so to nake thempomris2aseiishs and
intuitive. For exanple, both the new Wndows VistaTM operating system and
successi ve versions of the Macintosh(r) operating systemincorporate visual
ani mati on eff i o) S 1 esk,

e RGP AL BEFASS ABES 10 GhRe MG a8 o MM of D

Inc., provide Very sop renderrng and ani na ity

whi ch push ttFﬂu‘réé‘}.én% &Ee?&é%??ﬂjmb@fréms@w and CPUs. However, the

conput ati onal requirenents o ese new tools create a nunber of practical

i ssues for ypeps] and SELIMHEa FRYGEIBYEP nfiveSsIERIYPARESS Hfe sdBEBR%kS nce the
vi sual display of an operati’hg system (0OS) nust work on a w de range of

classes of ceORWicOnSole-displaydidim@ssRigeddimigantr dbadimgs OMBHRERtdPas anger
sold, but still upgradeable with the new OS - the graphi cal requirenents

are |imted ihloer@nt drayebabidreday’saudeeasf compraxviden gamest dhe afelayowhild er s
that the OSis targeted for, which typically includes conputers that do not
i ncl ude a CRbe nent scarmvieads yron e disk liwigle” deheios uolapaiothdriviseofualiiedOs.
Furthernore, battery-powered portably conputers (e.g., laptops) limt the

vi sual di splrefere&pabniviolatile pa @almr@mmunaﬁlaoaaweglmqmdw media sgPy or CPU
typically results in higher power consunption and shorter battery life.

Port abl e corfSUERPEONGReRA| TIash nPeMesy e ([REeSOVRER SEGPORRPT B¥PN FeYRer S
o OTeSSEr SChl i LS B ORI SR L BSSE el 1
renuel 1, o SURSD oBaPA TR bR AL Y b Lo
o o 1t 850y SbHaEL B RS 6o ROLACE k) mefheCRe i, on

comput er i S 5o 1 18d Ante BEPEAPwRle tS pRRRKsAAIQLARAAE IEpRABE gty Thus,

OS graphics perfornmance often remnains bel ow the state-of-the-art

avai | abl e coimpiebri prapatesLamaliol ileyscen@08et b&@rlﬁﬁ%?@ SOVFBHVideb Qahé Yndynt ense
applications |ike Maya are frequently sold with the expectation that they

wi || be usedillow thieghapetitocheose aRGhg d hirge nupiberldf plgetahbasies a nuch
hi gher performance, and nore expensive and | ess portable, |east conmon
denoni nat or stadjumseamehtveather conditions. So, depending on what particular
combination is chosen, different polygons, textures and other data
(collectively “objects”) may be required for the scene (e.g., different teams
have different colors and patterns on their uniforms). It may be possible to
enumerate many or all of the various permutations and pre-compute many or
all of the objects in advance and store the objects on the disk used to store
the game. But, if the number of permutations is large, the amount of storage
required for all of the objects may be too large to fit on the disk (or too
impractical to download). Thus, existing PC and console systems are typically
constrained in both the complexity and play duration of given scenes and
suffer from long load times for complex scenes.
[0025] Another significant limitation with prior art video game systems
and application software systems is that they are increasingly using large
databases, e.g., of 3D objects such as polygons and textures, that need to be

loaded into the PC or game console for processing. As discussed above, such
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As a consequence, such applications have a nuch nore limted target

audi ence than a general purpose OS (or general purpose productivity

appl i cat iwo,2009da7981 cr osoft OFfice) and typically sell ipaoTmseévsiossses vol une
t han general purpose OS software or general purpose application software.
The potential audience is further Iimted because often tinmes it is

di ff1cult | OB MLASHECLAKE, BRGTiHO1d IbaWhe? UbRe AN BT ARK! Vsddt ense
applications 1Th advahce.  For “eXanpl €, Ssuppose a student wants to Iearn how

to use Maya iphe R iisaljsuléwgar @bf@%&égﬁﬁ’%%%eﬁﬁ%%ﬁ%tet he

applications wants to try out ya be

purchase (WhhedtdRRandVe! AcdeB¥8d WioahR hd Wbt aniugh-LatitRRRLHaY taRpabl e of
running Maya). Wiile either the student or the potential buyer cCould

downl oad, ormigeites holys ok dlven®itys t6 elpWwnidad & |slgERialgssdc0FuetheNayah i f they
| ack a conputer capable of running Maya to its full potential (e.g.,

handl i ng a aaEbases3esaftamegdreatdtea grdetexpehbe e gyrea®Dentddelrodleedetailed
fully-informed assessnent of the product. This substantially limts the
audi ence f ortabundstéd ghilisg dhipior iusatin argamet mavispot bistaridalidesumentaryi gh
selling price since the devel opnent cost is usually anortized across a nuch
smal | er nuntand @k iplancieddessalrda thensal endaisgerdowevaiuthsodaiabpss iscalt i on.

[ 0031] Hi gh-priced applications al so create nore incentive for individuals

e O oy it
heouth var i oe Lo Eﬁ?wantﬁ “OSG%‘W 45 s ey F'ﬁvfg?g}qrgfgfﬁ@ff QV?IEES% acy
app 1 car | and (S T IELARTRe uBis peefy B a0 ol ol Aol
ise of o sofns SsiabPl HsaigBe LPiddk g i ustodfirfs 4 PRYTRK 2!
users of pirnghed 3 Bﬁ&%eﬁ%%@ G 5% Iag)%‘ﬁ%tér‘ﬁC#oF M&@%ﬁ\%ﬁg(?%‘%iﬂ‘ an

expensive PC in’order“to tully uti e application.

2009/ 073792R{atAb&x00s0RSaedibingXe3Rhid & Raskades true for users of

hi gh- per f ormance pirated vi deo ganes. t hough pirates may get the ganes at
fraction of [0026] act Wimilar isseestokeyr arMMOGE) pdréquiarigdistganmel thaaaitow
expensi ve conmputing hardware (e.g., a CPU enhanced PC, or a high-end video
gane consol auderk® utiezeXBorea3tQ)y oestdaizadcharapiers.yFqylal Ct dregayaeeonsdleen
that video ganes are typically a pastime for consuners, the additional cost
for a hi gh- dadlisplaea aharacteyis neads imhave peedsshiottheslatatdse ofidigepmetiys
worse in countries (e.g., China) where the average annual incone of workers
current |y i SPglyopes)tgniures.Ate)astwelt anbebaviorselawsi if e shataster has & resul t,
a nmuch small er percentage of the population o a hi gh-end video, gane
system or a HigH- Whathee! E?ﬁh@[ﬁgﬁ LEneegasgh t@%lgph@tsggaqgrsngts ?CH tﬁ)gi ch
users pay a fee to use.a, conputer ected tothe Internet, are quite
cormon. - Er edtnad s e vBen e VERIGIE HES ol ity forer. SleredhmRar pos
w t hout hig r U, .whi ¢ch .nl Q W se
enabl e pl ayg@rf%%#%@%ﬁ!%gggcd\ﬁ%%#gé{?%ﬁ%%ﬁ%ggﬁé\éﬂlsal%@eew\'}m}éénng%rgg)tpyﬁtfﬁlg is a key
factor int ; R di
meIGHERR 95 Q?Agﬁ%;&g‘%ﬁz oh4fe g%édéa"]é‘*oﬁﬂéiaého@& oS YGlnIBEddl Y&

'S
"World of Crart oW eh succes I'na, and i’'s comonly
played in | ndige msi, 5;@&%9&%6&?0%@%36@,”? f@?eer%rﬁ%ﬁﬁté}r%‘&{é@é&t&r bt ensive

game, like "Second Life""is rmuch less likely to be playable on a PC
instal | ed i pjediviigeddtabasdri nstadvail@viehoGaEE®. QI # avibfHed@dlsky hhgaccessi bl e

to users who only have access to | ow performance PCs in Internet cafes.
created a customized character), before that character or object can be
displayed, its database must be downloaded. This can result in a substantial
delay of the game.
[0027] Given the sophistication and complexity of video games, another
challenge for video game developers and publishers with prior art video game

consoles, is that it frequently takes 2 to 3 years to develop a video game at a
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[0033]Barriers also exist for users who are considering purchasing a video
gane and would first like to try out a denonstration version of the gane by
downl oadiwg 200907820 t hrough the Internet to their honmePcAvUs2@8O8TFase deno
is often a full-fledged version of the gane with sone features disabled, or
with limts placed on the amount of gane play. This may involve a | ong
process (per rS)...0f | i | - re the gane
can be insta(%%ggf {agrﬁlg onrré@l?{] ggj\f\@ﬁﬂ%ﬁ %&{agﬁgﬁgma%%ggﬁfeeéﬂs%lﬁehe case of a
PC, it may 3§l ' levigirbl ' ?. STel-Tet i1 PYs (Y e ded (e.g.,
Direct X or g)%tﬁ%gzﬁ%gievleyé?g%# Q?%eé%adrﬁ,a&%logﬁl ggcﬁ\%g); tﬁéé?%%;s? ggﬁ%ver si on,

installing tha@opnd nebaio @%r?ﬁé@é]bﬂl%e\ﬁ/ﬂﬁ/bh@én thssePGarhes ?@Q%Qh%d?/faﬂeéayi ng

the gane. This latter step may I nvol ve determ ni ng Whet hér the PC has

enough procegsh@eele&idond K&V yaaapadriddid ih osiet td abeaviddeNarass a
conpatible OS (e.g., sone ganes run on Wndows XP, but not Vista). Thus,

after a | oncavailablessonelrrahtig mbienrtge trew platfarndiisl exle gsate Sévepal dohsolgser nay
well find out that the video gane deno can't be possibly played, given the
user's PC cdrdmgomgstiog. mawuiaeiuresaee stroetises rakasddandwstited same dimevers i n
order to try the deno, these driver versions nmay be inconpatible with other
ganes or appPiGavitbna yerr ardwe qfaashraen) abutywht rerwirgcio begsen fethe
installation of a _denp may render previously operable games or applications
i noper abl e. FNHR”'%HV)?“ gaeh cArsAepar.iiish crnseleill Reduse thrdaigsst Vidsat t hey

Goval gpg?yi@f%rﬁ%fﬁﬁéwgifqﬂgﬁﬁgg%ﬁreégr‘%%@%ﬁn%‘ﬁﬁtﬁ%@rﬁgﬁ@%@m@ I V8BS0t s | |
e usual 1y aePEREd e S RrbRatloh el hf NinteBh ik Vs e RiBaTE oo ©
(r)(raque;gneRR}Vlmgé%wer %@%ﬁggﬁ%;ﬁ%&{gé’neg%d nggﬁe' E)B)rl(ﬂ'%l aé'?’é?é%ggcisf h?xgynﬁ;\?e

a CPUs at - al o SuiraaiE Jafto ABRIbSES ABBnfARIend @k MBARRIS:S o e Tul |

conmputing power of a given PC or console Il e many ganes or applications

do not. If aykieRoRs6IBYISEorRis WaUR B mdResLe@ddshn thah behey504id @évdtee peak
performance capabilities of the local PC or console, then the user nay have

wast ed nonethein deheloBert resosobe atcardingiit. iMotigdpibeae wrésuction the case of a
consol e, the consol e manufacturer nmay have paid nore than was necessary to

subsi di ze t leonoparses alsodstve toGEERB}FoTothedr linpitebpeduchan resdwstas basaden
mar keting and enjoynment of video ganmes involves allow ng a user to watch
ot her s pl ayiwitatghey sstfte o bethauldwly seeatissftcompnie well thadwanse aftiae gane.
Several prior art approaches_exist for the recording of video ?am,?s for
repl ay at a relgese aofithe mavig. Givarie grawing lel ehinvesimenigsguized fereddee s
recordi ng gane state information, , L , ,
games, game production is increasingly becoming like motion picture
production, and game production companies routinely devote their production
resources based on their estimate of the future success of a particular video
game. But, unlike they motion picture companies, this bet is not simply based
on the success of the production itself; rather, it is predicated on the success
of the game console the game is intended to run on. Releasing the game on
multiple consoles at once may mitigate the risk, but this additional effort
increases cost, and frequently delays the actual release of the game.
[0028] Application software and user environments on PCs are
becoming more computationally intensive, dynamic and interactive, not only to
make them more visually appealing to users, but also to make them more

useful and intuitive. For example, both the new Windows Vista™ operating
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i ncl udi ng gane controller actions, during "ganeplay" in the video gane
client conputer (owned by the sane or different user). This state

i nf or mat iwo 20@m7bm2used at a later tinme to replay sone ecTtaiskoosfsishe gane
action on a video game client conputer (e.g., PC or console). A significant
drawback to this approach is that for a user to view the recorded gane, the
user nust p Vi | - - | ng the gane
and nust ha\?s;gferﬁa\%fj é‘%ﬁg?a%e‘?gg%ﬁ‘?@{’ﬁt@%ﬁ%‘?{ﬁfoﬁg@g‘ﬁ%rﬁgﬁé ggér‘rt%m er, such
that the gang Iis idehth - endiBfR = | h Sis\aR Ayed.
Beyond t hat, %@x\r/éltgeoﬂ%a%reﬁg%w %fgl?(‘lttéc}n cF1as t% g%gggwelgtt%%tslﬁ% %Scl\ﬁgé%y

that there iffoRARESSIONIf. EpRviHd Wity dobhREigAes T &RAHNghend 86itidRw gane
and the played back gare. [0036] For exanpl e, game graphics are generally

conput ed on @apabaifewhich pidretheashits offthterBiRthedRIEP US Aed GBS | H@Wéver,
sonetimes may take shorter or |longer than one frane tinme to conpute the

gr aphi cs di ghkaypetputatiortahesaéraménita ot thebzpeaw togs creatb et menbéhef scene i s
particularly conplex, or if there are other delays that slow down execution
(e.g., on a pParticatdtshes fpr wears sindesoftware dienelogerhat suckerodastsy CPU cycl es
fromthe gane applications). In such a game, a "threshold" frane that is
computed in [QOZSﬁuy | &isee theavisuakdisplayef enraperating systen @) musicwodycl es

| ess) can eventually occur. Wien that sane scene is conputed, again using

t he exact sa&%ag@%r%ﬁ% f ¢lageasneft GampUteEs cmﬁladleadqruquea@éatm ew CPU cl ock

out : of Hﬁéﬁéﬁ%@‘tﬁ??ﬁ?@é a%%éﬁﬁ&?sﬂmf%ggéhfa”&«ﬁﬂf‘%rec?'gkiﬁ?taie?%@ 0
Chki ng. avay SepliEeleoniéTirteals Fied fo BligR S S bR RETR RN oF e, “vnen
than a5 ngl S PYERaRT B b ARUIGETRAARb DS RORERdat AT AR holise (o'

cal cul ates aqyeuibreuias 68 ribt indiitRa AIEUSPIE SSABRIPAiEehd BRAINiY om the garre

controllers) e the gane 1s played, this discrepancy in'the tine
reference f qiapdbfityeseitle GshruiRermsteebafiely-pdwael friEIpEampultis (¢.5.,can
result in the played-back gane producing & different result. For exanple,
i f a basket hapiops) haltlthe Vistal displayadapabiitesinaé higrsteagutaionbipactivity én abut
the gane controller input is sanpled based on rate of conputed franes, the
rate of conplPddrfGRueEgpicaly bsuls if pgyheheoweheogsumapliars and shodedbatierty 52
fps when the gane is replayed, which can nake the difference between
whet her t he lilasRestalzie icompubersdikeidally ineiugie sajtware shatreutbensiticallyolowess
resulting in a different outcone. Thus, using ganme state to record video
games requi rR¥8CEE0y aCHYiBf (@ reglire p@@ﬁmnéur@@gowh% teadlipecssvais ndle repl ay,
me state information roduces the exact sane ogutcone.

EAle iyt dihised il
i it b bl SRR PhS b oe
ilgtte[]gtet \,mteygﬁm quleer Eé?r?g _co#%rféggéﬂ.e’&.ﬁéi stg%va%t“aa_ea O_%%g gpgroach
Vi ewi ng the BeguEaRT T RERRGRahce IoR B9 T, ANORTERNNR o ZPbRRRED ..

was recor decsomdl et Hefst BE'bfe totPuﬁcﬂér?Us&@i?\'%@%n%%@@vér‘iﬁh@%ﬂ{plﬂér gl ew of

t he scene. [0038] Further, when conpressed eo of a recorded ganme seguence
pl ayed on a rhaRmgREE i RITESTGR S kepérforifiicdetidoaiy. ETHUS, ng'? aphsey S
through the Internet, even if the video is conpressed in real-tinme, it may
be i npossi blperfosmaplce aftehhre meaimgpize betalv talsiate-of-theabrttavaitatle t he | nternet.
The reason why is because nmany honmes in the world that are connected to the
| nt er net haw@npghtignalapabilit.c br oadband connections (e.g., DSL and cabl e
modem typi cal ly have far hi gher downstream bandw dth than upstream

bandwi dt h) . [6888} essedlighgnd egvputietionaly-inéensecapriivatienslikeMayawasehi gher
bandw dt hs t han the upstream bandw dth capacity of the network, naking them
i mpossi bl e tffﬁ%nﬁﬁéoﬁhwﬂﬁéh‘e expectation that they wilkRiveedhendigh-gni fi cant del ay

after the gane, sequen i I d erhaps m nutes or even hours
g perform nce%ﬁCs.sﬂﬁs ?%?callgl%staﬁbeh%ﬁes a much thher perr]formancg, and
more expensive and less portable, least common denominator requirement.
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bef ore another user on the Internet would be able to view the gane.

Al t hough this delay is tolerable in certain situations (e.g., to watch a
ganme pl aywo'280%08m2pl i shnments that occurred at a prior PCEE)S200808%U45 M nat es
the ability to watch a gane live (e.g., a basketball tournanment, played by
chanpi on players) or with "instant replay" capability as the gane is played
live. [0039] t I - i r: W | evi si on
receiver to@/agcc%ﬁ\gne e%r?déea%ééh %ﬁ@@éﬁ%ﬁéﬂgggywﬁg}éﬁ hellr}é\f(‘[)‘%l{ltraggétgf t he

tel evision py R’ p £ 30 p&ﬁ? [ ity he US and in
ot her count rpélies pr o@?ﬂgd@%hd%% g%r%géﬁg%?%g@%ﬁ%ne ?Saﬁg?&e{%“h@t’t el evi si on

vi ewi ng audigigaticn, AREMicR U Oflice P RhAhidAINeRIIdATRUAS RWer (B ine thAP- r at ed
pl ayers playing in tournanents) on Vvideo game channels. This is

acconpl i shedydnerfigplirpgsé 5 ybiteareostt gateral purpesd bpphcaiRiEsshilre MEhé PCs
and/ or consoles) fed into the video distribution and processing equi pnent

for the tel gpotenttal atbiemeelis furthey linsitetbibeaanisekadtenhigmes ités tifi@ui for an channel
is broadcasting a |ive basketball gane in which several caneras provide
live feeds fproapelitiveersento tyglugsualn cangutdtmnadygkeebse Bpplcationsiime

tel evision channel then is able to nmake use of their video/audi o processing
and ef f ect s asyanpeeher @xamplei puUiPRASE @ Rwdent piants iodeatmeowde iusadMayaleo gane
systens. For exarrgl , the tel evision channel can overlay text on top of the

vi deo from & RPE8 ae rargedy kapwirdgsaplfakeHtsueh APPdraisewanis| tayer s

j ust th i ght I text duri e basket bal | , dth

(Lust, 2s ey, Tt SHer ok Aot e inn 0.1 le besket bl gap) and the
ti Nl i . . Addi ti h i d t put

acti on occurt e S 9005 5TERy SAbARRl ol AR B Tgpet Pt con
. 0., show i j I ; bl

(2,8, Smou e 5 Sy SR LRSI SBROSRES ] SodERAATELG, ST g ol e

tel evisi on Ghagaelapy dfl d8entl PAIdALT Ay RNy A58 8 cBMRAY QiFRde b

real-tine in order or it to ave the excite nt o allve roadcast. As

previously diypegIAdya ROUEHAN potbhii S (ia.i].,Qﬁérﬁﬂi_np@@@rﬁb@x%w\/@@é‘rﬁ)hméﬁ deo gane
systemis running fromthe hone, especially it part of the broadcast

i ncl udes |i vheyiwdiebe Lhableatooagkre antfbift-infernestpassdsanareaf thwplodiuet. dens of t he
gane player. Further, in a tournament situation, there is a concern that an
i n- home gamesubstantistyiimjtstthe agdiemcaridr sindhahighandoaeplicatishy. Idalsor i bed. For

t hese reasons, such video gane broadcasts on tel evision channels are often
arranged wi tdonpliiytes o arigl eléng gane sinestibawiexgippsmenteadshis usuadymon

| ocation (e.g., at a television studio or in an arena) where the television
product i on e0PHIFEAEACERES A80Eht Sl Uy Ofusehaaast thpn éhesedeid gane

systens and potenti al Ig |ive caneras.
gpenera -purpose application.

[0031] High-priced applications also create more incentive for
individuals and businesses to use pirated copies of the application software.
As a result, high-end application software suffers from rampant piracy, despite
significant efforts by publishers of such software to mitigate such piracy
through various techniques. Still, even when using pirated high-end
applications, users cannot obviate the need to invest in expensive state-of-
the-art PCs to run the pirated copies. So, while they may obtain use of a
software application for a fraction of its actual retail price, users of pirated
software are still required to purchase or obtain an expensive PC in order to

fully utilize the application.
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[ 0041] Al t hough such prior art video gane tel evision channels can provide a
very exciting presentation to the television view ng audi ence that is an
experi encwoakiwn78™2a | i ve sporting event, e.g., wth thecvriuseasyssss pl ayers
presented as "athletes”, both in terns of their actions in the video gane
world, and in terns of their actions in the real world, these video gane
systens are i m+,ed i Lon Lep e I physi cal
proximty tdag%gjqanot h-lterfe. Sirﬁg% érﬁ%éf%@%qr%??fq}kﬁb%gﬁrﬁaeﬁe %!tééte rvgj;e cast ed,

each broadcaﬁﬁ&.%mﬁblﬁ@i‘e&m CgﬁlgPrﬂ]‘é @Qﬁme‘éi%qpa&ibh%ﬁhe%iﬂgé@a é)ﬁcée' ect ed

by the television c S pro rew. Because o m t'ations

and the hi gﬁhéfﬁfre_ 8fill RIRAEEas uréHBe BRALRE! QnBHPREAWAE ¢ Br @duct i on
crews, such television channel's typically only showtop-rated players

pl ayi ng i n t@PUteHHAMEERG, ol H iRl &atliideortaing cofs@e ViRe theXBoxs36w) channel
broadcasting a full- screen inage of a video gane to the entire tel evision
vi ew ng audirsetedsbrspanty plagnke gaden Gjaene thadt vidda gemedlars tygdoadlyed y |imts
a television viewer's choices. For exanple, a television viewer nmay not be
i nt erest ed ipastine ipacosymermine atdidiogaherst foma highrendheidevigame systgnonl y be
interested in watching the gane play of a particular player that is not

f eat ured by Qafede prahpiyenl i siiualionas orge vie gounties (€.9. ot hiep) wasesthey
viewer may only be interested in watching a how an expert player handles a
particul ar 1346298 ANRUYAREOMEOf WOrkRIeUriANEVAs gwﬁ%dpw%ﬁtl\f%toc%at pbihet he

Vi ewpoi nt t seen from which is erent fromthat

chosen by ;ﬂiﬁiﬁ%ﬁlﬁ?ﬁ? R eesit ypuch ﬁﬁga#srp,ercgn{taeqegfaffiﬁﬁmwﬂaémrovmd nave
by the- par t (S 0CHrBH Baae sar eyl Rt MER AR B R RuoBtlubs SETBIR " ©

diferent telfud:sl APnERANRL BaPEioB 81BN Gormbitr thhadlioh ol pREPRRT | Oned

reasons, prior aft Vi el evi sion chann ave Si gni cant

i tati ons dd PRESSAHEE. MIdEendRERAlIRdrRLEHIES AlvY ORI Hoddi RGN ANOL her

drawback of prior art v o ganes systens and application software systens

is that theyerf BCEAWTHORX higHSeréGRENteYetifré S sUch® £ G Swhighasigas and/ or
uni nt ended and undesired behaviors (collectively, "bugs"). Al though ganes

and appl i catdthesvise phablel plagsrsttb paiotorapdielivagiyiintensive vitied @ aphias: a3 ss
(frequently called "Software Quality Assurance"” or SQA) before rel ease,

al nost i nvaris altey fanioe in thee gaocoesef gpplasdaat wm ors lavekbad Kok, tsnich asi de
audience in the field bugs crop up. Unfortunately, it is difficult for the
sof t war e dewsvendirs ‘WorldiehWargradin avhichaiskhiglysusaessiofintClinaugid sf t er
release. It can be difficult for software devel opers to becone aware of
bugs. Even WSERMPAMPIAYRE i IkRs0et eafbadherentt eontgstomcompaltatianatyt ed anount

o nf ot o Bl L 0] oL MR PRSP BT
| ti .t hat | i th , .th : tarted t
[ Fave =, 1ooSaaEeh L DA R B Sl e SRR o
the S t i Ltrle i I fulshkn. i bug.
e SG% CeamaA L lnveiy il ot PR AOR A POt LAGHRBARRID, ™, P10,

nore Inf or Mgy i N COEAAEI S5 st R UKW Paret ORI G REGRGSS_can

sonmetinmes b to monitor the game or application for-"cras
wat chdog pr Qf&ss gamie S WeliasHhrat ik oGty éﬁpélbehfb‘?ﬁsﬁ"aﬁéh'f%epﬁoﬁ Beth@agEmer

applications protess (e.g., the status of the stack, of the nenory usage,
how far the |gad@weibadipgl thedidndthrbagh I BREPREE theirthomaBRiddo garaghes and

then upload that information to the SQA teamvia the Internet. But in a
conpl ex demo is often a full-fledged version of the game with some features disabled,
or with limits placed on the amount of game play. This may involve a long
process (perhaps hours) of downloading gigabytes of data before the game
can be installed and executed on either a PC or a console. In the case of a
PC, it may also involve figuring out what special drivers are needed (e.g.,

DirectX or OpenGL drivers) for the game, downloading the correct version,
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ganme or application, such information can take a very long tinme to deci pher
in order to accurately determ ne what the user was doing at the tinme of the
crash. BEws0 2009013792t nmay be i npossi ble to detern ne whatcsageesosssed events
led to the crash. [0044] Yet another problem associated with PCs and gane
consoles is that they are subject to service issues which greatly

| nconveni engeybiif GARSUIRE 1nSF FUIKE R ARG YRR Ao IFRACLldife BRBMLARI Meer of
game corsol'e’ Since t héy typical Iy are requi re 0 “sen speci al
box to Safe'ﬁ_}é@é&'ﬁwié*I‘ﬁté%?%?ﬁm‘?.@n%lv&?fé?é’rhﬁmi?ﬁ%étﬂ&r“th'er\ﬁérqats%o‘i@%t of
€ e ication

repair if t or console 1s’in warranty. gane or app

sof tware pubibededing f0Pal &1 €0 U)BRpebity, Rufficient &8s, ahd stésfpititile @8 | ne

service use) by PCs and/or consoles bei'ng in a state of repair.

[ 0045] Fi gur gely.i $drdetgaptiesrun ¢ WIRdE@WS XA 4RO ngavisie). Thebearsruciobngs a Sony
Pl aystation(r) 3, Mcrosoft Xbox 360(r), N ntendo i TM W ndows- based
personal conputess off attgppindvirciunt @ sideoErerhe dbnid)dise usgrsegsvalifaicloes a
central processing unit (CPU for executing programcode, typically a

gr aphi cal pribaetheivideaugame(d@?l choit bpgrdssitity pyadyginer dhguapts €&l
operations, and nmultiple fornms of input/output (1/0O for conmunicating with
ext ernal devioté@guegi@nu¥égrse, Eie Hiersar diasydowneaded BeysHivatSinaerees own
conbi ned together as a single unit 100. The prior art video gam ng system
of Figure 1 6}1@'@ql%m@hmﬁ/ﬁeidlﬁ'(‘!%kﬁrﬁ{?nérfnabpﬁd'&q?orﬁ’@@‘i”%{eél‘f'if\/‘éth%@a'(f@?g?r, a
DVDROM drive); .a hard drive 103 for stori vi deo _gane program code and
data o net vAIICEBRIIR U6 1655 risuialugnBe Bt dnos e Bt aied B f5fend

?ZRE\”RA' 01”7 PRI P BTy ARl et %@’&%ﬁaﬁ%i@%ﬁ%gﬁﬁﬁf ey cru
100 ) _ i i .

duri ng ganel auresh Etieh? fupBaud £ dié Hst PR InS BRI RIS o)
moni tor). V‘%a%ﬁ%%ﬁ%ﬁ?%éy%ﬁ@h\é?@ﬁﬂé’v%né%@éﬂoﬁ@ﬁ‘s B inBfktitheif Yahfed shown

in Figure 1 suffers severa
[0034] Another problem that results in economic inefficiency has to do

with the fact that given PC or game console is usually designed to
accommodate a certain level of performance requirement for applications
and/or games. For example, some PCs have more or less RAM, slower or
faster CPUs, and slower or faster GPUs, if they have a GPUs at all. Some
games or applications make take advantage of the full computing power of a
given PC or console, while many games or applications do not. If a user’s
choice of game or application falls short of the peak performance capabilities
of the local PC or console, then the user may have wasted money on the PC
or console for unutilized features. In the case of a console, the console
manufacturer may have paid more than was necessary to subsidize the
console cost.

[0035] Another problem that exists in the marketing and enjoyment of
video games involves allowing a user to watch others playing games before
the user commits to the purchase of that game. Several prior art approaches
exist for the recording of video games for replay at a later time. For example,

U.S. Patent No. 5,558,339 teaches recording game state information,
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limtations. First, optical drives 104 and hard drives 103 tend to have
much sl ower access speeds as conpared to that of RAM 101. Wen wor ki ng

di rect |y wbnoamgti3RaM 101, the CPUW CPU 100 can, in pract PC&/USPISoeIsss f ar
nore pol ygons per second than is possible when the program code and data is
read directly off of hard drive 103 or optical drive 104 due to the fact

he 1 5?2”; v an B FieEante AP bR L SRR IAg o PR (Bari il "
Therofore, aTiaal! RUAREDY Ihe BERE iRl b 1S BormARE PHCYRY Poy

up w th the galpatlDhatdriind e fepiaEB8melortditofthe gRantaEdreoR hivided §aer €d.
[ 0047] Sonme systens attenpt to overlap the | oading of the program code

concur rent | yelight Bohpetey28®P| R or ledhssiB) .S Acignifitant dpawbasdietorMheNaph@aehi s a
known sequence of events (e.g., if a car is driving dowm a road, the

geonetry f oris thet fapausactu vigwiibelrdcorged@anidiehe azds mist pessdss 4 oaded whi | e
the car is driving). For conplex and/or rapid scene changes, this type of
over | appi ng gasuakligntcmespuiot capatke oFplayinaiinel game mntmeusiasayevthenvidade user
isinthe mdst of a battle and RAM 101 is conpletely filled with data

r epr esent i ngJame@ applieaiiog Wnpmigronvihacampuie: suemiiat the pameplaysisr noves t he
viewrapidly to the left to view objects that are not presently |oaded in

RAM 101, a dfierRind whenttheiracerded gameatale 19 repkayiec Beyaed thatete video be

232”?& Iéi RAeT0A SRDIRABT AR Rre BFOEN Gt %fvva?e@hé&%%%@%o%%éiaiﬁﬁe' Lari ?les

modi a 104 AReOlanBietR e bRLRRGEERRGY g tanld Rlln ThL bR AR Y8 ' o

relatively |igoggy St or 945 GANARK! dahe daph 0ol BBRAERD BATRLFhn A ey st
providae ough St orage capacl or certal n stenari os encountered in

current vi dgﬁrggviﬁglﬁfrarﬁerba%@rﬁéh%a@s%e%éé’itﬁ%?gifné’gd@é OR8timasSRSY BAkeV | d€O

ganme m ght e user to choos nmong ns teans, players and

stadi ums t hrghegtae bt IdrRr WRdn Ene FAMERSB th@amMpRatihe Brareds @iBglagagorst adi um
a | arge nunber of texture maps and environnment maps are needed' to

char act er i zaht mnexBPasie; Hapesding dnhehabiet thd scahe isgaeticul@dnthaplex, bnifque

jersey, with each requiring a unique texture map).
there are other delays that slow down execution (e.g., on a PC, another
process may be running that takes away CPU cycles from the game
applications). In such a game, a “threshold” frame that is computed in slightly
less than one frame time (say a few CPU clock cycles less) can eventually
occur. When that same scene is computed again using the exact same game
state information, it could easily take a few CPU clock cycles more than one
frame time (e.g., if an internal CPU bus is slightly out of phase with the an
external DRAM bus and it introduces a few CPU cycle times of delay, even if
there is no large delay from another process taking away milliseconds of CPU
time from game processing). Therefore, when the game is played back the
frame gets calculated in two frame times rather than a single frame time.
Some behaviors are based on how often the game calculates a new frame
(e.g., when the game samples the input from the game controllers). While the

game is played, this discrepancy in the time reference for different behaviors

does not impact game play, but it can result in the played-back game
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[ 0049] One technique used to address this latter problemis for the gane to

pre-conpute texture and environnent maps once they are selected by the

user. Thiwormag/i7emel ve a nunber of conputationally-int eRrETXS2@808B3SES,

i ncl udi ng deconpressing i mages, 3D mappi ng, shadi ng, organi zing data

structures, etc. As a result, there may be a delay for the user while the

vi deo gane i farm,. i QWL i s del ay,
eo,sroﬁg&bg anajlﬂgretnt? ?éﬁilt(? fp? ;ék%@ g?ég ¥ a Qﬁsl‘\’@[ﬁaﬁ g baﬁgH??% aw

in principl performa onputati ons™-"1nNnc I'hg every
per nut ati on a agj%nH'é”c' - -

originally J%Ill%fl%%gl .trarﬁéﬁéi)éﬁgjéghatsé?gtl %Fr? of th%”%@fr?g I%Aoullggtaﬁ]g\rfl@cfncl ude
all of this peurPeRs sedofdLiclaned, M ARt bf@mpBRidaradifés niy I sgne or

nore servers on the Internet wth just the selected pre-processed data for

a given tearnps Whayethe i€ masybasided bel BZ fpowhdewne gadrdstroplayed, the
Internet to hard drive 103 when the user nmakes a selection. As a practical

mat t er, howewigich canahake thd diffdexhcadictwoén avratlyet@emsgsaetbal ipbkekbte i n gane
play could easily be terabytes of data, which is far in excess of the
capacity of fraugping op iheabastedioandeveswing Fua diftareot eytcome. daus, dsing a
given team player roster, stadiumselection could easily be hundreds of
megabyt es ofgaiae stase terpeeord wdae gamesreqidiasoraly carafecgama seftwasagesigovps,
it would take | onger to downl oad this data through network connection 105
than it woulld aNUERHRLTRe faRiay asing Besare QFW@FﬁW@rWﬂ@inFQQUC&ﬁt gane
archi tecturg shown in_ Fi gjlflre 1 subjects the user to significant del ays

bet ween maj OP€ §EBRESAPESEIGABHs of conpl ex games. [0051] Anot her probi em

IR 5 e VG I e T e Ty B
processi ng RaNly 1nEiiSeo BRI BPS T BEVARS NI SdnRIDYNo v EAMVY deo
ganes hardware requirenen go beyond the Jpea evel ‘of ’ processi ng power

avail abl e i nebbRRe S%d aﬁﬂaeo%%gﬁ{r%%%\m on ‘éSPCS(".O'I?{egyiH@S%é@Qaﬁ Peupgr ade

t
gam ng hardware every few year keep pace ay newer games at | ower

qual ity | eveb@bun@moreprsedehesltéhatiay thendchictMidedDpaddd dn R Vi deo
ganes is that video gane pl ayi ng machi nes for honme use are typically

economi cal | yinigneét hypicly dies defry tdrapressedt Aidisatiaatdge wethry appredcivis t he
requi renents of the highest performnce gane they can support. For exanpl e,
an XBox 360 thapgWwheba I3 @dnteosqienca igpieyedibaek! (Beanseras lidted,to wievdhg demands
a high performance CPU, CPU, and hundreds of negabytes of RAM or the XBox
360 mi ght bdhesedueacefram ealy thaypoind of diew fromnwhink the eguence wasqui res only
ki | obytes of RAM and a very | ow performance CPU. |ndeed, an XBox 360 has
enough conpueragegolepthes iesds. thampes cannatanends tra®oimef yemesf e once.

scene.
[0038] Further, when compressed video of a recorded game sequence
played on a home PC or game console is made available to other users
through the Internet, even if the video is compressed in real-time, it may be
impossible to upload the compressed video in real-time to the Internet. The
reason why is because many homes in the world that are connected to the
Internet have highly asymmetric broadband connections (e.g., DSL and cable
modem typically have far higher downstream bandwidth than upstream
bandwidth). Compressed high resolution video sequences often have higher
bandwidths than the upstream bandwidth capacity of the network, making
them impossible to upload in real-time. Thus, there would be a significant

delay after the game sequence is played (perhaps minutes or even hours)
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[ 0052] Vi deo ganes machines are typically turned off for nost of the hours
of a week. According to a July 2006 N el sen Entertai nnent study of active
ganers 13wgeara7amd ol der, on average, active ganers spequ/Usowsesas

hour s/ week pl ayi ng consol e video ganes, or just 12%of the total hours in a
week. This neans that the average video gane console is idle 88% of the

time, which Be?or%”a@&ﬁé?@&ér%ﬂ thd) t%%\e/ﬁgoﬁl)apc?é]ﬂ)ﬂée[orv?qﬁ/ggﬁeggamghif@ﬂbﬁgh

particul arly sighificant giveh tha €0 gahe conso e of

subsi di zed ol PR r:gr DL g t [ W th the
expect at i onth Sa(?ﬁaf%e SL%g@gyﬁv%eftﬁlrﬁ%td&%gﬂg‘é@@gagg V%Eﬁgﬁ| t?gﬁséi)f’érrgm future
video ganme spichWilishRriehed gz steur&9aBh Yride an@ane ohAiERb SherhSifyitpcur costs
associated wth al nost any consuner electroni ¢ device. For insfance, the

el ectroni cs vamdhregaraBiliseTe of, 4 basikstbalerurngeent, pldrdepsesmpionan

encl osure. The manufacturer needs to offer a service warranty. The retailer
who sel | s t hptapars) enwitk cidstant replhl ecdpabilitpiagithe gana islpayddikévesal e of the
system and/or on the sale of video gane software. Al of these factors add
to the cost [0039he vi dewthaneriaroarsaperoashiatlbwsisviewier math déelgusdisndi zed by

t he manuf acturer, passed along to the consuner, or both. [0054]1n addition,
piracy is a rBegiver isr wBichnigen games|ivaebulgents undautite antrh of Sciglgvision
mechani sns utilized on virtually every major video gam ng system have been

o ohml ot o 0 Seeur: Ly eyt ot e acked L oAy 2008 o

s e por O rsbuBLind GBS Eheliisbraid

\\I/\;;&e; aglolei t%@?’%ﬁe&? %{l]% OC\Q'%ECQ: %e.rFaér&iv@gg %m%’ﬁ% (r/ﬁ){el%f @9&'@ %ﬂaﬁ%{i i \s/i e
Cpﬁ%gé@?ﬁ ?odrﬁar%%ﬁ?sgtgﬁa\hé%o 98m\6 @ér%n‘?le@ TR is ﬁcoﬁ?;ﬁ@ﬂ@a ‘B&

game sof tware Detause users I'rat copies as readi'ly as tegal
ChD! 2t o AR AU B0uRR L %, PR, oo RrenaTee: pribRBg B 1
g;;?g%’q ver e isRthedlid&sidisirutibaeMidereesssingebaipinentsbathe-tefevidign art  gam ng

channel. This is not unlike when the television channel is broadcasting a live

basketball game in which several cameras provide live feeds from different

angles around the basketball court. The television channel then is able to

make use of their video/audio processing and effects equipment to manipulate

the output from the various video game systems. For example, the television

channel can overlay text on top of the video from a video game that indicates

the status of different players (just as they might overlay text during a live

basketball game), and the television channel can overdub audio from a

commentator who can discuss the action occurring during the games.

Additionally, the video game output can be combined with cameras recording

video of the actual players of the games (e.g., showing their emotional

response to the game).

[0040] One problem with this approach is that such live video feeds

must be available to the television channel’s video distribution and processing

equipment in real-time in order for it to have the excitement of a live

broadcast. As previously discussed, however, this is often impossible when
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[0055] I n addition, the used ganme market reduces revenue for the video gane
i ndustry. \Wen a user has becone tired of a gane, they can sell the gane to
a store wNDchowi7B192resel | the gane to ot her users. Thi spamaistévsnszsesl but
comon practice significantly reduces revenues of gane publishers.
Simlarly, a reduction in sales on the order of 50% commonly occurs when

buyi ng. gamed PoISieTRBRFIbST T ARG (REt BRI creelely Mot Enr “Ver <i on
platformis @BSH&aét?ncgﬁdéselli\?%ﬁago (9 a cathisd tﬁé?i¥%é?%ﬁ'@e%aﬁ-§/oﬂ9%eé o be

rel eased, users stop buying aystation games , the loss of

sal es and i nrRagarhIMpbOPRIRer GRS PUATIRENESIRGLIVA [ thetdIR HB¥hERrAlthar M5 can
have a very significant adverse inpact on the profitability of game

devel opers. dr)R5RdhieWaarerenap Religshaigantd a6d CRENE, eXpredbusly dBReripd®x 360,
the Nintendo Wi, and the Sony Playstation 3 all retail for hundreds of

dol I ars. Hi dforpgbess seshgoesssuct videowates boaticagisyrstetamsionchansglswgret o
$8000. This represents a significant investnent for users, particularly
consi der i ng aftest anrdregdchwilvgdtay ebe aodwidashganetsy st ageregaied/abas and t he
fact that many systens are purchased for children. [0057] One approach to

t he foregoi M9MpNeBllesalionsedhl ahatejavising studiarir ém apteseganivhgrepthegr am code
and data are hosted on a server and delivered to client machj nes, on-denmand
as conpr essdfloy|siRbPEagyCHOR CaURMeUH f8A qRrePt &'dépé?@% fremoRYERIRIVIREPwor K.
Sonme conpani es_su nl and (now a subsidiary of Japan's

SOFTBANK Br (ﬂ?&%&?&fﬁiﬁﬁ% H%’Jﬁse%‘%rﬁl{]%(g‘{%éamﬁ?sse Iservi ces online. Sim Ihar
othin hot el 0T Ry YR R Bl lred AR OB T e 2B g or
5 ioack o o Y8R SN S SIS Vi i

takes for a'srgnal trave
typically | i Ok '« § r2nds t ¥ i
ypically %ﬁ?‘éﬁé’erléﬁc@’hk@d’v' gfeéwé ﬁégstf‘hgaéi/e%@,de.g.é'rﬁﬁﬁltg%‘%{l%étﬁgﬂéfﬂy% Ja eeenst he

(al so known as "twtch" 0 ga equire

time the useirepgfitbd d¥s aileREt,IYth W ttnishst tBAFBCESNS thk&lidedgamBavérdre the
di splay screen is updated showing the result of the user action. Low

| atency is ngefiadesns bheteit ditionsean thacedl eoriok tesdet vidso ?bﬁte $xtcpangei s
responding "instantly". Users may be satisfied with different |atency

i nterval s dejeEmdimigedbto sineatioppevhadre gdagerande trheosé phlysiceMvabxiofityt toeoneser .

For exanple, 100nms of l|atency nay be tolerable for a slow casual ganme (like
backgamon) anothers Ao sigce delevisian ghannelgjargapreadbastedneactt bkradaasiedn gane a
| atency in excess of 70 or 80ns may cause the user to performnore poorly
in the game,chanaet easonly sheucerpvigispstraasn, wiish imeelecied by denelavisien

requires fast reagtion ti.me there is a shar ecline in acc cy as | atenc
i ngr eases fr%ngglcg Brogusign crew. Because of thebe ﬂm(l:tations and the leg% cost of Y

broadcast time, production equipment and production crews, such television
channels typically only show top-rated players playing in top tournaments.
[0042] Additionally, a given television channel broadcasting a full-
screen image of a video game to the entire television viewing audience shows
only one video game at a time. This severely limits a television viewer’s
choices. For example, a television viewer may not be interested in the
game(s) shown at a given time. Another viewer may only be interested in
watching the game play of a particular player that is not featured by the
television channel at a given time. In other cases, a viewer may only be
interested in watching a how an expert player handles a particular level in a

game. Still other viewers may wish to control the viewpoint that a video game
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[ 0058] Wien a gane or application server is installed in a nearby,

controll ed network environnent, or one where the network path to the user
i s predi cwakb@/@smbor can tol erate bandw dth peaks, it PETfisroosasises to
control latency, both in terms of maxinmum |l atency and in terns of the
consi stency of the latency (e.g., so the user observes steady notion from

digital vidgo shp R Noh RIOUGR NG R dhseSihnk RYSh.AbrGaRIT Gl can be

achi eved betWeen a cdb net'wor k ubscri’bér's

hone, or fr S : i ﬁg%ac(gi ' #&nﬁ in a
commer ci al 3?:‘5?185 Egglg!()kwe\é{@%“ﬁ%&% LAkI_) envi rfcén?rgre{err\?n _rolmvgté{ggfrn_ er or a
user. Al so, Jided §aRR3ThA! SreliotARESMMERALH %k'tbfe%bﬂ%‘l’ar&?bﬁ&cés@‘op%' nt
private connecti ons between businesses which have guaranteed bandw dth and

| atency. ButieleRistorgBsRvak, QR if ealvérandsiesdrantlebiziorngisdricligiarsavdiladleer ver
center connected to the general Internet and then streans conpressed video

to the user Rdrraliugfitha dfvreattminded veaswts, prior batvidezygameitelevisiead from many
factors, resulting in severe limtations in the depl oynent of prior art
syst ens. [ 00H@hhealsshavepsigaificantdamikaiiomsdo presandidghiden gamasdo tefayisiomve a DSL
or cabl e nodem for broadband service. Such broadband services commonly

i ncur as nucHewersa 25ns round-trip latency (and at tinmes nore) between the
user's hone and the general Internet. In addition, there are round-trip

| at enci es i O@#3kd fr SMGBEL HiRyvRaekLf PRPb g IdeRIamesSYatlem»ardser ver
. The | at, h h the Ir [ based h h h
data i gi veIPRIRAIShEoBERE/Sems it el 1oy e GamPBY: aa COMMRIY VB o
ti del d-tr ] I ' . to th ! f
:r ?m ?t aigljfcﬁa e{r%?%ﬁ%éfg%seéﬁé@?@éw‘téwcﬁ@%ﬁﬁ%ﬁf% @%ﬁ%@@gc@&%‘ﬁ?%tj;? e
. J H 4 U
in round-tri %uggﬁgﬁl(lt:@ouﬁjheé%rgég%gagag) (lalgéﬂcl)ﬁ Eygﬁgflfﬁp(%q?g%ﬁh%a%%{d@g fiber
d oth i td t - t t
o the dat a S Ehg be S R R L8 SO QR st & R st
servi ce t hatpdfsreSi@idhseS alrRddney d2Rlblyp 8hYe Prﬁ%'?aMQ Rrplibateon fsheldased tMV!a: :

probably get |ess than 5Mops of downstream T hroughput at best, and w
likely see tWielecuuiewie ianhd@gloatleysperobap. ¢rfbnuntitelyt 0 iy aiffiuiisiof &g or s such

as congestion during peak load tinmes at the Digital Subscriber Line Access

Mul ti pl exer gobiSladd)devéloper to identify and track down many of the bugs after release.
It can be difficult for software developers to become aware of bugs. Even
when they learn about a bug, there may only be a limited amount of
information available to them to identify what caused the bug. For example, a
user may call up a game developer’s customer service line and leave a
message stating that when playing the game, the screen started to flash, then
changed to a solid blue color and the PC froze. That provides the SQA team
with very little information useful in tracking down a bug. Some games or
applications that are connected online can sometimes provide more
information in certain cases. For example, a “watchdog” process can
sometimes be used to monitor the game or application for “crashes”. The
watchdog process can gather statistics about the status of the game or
applications process (e.g., the status of the stack, of the memory usage, how

far the game or applications has progressed, etc.) when it crashes and then

upload that information to the SQA team via the Internet. But in a complex
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simlar issue can occur reducing a the data rate of a cable nodemis used
for a connection sold as "6Mps cabl e nodem service" to far |less than that,
if there wew@ngsemtion in the |ocal shared coaxi al cabl ecrasp@dosisadugh t he
nei ghbor hood, or el sewhere in the cable nodem system network. If data
packets at a steady rate of 4Mops are streaned as one-way in User Datagram

Prot ocol (U - t - I g b f
ever yt hi ng @W/\%;&tgﬁéhé\%@ﬁ gyﬁgrn\(atr%&gog]c quﬁ%%%}gzéﬁﬁ%lﬁ%g@gﬁécm&t
incurring a r - r

i mpedi rrents@g%tj on c;)r%t{egf‘hg%tgrrﬁgka\{v/gﬁttg%ﬁ%e'{?a?ﬁqbgﬁ%bgg'lt"éaﬁrﬁ% O?trtl@@user, t hen
in a typicalcrgsh Uafdihefl ft edy Béﬁﬁé%i%!tb deteriiRERAGL sEBSEhEE BleVdhtb OSt
data, or packets will queue up at the point of congestion, until they can
be sent, thaeglytigemeduci ng additional |atency. Different points of
congestion have different queuing capacity to hold del ayed packets, so in
sonme cases [J0044] s t hatetcawthermnmbblant atsocagh witre POsrayesgame congoldisapped

i medi ately. In other cases, several negabits of data are queued up and
eventual | y Hbatlbey.ar@subjechiasennse iasuescabied, grqadusoaveponoe thef
congestion have capacity limts, and once those Iimts are_exceeded, the
queues wi | | GONSHMEsWSRRC desiesaIsa inpasd thie opwdiacturaif the PA&/ei éemacurri ng
additional latency (or worse, |oss of packets), it is necessary to avoid

exceedi ng t FONgaleSinGe H‘?Yatﬁﬁ@ﬁflyafq Eﬁﬂg&*rﬁé’;@aﬁ%dcﬁ Swlibﬂ%ttpo?r@f%'éﬁ@m to ;he
. [0061 i i i i i

e L N e

R ML R A A T S

suf fer fromel bislolh 8 (HeIAJateRlo Bl LBhAGANcol peXaR Gy ot on P

EGis an intra 0SSy conpression algori i's characterized

by lowl ate ifh i it s conpressed i ndependently of each
« SSF%&%I Qﬁe@n stdte ¥ egér‘f%t i

ot her frame a cli devi ce receives a franme of conpressed
notion JPEG[p0dsp. it mglird Mkdiratedl & pHecammr drmgfdyamemandnhdisspl ay it,
resulting in very |ow |l atency. But because each frane i's conpressed
separatel y, Sdrey Rlagetativh@ 3,sMidredafeXbox 88PBONIntehdd WM WHsdbes aesd
successive frames, and as a result intrafranme-only video conpression

al gorit hns sudréemalfaoomputer gr Apple Matiatasat dsachFafrthesaspstemsaQclupss @ r anes
per second) 640x480 notion JPEG video may require 40Mops (negabits per
second) or mengabpragesaingsui(GR ghfod exacutitgegrobsamsode, typieallgsol uti on vi deo
wi ndows woul d be prohibitively expensive in many broadband applications
(and cert ai rArgPhisal preseseibasindEHWtfer peforaiseddypgpred atarinedl. Furt her,
because each frame is conpressed i ndependently rtifacts jn the franmes

t hat may resQHGcra‘i‘Qrbﬁna{‘HénP'BE@nyEBﬁﬁ’? éfﬁ%int%téVPﬁ%ﬂ%P”@@Ua\SﬁB% wWith

di fferent pl acfesﬁLa succesai ve frlgrres. '||Th.i s .fan results in what appears to
the viewer £8MAOYPYGSSYRETASC t TP MPIGRE NPHRCUMRRESHS HESHM M essed.

[ 0062] Ot her

M crosoft Co@%@é%@iwéggg'{ %%élsg@b@gg%r&na@}%&%?r{ M?%ﬁ%%ulpgg%@gﬁ%‘zan
achi eve hi Q'Figﬁr!@f’{ Eﬁs%'ig:épb%'iﬁéludm Hrﬁggﬁélhﬁt £ AleNiodNe! gL £PB- Such

algorithns utrlize 1 ntertrane as rafrrame conpression.

Peri odi cal I \Rogt&fved! §ardl BIRGe RBBIEF SloRRg Viid PG ARBRT8GIam E0APRREIRE; Of a
frame. Such a frane’is known as a key frane (typically referred to as an

"1" frame). ahefvork BeERe@IBOTDS forpldying erllli-ylserganted he dovinleagingi t h bot h
prior frames and successive franmes. Rather than conpressing the prior
frames and sgancesPatehdy, aieprod adsthenchealid;\a ranbe magmdstrhemdey (RAMNES 1what
has changed in the inage fromthe | frame to the prior and successive
frames, and fohstorisgg@regrannosde chargiis baingwhaicutaceby tld 68U/BPU t@dves for t he
changes preceding the |I frame and "P" frames for the changes follow ng the
| frame. Thigamesantrellern! GRueh reesieng iU coairaandhiam theruser Skengn y
conpression. But, it typically comes at the cost of higher |atency. An |
frame is tyaRepaynndhadisRiay devian 1828k SO AMERTOf PEA COMRUiAes | ar ger),
and as a result, (t takes proportionately longer to transmt at a given
data rate. \WQ‘E}U@/ 073792PCT/ US2008/ 085545
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[ 0063] Consi der, for exanple, a situation where the | franmes are 10X the
size of B and P franes, and there are 29 B franes + 30 P frames = 59

i nterframee 2b@vo7exery single | intraframe, or 60 franmesPpCotiskooBosssench
"Group of Franmes" (GOP). So, at 60 fps, there is 1 60-frame GOP each
second. Suppose the transm ssion channel has a maxi num data rate of 2Mops.

1o e eve apalShtr@ialidi YAlsh LR PRRRP Sl hEUEPTIEERA °7,
LIS Ul 4 r e Rl eaRRal g Ehblod ok RsM e PSR etybAl oo

by the decorgpeshcisalgrids k¥ cdnmbaedes tharof RV QuAhsh Rlopingt eadi |y,
each frane needs to deconpressed and displayed at a regular intéerval (e.g.,

60 fps). To diretipvierolghRAMSIIT, the CRUNGHU a0® cad, Bubaette, iftotssn@m ssi on

| atency, all of the franmes need to be del ayed by at |east that |atency, so
t he wor st - canerd pelpgohsapensgcond thadéd possibleevhen drecyrogesimenceieyand data f r ame.
The | frames introduce the | ongest transm ssion | atencies since they are

| ar gest, ands aeackdiréctty off Hf hanel dving t0haveptical bisive dOdi duedtodbedaet thae | frane
coul d be deconBlr essed and di spl ayed §1or any interframe dependent on the |
frame). G vérAVhER1 gereereinhasimueh Aighat ban@wigiiibpsed doeswiot sutfeikieomdBeass/ 2M
= 145ns to transmt an | frame. [0064] An interfrane video conpression

system as ddSEvB¥doaBEvEK dslaiy l;zi Vsrigecheniean dye @Hﬂ@ii@&rmﬁarﬂtlrpfof t he
RSl B AT i A RO L
B e S b

o gori s el sor BORS, Koo QMRS Iod B ipsalphg rom & 1 o peak
frares. Beanobarfi nd. &5AASIGHRS aiRpPRAYRrRIAREILAIRE IS pidigii e P and

B franes are much sna r than th e'this s generally
true, it is dife ddrid@rredtly WithiBE ganidblay, But B @anGHPbeXiohe WP tHeeE 74 ed
with the prior frame, high notion, or scene changes. In such situations,
the P or B fg Rm®sn caqubesoevshts §.9¢ ifes chr fsrdtivirg downa fidaal te frame gets

| arger than an | frane, a sophisticated conpression algorithmwl]l

typi cal |y "fgeorestraforithé appeaghdhg leyildiogs o éhdPraadsRief cambe Weadedamhile f r ane) .
So, | frame-sized data rate peaks can occur at any nonent in a digital

vi deo st r earthe TaAuts driving). dorrpasspley andie sapidrsaenerahaages ailiés typaed data rate
approaches data rate capacity of the transm ssion channels (as is
frequent|y tverieRR®Y YiUpdW dore Net Yergdial ex@mpladrdhasasewharaéy useeishi gh
peak data rates fr

Patency. [ odedferdd serdiRentaoll B aaniEenifanter zcs the "
[ it B.P I ' GOP.

7B frares ‘APEuad whaBREREGRNTY B rimengdofe uses rRUESAK Ry s

b bef qr. j |, Qf he B

frame and « et pndEerTe Ebio et A thay e ndl oec i SRR ABM o

sequence suofy s GERRHDIRPBRAERIPRERcAUPErBothSEE AR S AR bef or e

each | frame, the rame can not pl aye deo

deconpr essoroxdtid nbRLTES eHe PlardDrk a3 GYpticd Mdla a02 ihRCRANESg1 SO, i f
video is being streaned at 60fps (i.e., 16.67ns/frame), before the first B

frame can bgodagpnpr es&asthei prodidinwitniee syidebr e Figure anaisds dud ke 16. 67 *
6 = 100ns to receive, no matter how fast the channel bandwidth is, and this
is wth justlinttdbiohsamese siGoagey essasity\of deed sieigesn08sand ddticabmiddfa ddes ar e
quite common. And, at a | ow channel bandw dth |ike 2Mops, the |atency

i npact causedlthoughtaists storagd deviees can eemasufaatuyed withdalrelatieely argée | at ency
i npact due to waiting for B frames to arrive. Thus, on a 2Mips channel,
with a | ar gestoiageaperitp (¢.garmdsgipabytes guimerepd59y stll ddwégraiderenefigh at ency
or nore usi ngtj prior art video conpression technology. If B frames are not
used (at theSlRiGge EPagity m@er@m@@@@w@rﬁmpmﬁrﬁ@ﬁn gHKent \jeae vapasevel ),

the B frame latency is not incurred, but the |atency caused by th eak
frame si zes. UESEMHEESBIRALUSIEMENtipRed. 7 §96c5T Vidgs 9ame might llow thé’
2009/ 073792PCT/ EJSZ 08/ 085545 .

user o cnoose among dozens of teams, players and stadiums throughout the
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[ 0066] The problemis exacerbated by very the nature of nmany video ganes.
Vi deo conpression algorithns utilizing the GOP structure descri bed above
have beerwbangal7g79epti m zed for use with live video or mOTIUSR008I08354F €
material intended for passive view ng. Typically, the canmera (whether a
real canera, or a virtual canmera in the case of a conputer-generated

ani et on) PGSR LELALLKE o AL SR achiIBPEEAES pd g carera or

scene noves arou t 00 | érki €0 Oor novie a)

typically quh%f%se pft%oq"?%\ﬁ%rﬁﬂ&t(rﬁépé brd hedde ﬁ%rﬁ@feﬂ%%e E?)“al ly the

viewer is not c w ng the action en e canera jerks around

suddenly (e.dirfackk i R WBABNA g ot NALE U jePsbya withi dbnegpiring out
the candl es on a birthday caké and suddenly jerks away fromthe cake and

back again, 4 beigubesrUeke Ais®)typically focused on the child and the cake,
and disregard the brief interruption when the canera suddenly noves). In
the case of [@049Heo i MDe¢ wecwique used todaddress gus it gmolelent isdfocteer a may be
held in a fixed position and not nove at all, resulting in very few data
peaks at al lganBato B@-hombutetexbme\andieenwrameenapshance theyiaredetgctednst ant
notion (e.g., consider a 3D racing, where the entire frame is in rapid
notion for tiyetheurseri birisenay ewolvgcenuabet eheemertationsty-fuersive shoot er s,
where the virtual canpera is constantly noving around jerkily). Such video
games can r d40FeSSes, iNCHIAING BEERMPERSSIIG INA%GSySDamarpinggsBadinBeaks where t he

Ao such CoripRSZng aRSLEErE drie RaATRSGE EICTAEE # ASRD Al diF deon
broduces a UMb Dealidée alE s LB HETRE R B iR R8T
[0067] G ven 4diaf iHDRRSIpH, if BPpaRGhh 8 of HHRR &ESallaNe-lihdibdifgledlefy ance

permutation of team, player roster, and stadium — when the game was

originally developed. The released version of the game would then include all

of this pre-processed data stored on optical media 104, or on one or more

servers on the Internet with just the selected pre-processed data for a given

team, player roster, stadium selection downloaded through the Internet to

hard drive 103 when the user makes a selection. As a practical matter,

however, such pre-loaded data of every permutation possible in game play

could easily be terabytes of data, which is far in excess of the capacity of

today’s optical media devices. Furthermore, the data for a given team, player

roster, stadium selection could easily be hundreds of megabytes of data or

more. With a home network connection of, say, 10Mbps, it would take longer

to download this data through network connection 105 than it would to

compute the data locally.

[0050] Thus, the prior art game architecture shown in Figure 1 subjects

the user to significant delays between major scene transitions of complex

games.

[0051] Another problem with prior art approaches such as that shown in

Figure 1 is that over the years video games tend to become more advanced
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for high latency, and given all of the above causes of |atency, to date
there have been limtations to server-hosted video ganes that stream video
on the | nvero@ta73Part her, users of applications that regarrs2@shssshs degr ee
of interactivity suffer fromsimlar limtations if the applications are
hosted on the general Internet and stream video. Such services require a

T A i e Y
case of Di gi flniBdPSAblRES RARESideBdmes ﬂérd%ér@'r@gﬁirérﬁ@n(\so%o BQ%&%%at ‘he

speci al | y-graded private conne¢tion)in a conmercl setting, S

route and ditgbgReR Ié\?é?ré‘fEFtﬁ:e%lsirﬁrﬁoﬂ&Vé\Faﬂab% ihReSEEYREMsS A0l ed to
m nimze | atency and peaks can be accomrpdated wi thout incurring |atency.

LANs (typi caldeys bed rsyuivedt8 Qdgpadd Basingngrdvwens efely faesyatrk ho kdeg ywaice
bandw dth typically can support peak bandw dth requirenents (e.g., 18Mps

peak bandw dbhplay reeveerejdmés atloman qoublity 140880 [Bnd dhsemuaaice f thd H068] Peak
bandw dt h requirenments can al so be accommobdat ed by residential broadband

i nfrastruct upevief nipe@dabneed vidkogamenis thakvidedganfoplagicgnphehinea far cabl e
TV system digital video traffic can be given dedi cated bandw dth which can
handl e peakdoms@igiie &se hriepllyleqongntieallyAngfficiamt epmusastheireggst is usupller speed
DSL nodem can be praovi sioned, allow ng for high peaks, or a

speci al | y- grdeﬂi%rdn@@ﬂrbé’&f‘ﬁéﬁqléé@fnﬁfﬁ‘@\ﬁfgh%mgj‘ PeHOTRANGGHNE theyiFaher dat a

%Z‘Eifa ini é&%ﬁﬁﬁﬁ 0EeFambleo a8 TPE IR RRoRpe o Toblaia dewer b hatonts
appl 1 cat1 ond et eRDish e SgERYrGRedt P e AR BRTES S ces, ana
then stream e, GAIDLPRSGR oiiE% M B (AYTb DEed M SR Had 16AUA Bame

conventi onal roa onnecti ons Su rom si ghi I cant

|atency and agkndangul didl ibaiitdbhg RobytB8 ot FOWI 3t Wi logespect to garres

and applications which require very '1Tatency (e.g., first person
shoot ers anthetdiganel|GPU UBReed! ah XBRXL3B(EhAS EhE m@m%uti@ B%F\I%gbstons

requiring a fast response tine). BRI EF DESCRI PTI OF TH

[ 0069] The prraseynsinlilgticossPaoibh degnemdesrsdeood nmore fully fromthe
[0052] Video games machines are typically turned off for most of the
hours of a week. According to a July 2006 Nielsen Entertainment study of
active gamers 13 years and older, on average, active gamers spend fourteen
hours/week playing console video games, or just 12% of the total hours in a
week. This means that the average video game console is idle 88% of the
time, which is an inefficient use of an expensive resource. This is particularly
significant given that video game consoles are often subsidized by the
manufacturer to bring down the purchase price (with the expectation that the
subsidy will be earned back by royalties from future video game software
purchases).
[0053] Video game consoles also incur costs associated with almost
any consumer electronic device. For instance, the electronics and
mechanisms of the systems need to be housed in an enclosure. The

manufacturer needs to offer a service warranty. The retailer who sells the

system needs to collect a margin on either the sale of the system and/or on
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detail ed description that follows and fromthe acconpanyi ng draw ngs, which
however, should not be taken to limt the disclosed subject natter to the
speci fi c wohodareres shown, but are for expl anati on andpamasce@Basiddshg only.
[0070]FIG 1 illustrates an architecture of a prior art video gam ng
system [O071]FIGS. 2a-b illustrate a high | evel systemarchitecture

accordi ng t%h8%§{e§§?\ﬁ§ég‘§%e écS?W%r]e.F!Aﬁ‘of?’néée' f‘égfogglégﬁtté“fﬁé‘%st cff%g‘r’j and

required data’ra onmuni catr'on bet ween and a serv
video game console, which must either be subsidized by the manufacturer,

passed along to the consumer, or both.

[0054] In addition, piracy is a major problem for the video game
industry. The security mechanisms utilized on virtually every major video
gaming system have been “cracked” over the years, resulting in unauthorized
copying of video games. For example, the Xbox 360 security system was
cracked in July 2006 and users are now able to download illegal copies
online. Games that are downloadable (e.g., games for the PC or the Mac) are
particularly vulnerable to piracy. In certain regions of the world where piracy
is weakly policed there is essentially no viable market for standalone video
game software because users can buy pirated copies as readily as legal
copies for a tiny fraction of the cost. Also, in many parts of the world the cost
of a game console is such a high percentage of income that even if piracy
were controlled, few people could afford a state-of-the-art gaming system.
[0055] In addition, the used game market reduces revenue for the
video game industry. When a user has become tired of a game, they can sell
the game to a store which will resell the game to other users. This
unauthorized but common practice significantly reduces revenues of game
publishers. Similarly, a reduction in sales on the order of 50% commonly
occurs when there is a platform transition every few years. This is because
users stop buying games for the older platforms when they know that the
newer version platform is about to be released (e.g., when Playstation 3 is
about to be released, users stop buying Playstation 2 games). Combined, the
loss of sales and increased development costs associated with the new
platforms can have a very significant adverse impact on the profitability of
game developers.

[0056] New game consoles are also very expensive. The Xbox 360,

the Nintendo Wii, and the Sony Playstation 3 all retail for hundreds of dollars.
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[0073]FIG 4a illustrates a hosting service and a client enployed according
to one enbodinent. [0074]FIG 4b illustrates exenplary | atencies associ ated
wi t h commioi2e@td7am2bet ween a client and hosting servi cePCAGZ&RHEB43IC
illustrates a client device according to one enbodi nent. [0076] FI G 4d
illustrates a client device according to another enbodi nent.

High powered personal computer gaming systems can cost up to $8000. This
represents a significant investment for users, particularly considering that the
hardware becomes obsolete after a few years and the fact that many systems
are purchased for children.

[0057] One approach to the foregoing problems is online gaming in
which the gaming program code and data are hosted on a server and
delivered to client machines on-demand as compressed video and audio
streamed over a digital broadband network. Some companies such as G-
Cluster in Finland (now a subsidiary of Japan’s SOFTBANK Broadmedia)
currently provide these services online. Similar gaming services have become
available in local networks, such as those within hotels and offered by DSL
and cable television providers. A major drawback of these systems is the
problem of latency, i.e., the time it takes for a signal to travel to and from the
game server, which is typically located in an operator's “head-end”. Fast
action video games (also known as “twitch” video games) require very low
latency between the time the user performs an action with the game controller
and the time the display screen is updated showing the result of the user
action. Low latency is needed so that the user has the perception that the
game is responding “instantly”. Users may be satisfied with different latency
intervals depending on the type of game and the skill level of the user. For
example, 100ms of latency may be tolerable for a slow casual game (like
backgammon) or a slow-action role playing game, but in a fast action game a
latency in excess of 70 or 80ms may cause the user to perform more poorly
in the game, and thus is unacceptable. For instance, in a game that requires
fast reaction time there is a sharp decline in accuracy as latency increases
from 50 to 100ms.

[0058] When a game or application server is installed in a nearby,
controlled network environment, or one where the network path to the user is

predictable and/or can tolerate bandwidth peaks, it is far easier to control
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[0077] FIG 4e illustrates an exanple bl ock diagramof the client device in
Figure 4c. [0078]FI G 4f illustrates an exanpl e bl ock diagram of the client
devi ce i wbiguwa3Add. WO 2009/ 073792PCT/ US2008/ 085545 [ @OTA]SE00S08545
illustrates an exanple form of video conpression which

latency, both in terms of maximum latency and in terms of the consistency of
the latency (e.g., so the user observes steady motion from digital video
streaming through the network). Such level of control can be achieved
between a cable TV network head-end to a cable TV subscriber’'s home, or
from a DSL central office to DSL subscriber’'s home, or in a commercial office
Local Area Network (LAN) environment from a server or a user. Also, it is
possible to obtain specially-graded point-to-point private connections between
businesses which have guaranteed bandwidth and latency. But in a game or
application system that hosts games in a server center connected to the
general Internet and then streams compressed video to the user through a
broadband connection, latency is incurred from many factors, resulting in
severe limitations in the deployment of prior art systems.

[0059] In a typical broadband-connected home, a user may have a DSL
or cable modem for broadband service. Such broadband services commonly
incur as much as a 25ms round-trip latency (and at times more) between the
user’'s home and the general Internet. In addition, there are round-trip
latencies incurred from routing data through the Internet to a server center.
The latency through the Internet varies based on the route that the data is
given and the delays it incurs as it is routed. In addition to routing delays,
round-trip latency is also incurred due to the speed of light traveling through
the optical fiber that interconnects most of the Internet. For example, for each
1000 miles, approximately 22ms is incurred in round-trip latency due to the
speed of light through the optical fiber and other overhead.

[0060] Additional latency can occur due to the data rate of the data
streamed through the Internet. For example, if a user has DSL service that is
sold as “6Mbps DSL service”, in practice, the user will probably get less than
5Mbps of downstream throughput at best, and will likely see the connection
degrade periodically due to various factors such as congestion during peak

load times at the Digital Subscriber Line Access Multiplexer (DSLAM). A
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may be enpl oyed according to one enbodinment. [0080]FIG 6a illustrates an
exanpl e form of video conpression which nmay be enpl oyed i n anot her

enbodi mrernwo0 2p@0837981 G 6b il lustrates peaks in data ratecaaseasassds Wt h
transmtting a | ow conplexity, |low action video sequence. [0082]FI G 6¢
Il lustrates peaks in data rate associated with transmtting a high

conpl exity, J?rjnﬂg'r iggﬁé ggn\éicgﬁpre%%%fh%ngﬁe data rate of a cable modem is used for

a connection sold as “6Mbps cable modem service” to far less than that, if
there is congestion in the local shared coaxial cable looped through the
neighborhood, or elsewhere in the cable modem system network. If data
packets at a steady rate of 4Mbps are streamed as one-way in User
Datagram Protocol (UDP) format from a server center through such
connections, if everything is working well, the data packets will pass through
without incurring additional latency, but if there is congestion (or other
impediments) and only 3.5Mbps is available to stream data to the user, then
in a typical situation either packets will be dropped, resulting in lost data, or
packets will queue up at the point of congestion, until they can be sent,
thereby introducing additional latency. Different points of congestion have
different queuing capacity to hold delayed packets, so in some cases packets
that can’t make it through the congestion are dropped immediately. In other
cases, several megabits of data are queued up and eventually be sent. But, in
almost all cases, queues at points of congestion have capacity limits, and
once those limits are exceeded, the queues will overflow and packets will be
dropped. Thus, to avoid incurring additional latency (or worse, loss of
packets), it is necessary to avoid exceeding the data rate capacity from the
game or application server to the user.

[0061] Latency is also incurred by the time required to compress video
in the server and decompress video in the client device. Latency is further
incurred while a video game running on a server is calculating the next frame
to be displayed. Currently available video compression algorithms suffer from
either high data rates or high latency. For example, motion JPEG is an
intraframe-only lossy compression algorithm that is characterized by low-
latency. Each frame of video is compressed independently of each other
frame of video. When a client device receives a frame of compressed motion

JPEG video, it can immediately decompress the frame and display it, resulting
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[0083]FIGS. 7a-b illustrate exanple video conpression techniques enpl oyed
I n one enbodi nent. [0084]FIG 8 illustrates additional exanple video
conpr essiwo 20@at1aisques enpl oyed i n one enbodi nent. [ 008BLFIUSHN08085585

il lustrate exanple techniques enployed in one enbodi ment for alleviating
data rate peaks. [0086] FIGS. 10a-b illustrate one enbodi nent which

efficiently iH%%R?Iow latency. But because each frame is compressed separately, the
algorithm is unable to exploit similarities between successive frames, and as a
result intraframe-only video compression algorithms suffer from very high data
rates. For example, 60 fps (frames per second) 640x480 motion JPEG video
may require 40Mbps (megabits per second) or more of data. Such high data
rates for such low resolution video windows would be prohibitively expensive
in many broadband applications (and certainly for most consumer Internet-
based applications). Further, because each frame is compressed
independently, artifacts in the frames that may result from the lossy
compression are likely to appear in different places in successive frames. This
can results in what appears to the viewer as a moving visual artifacts when
the video is decompressed.
[0062] Other compression algorithms, such as MPEG2, H.264 or VC9
from Microsoft Corporation as they are used in prior art configurations, can
achieve high compression ratios, but at the cost of high latency. Such
algorithms utilize interframe as well as intraframe compression. Periodically,
such algorithms perform an intraframe-only compression of a frame. Such a

frame is known as a key frame (typically referred to as an “I” frame). Then,
these algorithms typically compare the | frame with both prior frames and
successive frames. Rather than compressing the prior frames and successive
frames independently, the algorithm determines what has changed in the
image from the | frame to the prior and successive frames, and then stores
those changes as what are called “B” frames for the changes preceding the |
frame and “P” frames for the changes following the | frame. This results in
much lower data rates than intraframe-only compression. But, it typically
comes at the cost of higher latency. An | frame is typically much larger than a

B or P frame (often 10 times larger), and as a result, it takes proportionately

longer to transmit at a given data rate.
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i mage tiles within packets. [0087]FIGS. 1la-d illustrate enbodi ments which

enpl oy forward error correction techniques. [0088]FIG 12 illustrates one
enbodi menvowheat1319ees multi-core processing units for CcEOPUSIEBO85545
[ 0089] FIGS. 13a-b illustrate geographical positioning and comrunication
bet ween hosting services according to various enbodi nents.

[0063] Consider, for example, a situation where the | frames are 10X

the size of B and P frames, and there are 29 B frames + 30 P frames = 59
interframes for every single | intraframe, or 60 frames total for each “Group of
Frames” (GOP). So, at 60 fps, there is 1 60-frame GOP each second.
Suppose the transmission channel has a maximum data rate of 2Mbps. To
achieve the highest quality video in the channel, the compression algorithm
would produce a 2Mbps data stream, and given the above ratios, this would
result in 2 Megabits (Mb) / (59+10) = 30,394 bits per intraframe and 303,935
bits per | frame. When the compressed video stream is received by the
decompression algorithm, in order for the video to play steadily, each frame
needs to decompressed and displayed at a regular interval (e.g., 60 fps). To
achieve this result, if any frame is subject to transmission latency, all of the
frames need to be delayed by at least that latency, so the worst-case frame
latency will define the latency for every video frame. The | frames introduce
the longest transmission latencies since they are largest, and an entire | frame
would have to be received before the | frame could be decompressed and
displayed (or any interframe dependent on the | frame). Given that the
channel data rate is 2Mbps, it will take 303,935/2Mb = 145ms to transmit an |
frame.

[0064] An interframe video compression system as described above
using a large percentage of the bandwidth of the transmission channel will be
subject to long latencies due to the large size of an | frame relative to the
average size of a frame. Or, to put it another way, while prior art interframe
compression algorithms achieve a lower average per-frame data rate than
intraframe-only compression algorithms (e.g., 2Mbps vs. 40Mbps), they still
suffer from a high peak per-frame data rate (e.g., 303,935 * 60 = 18.2Mbps)
because of the large | frames. Bear in mind, though that the above analysis
assumes that the P and B frames are all much smaller than the | frames.

While this is generally true, it is not true for frames with high image complexity
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WO 2009/ 073792PCT/ US2008/ 085545 [0090] FIG 14 illustrates exenplary
| at enci es associated with comruni cati on between a client and a hosting

service. WOQO7B@2 15 illustrates an exanpl e hosting secTiuseoismsises center
architecture. [0092]FIG 16 illustrates an exanple screen shot of one
enbodi nent

uncorrelated with the prior frame, high motion, or scene changes. In such
situations, the P or B frames can become as large as | frames (f a P or B
frame gets larger than an | frame, a sophisticated compression algorithm will
typically “force” an | frame and replace the P or B frame with an | frame). So, |
frame-sized data rate peaks can occur at any moment in a digital video
stream. Thus, with compressed video, when the average video data rate
approaches data rate capacity of the transmission channels (as is frequently
the case, given the high data rate demands for video) the high peak data
rates from | frames or large P or B frames result in a high frame latency.
[0065] Of course, the above discussion only characterizes the
compression algorithm latency created by large B, P or | frames in a GOP. If
B frames are used, the latency will be even higher. The reason why is
because before a B frame can be displayed, all of the B frames after the B
frame and the | frame must be received. Thus, in a group of picture (GOP)
sequence such as BBBBBIPPPPPBBBBBIPPPPP, where there are 5 B
frames before each | frame, the first B frame can not be displayed by the
video decompressor until the subsequent B frames and | frame are received.
So, if video is being streamed at 60fps (i.e., 16.67ms/frame), before the first B
frame can be decompressed, five B frames and the | frame will take 16.67 * 6
= 100ms to receive, no matter how fast the channel bandwidth is, and this is
with just 5 B frames. Compressed video sequences with 30 B frames are
quite common. And, at a low channel bandwidth like 2Mbps, the latency
impact caused by the size of the | frame is largely additive to the latency
impact due to waiting for B frames to arrive. Thus, on a 2Mbps channel, with a
large number of B frames it is quite easy to exceed 500ms of latency or more
using prior art video compression technology. If B frames are not used (at the
cost of a lower compression ratio for given quality level), the B frame latency
is not incurred, but the latency caused by the peak frame sizes, described

above, is still incurred.
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of a user interface which includes a plurality of live video w ndows.
[0093]FIG 17 illustrates the user interface of Figure 16 follow ng the
sel ect i orwof20@/qamei cul ar vi deo wi ndow. [0094] FI G 18 i lPcuatseca@Besssuhe user
interface of Figure 17 follow ng zoom ng of the particular video wi ndow to
full screen size. [0095]FIG 19 illustrates an exanpl e col | aborative user

video data %Séé]ai d Onrﬁéfro%‘férﬁ%e%ce%gwdtB)P\lltf}){/e[ﬁe 92ire of many video

games. Video compression algorithms utilizing the GOP structure described
above have been largely optimized for use with live video or motion picture
material intended for passive viewing. Typically, the camera (whether a real
camera, or a virtual camera in the case of a computer-generated animation)
and scene is relatively steady, simply because if the camera or scene moves
around too jerkily, the video or movie material is (a) typically unpleasant to
watch and (b) if it is being watched, usually the viewer is not closely following
the action when the camera jerks around suddenly (e.g., if the camera is
bumped when shooting a child blowing out the candles on a birthday cake
and suddenly jerks away from the cake and back again, the viewers are
typically focused on the child and the cake, and disregard the brief interruption
when the camera suddenly moves). In the case of a video interview, or a
video teleconference, the camera may be held in a fixed position and not
move at all, resulting in very few data peaks at all. But 3D high action video
games are characterized by constant motion (e.g., consider a 3D racing,
where the entire frame is in rapid motion for the duration of the race, or
consider first-person shooters, where the virtual camera is constantly moving
around jerkily). Such video games can result in frame sequences with large
and frequent peaks where the user may need to clearly see what is
happening during those sudden motions. As such, compression artifacts are
far less tolerable in 3D high action video games. Thus, the video output of
many video games, by their nature, produces a compressed video stream
with very high and frequent peaks.

[0067] Given that users of fast-action video games have little tolerance
for high latency, and given all of the above causes of latency, to date there
have been limitations to server-hosted video games that stream video on the
Internet. Further, users of applications that require a high degree of

interactivity suffer from similar limitations if the applications are hosted on the
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[0096] FIG 20 illustrates an exanpl e user page for a gane player on a
hosting service. [0097]FIG 21 illustrates an exanple 3D interactive
adverti sewern09/78¥98] FI G 22 il lustrates an exanpl e seqremas2@B/0835eps f or
produci ng a photoreal imge having a textured surface from surface capture
of a live performance. [0099]FIG 23 illustrates an exanple user interface

page that aldovs|Rlerfi&! St L8aM viddd! Bcn &M ReS POEAR a network

configuration in which the hosting servers are set up directly in a head end (in
the case of cable broadband) or the central office (in the case of Digital
Subscriber Lines (DSL)), or within a LAN (or on a specially-graded private
connection) in a commercial setting, so that the route and distance from the
client device to the server is controlled to minimize latency and peaks can be
accommodated without incurring latency. LANs (typically rated at 100Mbps-
1Gbps) and leased lines with adequate bandwidth typically can support peak
bandwidth requirements (e.g., 18Mbps peak bandwidth is a small fraction of a
100Mbps LAN capacity).

[0068] Peak bandwidth requirements can also be accommodated by
residential broadband infrastructure if special accommodations are made. For
example, on a cable TV system, digital video traffic can be given dedicated
bandwidth which can handle peaks, such as large | frames. And, on a DSL
system, a higher speed DSL modem can be provisioned, allowing for high
peaks, or a specially-graded connection can provisioned which can handle a
higher data rates. But, conventional cable modem and DSL infrastructure
attached to the general Internet have far less tolerance for peak bandwidth
requirements for compressed video. So, online services that host video
games or applications in server centers a long distance from the client
devices, and then stream the compressed video output over the Internet
through conventional residential broadband connections suffer from significant
latency and peak bandwidth limitations — particularly with respect to games
and applications which require very low latency (e.g., first person shooters
and other multi-user, interactive action games, or applications requiring a fast

response time).
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[0100]FIG 24 is a graph that illustrates the anount of tine that el apses
before the web page is |live versus connection speed. DESCRIPTI ON OF
EXAVPLE BNBCODIIMEBIPS [ 0101] I n the foll owi ng descri ption ®peaisteos/ostsumni | s are
set forth, such as device types, system configurations, conmunication

met hods, etc., in order to provide a thorough understandi ng of the present

di scl osure. .é_ﬁi/ﬁyP;EtS(@ﬁfPsﬁaﬂ Bﬁv-wg [gf‘e,gg\lnﬁrdsski Il in the relevant arts

will appreciatet ese speci S tay not be needed to practice

the embodi rrgabﬁgfescr IBRAordsBhPakElogUFERiIA5s Bn@E R SEmBr Al Tt Bhe
architecture of two
detailed description that follows and from the accompanying drawings, which
however, should not be taken to limit the disclosed subject matter to the

specific embodiments shown, but are for explanation and understanding only.

[0070] FIG. 1 illustrates an architecture of a prior art video gaming
system.
[0071] FIGS. 2a-b illustrate a high level system architecture according

to one embodiment.

[0072] FIG. 3 illustrates actual, rated, and required data rates for

communication between a client and a server.

[0073] FIG. 4a illustrates a hosting service and a client employed

according to one embodiment.

[0074] FIG. 4b illustrates exemplary latencies associated with

communication between a client and hosting service.

[0075] FIG 4c illustrates a client device according to one embodiment.
[0076] FIG 4d illustrates a client device according to another
embodiment.

[0077] FIG 4e illustrates an example block diagram of the client device
in Figure 4c.

[0078] FIG 4f illustrates an example block diagram of the client device
in Figure 4d.
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enbodi ments in which video ganmes and software applications are hosted by a
hosting service 210 and accessed by client devices 205 at user prem ses 211
(not e t havoth@/d7smer prem ses” neans the place wher ever PChAISa®8/083585

| ocat ed, including outdoors if using a nobile device) over the Internet 206
(or other public or private network) under a subscription service. The

Wnaous- or UDRIS! based ECS B-ais 81 et pik R pELReaselds b

W ndows- or Li nux* €rs w a wred
or wirel ess i r i ith internal or external

di spl ay devi@gygg%m@py%ﬁgyeﬁrgy&ofé @g%le@fgtbggﬁ%ﬂ ent devices such as a
set-top box (wwth a wired or wireless connection to the Internet) that

out puts vi dqooeog audi |G @ad||IBRtE S Bn@xampls RirnP8Rvided cbRfes@yn didrpbi | e
devices, presumebly with a wireless connection to the Internet. [0103] Any
of these devwhagdermyplbase irt Aedthepembegiementput devi ces (e.g., keyboards,
buttons, touch screens, track pads or inertial-sensing wands, video capture
canmeras and/or notion-tracking canmeras, etc.), or they may use external

i nput devi cd608?1L (e. FIG. Bbyilhasirales prake|n daimgatoassagidted svith nerti al

sensi ng wand, video capture canmeras and/or notion tracking caneras, etc.),
connect ed wittansMitieg dlowEemplexdyylowactipnsddedeaquenas- eat er detail bel ow,
t he hosting service 210 includes servers of various |evels of perfornmance,
including t i th high-paowered CPU CPU processing capabilities. During
pl ayi ng of Q8§§%ﬁ” or %g-ﬂ'&%t%ﬁ? Peaks srida r???ea?%ﬁqtgg"‘é@r vice 210, a
home or office cl.ent deyice 2|05. recei ves keyboard and/or controller input
from the usdfansHitingra fiGh corpaRdty. FI0h AETRbAERGReareGRt ¢ hr ough t he

Internet 206 to the hosting service 210 that executes the gam ng program
code in res and : ' £ I a
sequence of thpgglo imagﬂs .?tg?ﬁ{Iﬁféﬁég@nék%rﬁplgp\gﬁ?éggﬁgxé%iﬁ %agrh@ ee.%g., if
the user pressgp édhﬁbﬁ@’én’f%cﬁr‘ﬂe}‘}@u' d direct a character on the screen to
nove to the ri ghY, the gane program woul d then create a sequence of video

i mges showi ng the character noving to the right). This sequence of video

i mages is tle084pnpr esEed supisitates badtibabESMedeges odmbessin and the
hosting service 210 then transmts the | owlatency video streamthrough the
| nt er net 20GecAhiqués empioyeaf ihiare embedimatavi ce then decodes the conpressed
vi deo stream and renders the deconpressed video i mrages on a nonitor or TV.
Consequently, the conputing and graphi cal hardware requirenents of the
client devi d0088F ar e G i%are divstrater exarople. teThiriques emplQES! iBring needs to
have the processing power to forward the keyboard/controller input to the

| nt er net 206 rARRKITENG &Y alleyialisgsiaia 63i¢ REaASNpr essed vi deo stream recei ved
fromthe Internet 206, which virtually any personal conputer is capable of
doi ng today || ftwar its U(e.g., alntel Corporation Core Duo CPU
fonneng at ABBBEET ray A6 Jle%h st fhe sitsdirBrpt bl ooty Bisks encoded
usi ng conpre 4 and Wndows Media VC9). And, in the case of

sors. such, as H. 2
any client dﬁ\ﬂ%ﬁ@s Wﬂmnc%qcé(&?%hi ps can al so perform vi deo deconpression
for such standards in real-tinme at far |ower cost and with far | ess power

consunpt i O”I\[gtbg’g] a ge'ﬁG’ﬁ.'1H‘é@ﬂ§1§tr%?eueﬁ1588ing§nt‘}é‘g\mi&1 Eﬁ%&@@rﬁ%ﬁﬁh @Er')r a

nodern PC. y, to performt unction rwar i nput

and deconpr egpiddlioM tE@hiqlheyre client devices 205 do not require any
speci al i zed graphics processing units (GPUs), optical drive or hard drives,

such as the prior art video gane system shown in Figure 1. [0104] As ganes

and appl i cat[0088] sof t VRIGe 1RehEte® bee @amudimeanwhiohr gseghatb-¢wal i sti c,
they will require higher-performance CPUs, GPUs, nore
processing units for compression.

[0089] FIGS. 13a-b illustrate geographical positioning and

communication between hosting services according to various embodiments.
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RAM and | arger and faster disk drives, and the conmputing power at the

hosting service 210 may be continually upgraded, but the end user will not
be requi rwd 2v@/uapiat e t he home or office client platfor®rCZAB200808%45t S
processing requirenents will remain constant for a display resolution and

frame rate with a given video deconpression algorithm Thus, the hardware
limtations onpatgpi lyist:y J t - exist.in the system
iIIustrated[?g gfgureghgéjéfmfg%%gféﬁéﬁﬁgyyﬂggﬁggggggéggggﬁ%n%nd

appl i cat | on phWAfcB6X BeHkEs AR¥nd dhP8estifg sanfdle hosting service 210,
there never 1s a copy of the game or appllcatgon software (either in the
formof optical nedia, or as downl oaded software) in the user's hone or

of fice ("of floog1] as usEG:. REMiRidIrdies BRexakiHs Wosendlsalidd sshvehgdrter ncl ude
any non-residential setting, including, schoolroons, for exanple). This

si gni fi cant larchitdotgat es the |ikelihood of a gane or application software
being illegally copied (pirated), as well as mtigating the |likelihood of a
val uabl e database that m ght be use by a gane or applications software

bei ng pir at §0092hdeed,FIG. 16pkuestedies ad exampie scien shwed i pad efebagimengqui ri ng
very expensive, |large or noisy equipnent) to play the gane or application
sof t war e t haaf aawserroterigeaathietindusiesrplirality of five sidgeavindews. even if a
pirated copy of the ganme or application software were obtained, it would
not be operaghle jn th one .or office. [0106])n one enbodj nent, the hosting
servi ce 2106[59531 des ngg*\rﬁr' BRI m@%ﬁagetogiﬂwed&fgﬁ‘awm&ptﬁﬁ cation
sof t war e devel opers mhi%h fefggﬁ\@eaerally to software devel opnent

conpani es, dﬁ#% L PRAUEH'FHVIGE0 B agne or applications software
publ i shers) 220 whi ch design video ganmes so that they may design ganes

capabl e of f[ﬁbg exec 1%’]”1541%#8?&2& Q&erﬁﬁfewa%@ o?ﬂi‘? ur?ﬂz‘fo&gﬂr@ al I'ow

devel opers t'0 exploit features ost1 ng serv not

normal |y be Riihahk thd padicBlRVIRAIABE BIuR3EREAAISO e (€9, fast access

to very | arge databases conpl ex geonetry ("geonmetry” unl ess otherw se
qualified shall be used herein to refer to polygons, textures, rigging,

lighting, bqbegsprs arrlGrtbenueIdsar R cordiurativs Gsérhadesigbiane 3D
datasets)). [0107] D fferent business nodels are possible under this

ar chi t ect ur epverlaid on the screen of a multiplayer game.

[0096] FIG. 20 illustrates an example user page for a game player on a

hosting service.
[0097] FIG. 21 illustrates an example 3D interactive advertisement.

[0098] FIG. 22 illustrates an example sequence of steps for producing
a photoreal image having a textured surface from surface capture of a live

performance.

[0099] FIG. 23 illustrates an example user interface page that allows for

selection of linear media content.

[0100] FIG. 24 is a graph that illustrates the amount of time that

elapses before the web page is live versus connection speed.
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Under one nodel, the hosting service 210 collects a subscription fee from
the end user and pays a royalty to the devel opers 220, as shown in Figure
2a. | n arwalz@vatatee i npl enentation, shown in Figure 2b, pChasdeseBispers 220
collects a subscription fee directly fromthe user and pays the hosting

service 210 for hosting the gane or application content. These underlying

principles %@S&%Pﬂd’ht éﬁ}@g*ﬁEpéMH[(SqB@?%l ness nodel for providing

online gam ng or appltcation I'ng. RESSED VI DEO
CHARACTERI STI CS [ 0109] As di scussed previously, one significant problemwth

provi ding videg1pame SRib fAbvBg BEBLIARK SRIRASURN BroSEMbRRSSRN 4ge | s

that of l|atency.” A latency of Ons(fromthe point a input device Is

act uat ed by ddigedigpes! §ystdrf deaFigliratidas ecdmRPRANSA rhethats péay el ofderttbe
di splay device) is at the upper |limt for ganmes and applications requiring

a fast respqeeideiarhordimtevederstdnding sf therprederifdistlbsureo Hakeivere in the
context of the architecture shown in Figures 2a and 2b due to a nunber of
practical amkrptyshadhgootdisanaskilt s theQekypAs artadiilt apprciate Figjuhese 3, when a
user subscribes to an Internet service, the connection is typically rated
by a noni nalspesilicragiaittamay mat de3eeded tolpsaciie the arobedigents des:@i.beﬁ)épendi ng
on the provider's policies and routing equi pnent capabilities, that nmaxi num
data rate nd0182l nor e Mgures2a-Birpidea kighdeval @rehigctyremfdwPl y t he act ual

avail able data rate is | ower for one of ny differept reasons. Fo
exanpl o, t heABDORIARES { BOVRIGR GRS Mes ANarIafWaie APRUCTISNSARTIOSCDPY | ce or

e v g
o Per et O R T R AR AP 5
to 30 Nops. \Gelibi! Ak PIYbGEBOR! £ LB £ fidble delide BybLulURfl RES@S (dfbps of

downst ream wever-, e spee roa nd services an

nunber of UsRR&r YRR RetuiorR) ORGEIED SuISSr bR Seitd. TRERASE
dramatically over time. Currently,” sonme anal ysts estimate that 33% of US

broadband suhseddshErs MgV gertsranptipede ddaiputert Suchf a2 Mre st WikgewsFor

exanpl e, sonme anal ysts predict that by 2010, over 85% of US broadband

subscri ber s omlihutibssech PCater Agdle, lot. Ridejppdoshi compaters with a wired or
wireless connection to the Internet either with internal or external display
device 222, or they may be dedicated client devices such as a set-top box
(with a wired or wireless connection to the Internet) that outputs video and
audio to a monitor or TV set 222, or they may be mobile devices, presumably
with a wireless connection to the Internet.
[0103] Any of these devices may have their own user input devices
(e.g., keyboards, buttons, touch screens, track pads or inertial-sensing wands,
video capture cameras and/or motion-tracking cameras, etc.), or they may
use external input devices 221 (e.g., keyboards, mice, game controllers,
inertial sensing wand, video capture cameras and/or motion tracking cameras,
etc.), connected with wires or wirelessly. As described in greater detail below,
the hosting service 210 includes servers of various levels of performance,

including those with high-powered CPU/GPU processing capabilities. During

playing of a game or use of an application on the hosting service 210, a home
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[0111]As indicated in Figure 3, the actual available max data rate 302 may
fluctuate over tine. Thus, in a |owlatency, online gam ng or application
sof t war e wornb@xt73i92 i s sonetines difficult to predict tireTastagloszesi | abl e
data rate for a particular video stream If the data rate 303 required to
sustain a given level of quality at given nunber of frames-per-second (fps)

at a given roeri%:fﬁiég &IP t%%vﬂ:e?&fh%@éiv‘é@%e%ﬁgrdc Qﬁa/of 85nt?olfe rirﬁﬁit'?ro t of

scene conpl exity and noti on Ti1'ses above actual "available nax data rate

302 (as i ndi g ehPihdnPrrRR@Hits thed E&H{F&Ieﬂnpl}tFﬁ%g?%ﬁ%%&g%&%%% th8Y

occur. For exanple, some Internet services w packet's,

resul ting i mdsanh sédliée angd tﬁét%@cb%ﬂﬂh@sdoarﬁiﬁgﬁég@ﬂn £b8e WS RIspRnke &e
screen. Other services will tenporarily buffer (7.e., queue up) the

addi tional pRelrARsINGCOEDVE HamTdsefRaRkEesStpL (4 Bequwdricendt vided itagasi | abl e
data rate, resulting in an increase in |latency - an unacceptable result for

many vi deo dantwe gande apEipptiedticonsoftwaregklgy, if femesdrgressed a batten eehiph ovi der s
will viewthe increase in data rate as a malicious attack, such as a denial
of service avouwldidireat achhrdateran thecsereqado owmve thythagigkbribe gant grigram
networ k connections), and will cut off the user's Internet connection for a
speci fi ed tiweulgdhenarealdasequrace ebvidiersmaged sheningthenelraspater Axving eps to
ensure that the required data rate for a video gane does not exceed the
maxi num avaitP4he _é'gﬂﬁt JW%ﬁ%qu@fl@c]WlnN@% @ECRP?@EE%?@WEQ a low-
ccor i ng. 1 dRAEY AR RN ST HgBe TG TEa S iee 16 TarhPasmEs Rl oMbcat ed

latency video stream through the Internet 206. The home or office client

device then decodes the compressed video stream and renders the

decompressed video images on a monitor or TV. Consequently, the

computing and graphical hardware requirements of the client device 205 are

significantly reduced. The client 205 only needs to have the processing

power to forward the keyboard/controller input to the Internet 206 and decode

and decompress a compressed video stream received from the Internet 206,

which virtually any personal computer is capable of doing today in software on

its CPU (e.g., a Intel Corporation Core Duo CPU running at approximately

2GHz is capable of decompressing 720p HDTV encoded using compressors

such as H.264 and Windows Media VC9). And, in the case of any client

devices, dedicated chips can also perform video decompression for such

standards in real-time at far lower cost and with far less power consumption

than a general-purpose CPU such as would be required for a modern PC.

Notably, to perform the function of forwarding controller input and

decompressing video, home client devices 205 do not require any specialized

graphics processing units (GPUSs), optical drive or hard drives, such as the

prior art video game system shown in Figure 1.

[0104] As games and applications software become more complex and

more photo-realistic, they will require higher-performance CPUs, GPUs, more
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in a single server center, or can be distributed across a plurality of
server centers (to provide for |ower |atency connections to users that have
| ower | atwoeyogpas?»s to certain server centers than ot hePgT/useoognessusle f or

| oad bal anci ng anongst users, and to provide for redundancy in the case one
or nore server centers fail). The hosting service 210 nmay eventually

el ude hund g 80 IARAAANYE.ET RXSIELT LT, OfryBReRRyaP aervi ng

very | arge user 'base: SEérvice ton provi‘des overall

cont ol Tor Hdienlashiglt 236tk Be i Gharass, BAUREER (38F YA ot 16 do0

conpr essi on syst ' n systens, etc.

embodi ment, bHGIrE@ES LpGateah¥ InePhEBNbiel ch¥ST RBHARE 208 dintd BRicedsiAg @
di stributed processing Linuxbased systemtied to RAID arrays used t0 store

t he dat abasesqlipemeary willtbaTaiMtbestansRi vedisplal eesEtiieNan@ ithnsy &t With
statistics. In the foregoing descriptions, the various actions inplenented

by the hostiagivermderededdimpreskiessalgbtithnmhuTleds,tthe dahewargpaitdtionssyrst ens,
are initiated and controlled by the hosting service control system 401.

[ 0114] The homnpajibdldy \dsties Zeenitodayde noh erishineihecfy staam Vkustrat@Rinstigress
those currentl g available fromlintel, 1BMand Hewl ett Packard, and ot hers.
Al ternativeldg-Dthe servers 402 can be assenbled in a custom configuration

of conponents, or can eventually be integrated sgo an entire server is
i npl ement ed [9408] si ngIfUERrpbegdusedigwants andiepglicatosralvare e¥gcHtesuber of

1 20 S SR A o o s S, O
T 40 . Lgul i A

The Ser et ShuTRlia! belPaBoRibRLrS ol B R A oo ks ©

per 0 TenCe: b W BB oL onel it S el et sare P

type and per € Safe nui ; Wth the same
oo uprSr el SRS e BT BRI L ).
25% of the spnvelrsomanidPexanipié)dThRdsignifieantd) MmitkRYes HekeliRodd bf arent way,
and 25% yet another way), or every server 402 may be different. [0115]1In
one enbodi neyme bhappktatehssotdraieirdj HehaiBscopiee (pirdatatif)ers well as

mitigating the likelihood of a valuable database that might be use by a game

or applications software being pirated. Indeed, if specialized servers are

required (e.g., requiring very expensive, large or noisy equipment) to play the

game or application software that are not practical for home or office use, then

even if a pirated copy of the game or application software were obtained, it

would not be operable in the home or office.

[0106] In one embodiment, the hosting service 210 provides software

development tools to the game or application software developers (which

refers generally to software development companies, game or movie studios,

or game or applications software publishers) 220 which design video games

so that they may design games capable of being executed on the hosting

service 210. Such tools allow developers to exploit features of the hosting

service that would not normally be available in a standalone PC or game

console (e.g., fast access to very large databases of complex geometry

(*geometry” unless otherwise qualified shall be used herein to refer to
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than having its own |ocal nass storage (be it optical or magnetic storage,
or sem conduct or - based storage such as Flash nenory or other nass storage
means serworegosn7siom | ar function), each server accessesPshase@snsssss st or age
t hrough fast backpl ane or network connection. In one enbodinent, this fast
connection is a Storage Area Network (SAN) 403 connected to a series of

Redundant Ay, AFRRCREGRY, Al AL O ieh MR RRb e et e
in the art, r%@tégqhglﬁﬁyegﬁ%b%?%%%@znbl ne many RAID arrays 405 toget her,

resulting in extrenely pproachi ng or potentially exceeding

the bandvi dieyp! | abl mitbramouimeBAMstiag af @ petkibRUndiR thiadrenaales and

PCs. And, while | D arrays based on rotating nedia, such as nagnetic

nmedi a, frequemddnbritameds, e hosiy seRrRle-21080IReELS Substristion, feBAMdR &g ay's
based on sem conductor storage can be inplenented with much | ower access
| at ency. | n extbliderranciopdysoarataligro tisegevelopatd 220, dsshover inefigukD2apirovi de
sonme or all of their own nass storage locally. For exanple, a server 402
may store framalkarnbis ingdemsathtionf shown i igue Rbathd davaipeeratd2gcalestsem and
a copy of a video gane or application on |owlatency |ocal Flash-based
storage, buta sybsasptionifee discethelrgnNhe disae aed Pagatime ﬁﬂsmsa@@eb%ﬁb@ron
rotating nedia with higher seek | atency to_access | arge databases of
geonmetry or PsiBIdh@agaMeparRicAlAN sANENL.cd5ese HhderYing ReiBsiPIgsared)atn
addi tion, in _ape, enbodi nent, the hostin ervice. 210 enpl oys | ow | at ency
Ui deo conpr JESTHI Ty RAHEWaE DS FRRR IR SR BIPYICis SN eraT o
conpression | ogic..40 be inplenented in software, hardware, or any
combi nati on 49?3?%%9“ ﬁggﬁgai n enbodi ments of which are described bel ow).

Vi deo conpr | | ogi 04_dncl j npressing audio as well as
vi sual mat eﬁlﬁZP:QPV\D 20(83 0 %ﬁ%&%ﬁgg@%l@g[ 0117]In operation, while

pl ayi ng a vi ane i i i i@die i 211 via a
PLaYING 2 VIIBR0PAE O USHORAAARIALHA e e piosEnPRRTIGAIRE v1

| ogi c 413 oniddiegaheestrvidds of bpPRcHLoRs ORWaPE sBhIEE GnlHRG3 tRat(dfyaiemal y i n

the form of UDP packets) representing the button presses (and other types

of user inpui Bterol oial®SOMs(frtve thegoirta hpat tedté gactaatddsy thkOusefhe
control signals froma given user are routed to the appropriate server (or

servers, if thelppimiveheseravesponse i @displagsd\oa the disaydevics) isrgidhe depece)

402. As illustrated in Figure 4a, control signals 406a may be routed to the
servers 402 libfariganssandh\applicaiions eequisng ianfastligispoose tioent ilowegergikiss 406b
may be routed directly to the servers 402 over the hosting service network
(e.g., an Etih¥enedifiigalida achieye iathe casiexbekine Fuebitleduesshayn WoWoduisy ar e

|11 csponse AbAthEDAHAIPG NMGRLPLP OB AP RORBEATS. st rated i n
Fi 4a, var] ki h fi I d/

at ovay () 1S ScesdT RETTAD ToHGURR ot g Erase oS oA BN e ne

host i I o B h i O ; t t
410) andl or 51 phanecePepihls ERA FurIZYA B0 el B B8R el 10"
and the homg,Qhe pEMSRoRld @r’"‘éffié%%mgﬂé’rﬁji% 69%8gkoﬂ&&’@w\c@e&gﬁm&tmg the
execut ed gane or application solt re- 1.e., new sequences or VI deo

I mages-are AihiHeH: éébéﬁﬂﬁ%e'sw%dt%%MM’BQ@Q%@%&%H\?% bPRsS shickiywhi ch

conpresses the sequences o eo images according to lowlatency video
conpr essi on drg6ieudbestypram s atiiargvdrsiy dfedaheisabWen st dricastsiiahp

different reasons. For example, there may be too much network traffic at the
DSL central office or on the local cable modem loop, or there may be noise on
the cabling causing dropped packets, or the provider may establish a
maximum number of bits per month per user. Currently, the maximum
downstream data rate for cable and DSL services typically ranges from

several hundred Kilobits/second (Kbps) to 30 Mbps. Cellular services are
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a conpressed video stream typically with conpressed or unconpressed audi o,
back to the client 415 over the Internet 410 (or, as described bel ow, over
an opti mweaodwobrsgpeed network service that bypasses tReTgS2@8aAB3545
Internet). Low | atency video deconpression logic 412 on the client 415 then
deconpresses the video and audio streans and renders the deconpressed video

stream and | yphfAkkyeRl F¥S aﬂaﬁﬁgﬁ%@%r&%%%ﬂ]s%% 43, 9o ol bl ay

devi ce 422 t|ve Yy, he'g an be aye oh Speakérs’separate from

the display ﬁ%}:—(\?cﬁr’gﬁgﬁl sp dé%\t;w@éé 2591%8 nufier FEEBEL fhb @Gbgﬁfﬁe {ghat.

i nput devi ce I ce are shown as free-standi ng devices

in Figures ZiogflatdseiitRl vVﬁYnc?@aéé‘HPéJﬁéﬁc%]‘lly_/b vbhhﬁwé'@@ﬂénl%ﬁ\é'o%bg such as
portabl e conputers or nobile devices 0118 me or office client 415

(descri bed preMysisiebimate 8394 oPlEi m@a@bawgué’é&umm Fraes aepwistr@ach 2b)
may be a very inexpensive and | ow power device, with very limted conputing

or graphi cs datafraensraiMopndr maye . VWedrl exanvee vsarye lainaiyisedpr@dictohatdnel0 ks s
storage. In contrast, each server 402, coupled to a SAN 403 and multiple
RAI Ds 405 oueriBé%anf Udepadband sybsdriderp wilf bavenadata catp uf 2Mppsyst em  and
indeed, if multiple servers are used cooperatively in a parallel-processing
configurati diA9™&-here is alnost no limt to the anmount of conputing and

gr aphi cs proce55| ng power that can be brought to bear. And, because of the

ow | at ency [O14tb conpheissicated turigee BoW—eI %Cit%'c%)’a\)%'@dn%ﬁﬁ%g%ﬁé’ﬁ 412,

tually to th th t f th 402 is b
D ovi fed 1 o TR GRS ST e TA0G: gt YRS LR OBTING BLAPBIARER 421

per copt ual |y AERe R feaE S PR R g el R B tﬁsk&%%@%%ﬁ%n

sof tviare weried WpalEbaBPLLKo TR, WiDR e 586 Rl GFieLiaal 415 that

is avery |low i Aexpenal Ve

i npl enents t 1 EQHS ogi c
413, a user ¢§er{p%\g§! gli{e@%}%{ ﬁt I ?ectl vel C% nl?étl‘srg‘?escorrpuﬁ%sr‘?sdt%?hfrom a
renot e | ocatregdlutible.ab A 5480 @BAY8) fcﬁ@ @erté?ﬁ@'nﬁdhntmiséeﬂé ¥empus@ys the

power to play the nost advanced, processor-intensive (typically nevv) vi deo

ganes and tfmdwnn@heﬁtnsesebovmm@act@aphmmbn@nmx d414 19 e iAdicateaivs a
very basic and i nexpensive hone or office client device 465. This device is

an enbodi nerty the geakendriguef3)cthenl sevaral4ikbblentamiéyguoces Bar example, It i s
approximately 2 inches long. It has an Ethernet jack 462 that interfaces
w th an Et hexomeg indeisiet seividesPuilesimplyedroptiiaskeist r¢RiiiF)g inflostnaataiacil i t
derives its CPovver and its connectivity to the Internet. It is
storted/lost images on the user’s video screen. Other services will

temporarily buffer (i.e., queue up) the additional packets and provide the

packets to the client at the available data rate, resulting in an increase in

latency — an unacceptable result for many video games and applications.

Finally, some Internet service providers will view the increase in data rate as a

malicious attack, such as a denial of service attack (a well known technique

user by hackers to disable network connections), and will cut off the user’s

Internet connection for a specified time period. Thus, the embodiments

described herein take steps to ensure that the required data rate for a video

game does not exceed the maximum available data rate.

[0112] HOSTING SERVICE ARCHITECTURE

[0113] Figure 4a illustrates an architecture of the hosting service 210

according to one embodiment. The hosting service 210 can either be located
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able to run Network Address Translation (NAT) within a network that
supports NAT. In an office environnment, many new Et hernet sw tches have PoE
and bringwvBabudi7amet |y to a Ethernet jack in an of fice. PCU/Usoais/085545
situation, all that is required is an Ethernet cable fromthe wall jack to
the client 465. If the avail abl e Ethernet connection does not carry power

(e 9. 10 2 formnibidn gollnidy of 8 6eTRR L0, By hand ey e e

i nexpensi ve wa ., POWEr - supplies) "avai hat W Il accept

an_Unpover ech Pk Rck: AR Br AL QUi EHREERSIs 110095 1ELABINe cf L ent

. r i
465 contains contr sighal logic gure 4a) that 1s coupled to a

Bl uet oot h wi|sRIneG Hathy BF dctfein suiick Rehitr 8 tRALEMeYS th PROHGE A IBad nPUt devi ces
479, such as a keyboard, nouse, gane controller and/or m crophone and/ or

headset. Al sslafigg efuvdisiasérsobing td providdorirédgadeidyan afe eds®hbiong vi deo
at 120fps coupled with a display device 468 able to support 120fps video

and signal (mym saxveycértecuigil).iTHe kostthy serpiae 210fmapevertvally glchstes 466 to
alternately shutter one eye, then the other with each successive franme. The
ef f ect per céiunsidedhy ot theuagrds psevéramilbdnsobsevers4ddixerdngiantayy largat " j unps
out" of the display screen. One such display device 468 that supports such
oper ati on i ¢sehdasand hegting sesocmsnts systanh 0V indewdes péaﬁﬂllf@mtr@gm eye is
separate, in one enbodi nent two | ndependent video streanms are conpressed by
t he hosting thahpstiag seryicq At0.fanehdise@P EOUlRFSR SEBQRIBdViHR0 CPMPressieN t he franmes

?EE. A %széﬁgv%ﬁ?i'ﬁi‘n“ﬁ@i@@%eééﬁﬂﬁﬁﬁ a‘vjﬁé%gg%qu-%ie Bﬁe%ﬁ@%‘%&%ﬁog@é o

ic 412, whi i ncoming videa. ar :

o an Che Sife REARAPEATS R 8 inpfeibdn Ore Bishsle By B MNBR, i ch
I . | vl 't or

Pt ni ton st Systorh H0H6 AT aas Sobd YR Yarlbadliiorulell -
a noni tor 4§ dhatios Rt miidiRMtion! Enaﬁysqéﬁfﬂéfaﬁsi iid §e ﬂ)@@g(ﬂﬁgs not

support HDM', then an HDM -t o- DVl (Digita sual Interface n be used,
but the audigegetipliodks tlhé’%rio&»!f‘ﬁ@ﬂioﬁs‘“i%d‘@%nfe&ﬂﬁ&dﬂféjhoéthg SHroiBe 210,

capabilities (e.g. supported resolutions, frane rates) 464 are conmuni cated
from the di aplless geiuted 468therpetific Sysiaingg, e iitinates dritecornasisddbyaek

t hrough the Internet connection 462 back to the hosting service 210 so it
can stream dugtingssedce cdewolisysterh@dOriat sui tabl e for the display device.
[0114] The hosting service 210 includes a number of servers 402 such
as those currently available from Intel, IBM and Hewlett Packard, and others.
Alternatively, the servers 402 can be assembled in a custom configuration of
components, or can eventually be integrated so an entire server is
implemented as a single chip. Although this diagram shows a small number
of servers 402 for the sake of illustration, in an actual deployment there may
be as few as one server 402 or as many as millions of servers 402 or more.
The servers 402 may all be configured in the same way (as an example of
some of the configuration parameters, with the same CPU type and
performance; with or without a GPU, and if with a GPU, with the same GPU
type and performance; with the same number of CPUs and GPUs; with the
same amount of and type/speed of RAM; and with the same RAM

configuration), or various subsets of the servers 402 may have the same

configuration (e.g., 25% of the servers can be configured a certain way, 50%
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[0122] Fi gure 4d shows a hone or office client device 475 that is the sane
as the hone or office client device 465 shown in Figure 4c except that is
has nor e weteswab7sznt erf aces. Al so, client 475 can accepCTAiSkévsnsaE f or
power, or it can run off of an external power supply adapter (not shown)
that plugs in the wall. Using client 475 USB i nput, video canera 477

d : "l : . :
Rost i ng serv BT Wk Sf2brayel Ahefheruell ket SPhBR B B2 1
| ow- | atency geoRpessor utilizing the conpression techniques described

bel ow. [0123]1n addition to having an Ethernet connector for its Internet

connecti on, [9'1*15]1t 475n@n%%rﬁ9§diﬂ{br§,0t%ejs&vé%r@2eér§ diéﬁl@éiﬁ‘.‘é‘i rathdrhe
Internet. Both interfaces are able to use NAT within a network that

supports NA'Eh_alh Qé@ﬁthtsS@Wn Idcarashds fArdge (lb@\ﬂ @}ﬁlio@!ﬂoH@l‘dgn@ﬂﬁl@ﬁﬁbgé, éro out put
vi deo and audi o, client 475 also has a Dual Link DVI-I connector, which

I ncl udes analemgcondiynidr-baset giordgassttaas &iakhatiaptioty oc ather madd stprage de VGA

output). It also has anal og outputs for conposite video and S-video.

[ 0125] For audeans séwving & eimilar7entiis)) edch s¢ryht accedseg shneed maRSAtjragks,
through fast backplane or network connection. In one embodiment, this fast
connection is a Storage Area Network (SAN) 403 connected to a series of
Redundant Arrays of Independent Disks (RAID) 405 with connections
between devices implemented using Gigabit Ethernet. As is known by those
of skill in the art, a SAN 403 may be used to combine many RAID arrays 405
together, resulting in extremely high bandwidth—approaching or potentially
exceeding the bandwidth available from the RAM used in current gaming
consoles and PCs. And, while RAID arrays based on rotating media, such as
magnetic media, frequently have significant seek-time access latency, RAID
arrays based on semiconductor storage can be implemented with much lower
access latency. In another configuration, some or all of the servers 402
provide some or all of their own mass storage locally. For example, a server
402 may store frequently-accessed information such as its operating system
and a copy of a video game or application on low-latency local Flash-based
storage, but it may utilize the SAN to access RAID Arrays 405 based on
rotating media with higher seek latency to access large databases of
geometry or game state information on a less frequent bases.

[0116] In addition, in one embodiment, the hosting service 210 employs
low-latency video compression logic 404 described in detail below. The video
compression logic 404 may be implemented in software, hardware, or any
combination thereof (certain embodiments of which are described below).
Video compression logic 404 includes logic for compressing audio as well as

visual material.
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and for digital audio output it has a TOSLINK output. [0126]In addition to
a Bluetooth wireless interface to input devices 479, it also has USB jacks
t o i nt er fwoeotn73T™put devi ces. [0127] Fi gure 4e shows onecemisoaiseisus of t he
internal architecture of client 465. Either all or sone of the devices
shown in the diagram can be inplenented in an Field Programmbl e Logic

AN e . Ve R e R e A R
at the user premises 211 via a keyboard, mouse, game controller or other
input device 421, control signal logic 413 on the client 415 transmits control
signals 406a-b (typically in the form of UDP packets) representing the button
presses (and other types of user inputs) actuated by the user to the hosting
service 210. The control signals from a given user are routed to the
appropriate server (or servers, if multiple servers are responsive to the user’s
input device) 402. As illustrated in Figure 4a, control signals 406a may be
routed to the servers 402 via the SAN. Alternatively or in addition, control
signals 406b may be routed directly to the servers 402 over the hosting
service network (e.g., an Ethernet-based local area network). Regardless of
how they are transmitted, the server or servers execute the game or
application software in response to the control signals 406a-b. Although not
illustrated in Figure 4a, various networking components such as a firewall(s)
and/or gateway(s) may process incoming and outgoing traffic at the edge of
the hosting service 210 (e.g., between the hosting service 210 and the
Internet 410) and/or at the edge of the user premises 211 between the
Internet 410 and the home or office client 415. The graphical and audio
output of the executed game or application software— i.e., new sequences of
video images—are provided to the low-latency video compression logic 404
which compresses the sequences of video images according to low-latency
video compression techniques, such as those described herein and transmits
a compressed video stream, typically with compressed or uncompressed
audio, back to the client 415 over the Internet 410 (or, as described below,
over an optimized high speed network service that bypasses the general
Internet). Low-latency video decompression logic 412 on the client 415 then
decompresses the video and audio streams and renders the decompressed
video stream, and typically plays the decompressed audio stream, on a

display device 422 Alternatively, the audio can be played on speakers
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[0128] Ethernet with PoE 497 attaches to Ethernet Interface 481. Power 499
Is derived fromthe Ethernet with PoE 497 and is connected to the rest of
t he devi cwe 200v/a7Bm®2cl i ent 465. Bus 480 is a comon bus fPOI/USeens0SISERt | ON
bet ween devi ces. [0129] Control CPU 483 (al nbst any small CPU, such as a

M PS R4000 series CPU at 100MHz with enbedded RAM i s adequate) running a

sl Lol fent canbdlo ARRL LRAIARLICOMELRRR 75 \LARNLash e aboco!

stack for the r ernét Tntertace conmuni cates with

the Hosting t§ﬁg i\éhp?d@\?ige 49?'%@%]5&3%%%%0@!422)&& WiEYs i %-ét&naiﬁ client

465. It also es Interfaces with the input devices and sénds

packets baclkydvrdshg s S BbChed Haybk htd§rlte§ WithirPbi ettt dddicas
protected by Forward Error Correction, if neceSsary. Al so, Control CPU 483

noni tors t hesuypacdesportdlaé tom §.orichofircH®ticeqar e |1 ost or del ayed and al so
timestanps their arrival). This information is sent back to the hosting

service 210 [ep18hat i tHome or@fifteaciidny 46 ridéesaribcaepreeiowsiykacloomeadri on and
adj ust what it sends accordingly. Flash nmenory 476 is initially | oaded at
the tine of officritiart @08 iniFigurehacand 2io) may dupr anefydneoensivd acPlow83 and
also with a serial nunber that is unique to the particular Cient 465 unit.
This serial RAYYATctevige, Wik vaiy lifvied sanpEng @regramgi%manfmr@aepg andengyfy the
Sei,iegtefﬁgg”v?éut ha\;eo&gr?/]li%i’tjeed[ gro rt1ct] Ioicralltl anrafs%Cs?ori%g. %Ocmpa{s(tz,aetaec% steorviern 6{9}

coupled to a SAN 403 and multiple RAIDs 405 can be an exceptionally high

performance computing system, and indeed, if multiple servers are used

cooperatively in a parallel-processing configuration, there is almost no limit to

the amount of computing and graphics processing power that can be brought

to bear. And, because of the low-latency video compression 404 and low-

latency video compression 412, perceptually to the user, the computing power

of the servers 402 is being provided to the user. When the user presses a

button on input device 421, the image on display 422 is updated in response

to the button press perceptually with no meaningful delay, as if the game or

application software were running locally. Thus, with a home or office client

415 that is a very low performance computer or just an inexpensive chip that

implements the low-latency video decompression and control signal logic 413,

a user is provided with effectively arbitrary computing power from a remote

location that appears to be available locally. This gives users the power to

play the most advanced, processor-intensive (typically new) video games and

the highest performance applications.

[0119] Figure 4c shows a very basic and inexpensive home or office

client device 465. This device is an embodiment of home or office client 415

from Figures 4a and 4b. It is approximately 2 inches long. It has an Ethernet

jack 462 that interfaces with an Ethernet cable with Power over Ethernet

(PoE), from which it derives its power and its connectivity to the Internet. It is
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wirelessly through its antenna, internal to client 465. [0131] Vi deo
deconpressor 486 is a | ow |l atency video deconpressor configured to

i mpl ementwoheomi7em®e deconpr essi on descri bed herein. A | acgasaesioess+df vi deo
deconpressi on devices exist, either off-the-shelf, or as Intellectual
Property (I1P) of a design that can be integrated into an FPGA or a custom

ASIC Cne coeny of (e 08 ARLEE TP FA @SN IOENHRYn LonGhEAL AL, oghc Ve v

NSW Australia. van age orusing at 't hé conpression Bini ques

used herein r@mngﬁ AL B iR FARY BRIy ERIALCSyit SR AIAPOR

deconpressors ar e enoug configured to accommodate the

conpr essi on grpeobEéReche iCh Hth&iet ERKBn GADIES -1t §4h a With&tidif, alltthﬁtﬁ@ i's
conplete flexibility in Tedesigning the deconpressor as needed. [0132] The

out put of thequirsens e camarhessatle if®ng eiepvan jddk tbhie \dideaBltie subsyst em

487, which couples the video to the video output of the HDM interface 490.

[ 0133] The aualiafialedtimerres oanestidrsgiséenod@&dry powepleege it adhoeid Wwith a
DSL or cable modem, but no PoE), then there are inexpensive wall “bricks”
(i.e., power supplies) available that will accept an unpowered Ethernet cable
and output Ethernet with PoE.
[0120] The client 465 contains control signal logic 413 (of Figure 4a)
that is coupled to a Bluetooth wireless interface, which interfaces with
Bluetooth input devices 479, such as a keyboard, mouse, game controller
and/or microphone and/or headset. Also, one embodiment of client 465 is
capable of outputting video at 120fps coupled with a display device 468 able
to support 120fps video and signal (typically through infrared) a pair of
shuttered glasses 466 to alternately shutter one eye, then the other with each
successive frame. The effect perceived by the user is that of a stereoscopic
3D image that “jumps out” of the display screen. One such display device 468
that supports such operation is the Samsung HL-T5076S. Since the video
stream for each eye is separate, in one embodiment two independent video
streams are compressed by the hosting service 210, the frames are
interleaved in time, and the frames are decompressed as two independent
decompression processes within client 465.
[0121] The client 465 also contains low latency video decompression
logic 412, which decompresses the incoming video and audio and output
through the HDMI (High-Definition Multimedia Interface),connector 463 which
plugs into an SDTV (Standard Definition Television) or HDTV (High Definition
Television) 468, providing the TV with video and audio, or into a monitor 468
that supports HDMI. If the user’s monitor 468 does not support HDMI, then an
HDMI-to-DVI (Digital Visual Interface) can be used, but the audio will be lost.
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usi ng a standard audi o deconpressor that is available, or it can be

i npl emented as |IF, or the audi o deconpression can be inplenmented within the
control pwocemans79483 whi ch coul d, for exanple, inplenerCTiuseoognsisus audi o
deconpressor. [0134] The device that inplenents the audi o deconpression is
coupl ed to the audi o output subsystem 489 that couples the audio to the

| _ L coupl e n
of tho 1 nt er e AR plgPEE) 16 Pﬁﬁ%%@@%i%%@@ﬁ?ﬁ{%%bqu%“l’s‘? e
i orfaces. kil SiTCSharT & con R Eh R B R E B AR e ¢t

plugs in theniphatioANiHeh Sbseaahek tRRIZAGAe PNeRietidddhehioh 468 BaBK g om t he
Et hernet PoE 497. The functionality that is in comon with client 465 wll

not be repeahgthokeh@werist 21Meoadstrt siesedrh cowipsrbbutavioby in & fderst | bed as
follows. [0136] CPU 483 communi cates with and configures the additi onal
devi ces. suitable for the display device.
[0122] Figure 4d shows a home or office client device 475 that is the
same as the home or office client device 465 shown in Figure 4c except that
is has more external interfaces. Also, client 475 can accept either PoE for
power, or it can run off of an external power supply adapter (not shown) that
plugs in the wall. Using client 475 USB input, video camera 477 provides
compressed video to client 475, which is uploaded by client 475 to hosting
service 210 for use described below. Built into camera 477 is a low-latency
compressor utilizing the compression techniques described below.
[0123] In addition to having an Ethernet connector for its Internet
connection, client 475 also has an 802.11g wireless interface to the Internet.
Both interfaces are able to use NAT within a network that supports NAT.
[0124] Also, in addition to having an HDMI connector to output video
and audio, client 475 also has a Dual Link DVI-I connector, which includes
analog output (and with a standard adapter cable will provide VGA output). It
also has analog outputs for composite video and S-video.
[0125] For audio, the client 475 has left/right analog stereo RCA jacks,
and for digital audio output it has a TOSLINK output.
[0126] In addition to a Bluetooth wireless interface to input devices 479,
it also has USB jacks to interface to input devices.
[0127] Figure 4e shows one embodiment of the internal architecture of
client 465. Either all or some of the devices shown in the diagram can be
implemented in an Field Programmable Logic Array, an custom ASIC or in

several discrete devices, either custom designed or off-the-shelf.
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[0137] WFi subsystem 482 provides wireless Internet access as an
alternative to Ethernet 497 through its antenna. WFi subsystens are

avai | abl ewbroowezsmde range of manufacturers, includi ngPArhseas/ 085545

Communi cations of Santa Clara, CA. [0138] USB subsystem 485 provi des an
alternative to Bl uet ooth communi cation for wired USB i nput devices 479. USB

subsyst ems qpgagpi t e &hanan i ande Leadllap AXak 3L Aol Ao fRGggnd ASICs,

as well as req ntIy evi ces perform ng ot her

L‘rlgghicggsa N7 e?ﬁ’éféa’sfl"%e&’égﬁ/égﬁ @%h@%thérﬂé?@]twﬂ@49?”aﬂkltus BHRSYSEE T HRY
rest of the devices in the client 465. Bus 480 is a common bus for
communication between devices.

[0129] Control CPU 483 (almost any small CPU, such as a MIPS
R4000 series CPU at 100MHz with embedded RAM is adequate) running a
small client control application from Flash 476 implements the protocol stack
for the network (i.e. Ethernet interface) and also communicates with the
Hosting Service 210, and configures all of the devices in the client 465. It also
handles interfaces with the input devices 469 and sends packets back to the
hosting service 210 with user controller data, protected by Forward Error
Correction, if necessary. Also, Control CPU 483 monitors the packet traffic
(e.g. if packets are lost or delayed and also timestamps their arrival). This
information is sent back to the hosting service 210 so that it can constantly
monitor the network connection and adjust what it sends accordingly. Flash
memory 476 is initially loaded at the time of manufacture with the control
program for Control CPU 483 and also with a serial number that is unique to
the particular Client 465 unit. This serial number allows the hosting service
210 to uniquely identify the Client 465 unit.

[0130] Bluetooth interface 484 communicates to input devices 469
wirelessly through its antenna, internal to client 465.

[0131] Video decompressor 486 is a low-latency video decompressor
configured to implement the video decompression described herein. A large
number of video decompression devices exist, either off-the-shelf, or as
Intellectual Property (IP) of a design that can be integrated into an FPGA or a
custom ASIC. One company offering IP for an H.264 decoder is Ocean Logic
of Manly, NSW Australia. The advantage of using IP is that the compression
techniques used herein do not conform to compression standards. Some

standard decompressors are flexible enough to be configured to
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outputs than within client 465. In addition to providing HDM 490 vi deo
output, it provides DVI-1 491, S-video 492, and conposite video 493. Al so,
when t he Wol2009/049M2i nterface is used for digital video, Pdiraiskeng/085545
capabilities 464 are passed back fromthe display device to the control CPU
483 so that it can notify the hosting service 210 of the display device 478
capabilities i i - 1 L deo u ubsystem
487 are qui taeccé‘Harp] aa}t%qlﬁ%tcgr é%:%ésigi;[l%hﬂda%ﬁd@&é{%!gﬁ%{)@gi Cr?%ﬁﬁacﬁyBP gr ns.

[ 0140] Audi o t 5@% Mot f?ééﬂﬁﬁ[ﬂ Wl di gi tal
interface 49@%?5%?@3?@ r @%Mkyﬁ?\e a |rc])&:“ﬁé ggéa(%%g};%rel‘r;gtghr ough
stereo anal qgpddayger face 495. [0141] ROUND- TRI P LATENCY ANALYSI S [0142] O
course, for the benefits of the precedi ng paragraph to be realized, the
round trip I[182FY betMresutputisbiheSvided Hetomprdtgor FPedupiey i theAdde@nd

seei ng the consequence of that action on display device 420 should be no
nore than 7G@WBPussubBysient 482 nwkichicdupteskibeividen mcthewndeablitpot of the fact ors
in the path frominput device 421 in the user prem ses 211 to hosting

servi ce 210 KHbWlirdeKaegdPO. t o t he user premises 211 to display device 422.
Figure 4b illustrates the various conmponents and networks over which

si gnal s nust[l0183lel , alie avdiosechawsessian sHesitsieArtBoistinplasentedeithienel i ne
that lists exenplary |atencies that can be expected in _a practi cal

i npl enent at |49 AistaNdard audiqaeeompressostnabis aYallgble of Hatand@ y the criti cal
path routin res of the

syst gm is d?@?@rﬁgﬁ%é% %Emflﬁ?géaiﬁg%%%md@{tﬁgﬂﬁ%%af%fi!noé{?f?'rs eig‘&;gh'f‘ndi cate
bnorway | ot AR FORAERReRs S B B ERSE R erBafb m PR R VRIS, h oo

out that th -\ -world situations where the latencies |isted can
not be achi g/@éef%%h?ﬂﬁﬁé%%karge nunber of cases in the US, using DSL and

cabl e ”Ddem[t@‘?ﬁﬁ'FPt | Onhd Be\PiE'@Hﬁeé;‘t%PB;’rﬁ@fﬁt%qﬁ%%&élio cﬂélﬁﬁﬁpr’e%&i%ﬂﬁé %\?g@?ﬂngtee

achi eved in the tircunstances cribed in the next paragrap

that, while tgehédlidio yitpel aassyermasitat dodled e Aista&e Mdbib gpitai nly
work in the system shown, nost current US cellular data systens (such as

EVDO) i ncur ofeny HDMhinkefesecd®® and woul d not be able to achieve the
| at enci es shown in Figure 4b. However, these underlying principles may be
i mpl ement ed [OM35Lt ur e Kigliteudfashoveschma Eodpioelsméemiadf thayntbenat apatbileetwoe of
i npl enmenting this level of |atency.
client 475. As can be seen, the architecture is the same as that of client 465
except for additional interfaces and optional external DC power from a power
supply adapter that plugs in the wall, and if so used, replaces power that
would come from the Ethernet PoE 497. The functionality that is in common
with client 465 will not be repeated below, but the additional functionality is

described as follows.

[0136] CPU 483 communicates with and configures the additional
devices.
[0137] WiFi subsystem 482 provides wireless Internet access as an

alternative to Ethernet 497 through its antenna. WiFi subsystems are
available from a wide range of manufacturers, including Atheros
Communications of Santa Clara, CA.

[0138] USB subsystem 485 provides an alternative to Bluetooth

communication for wired USB input devices 479. USB subsystems are quite
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[0143] Starting fromthe input device 421 at user prem ses 211, once the
user actuates the input device 421, a user control signal is sent to client
415 (whi oWorragw/d1g792 st andal one devi ce such a set-top boPCTAIS2008/0835%5 be
software or hardware running in another device such as a PC or a nobile
device), and is packetized (in UDP format in one embodi nent) and the packet

s given a deslilatdon ai Sosddl FEAHRESHNBSRE! Uefe PA0redliEngRCke!

will also conéal N n o ' n | ch-user e con I gnal s

are comng f 3 I ﬁ{f@é n yded through
Firewal |/ Rout{l@mq\li?ﬁ(tﬁle%ﬁge%&%@ j,:; R@ ran Fﬁﬁr%&t@h\gl l(':lie‘:’p\zllI to WAN

interface 44fcolietaibgr face 442 is the |nterface device provided to the
user prem ses 211 by the User's ISP (Internet Service Provider). The WAN

interface 449189y be avidabloditmt subbystesead7 protiuay d Wwiles e geot videdi ber
transceiver, a Oel |ular data interface, a Internet Protocol-over-powerline

interface, autpumg tbamevithof cliemylebntreadditiers td praviding MEEVINGR0 videot dweput,
Firewal | / Rout er/ NAT devi ce 443 (and potentially WAN i nterface 442) may be

i nt egrat ed iinpovides BVi-b491,43-yidean 35 samol eoroposite WdewdPd. Asoawimebithe phone,
whi ch includes software to inplenment the functionali t%. of honme or office
client 415, R¥I-le91 inderfacrismseador digitalivideandisplaytepabiites He41aie er net

wirel essly through sone standard (e.g., 1g). WO ,
2000/ onmmﬁﬁ@%@@@gﬁmmdlpeww ionfercaUel GED) (5350168t i6SaR he

for t §'e samaty | o ve & Eran B eI NAGE Vi 2R eoapiEes BUFS TS nat
N
or om ses. 211G RET R B e, DEieheling CRRRG st AR e Rl %@%Eaaéfﬁf of
' I
Cervi oo pr oul HER-eRanasERsiy qiakt i AERTRIN Dol TG Hone company Cent r al
Ofice V‘her_q%?/4§is'-AM '&Jdl@%@?p’f%éuﬁﬁfésggﬁg%% HB@)? |b dl iRl aht m;g\f\f' Il be a

cable Ml ti st'em Qper at or syste

typi cal l'y widigitdntariaeaunal (Syepp éﬁ@/@?T@&dNW)bhd‘éﬂdldﬂrﬁénéI@ Rrm But
what ever the point of presence's nature, it wll then route e control

si gnal packeahfcight stetdreagiogirabrihed aopet 410. The cont rol S|gnal packet (s)
will then be routed to the WAN Interface 441 to the hosting service 210,

t hrough what[0nd$} | i keRQUNB-TRIPAeATENCY ANALYSEENSCei ver i nterface. The WAN 441
will then route the control signal packets to routing |ogic 409 (which may
be i npl enent[0d42h manyOlcdiree dor tMabemefltaofmﬁpr@cadmgrmag@nhttom and
routing servers), which evaluates the user's address and routes the control
si gnal (s) t deakeed: dhe eundsisipatengy petween ﬁ@sgrsﬁtlggélﬁmqlommsqi%@e 4éiver

402 then takes, the control signals_as input for th
and seePTng the consequence of that action on dlsplay device 420 should be

no more than 70-80ms. This latency must take into account all of the factors
in the path from input device 421 in the user premises 211 to hosting service
210 and back again to the user premises 211 to display device 422. Figure
4b illustrates the various components and networks over which signals must
travel, and above these components and networks is a timeline that lists
exemplary latencies that can be expected in a practical implementation. Note
that Figure 4b is simplified so that only the critical path routing is shown.
Other routing of data used for other features of the system is described below.
Double-headed arrows (e.g., arrow 453) indicate round-trip latency and a
single-headed arrow (e.g., arrow 457) indicate one-way latency, and “~”

denote an approximate measure. It should be pointed out that there will be
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ganme or application software that is running on the server 402 and uses the
control signals to process the next frame of the game or application. Once
t he next woanmw/i7379gener at ed, the video and audi o i s out pat/Uscasioszsaver 402
to video conpressor 404. The video and audi o nmay be output from server 402
to conpressor 404 through various neans. To start with, conpressor 404 may

b D T B G5 B T P RSB |

_ put “r'n~packeti zed
form t hr 0ughagdYBEK o UUARGH 19D URIERIRSDBN drNIdIe Inde AR EEhAKtidHS 18

network that i's el er a private networ etween server 4

conpressor 4Q4.s@f Pﬁbrﬁi@ég@@h, fhezBARRACRRIUP e atMeledf PRNIALBst&Nced he
vi deo may be output through a video output connector from server 402, such

as a DVI or qésbriedneficotiext padagrapn. ¢ags, Had thet, wihdeeetwapiierets 404. Al so,
t he audio may be output from server 402 as either digital audio (e.g.,

t hrough a T@dnihilktivity t8/tREIIRteoatrvilt corthinty wask artakaystmdishownhimolst i s
digitized and encoded by audi o conpression logic within video conpressor
404. [ 0146] @uekentilfeoeldampdaia systesis! (duad asalpV Hdneurevery tiigh fatenoiesand t he
audi o generated during that franme time from server 402, then video

conpr essor @Nd wedlgigidde able tg ipgbievarie ligngesshagntie figurguds deweyemed
bel ow. Once the video and audio is conpressed it is packetized with an
address to JBA%E HRABRERT PHNEIRtesaY be IMRIgmentetson Biers ¢elluiar outed to the
WAN Interface 441, which then rout t he vi deo . and .audi ket s through
the gener al PRMATAGESAT Mk perrabeble PTATERL Sl velaP BRI packet o t o
the user's | i nt res 44 i C s the vyideo dio
packets to (RAASRN"| neepRGREraR3ng oy RYER, 42 B s dBe idhi 2 A s es s e
vi deo and ayg] t: i i L ch then
routes the \l}ﬂgglggg%gﬁtgﬁedsf @%Q@[’(@éﬁﬁh%h@ g%‘%&n%i%@”ﬁ@&%ﬁﬁ%%rﬁem 415
deconpressey } i i i i t he

di spl ay devis4c1§1§\12%b gdrét_ eagtéljdedr?tlc')@@ 8?'??%%’1%1%%%{29%92%%@?% nd sends the
audi 0 to t hesgiwapl dY hdp¥vER HRRINY intehotieRrdai suaH 4 her@ spaakebife Or to an

anplifier/speakers built in the client. [0148] For the user to perceive that

the entire piedmssands pasketicedéd WBP format in one embodiment) and the packet
is given a destination address to reach hosting service 210. The packet will
also contain information to indicate which user the control signals are coming
from. The control signal packet(s) are then forwarded through
Firewall/Router/NAT (Network Address Translation) device 443 to WAN
interface 442. WAN interface 442 is the interface device provided to the user
premises 211 by the User’s ISP (Internet Service Provider). The WAN
interface 442 may be a Cable or DSL modem, a WiMax transceiver, a Fiber
transceiver, a Cellular data interface, a Internet Protocol-over-powerline
interface, or any other of many interfaces to the Internet. Further,
Firewall/Router/NAT device 443 (and potentially WAN interface 442) may be
integrated into the client 415. An example of this would be a mobile phone,
which includes software to implement the functionality of home or office client

415, as well as the means to route and connect to the Internet wirelessly

through some standard (e.g., 802.119).
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perceptually without lag, the round-trip delay needs be less than 70 or
80ns. Sone of the latency delays in the described round-trip path are under
t he cont rwD 2069/47Bm@2host i ng service 210 and/ or the user anw/uskévsiogssase not .
Nonet hel ess, based on analysis and testing of a | arge nunber of real-world
scenarios, the follow ng are approxi mate neasurenents. [0149] The one-way
transm ssio j to j gn 51 1 I I e t han

| ms, the roHR?ﬂ%ﬂr‘Tp roﬁ&?‘ﬁlgﬁ{ﬂ(%rf%%%&?Lhee%urg)g?észtrhleén(lgo sr{e@I %@afsgﬂot%%%tc%ﬁ”y
acconpl i she i INRY i gL -t El) I er/ NAT
Swi t ches ovg%e @m‘gggﬁﬂn%a g'\lﬁ‘?"r E@S‘%ﬂggr I{STESSr tvg?%%\rmgdgﬁwtngét?ﬁglér round

trip delays #adidePyisPihchRthatdchigthat PRAMBLAPHIERES béRvdarheal |y see
bet ween 10 and 25ns. The round trip 'l atency on the general Internet 410 can

vary great | ywaapgadssgt ooniudied (iHd Gsdrpreé@isea® pngnavires femerahpitemat e any
failures on the route (and these issues are discussed below), but typically
t he general drigreatehetwaks.di®e paint biypresenoek chatdateristitd wiheahyat ency i s

| argely determ ned by speed of |ight through optical fiber, given the

di st ance t o dapendéxy upen hature Athdl ntersseserviget providiedl bar Dnd., Hayically
established 1000 mles as a roughly the furthest distance that we expect to

pl ace a hostWildeskialerioneicompayy esiraloficeprbeies OIAM itocatgh Rer| es

(2000 mles round trip) the practical transit time faor a signal_ through the
Internet is @Y &GW%I'VYQ'Q%YV‘"I”n*éeﬁmbi%w@ﬂtf@bféteﬁ%@pt%atphg\/‘ﬁ@s)ther@é’

EE;Y! g bl I %Zvy“r".c‘é%'aés%t%&%&Eﬁ%i%ll’vﬂ&ﬁia%néipgﬁ%@@aﬁgw% paaedyiiear ry
1 1 - i . i
cervice 210 CARRbGowh B aiateraB boll o Brec PERE Lt GLA G 1908, i a1

comute a nahAlB BhatyABERsPlo MR AIRLACRIAG A HeRsed AN shig T 2re

time (which a S a reasonabl € maxi mum one- way

| at ency 456 5ébkéﬁ(§)dwhﬂhéﬁ &%h@&@ﬁh@%ﬂ?ﬁ@@gﬁﬁ%ﬁg [LtRG dehficyi deo

conpressi on ‘and audi o conpression algorit erein, the

conpr essi on %/ t%ﬂgh@vmmﬁtliﬁélgivwlﬂbésa fibér fr@sscchRtriimferade VRS WA, the
conpression may take as nuch as 6ns (of course even | ess optim zed versions

coul d take |pngell thbrtrostethe icontrensighalt papietsmoliodtingisyit 40bgwaicerahb
| at ency of the round trip and would require other latencies to be shorter
(e.g., the did immbinenticdsinanary dlifevegthways igdodingl Ethatret seitcbesiaddbe
reduced) to maintain the 70-80nms |atency target). The round trip |atencies
of the I nterragtingisavetyewhickreviidatearie User's RadieissendrRoutemiiessmiieay e
al ready been considered, so what remains is the video deconpressi on 458
| at ency whi cHINAEH o HngoBecliaesYaiet02 ips the aeNdS€dnpr essi on 458 is
i npl emented in dedicated hardware, or if inplenented in software on a
client devi Jg"ﬂgk (sucﬁ”%%eré(ep@%lth%tﬂkﬁé t@ﬂ’@@?' ﬁ'gn%éﬁsdwqﬁ%g@ndi ng
upon the size of the display_and the .perfarnman of the deconmpressi ng CPU.
Tootcal Ty: dctnsr Aoefosiacpt e I B R g Bk Shere AP PSERRNES ) Caddi ng
t oget her all rst - t i i oY= erm ne
the wor st - cSReba R ER B PR R A SE e PE BB R SBSe R e by
a user of t - ' ' : , + +6+8 =

o R SR eteB, FeDHEFo 800 sl i Rpu Ao ed 0%

80ms. And, indee ice (w caveats el ow) IS is

roughly the i@aeomptdssofUBACTHE GRIBOUSHI UMD IhEY YBBUYSUtSHRR Sehler 4o gy st em
shown in Figure 4a, using off-the-shelf Wndows” PCs as client devices and

home DSL anctorireessa®Mmmeondte ohliouns meiahBi To shet With, 63mpRIFsBE408 @efAr i 0S
better than worst case can result in nuch shorter |atencies, but they can
not be reli dgk bpinintorsetesrelGfyisoghe coapressioaima®eby implentatted odatigd W del y.

within server 402. Or, the video and/or audio may be output in packetized

form through a network connection such as an Ethernet connection to a

network that is either a private network between server 402 and video

compressor 404, or a through a shared network, such as SAN 403. Or, the

video may be output through a video output connector from server 402, such
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[0151] To achieve the |latencies listed in Figures 4b over the general
Internet, requires the video conpressor 404 and vi deo deconpressor 412 from
Fi gure 4aworoedne3mki ent 415 to generate a packet streamPemiusko0sm83s45
particul ar characteristics, such that the packet sequence generated through
entire path fromthe hosting service 210 to the display device 422 is not

subj ect 0 del gy ol \RXERIRhXE P AR EIhch 08 Il oyl RBEbIEA LG, NS stent |y

falls with tie constraints o aval € user over the

user's Inter o1 | é\ﬁ“s ;

Firewal |/ Rou@éé?tﬁ%?ﬁ%@ué{gg@ﬁr e v%rgéghé%r%ﬁ%rei[glégra%ls?u%%%tgé’ a packet
stream whi Chnicyghtd from8RK o SPDIFtcoRRetidf of ds SRR AR LiERRs | nevi tabl e
packet | oss and packet reordering that occurs in normal I'nternet and

net wor K t r angigitised @ﬁa;enbaaéaby@ww&ﬁing?/eséid%@gmlﬂﬁsfﬁﬂéa\b&mpEe?dsESa
acconplish the foregoi ng goals, one enbodi nent takes a new approach to
vi deo conpref&Bi.on which decreases the |latency and the peak bandw dth
requirenents for transmtting video. Prior to the description of these
enbodi nent s,[0346khnal ySDscefidearcosmressatetLhbapcapisieththeedted fracse andl  be
provided with respect to Fi qgur_ e 5 and Figures 6a-b. O course, these
t echni ques g apeicagnerptad duingthet Fantetimetfronnsearariorg than videpl es if the
user is provided with sufficient bandwidth to handle the data rate required
by these t ecIPMRGESOr WHCOMPIEES HRIVIICE ARcr LD 98INdsieRBRIGHAR FESSHEther ei n
other than to state that it is jnplenented sinultaneous) ngd, i n synchrony
o th the vi dBISRoREREER Yo AR 1S GURPISBi BEEtRIAeE AN fes. oxi ot
that satisfy qui r enen rothis s 0154] Fi I trates
hat sati sfyaddifcd GALIEIBALS if e b SRRt 85, LRt ISR B the WA

Interface 441, which then routes the video and audio packets through the

general Internet 410, which then routes the video and audio packets to the

user’s ISP point of presence 441, which routes the video and audio packets to

the WAN Interface 442 at the user’s premises, which routes the video and

audio packets to the Firewall/Router/NAT device 443, which then routes the

video and audio packets to the client 415.

[0147] The client 415 decompresses the video and audio, and then

displays the video on the display device 422 (or the client’s built-in display

device) and sends the audio to the display device 422 or to separate

amplifier/speakers or to an amplifier/speakers built in the client.

[0148] For the user to perceive that the entire process just described is

perceptually without lag, the round-trip delay needs be less than 70 or 80ms.

Some of the latency delays in the described round-trip path are under the

control of the hosting service 210 and/or the user and others are not.

Nonetheless, based on analysis and testing of a large number of real-world

scenarios, the following are approximate measurements.

[0149] The one-way transmission time to send the control signals 451

is typically less than 1ms, the roundtrip routing through the user premises 452

is typically accomplished, using readily available consumer-grade
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conpressing video in which each individual video frane 501-503 is
conpressed by conpression |logic 520 using a particular conpression

al gori t hmvoaogearigmat e a series of conpressed franmes 511P6TAIS2@d8es8wabodi nent
of this technique is "notion JPEG' in which each franme is conpressed
according to a Joint Pictures Expert G oup (JPEG conpression algorithm
based upon te, g 60 GHSNOR LRRAALANR] QMR anddr | AUS LS i, types of
conpressi on algorithihs nmay be eénpl oyéd, however, e stil 1~ compfying with

these_under bR RhaE I @RS ERidays Moy ShRLulifoed £RBIASHIGRA! gor ¢ s

such as JPE emw th IS type of conpression is that

i t redupe_s tﬂ?@vi@éF@a V\Féiiy%idéﬂly%éérbéct\ﬁlééﬁJ oldHd 24mEoese P(Sl!nc??ﬁb' Iaietnc%/ on
simlarities between successSive franes to reduce the data rate of the

overal | vi dapegjeherdintepicten@ngdrevargyrebilyuaép@ididg on Hovataficis resedm ng a
frame rate of 640x480x24bits/pi xel = 640*480*24/8/1024=900 Kil obytes/frane
(KB/ frane), dmwheipiey trerguat iany faturesmgethe motiieaandRE€Sarisgueslaye conpr ess t he
stream by a factor of 10, resulting in a data streamof 90 KB/ franme. At 60
frames/ sec, disdussadidetow)e dui typicallyibegehetsd niairdtprofidedfaimy vpBmaits * 60
frames/sec = 42. 2Mbps, which would be far too high bandw dth for al nost all
home | nter nerpuw@rﬁmﬁtheda@ricm i lpsge)g dederayined vy speedif dahbihnengioptidadr nmany
office Internet connections. |ndeed, gi ven that it would demand a const ant

data stream&Rersqi¥en Medigianeaiadhadesingien Asietusssed piiger BEpv g one

oercantage o BB Rled AR Bl B e i G

Et h t i,Lch ti .th AN. h i i

Dl deo T | ndPEde.a 1 BRRAG, SRYidd 10 ey TP nsbr Bl RS 2751 AT 1080, RS L sucn
th d } g Sl - i ith

e LMo eSS S A DPRE Bt AL PP LGERY SFRLER L0 P

T oot vt erheaeibolofnaly 2oRts, TheWMPRRS S ePld e ABESErfc. . 2"

since the eyx (ﬂi@Q?piBQﬂy 5'&@VMrﬁé@ﬁil]g)‘a(ﬂ@ﬂbéﬂ‘ﬁgH%@é@dﬁﬁ’cbﬁé@@V\ﬁt*horﬁég]'igﬂﬂ@ear) s

But, once the scene is in notion, an artifact can stand out because the eye

det ect s t hatlatheyaThud,aeé gehargattefricamatbneyrass ¢s fypiortly bdeseért @ drise fact the
artifact is in an area of the scene where it m ght not have been noticeabl e

in a still irtge. ThEhosewayuousng d56hatepey trapugbnhehostrar kegvmenel hoarse” i n
the sequence of frames, simlar in_appearance to the "snow' noise visible
during mar gibeadchiewedn [©9s tharepmisohhe GensshOayillttywisaltyerempliitecd npwessi on
may still be used in certain enbodi nents described herein, but generally
speaki ng, tdraeier »aargrYatapricadionin tass thae gae freme meaianiich at 60fps. e. , a
| ow conpression ratio) is required for a given perceptual quality.

[0156] Ot her '%963@%3%6%%%%%%?0 ?n mugsgﬁe-a\fa W@ﬁﬁé&i@%@/@,
MPE&R and MPEHA are all re efficient. at npressing a video stream
pecause ¢ hey bApT BIeC ARl iiplewiedtasn ofds video caltipbsSienandaldiics e

Thus. 4l t noagin e Rs et 3R i R GE Fefhun SR B BR AR EER. yener a

pri nci pl es %%Oqlefe‘ai ArhOYR Ié’éé"ﬁétirﬁ&gar\)%?ébﬁ’é‘btﬁéfl%fﬂ%r?%%gmg épﬁfea% unber of

H. 264 conpressors and deconpressor are availla n X264 open
source sof t wapen b pined bbéfc%ré‘eﬂé%rﬁ@%b %tiﬁ'ti?&ﬂvé\@%n%%uﬁffﬁ?@goﬁ@ pRPUr ce

software libraries for deconpressing H 264. WO 2009/ 073792PCT/ 008/ 085545
such implementations would impact the overall latency of the round trip and
would require other latencies to be shorter (e.g., the allowable distance
through the general Internet could be reduced) to maintain the 70-80ms
latency target). The round trip latencies of the Internet 454, User ISP 453, and
User Premises Routing 452 have already been considered, so what remains

is the video decompression 458 latency which, depending on whether the

video decompression 458 is implemented in dedicated hardware, or if
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[ 0157] Figures 6a and 6b illustrate an exenplary prior art conpression
technique in which a series of unconpressed video franes 501-503, 559-561
are conpreeed/dg7oeonpression logic 620 into a series ofPCTIUSRooaRISIS 611,
671; "P frames" 612-613; and "B frames" 670. The vertical axis in Figure 6a
generally signifies the resulting size of each of the encoded franmes

(a1 though, ¢ el 4 AR Soffhr AU ot PGS 158y G Bedyaligute Vi deo

codi ng usi ng ranes, S an rames i’s Undérst oo t hose of

Kill inth F Ay B efd Y, i il 2 [ f
Compl et 6 unchms RSP aRRRlr T BPe PUETSRIETBER Mrmge as

descr i bed atgyRhmaRobIARS ddoRpREShAICPES Aybitaly SictonlirbbsaRlYss mRgd | er in

size than | frames 611 because they take advantage of the data in the
previous | fgaaweenr &hd 8mxe; that is, they contain data indicating the
changes between the previous | frane or P frane. B franes 670 are simlar
to that of HOfBOIes exide bylmiding fogetres alise théevdrstacasd latdrivied sadroini ng
reference frane as well as potentially the frane in the precedi ng reference
frame. [0158jractice, e ¢a Hetarminalinecwsssit-case iround irip latereysbatechn bat t he
desired frame rate is 60 frames/second, that each | frame is approximately
160 Kb, the expectagelopd expriiense B & vageol thesysiam shawnHafiguradg. Theyame i s
generated every second. Wth this set of paraneters, the average data rate
woul d be: 168Kb+1+3%4d) 1+1696+8 £ dWPpsANTHNdeastin Aragticer MYithsCaueats wi t hi n
the maxi num data rate for &many current broadba | nt ernet connections to
hores and ofdscased Haieh TN o B PLRAYE Blaney SeehusBEBRGEMAR not se
problem fromintraf -on codi because. . P at r ck

di fferences Vk%g'%(@gﬁ’? ﬁﬁs¥$é'ryqes§{6%'n2%%‘%e§§’i %%H’@EFJP%%&E@W@@%&@% appear
and di sappe ane-t.a- t r I ; i se
P obl em doscls HEN SBY0EE S B TS AT P o R ng BT RARPIRE U

ooy, s Qs A aPUubol e pRIBNS oo fon sl A sbaLtily Tov (2.
exanpl e, usi|g@neldsObufdhley can not be relied upon in developing a commercial service
that is used widely.
[0151] To achieve the latencies listed in Figures 4b over the general
Internet, requires the video compressor 404 and video decompressor 412
from Figure 4a in the client 415 to generate a packet stream which very
particular characteristics, such that the packet sequence generated through
entire path from the hosting service 210 to the display device 422 is not
subject to delays or excessive packet loss and, in particular, consistently falls
with the constraints of the bandwidth available to the user over the user’s
Internet connection through WAN interface 442 and Firewall/Router/NAT 443.
Further, the video compressor must create a packet stream which is
sufficiently robust so that it can tolerate the inevitable packet loss and packet
reordering that occurs in normal Internet and network transmissions.
[0152] Low-LATENCY VIDEO COMPRESSION
[0153] To accomplish the foregoing goals, one embodiment takes a
new approach to video compression which decreases the latency and the

peak bandwidth requirements for transmitting video. Prior to the description
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techni ques a 2.2 Myps network connection (e.g., DSL or cable nodemw th

2. 2Mops peak of nmax available data rate 302 fromFigure 3a) would typically
be adequawe 2w@/wsm™eam video at 1.1 Mops with a 160Kbps PCrrnaspwsessshs 60
frames. This woul d be acconplished by having the deconpressor queue up 1
second of video before deconpressing the video. In 1 second, 1.1M of data

woul d be U1 ARIALLL et RV AN LSRR AL D RORRITBARL L Y @oRalopS X

avai l abl e d ara even assumng e avali a rate t dip

periodi cal | Mlpﬁejﬁgwgggovﬁﬁ F\%ﬁécmflﬂi ta‘ﬁb %6@3566{35' @4t c%ru?%éﬁﬁéé@‘:h

would result 1n e Vi déo because o second

vi deo buff erteghnighis Fr%%é’@ﬁrplo%lé‘éhnaadééhﬁdhcb%ﬁﬁ@ﬁé@ﬂﬁnj BFindBIAS iPfHeor art

applications (e.g., the playback of |inear video), is far too long a

latency for Jﬁﬁs Vide WItId%fo@iﬁm%ahhmhQ’@h@ﬁ@llettﬁb@a@é%t@@é@uﬁé@ﬁym 80ns
of latency. [0160]If an attenpt were made to elimnate the 1-second video

buffer, it shesé tegmiqglesotNotesbat audio @omgmtesgian & netldaddressed heleirt othey f or
fast action video ganes. For one, the use of B franes, as previously
descri bed, wbahdo stade gattitisemplemenrdedsimoltandously and in sgnddréomawib the ecedi ng
an | frane as well as the | franme. |If we assune the 59 non-1 franmes are
roughl y spl ividgeeomeressiahrdrfarbaedio conmiessien éeapigueshexisiithpkaatisivg B
frames and an | frane recei ved before any B frame coul d be displayed. Thus,
regardl ess dhetrﬁ‘éu'é@fﬁi?mtétfpéthb%ﬁlﬁﬁﬁﬁ@th of the channel, it would necessitate
dur at.i on r.500ms of

Iza'(tjglnggl. C)fCI ﬁﬁ? %@ft hat aﬁeuﬁeai”llﬁéggf hrf%‘eecl(f:’)% Gﬂha'i'lﬁ’ﬂgr aﬁﬁ%&ﬁg‘ﬂu%wr oach woul S

t ﬁik s f§ t he B P8 Vided B w'ﬁ?b&g@ﬁ%@%y%agbv'9sh?’?ﬁ"i¢ P@%&Jgns:ﬁﬂf 't 3;\ "the
( . ! . e I

Frame i s 100KENES§Yec By SO EXaIRIduio bBb USELR RAREIA AP ITHERGh (%, | 2260, &

rate is sti 'e{lgéérﬂb ¥Sderlathe é‘@@ﬂ@é‘g @thFBéé% eacﬁ?SH‘?@‘i@' dghe e | atency

i ntroduced by rame since t ng o rame 1s only reliant

upon the prl@hbé@ﬁ@m@fitmé mmq%dqw%whtMGrmrwmaﬁ edchlirdrié s approach is
that an | frame is so nuch |larger than an average P frane, that on a | ow

bandw dt h chsmmelesses atsordiny ©ad Joint PzstireBdEeRraGeoun(JPHET) edrhpessiont he
transm ssion of the | frame adds substantial latency. This is illustrated

i n Fi gure 6hkalgdrtamyibdsed sipoedhe didcacteatosirG2itansobe|(D® T hé&/ asivas |dibdrenirax
data rate 621 except for the |I frames, where the peak data rate required
for the | frigpesobognpeassincalgddthmemaydid amboyedx haweeer; stndedtit (and even
the rated nax data rate 621). The data rate required by the P franes is

| ess than t HOMRIKNDAKIEthesR WnstedYingtRINCIRIes (¢-8- (WRYEIRIAISES QOARIRSERNa r at e

ot z§b39'fyb<§f§t 5%”?4%?@%#?33 0000 ¢ . o T PR bl & Vn%'x' dfa? K
622 50% 142 |

So. “the | at ALFH o't v SRF RS wit s byesnd G ERsioR 1S UTIEORS kot waen

[k .Tﬁ%eg\%&oé}c%yacﬁrs%qga@tﬁ@%@%ﬁ&ﬁlpﬁ% b BRI A SlddhshanT

total ' ound g b \GHEDEY (3 -2 6O IRAPLAapNE SRR Ut oS

i nput devic an 1 nage appears on evi ce
too high. Aﬂﬂhétifatécﬁ‘ih ﬁ;g@‘ré 8bh s iMmgtRtramedate Qf @%)@@0&2’4&@5&6& the

| atency will 1ncrease rther. [0162] Note also that there generally are
severe conseenge24/&1024=900 Kllobytes/frame (KB/frame), for a given quality of
image, motion JPEG may only compress the stream by a factor of 10,
resulting in a data stream of 90 KB/frame. At 60 frames/sec, this would
require a channel bandwidth of 90 KB * 8 bits * 60 frames/sec = 42.2Mbps,
which would be far too high bandwidth for almost all home Internet

connections in the US today, and too high bandwidth for many office Internet

connections. Indeed, given that it would demand a constant data stream at
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"jamm ng" an ISP with peak data rate 623 that are far in excess of the
avail abl e data rate 622. The equipnent in different ISPs wll behave

di f f er entwg,200ut7319e f ol | owi ng behaviors are quite comPoTArsReVg/0BBUS and
cabl e nodem | SPs when receiving packets at nuch higher data rate than the
avai l abl e data rate 622: (a) del aying the packets by queui ng them

di sabling 1+ ecReAERarRaf RERgORR b Erinbrte s G ALal 8ok, 1 op

|s concer neq_AN_ehgiré‘nrﬁ%k?ti\ﬁdﬁld%h@ﬁﬁve éH‘ng@%ré %%@bf 8f1o§ﬁ/ga‘rﬂsce" at t ack).

Thus, transmtting a packet streamat fu ta rate with c acteristics

such as t hosghgRam ANDs bagbivRitR Bindsha2@ly BukdPE PRét flltchEBSLRPPBIM 23 may
be queued up at the hosting service 210 and sent at a data rate below t he

avai | abl e rrem@ermm.dahas,rtaée;omgﬁéwdu%Motida@vm@qgmfﬁ@bﬁt whgency descri bed
in the precedi ng paragraph. [0163] Further, the video streamdata rate

sequence 624oshmeamediwithiFoiher eoBipréssien teshyidueanelicly adelcosdt desonibadt a rat e
sequence and would be the sort of data rate sequence that one woul d expect
to result frastowpniloesmiatgsingle frarde cofmmrassion iathorithmglikack’ Ehanddoes not
change very nmuch and has very little notion (e.g., as would be comon in

vi deo t el ecolitEE=00Hhalmes wssheonwiessian algorithma procieee puBpPEassiPnand have
little notion, and the objects, in the scene, e. gz , Seated peQPI,e t al ki ng,
show little %Fgfﬁctﬁt)h.at F@Nelﬂtﬂ?enqi%é‘@'%'tnr%@méﬁﬁ @-@b@%@ﬁ'{ﬁfﬁd’\@ h6B4 shown in
Figure 6¢c is, a sggﬁq‘egnc&bépi cal to what one would ﬁé( ect t@ see from video
with far nmor®rgedPiage SCENG;RY NBARRGRL A FYATAL SRS BF YW or a
vi deo gane, 0 ,in so appligcatio . r t at, | .tion to the |
frame peaks %éPOWh%{EgHX%@Waﬁgodq@%?ﬁgll@v%8@%%@%@?#3@5b@é%@%%%?%%%at are
quite |arge :at cee val t I

A'though thdsll BREEE-En sl @i SahH R B & deRBRINAFIRSARSL o

they still aér%npéﬂ ool Ifr’afrﬁélf‘o-ﬁﬁn*é‘?d%é?ifé afb #é}ét fHéearﬁ%t}E%ei'n & afed 4f tHat a

rate, and as W th the | frame peaks, they P frame peaks must be transmtted
slowy (t hers%'éhe'vﬂﬁ-‘ér@aﬁﬂn@it%ﬁ_ok ﬂh@é‘@ébn noBlé&a160n a diillgihagantmisdbbuledhiannel
g

(e.g., a 100Mops LAN, or a
the perception of “background noise” in the sequence of frames, similar in
appearance to the “snow” noise visible during marginal analog TV reception.
Of course, this type of compression may still be used in certain embodiments
described herein, but generally speaking, to avoid background noise in the
scene, a high data rate (i.e., a low compression ratio) is required for a given
perceptual quality.
[0156] Other types of compression, such as H.264, or Windows Media
VC9, MPEG2 and MPEG4 are all more efficient at compressing a video
stream because they exploit the similarities between successive frames.
These techniques all rely upon the same general techniques to compress
video. Thus, although the H.264 standard will be described, but the same
general principles apply to various other compression algorithms. A large
number of H.264 compressors and decompressor are available, including the

X264 open source software library for compressing H.264 and the FFmpeg

open source software libraries for decompressing H.264.
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bandw dt h 100Mops private connection) the network would be able to tolerate
| ar ge peaks, such as | frame peaks 633 or P frame peaks 636, and in

pri nci pl evol2om/d7atsency coul d be mai ntai ned. But, such neCmarsk®sagisds
frequently shared anongst many users (e.g., in an office environnent), and
such "peaky" data woul d inpact the performance of the LAN, particularly if

onot o data RRTr “to ACBHEENS o R EpRRRRIAREIRE o bR, <o

e d er to vart thi
c0r pe. DTy SR T R o B e R e B By e
comput er s argtedonflrBiSed B SorRACKIG bdieanh b ensdlictbiay farlesoBh pSepr e

increasingly available (e.g., Apple, I'nc."s 30" display). A high action
vi deo sequenperahed RNxE980amd B GapfedmEy Or FHYIVERiCA éxilybpﬁ%u*rer& H. 264
e

conpression for a reasonable quality level. If we assune t | franmes peak
at 10X t he rgemenally sighifies &tereduftatg sivellofl eaels of tha enctildasameakslthcaaghwel | as
smal ler, but still considerable, P frame peak. If several users were

recei vi ng vitbedrasmesaresnairdraiva te seale) 08%/Mipscriteaoabdve, ¢idgo, cading usigd
net wor k connection between an office and data center), it is easy to see
how t he peakK®mesmB Famnassand Bdramey isawell sndemstaasby thasepyskilkio the iagh,

over whel m ngBt he bandwi dth of the network, and potentially overwhel m ng the
bandwi dt h ofSBHEY. BAC KA EL 1 & atlie DAceE KO BRYOR Of AFOMHEeigsers on t he

ot ST l08E . TR b U sk ORI
netvorlc w058 Ml Q06 SS0IMA0 ShOLb RN SSRIBERCIEEIE
0 berhaps 3 Sebe Besl, daiioy ke aAeRass heceRim o AN faect o1

connect | on) giasierae 1SATR! b5 CkneARAREANBIEANG REBKatGA! Biderafa S1 ol e

user. Thus, even t LANs” and private net connections can be nore
tolerant of fedikls$Fa@mTbNp fHAE0B ftA\aes B76aHFE RIMNAABQhMT P Ragtespeaks is
not desirable and m ght require special planning and acconmopdati on by an
office's | T akeppt thae ® frahes 66k Ghe ¢rauis i, thedollelviagdefdehcaramevagieell as
applications these issues are not a problem because the data rate is
"snoot hed" giotemieallydhatrande trr liespressdiog rafedendesframea f or each frame bel ow
the max avail able data rate 622, and a buffer in the client stores a
sequence of [0158] and B-drrthenielldyéng discubsipnait aviltbe @spumesdbat theudgsinede dat a
rate over the network remains close to the average data rate of the video
stream Unf drampsgieliy 60tfrarses/seenfidbat eaahelfegmeds appioxirpateliahee K& e not
used, that is unacceptable for W | atency appljcations such as video ganes
and appl i cattﬁﬁﬁé’eF%é’ﬁ@rﬁ%éﬂdréég%ﬁs'é 116i%'%?ﬁ8\6‘at anew | frame is

2009/ 073792PCT/ US2008/ 085545 i | uti st ;
vi deo st r earfERAECHATE ﬁ?%qpc{)géﬁ@t%eﬁegro:ﬁgér%%@i%{ﬁta:?&ggf}tgfee attfa:ar% tlrgg to

Tply that QY70 P80 SEP b R EBE A s TR b B Ry Uy O
size) what b SN FRLS8SnEAY Lo aRPR MeAR ARG 2 Mo mum

bit rate acroSs a certal n nunber’ o rames (I'n our case,

al I owed. Forh$v&4TRhE offidest i€ sPnfiud 4198 tiéhdiSto dfoi@ tHBBadPSUR@hBisgher €
applied to the encoding that imted the bit rate to, for exanple, 70% of

the rated mpfoBRhdirbat @trBfimd-68) dntedreBcesst the # et Btitimseuhek| im t the
conpression of each of the frames so that any frame that would normally be
conpressed uwihfférgncos eetwean Hedtrarhet s canprbasion daifacts adred ©Etltovappedr be
conpressed with less bits. The result of this is that frames that woul d

nor mal | y recand disappeardirars ftamerio-fraaia; tikergby eeduging ithey bhekggbund abisebe
"starved" of bits and the image quality of those franes woul d be worse than
t hat of ot hrobleangeseringd aleovi®ot require nore bits than the 70% of the rate
max data rate 621. This approach can produce acceptable results for certain
types of corfi@@ked vi@edPipRied Wik the (05§99ing tyrResRftGasmPressiondh i@ hanges

are expected and t he users can accept rigdic g ity degradation. A
Good_ exanpl SGPughBraEARE s pRr e ed Tov des« B Blosh & SRERg i noe
there are Tqw REIKS) 1Rl Sevbrd Manfl Bneko TRHIATESF & d&lhle, using prior art
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(for exanple, if the canera is panned, resulting in significant scene
notion and | arge peaks, during the panning there may not be enough bits for
hi gh- qualwoyoeamagm2conpr essi on, which could result in degraseasiosisge
quality), it is acceptable for nost users. Unfortunately, CBR is not

wel | -suited for many ot her applications which have scenes of high

conpl exi ty gﬁc%ia{@%e%ﬁﬂ%og n%@@?ﬁ@@@m@@ S hPEINRIRGSe MR 2N

| evel of quality ency cofipr éssion |logic 404

enpl oyed in i | ¢l I ' ess the
erploved | 1 SORKeERANTR ol arn bRy BE ol SHSKGR FIRFERAYERId Botaly

mai nt ai ni ng 4 ade kd YtreF Vidleo BD®. 11 AL HifNS Y 60RBPS ERahReddobg 404

generates only | frames and P franmes, thereby alleviating the need to wait

several frarfearhésERi$ Wolls bdeiceasbli€hdd Bybaving tAd diccbmpregsoridueustupat ed in
Figure 7a, in one enbodi nent, the | ow | atency conpression |ogic 40

subdi vi des essthbndid eidgeoassfort decorepréldtingabeividen. an degdcendpt. Mb bieddtaand

i ndi vidual ly encodes each tile as either an | frane or a P frane. The group
of conpr essewouldfbednarsnaitidd Pwhicanesuldbe easdilyracedmnodaiediby sag.2Mbds anes”
711-770. In the specific exanple shown in Figure 7a, each unconpressed
frame i s subBfyidaitabledataraie xevermagsuningtthatgheiavaiablpslesy eate migesdip
underlying principles are not limted to any particul ar subdi vi si on schene.

[0169] I n ondesiosi@eNtas muehaswd%at ERtayiunsigly <8k RPN ashaRP88h fYaHIdes up
T om caheh Fibd-SeeRerth e e Be B e lBUBRSS2T) 0°
compr eass on 046 3 e (<R, 5iipr a el Miadit Bl gnpPie DA Bl dfse "
(ST6th 1 PamdeE BRaysi ihkalyieb B R S50 AGHY SRAEhGPlor PGB 1"

frames shal lyidg barREHIcH Cafifipt tbldriedfordithn 7-BbhRSiatefgpect [ vel y. Wih

each successive Vi deo e to be encoded as an I"tile is

changed. Thyp160] 2 9ilyV&n atteAt wdrEBnaddty/elffiPate tHe Plsebbied Vide®odffert he
video frame is an | tile, and the remainder of the tiles are P tiles. For

exanpl e, in iFstiuweuldaotirésut b Af atkeqoam regsaidnfinaaené lorifaseagioneddes |
tile 1o and the remaining 1-15 tiles are encoded as P tiles Pl through P15
to produce Rydmesrd-of ihe, the use ohBXtames agpresoediywiatmoibEdaweul@02, tile 1 of
unconpressed frane 701 is encoded as | tile Il and the remaining tiles O
and 2 t hr ougrecessiate teeceehplioafRlltafites B frameaa @recedimg andliraeas wellpr oduce
R frame 712. Thus, the | tiles and P tiles for tiles are progressively

i nt er | eaved antheilf@arpe.df werssesis (he $9 ared framrs preo®egs!yceit gﬁty\eeaemﬁt il an
Rtile 770 is erated with the [ast tile in the matri x encoded as an |
tile (i.e., ai‘igﬁr&m]%s,ﬁv%metw@?m%a%\?@réfr@éﬂf‘e%%rﬂq‘ AQ | #8B%er R frane

such as fr ar%ce?i\l/%d (b'efoer'e’any B frame could be displayed. Thus, regardless of the

available bandwidth of the channel, it would necessitate a delay of 29+1=30
frames of 1/60™ second duration each, or 500ms of latency. Clearly that is far
too long.

[0161] Thus, another approach would be to eliminate B frames and
only use | and P frames. (One consequence of this is the data rate would
increase for a given quality level, but for the sake of consistency in this
example, let's continue to assume that each | frame is 160Kb and the average
P frame is 16Kb in size, and thus the data rate is still 1.1Mbps) This approach
eliminates the unavoidable latency introduced by B frames, since the

decoding of each P frame is only reliant upon the prior received frame. A
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encoding an | tile for tile O) etc. Although not illustrated in Figure 7a,
in one enbodinent, the first R frane of the video sequence of R franes

cont ai ns wol2godo78i9es (i.e., so that subsequent P franegChaseomsassaence

i mage data fromwhich to calculate notion). Alternatively, in one

enbodi nent, the startup sequence uses the sane | tile pattern as normal,
but does not_ i ngcl P_Li : - til t - encoded
with an | tiqréaféﬁﬂﬁ[ﬁ%&a!/r\%r%%@?[hé%rgﬁ éfor? Cthilgzgétgﬁ eI ﬁ%@ﬁgéﬁgéd&e{%hwgﬁé}any dat a
until the fi i I , i i ; . Lin~t he video
stream dat a tbé@ g hgég)f' r?%@Ei fgé/urﬁg tgtgfﬂGah%qé\ﬁﬁ?%dgdggﬁwaﬁagye:ﬂﬁaﬁéﬁﬁgéﬂaet ail

bel ow. Morequgst hdHaeS8RE i hRthysHieys, tNatiaRYmighidd 6f @Rt frdrh8adagd shapes may
be used for the tiles while still conplying with these underlying

princi pl es. JubkENtENRitansle Thicieqmtessd MNFigaes eb4 Thervided Bgeam ddig ralel ent
415 deconpresses each tile as if it is a separate video sequence of small |
and P franmeg24uisdddwethe ansitatde evwndddtalrate 621 brcdptdomrtheufffamesirwiverag

di spl ay device 422. For exanple, 1o and Po fromR franmes 711 to 770 are
used to decdheppesk datalratendquired far the dbframes 6231ty cixnagds the avdilableymakl and
Pl fromR franes 711 to 770 are used to reconstruct tile 1, and so on. As
ment i oned abiifla rat@dhiangsvesnthefraiecs maxsiata raie B2) ahe data faée requédn i n
the art, and decorr})ressi,on of I tiles and P tiles can be acconplished by

havi ng a nulYpee I"ABtese éassoihag the quailakie ampr dalgdate: (rendgthenaaliabld i ent
415. Alth h | tiplyi |.d ) [ h .

i o BB PGS AR ) e A et 1o
e e S5 BUOTRRP Y TR el b Tl RS R o

one process apg Ll §i§§‘r¢§/f§§/d°}§1?ﬂ1 agﬂgﬂeég, i?MP%\gle 134%%0; frangie it/ 1 ;hi s R

frame techniqué Signi the ndw dt eaks typi cal
associ at ed wyj kT (N i i e any given
frams | s ma e g e ep T HaRk G ARSIl A PR nRBREr=P 20
franes. For (t@BBhe1-AESHE THIs aftahsy Isaddifve wOﬂh@aht_ehcfersaaénﬁfﬁedlliﬁQi@uret hen

the | tiles of each of the franmes illustrated in Figure 7a would be roughly

1/16 of thi satamich incthelOdiist c&sarabidsd mﬁtags)brms,r@ thi@voald suttah aRofal ame i s
16 Kb, then the P frames for each of the tiles illustrated in Figure 7a may

be roughly IKbndhwp Etencyesiul41-RR2ms RN tkerpoiot treppsendatedtel yndllikKevieel5 *
1Kb = 25Kb. So, each 60-frame sequence woul d be 25Kb * 60 = 1.5Mps. So, at
60 frames/ setdnagntil @i inageappaass anrdisglay Havige 422a phigheisdar ooshighniAng a
bandwi dt h of 1.5Mops, but with nuch | owe{N\éeaks due to | tiles being
di stributed it Wﬁcﬁ}g’ﬁéble A datr fate mPs belemaRMbps1the IRneytWBiNGraase evi ous
exanpl es with the sane assuned data

further.

[0162] Note also that there generally are severe consequences to

‘lamming” an ISP with peak data rate 623 that are far in excess of the

available data rate 622. The equipment in different ISPs will behave

differently, but the following behaviors are quite common among DSL and

cable modem ISPs when receiving packets at much higher data rate than the

available data rate 622: (a) delaying the packets by queuing them (introducing

latency), (b) dropping some or all of the packets, (c) disabling the connection

for a period of time (most likely because the ISP is concerned it is a malicious

attack, such as “denial of service” attack). Thus, transmitting a packet stream

at full data rate with characteristics such as those shown in Figure 6b is not a

viable option. The peaks 623 may be queued up at the hosting service 210
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rates for | frames and P franmes, the average data rate was 1.1Mops. This is
because in the previous exanples, a new !l frame was only introduced once
every 60 woamw/a731T9es, whereas in this exanple, the 16 tipceastévansssake up an
| frame cycle through in 16 franes tinmes, and as such the equival ent of an
| frame is introduced every 16 frame tines, resulting in a slightly higher

docs not 1 nershd 2 FRTHRIoM IR PEHTLRG IR B BTG o 2
frame (or @ RelieBheRb@bidnty enesrs iDmebbeirpGRrhgeppt he prior fram

to the next. r'frane 1s quite sim e next frame, the

P frame wllohgsyery sitter. the Vilkso Bfrb&h ddtaBid Sodiienks edufiidnin from the
next frame, the frame wi Il be very large. But because a P frane is

| argel y derimigdref 61919 4 henypt@mvibovisiebrsiisam datdhere tbgqueridecand Wourrbe e f r ane,
the resulting encoded frame may contain nore errors (e.g., visual

artifacts) tdoanofedhath rbteagerusnth that aribegoakieexpeth & rezultrdns cofpiessibgn one P
franme foll ows another P franme, what can occur is an accunul ation of errors
t hat gets wdheeidgoeiomevidedsequeneg)thas gvescwt chargé varyemuchewd has

sophi sticated video conpressor will detect the fact that the quality of the
i mage i s degieaviiifilg raptien (&9s &§uieidd befcamnmearte yidaedtelgaconfrreaeisgmheret  wi |l |
all ocate nore bits to subsequent P franes to bring up the quality or, if it
is the nost BECARIEAS k(Y 3 Exed pQé'tt'PBr@,ndrféﬂMed%e mabions and the Pﬁle&éa INframne.
So, when Ion[ uences of P fra 59 P franes, as in

prior exanpl gg%ggﬂ%eﬁgpa??elai%lf’%?@g?@\lg@%’ gﬁg\{(\j@i&tﬁe’n&oﬁgg).a great deal of
Chey get TurDERT - crovlh vibgRiRam spiat Ao SR kP ke B res
f h i 0L i f - |

tend o r eqi sed ok Ghicdl tohfittors WbBEFEdsRlo EPRB LD ol Bfimors! * 0T |

frame. S0, idhbhes@tphighioehdratidtl & rifton(ofid bRERIdeD GAENSF i han 15

frames renove roman | Yrame“that precedes it, ere as In"the prior

exampl e, a RdmaaBplctiiof dftwede f NafrEhal RIENSEoN tPReATrdmé aBRs 68BUs, with
nore frequent | frames, the P franes are snmaller. O course, the exact

relative si zhsrenild alyaPyfrivaegibaks subh 233335 en@ 636 hieatdrdeitetiag@nandut in
t he exanple of Figure 7a, if an 1l tile is 10Kb, P tiles on average, may be

only 0. 75kb excesdZke aesildtle nipx dathOKte on btary dccasKins=Akho@diKtheserP at 60
frames per second, the data rate would be 21.25Kb * 60 = 1. 3Mops, or about
16% hi gher deame pgaks aranobquite aatarge s the | frameapeaksitheyet &g fBotd f r ames
at 1. 1Mops. Once, again, the relative results between these two approaches
to video corpiassioikscawied bydhg chapeaatfyll gptarate na aguithdbgudiaere but
typically, we have found enpirically that using R-franes require apout 20%
nore bits fd?eaésgﬁ\%rfy fréV@nB%ﬁksq@HP?/%trﬁﬁarr'i"tlﬁ‘sqgﬂewiv ?rPQMé”%@aa'é'ﬁB’es. But ,
of course, R franes dramatically reduce the peaks which nake the video
sequences udal"&lhith far less latency than I/P frame sequences. [0174] R

frames can hgqgapfi gurse o fgR phAbvIN Rhndl 6. e84 oiRMsbs LAN, or a high

bandwidth 100Mbps private connection) the network would be able to tolerate
large peaks, such as | frame peaks 633 or P frame peaks 636, and in
principle, low latency could be maintained. But, such networks are frequently
shared amongst many users (e.g., in an office environment), and such
“peaky” data would impact the performance of the LAN, particularly if the
network traffic was routed to a private shared connection (e.g., from a remote
data center to an office). To start with, bear in mind that this example is of a
relatively low resolution video stream of 640x480 pixels at 60fps. HDTV

streams of 1920x1080 at 60fps are readily handled by modern computers and
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dependi ng upon the nature of the video sequence, the reliability of the
channel, and the available data rate. In an alternative enbodi nent, a

di fferentworniyer73m™t tiles is used than 16 in a 4x4 conf PQUNEBRISNOSSSEDr
exanple 2 tiles may be used in a 2x1 or 1x2 configuration, 4 tiles may be
used in a 2x2, 4x1 or 1x4 configuration, 6 tiles may be used in a 3x2, 2x3,

oL 91 116 g gl Al BaTB SRS R, fRdT IO T,
square, nor apusbeioNe o/ ABe! [ATE P BIANAT Bl aENETVERSIRRENEE of The Ui les

can be broken up i ever shape Sul e Vi ream and t he

application 11080kt 8bigs rﬂﬁ??&ﬁﬁw@ﬁ@%bﬁ?@%mg’fH@Gﬂ%ﬂrﬁ@@s@%ntfbﬁa and P

tiles is not |locked to the nuiber of tiles. For exanple, in an 8-tile 4x2

confi gurati qaasénddle qthtydesstdienRcessiane sid | frabes as 0X thesigraihed in
Figure 7b. Sequential unconpressed frames 721, 72 723 are each divided

into 8 til exdatriteaticht eveid tedudt |ns45dxm;w|@s$@dasmbllvasigmbllgr bkt etifl R f r ame
731, only tile O is conpressed as an | tile, and the renaining tiles are
conpr essed a®nBiderlele, PFame peakglisaverRl tisensevatgaeativingf vitee sBeaimsen ar e
conpressed as P tiles, and then for subsequent R frame 733, tile 1 is

conpressed dBesame 100Mbagaciwerkdeigera Privale nAtWors corRaiPBEIEeR AP t | | es.
And, so the sequenC| continues for 16 frames, with_ an | tile generated
only every difhes a'F“#Qﬁga caryend 1$ §3sY 1o $¢¢ eow§h@m@katfr@m poyeral yeers duri ng

R riﬁéhéﬁ o sferoeguid e B aldh orphete fikin 4 haTbdh.Ack®heg ns ;'”e
?Pt: Tes. s Pﬁ%f@@p@qﬁé’iﬁ'ﬁﬁ%ﬁﬁﬂbén BB PBg &%&gﬁpﬁr}g@&ﬁéf as
Vi | P
{iles 1rom CRacagspRYAI g s B0 dny nkddiR: Fich PR Gl FRREBIE, o

even be an %’tﬁ@rﬁ@f'nte't\%r‘k fleriol h%@ﬁfﬁa@ nbbbﬁ%}ga@‘éh&rﬁﬁﬂ S’mcfé"‘lttéb tiles,

each frame wth an tile can ranes Pti

bef ore anot rtﬁ,’fer\}vhéllrﬂl ¢hd ﬁet\\ﬁﬁ‘l@'or the M@ﬁNO@Iﬂ@Wﬁ@ﬁe§”hﬁ@|'6@6§25@®(1t4won ti | es may
be sequenced with | tiles nore often than other tiles if, for exanple,

certain areaesolltibh@ideer eeidnasmione vomintorimaee, the @vétageOﬂde@queam@atér om
frequent | tiles, while others are nore static (e.g., showing a score for a

gane) requi ratgmagdse 9.58thpsntedulting esperMape avdiMbed pbakidataeatd franme i s
illustrated in Figures 7a-b with a single | tile, multiple | tiles nmay be
encoded i n dNesdigsetd sayra {\epsicognegionHietivaad s dath cehtartana amafitessi on
channel ). Conversely, certain franmes or frame sequences may be transmtted

with no | ti{wbchioday is aniexceptionaly)fast aannggtionoyeyid g ugiates/ 085545

swamped by the peak traffic from a single user. Thus, even though LANs and
private network connections can be more tolerant of peaky streaming video,
the streaming video with high peaks is not desirable and might require special
planning and accommodation by an office’s IT department.

[0166] Of course, for standard linear video applications these issues
are not a problem because the data rate is “smoothed” at the point of
transmission and the data for each frame below the max available data rate
622, and a buffer in the client stores a sequence of I, P and B frames before
they are decompressed. Thus, the data rate over the network remains close
to the average data rate of the video stream. Unfortunately, this introduces
latency, even if B frames are not used, that is unacceptable for low-latency

applications such as video games and applications require fast response time.
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[0176] The reason the approaches of the precedi ng paragraph works well is
that while not having | tiles distributed across every single frane woul d
seemt o beoresul78792n | ar ger peaks, the behavi or of the P¢ISN08H8ITes t hat
sinple. Since each tile is conpressed separately fromthe other tiles, as
the tiles get smaller the encoding of each tile can beconme | ess efficient,
because the essor J j I SN0k e t i Wy i mage
features ano[ﬁglgml ar n%ﬁ%gﬂog?ﬁ%%%@hgf’ hnzlrtlaglliirl]@g'q %?hsgrse% |@}a1tjp%{égh‘g§ﬁ{ he
screen into Ksli i ' nesildy i <A fesariidil RhRPM cRRgodi Ng
than di vi di ngéautS‘ '%ﬁ’zuggragéﬁﬁi'ﬁ?%mogb?irﬁ%s.etdsthﬁsaiq Rl Bt Rate CBID L e

into 8 tilesrRdidd A@t'%ﬁgﬁ thd erfRERROWoaldf $8dm to frﬁﬁl?‘?hétoalpl?atin@%ra@éluced
every 8 frames instead of every 16 franes, it results in a nuch higher data

rate overal lcongsresbyd tdhawsithd s8me bitiate li.ef rire, anmer it utbally AsTes tonstaead of
every 8 frames, the overall data rate is reduced. Al so, by using 8 |arger

tiles insteabnuredSionnradignt wheses a tneximver bit ratdadcrossb eertain mugmbedof whi ch
also mtigates to sonme degree the data peaks caused by the larger tiles.

[ 0177] | n andtdmees éntoodicase; 1 frahwe)livaldwednEpr ekampls; imphreesaseoof Figgiee 404 in
Figures 7a and 7b controls the allocation of bits to the various tiles in
the R franediftheBFRgomsiaigt were-apmiedda tee engodiag thaidinitashfedibratk fdwn
characteristics of the video sequence to be conpressed, or automatically,

o o T B e g o 1o o C Lot L ot syt o-car (uhi ch
e i ve JBRT PR % S30ERfo Tl lal  Bfeir Tiboer
with the ondii HGPIRITLTY e Pt RREEANE it B ERTAS At vy I
cach ti e ta FRRRATTOER 0 Phef e B RS R T O L R s 2ty 5 1

unconpr essechatrﬁtéﬁgqnalt%hm@ nELraanfLe?dair_e%bie i) eﬁhg%%i?f‘%gi??ﬁg@%ﬁﬁﬂe%lt h

hi gher quality es than the tiles in't screen

(tiles 0-3) Wauldmeosriresgest bifsadR thélindyeralitof/ihost franéswoalt b ul ar
gane, or this particular scene of the gane is known to have such

char act eri stwese thhethdthd otnerfedres treft doheothegtiteencsebits tear? e 2@9% of
configure the conpression logic 404 to allocate nore bits to the tiles in

t he top of tthe raierrear datmrate ®2ti Ths aiproaeh ban porduafe adeepsabie eesuliSfor t he
conpression logic 404 can evaluate the quality of the conpression of the
tiles after dartaretypesef compressastvidasiwigretierer(ajtiitle rodtiomaysenepr essi on
quality netrics, such as Peak Signal-To-Noise Ratio (PSNR)) and if it
det erm nes tah@Nges &re gxpeetediandon g errstqaneaccest pailediciqualtyar e

Tore bi to t SHEPRAa A OE SR BAR T b ReH S APPIGRTPBEVEED unt i | the
AR e A L N 4 S
2 Bettor ovardireie bt g o sl woifealReEes holhe cont er
of the screepd Bl phakd'@iuRAg%Re panning there may not be enough bits for high-

quality image compression, which could result in degraded image quality), it is

acceptable for most users. Unfortunately, CBR is not well-suited for many

other applications which have scenes of high complexity or a great deal of

motion and/or where a reasonably constant level of quality is required.

[0168] The low-latency compression logic 404 employed in one

embodiment uses several different techniques to address the range of

problems with streaming low-latency compressed video, while maintaining

high quality. First, the low-latency compression logic 404 generates only |
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[0178] I n one enbodi nent, to inprove resolution of certain regions of the
video stream the video conpression |logic 404 uses snaller tiles to encode
areas of wbeowdem2streamwith relatively nore scene comrpiras2aog/0sssds or
notion than areas of the video streamwi th relatively | ess scene conplexity
and/or notion. For exanple, as illustrated in Figure 8, smaller tiles are

Cpot ont 1 ar 1y e¢ o8 QEmESCHRFAE) feiairb BRI Prk 8% (AFERUMGES (non
shown)). Thap.ioHBB daif 12 18FRCtRIaddArN S a0 PFHIGBFESa0h die | mage,

smaller tiles are used arou IS new area Wt ranme 812, as

i |1 ustrat ed.ofiSodiRitnt ARBJoRN2NER cy BB R PESsi G fd‘%é 204 sibdRficdshchhapes may be
enpl oyed as "tiles" while still tonplying with these underlying principles.

[0179] Wi | e driventprebsad rafMet 7d £ 360 @n61d Ssribsadioviss dhgtimdividabliyenestiese t he
peaks in the data rate of a video stream they do not elimnate the peaks

entirely, pardandilé aslgthienahhdrataser afP framiedl Yhe haup ofgommpresgdd Vfraoms! ex
vi deo i magery, such as occurs with notion pictures, video ganes, and sone
appl i cat i on awf Pikanees & refsraedp keherbin aadRdranoesienl 1sééde In trenspadifan, a
conplex frame may be followed by another conplex franme that is conpletely
di fferent. BxaMRlashgwndeVdgue 1a, giackdngamnpisssediramede subdividegdnte a 4
transition by only a few frane tinmes, they don't help in this situation
because t he e WatF¥RE"T8 tiRR SAPWEVAadNeRS WidQUtinthPERCiPIgE ghe A\t dudted 19 | es.
In such a situati cr:]ul%,ﬁnd I.n. ot her situations where even though not

ev?alry'éhi ng HYMRRA: E%bQJY'S{%SQW?lﬁ%% cpanges), tlhe vi deo corrprefssor 40|4
w110 ermgsgshal e gt Al ol LR © e
for that frajfiged QAL FENEIHRD PREMLRIE Hies! find BnSb4ml ¥ ¢t he case that

w th nost
compresses) one tile from each frame as an I frame (i.e., the tile is

compressed as if it is a separate video frame of 1/16™ the size of the full
image, and the compression used for this “mini” frame is I frame
compression) and the remaining tiles as P frames (i.e., the compression used
for each “mini” 1/16™ frame is P frame compression). Tiles compressed as I
frames and as P frames shall be referred to as “I tiles” and “P tiles”,
respectively. With each successive video frame, the tile to be encoded as an
L tile is changed. Thus, in a given frame time, only one tile of the tiles in the
video frame is an I tile, and the remainder of the tiles are P tiles. For
example, in Figure 7a, tile 0 of uncompressed frame 701 is encoded as I tile
Io and the remaining 1-15 tiles are encoded as P tiles P4 through P45 to
produce R frame 711. In the next uncompressed video frame 702, tile 1 of
uncompressed frame 701 is encoded as I tile Iy and the remaining tiles 0 and
2 through 15 are encoded as P tiles, Po and P, through P1s, to produce R
frame 712. Thus, the I'tiles and P tiles for tiles are progressively interleaved
in time over successive frames. The process continues until an R tile 770 is
generated with the last tile in the matrix encoded as an I tile (i.e., I15). The

process then starts over, generating another R frame such as frame 711 (i.e.,
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consuner -grade I nternet connections (and many office connections), it
sinply is not feasible to "jani data that exceeds the avail abl e nmaxi num
dat a r at eweloewn7a®2622 in Figure 6¢, along with the ratedTnszéoswsssdat a rate
621. Note that the rated maxi numdata rate 621 (e.g., "6Mps DSL") is
essentially a marketing nunber for users considering the purchase of an

ot for eanco BHESHIR an Pifle BPORS G Stf, AundOSR e Al hidadtel 290 of

perfor mance. or € purposes I catl on, rrre evan[e, si nce

our only Coﬂé}ﬁﬁ&gt it NRc Y& ik #2hee %@e%c%&@éé@éeeofqg?raﬂeémtéfnge t he

video is streane rough the connection. nsequently, Igures 9a and

9c, as we ,C'erﬁ)'?E[ﬂf’ész{i.é.‘?'thtthnsGt%ebU@nPP@l'ﬁnﬁ‘@s REGD & BYericBamade/htaonTUm
data rate is omtted fromthe graph, and only the avail abl e "naxi nrum dat a

rate 922 is giioMo cdleglate Aefiodl r Riesmemidly riatonenatabodiiertxpeadatilye avail abl e
maxi mum data rate 922. [0181] To address this, the first thing that the

vi deo conpr esxgpend@4sdodise samadtide patterrnapaakmdiabat da¢snddihcludkiR tileiss a
data rate the channel is able to handle steadily. This rate can be

det er mi ned WUyr thosarties thatt haee not yeideerCarcadechwitle ahditi@dniathd&ywgrdsdual |y
sending an increasingly higher data rate test streamfromthe hosting

servi ce 210 qestaimbles|aremot aneoded with @nyslada uatidthedirstahnide panivesy thereby| i ent
provi de feedback to the hosting service as to the | evel of packet |oss and
| atency. As aueidingsiastun @%%ksaﬁgh%wlqe&t%tmm sata rafe Og4dRSigHeStamiichisr ease,
that is an indication that bl e maxi Flte 922 is being

tPe Efvail mdata,r

reached. A (GPAINE M@eﬁgsla}"@eg\@rﬁ%@oy%aé S71Rad BefQ.EHGES  he dat s
per od of IS ERESEBEA tiinasbi e BhEerdde b aie Pl T soflphd FER cvel ©
of packet 'QH‘E‘S‘?‘QHQQW”Q%.}@E%%S near mnimal. This establishes a peak

maxi mum data ra | then be used as a peak data rate for

streani ng viigepe) Over eé%ceﬁﬁa}ﬁeﬁé@ldﬁ21?%%b|onfthé%’iié'ﬁ‘tt4315(e-9:’ | f

anot her user ina housemé(;ﬁg starts to heavily use the”Internet connection),
and the cli efdcofddredbdd ea@etletss it RS hadbhyatERUdLSedUerice sTetmaeihep packet
| oss or latency increases, indicating the available max data rate 922 is
droppi ng belfemédeane ehagatisrsasdonbtile sh etk Pamie slifcr driatre) Bidplayakedioef so the
peak data rate 941. Simlarly, if over tinme the client 415 finds that the
packet | oss 488 Fateraypleciwand B fropt Rfedmésvel $0 770 aramseddgoiest t hat the
vi deo conpressor slowy increases the data rate to see whether the

avai | abl e neda@oompreaas and serderdie Oraftbayisigo(image, Similanpt heandiBefromRa
househol d has stoEped heavy use of the Internet connection), and again

wai ting untiffapegiét t 348 aspdise tareernstiugt Biecl ansoscem e dstrmantia

avai |l abl e maxi mum data rate 92 as been exceeded, d again a | ower |evel
can be found;%fQYP" gﬁ%orﬁ@%%sﬂ%‘t%ﬁr{ﬁ@r@e@@fg %Uﬁ%st"‘f?iﬂ(rl By IR L RNGher

techni due. ( ARFOGTREFSPBARAIIE A PRERS 51 BoysbeRmaeed BY bavhe SHMRST qund,
d adj Lodi eal T - AN
ot abi | shee MRETRES PhAM RSB RETR P har PR R0 HERent & &1elbh conpr essor
404 to streamy kRS L5B I Jatm IO HFed Y it ShFRtifNalilfa@s 8l dat a
P ed a? #ﬁ@ adr?\gﬁor on the ﬁ

rate may be 1np user prem ses 2 osti ng

service 210.cjiBht 4% iUg&LaRy ﬁﬂé§ﬁ§t BddaudefeGild ﬁi@mé@\\’ésc&re‘lét%ﬁ,ﬁﬁfdcn%ws the

calculations to determne the peak data rate and transmts is information

back to the dwalldrnelatios Yo o AdPbenbdf 4diditibesigrogesety b6 the?Almbar sEpixerls 402
at the hosting service perforns the calculations to determ ne the peak data

rate based alisglhpéd & thesanes s Vietefo ward biee plocast ahtbuding gonveraioket fulloss,
| at ency, nax data rate, etc).

sized | and P frames.

[0171] This R frame technique significantly mitigates the bandwidth

peaks typically associated with I frames illustrated in Figures 6b and 6c

because any given frame is mostly made up of P frames which are typically

smaller than I frames. For example, assuming again that a typical I frame is
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WO 2009/ 073792PCT/ US2008/ 085545 [ 0182] Fi gure 9a shows an exanpl e vi deo
stream data rate 934 that has substantial scene conplexity and/or notion

t hat has weenoyesmeat ed using the cyclic I/P tile conpressiuspoosesisas ques
described previously and illustrated in Figures 7a, 7b and 8. The video
conpressor 404 has been configured to output conpressed video at an average

data rate thalods Ol oW § (8 RPKARS fhd #hed Bt POER N2 wdlgpaof { e

time, the video stréa remal hs below the peak a 1. A

compar | son Shudflay IR PURS AR oY 1BRE, SRR dAishriidd BA3AyBhanp, [n Figure

6c created usi rames shows that t tile

conpr essi on R4 REE 86 K, IRENHETD Hards Bleach 3F the fikklilustdted rAPBurx7Reak 952
(whi ch approaches 2x the peak data rate 942) and frame 4x peak 954 (which

approaches %a&b_@ roeghly data ThatendPredlilt is BA Righmg ot sprusiaedsiyttoxmpeak dat a
rate 941, which is unacceptable. In practice, even with high action video

from rapi dl y tiaedi5ib. vEdeeadab®$ranpesscguaenteencdisveo25iealeodat dMispe 941
occur in less than 2% of frames, peaks in excess of 2x peak data rate 942
occur rar el y§o,aid0dearkesisacend dbis wouldxeqeisk adhiaanebtapaisobsusiainita al y
ever. But, when they do occur (e.g., during a scene transition), the data
rate requi rélﬁﬂQ}NI@ﬂhé?ﬁ1i-§Mﬁ§§e@l§aNIa1 fwicpriewac eeakyderl iyl Hiestdeing deo i mage.
[0183] One way to solve this ?robl emis sinply to configure the video

conpr essor 4bsiriByias thrighous thanPMameilterveht e output is the peak data rate

LI IO A AT ERRS T T M T
R = T T R e B D
L oot SIS PR S ek SRR R R B,
qui te sensi tdyepy BB fMf&'Bmes, whereas in this example, the 16 tiles that make up an I

frame cycle through in 16 frames times, and as such the equivalent of an I

frame is introduced every 16 frame times, resulting in a slightly higher

average data rate. In practice, though, introducing more frequent I frames

does not increase the data rate linearly. This is due to the fact that a P frame

(or a P tile) primarily encodes the difference from the prior frame to the next.

So, if the prior frame is quite similar to the next frame, the P frame will be very

small, if the prior frame is quite different from the next frame, the P frame will

be very large. But because a P frame is largely derived from the previous

frame, rather than from the actual frame, the resulting encoded frame may

contain more errors (e.g., visual artifacts) than an I frame with an adequate

number of bits. And, when one P frame follows another P frame, what can

occur is an accumulation of errors that gets worse when there is a long

sequence of P frames. Now, a sophisticated video compressor will detect the

fact that the quality of the image is degrading after a sequence of P frames

and, if necessary, it will allocate more bits to subsequent P frames to bring up

the quality or, if it is the most efficient course of action, replace a P frame with

an I frame. So, when long sequences of P frames are used (e.g., 59 P
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artifacts that appear during sudden changes or rapid notion, it is not very
sensitive to detecting a reduction in frane rate in such situations. In
fact, wwo mai13®adden changes occur, it appears that trhe/useenansisissual
systemis preoccupied with tracking the changes, and it doesn't notice if
the frame rate briefly drops from60fps to 30fps, and then returns

. di at ol f s o _ : tian 1k
2 oudden sedrnéRatn SRR o5aRe Ry Yo B ke FARY oBhe 11 ame
rate drops tcﬁea??f E’émﬂe)&Z%'ﬁd fRStioN iEQI@p RSl el nedoRH46R B fFaﬁnﬁQf PS.
So long as the frane'raté reduction only oécurs infrequently, to a human

observer, itaapROCS firffdr rbRRVEHIRM BAS fRARB. continuously running at 60f ps.
[ 0185] This property of the human visual systemis exploited by the

t echni ques i[oliwrs] r at edDi, o FddkuateP Bamed Beh\iRe ofpPasitd peimt bf diened Hamasd 4b)
produces an unconpressed video output streamat a steady frane rate (at

60f ps i n ondhantiosklgdoitogw aA Itframe¢ itered Khegsiredess bitsatnand® fra8ds that prg each
1160t h second. Each unconpressed video frane, starting with frame 961, is
out put to t Herthemrdnaewattiyowiarebframepbes othe4xammibisbhwoonpigeses, nioeP f r ane
in less than a frame tinme, producing for the first frame conpressed franme 1
981. The datfeampe datuser than 1 héamampiesmewy fremmn Lfrgge thaypiesedas der or

smal | er, dependi ng upon many factors, as previously described. |f the data
is small end’&@@fet%a'f‘ the pé'&ﬁeb%mpf%ﬁs?ﬁfwc@kﬂdt%%frﬁmﬂs rgmpved feomr ame
time (1/60th s onoeI% r less at the pe?f data rate 941, then it is
transm t ted HUF TAGIS 7 BHSVED (7018 TR { IARIES8IE CFIMESARR AMale: HY' ar r ow
i ndi cat th ' f tr it ti I t f tine,
sorver 402 psitrabe dheflislalle it ivaby Basea of the Pelliio hé el ™

q i >oF . t 0 cli . 1
Cime oo, i DI Bahbiel f SIORET R L1 € JoRB. PHigs i Radé ane

[ 0186] Then, 4 t7cf it SEer: 0215k Qunes d frame
57363 when TR PR B D e ok o

conpressed fg@EMBmMasPep seBoh@ tAe ¢REArdtBaro @ Bele D5RIBSHOL e BNIbpd, e peak
data rate 941 in one frane tine. So, it is transmtted during transmt tine
(2x peak) 9%houthibehhighlsesatipraté thaf a streafr wike ahiIfearaa dolfpavdd b 50t next

frames at 1.1Mbps. Once, again, the relative results between these two

approaches to video compression will vary depending up on the video

sequence, but typically, we have found empirically that using R-frames require

about 20% more bits for a given level of quality than using I/P frame

sequences. But, of course, R frames dramatically reduce the peaks which

make the video sequences usable with far less latency than I/P frame

sequences.

[0174] R frames can be configured in a variety of different ways,

depending upon the nature of the video sequence, the reliability of the

channel, and the available data rate. In an alternative embodiment, a different

number of tiles is used than 16 in a 4x4 configuration. For example 2 tiles may

be used in a 2x1 or 1x2 configuration, 4 tiles may be used in a 2x2, 4x1 or

1x4 configuration, 6 tiles may be used in a 3x2, 2x3, 6x1 or 1x6 configurations

or 8 tiles may be used in a 4x2 (as shown in Figure 7b), 2x4, 8x1 or 1x8

configuration. Note that the tiles need not be square, nor must the video frame
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frame tinme. Now, during the next franme tinme, server 402 produces anot her
unconpressed frane 4 964 and outputs it to video conpressor 404 but the

data is iwoar@d7ard illustrated with 974. This i s becauPeTmiSd@s/ 083saPr essor
404 is configured to ignore further unconpressed video franmes that arrive
while it is still transmtting a prior conpressed frame. O course client

cont i nues t T By oonvel tsradtiar iBg FEStHT AR e Il Y (.
briefly r ed%ﬁ?eﬁ%}t%ﬁﬁé‘ﬁwé@ﬁ@o%ﬁ%%ﬁ%@ﬁ}% g@%&ﬂg%gsbgifm For the next

frame 5, serve out put's unconpressed I's conpressed to

conpressed floaps] 5 989napdikdrasmpbdibReht Wi byBlidg bf RIEEL SHH Pilled fsgqtm t tine
995. Cient 415s video deconpressor deconpresses frane 5 and displays it

on display deskezEiodRd nuNetdr, of 3/ or 4RAnpid, i ad SHIRURY esrFR@rdtiche £5-966,
vi deo conpressor 404 conpresses it to conpressed frane 6 986, but this tine

the resul ti ngychlasequencearay stilirgeusébhas dlostratssiad-ifu@nEb.i Sedueatialm t t ed
during transmt tinme (4x peak) 996 at the peak data rate 941, but it takes
al nost 4 fr ameonipressadframassil, 7€Be723 aneeatiudivided ingo Bdikes, -7 made ti nes,
vi deo conpressor 404 ignores 3 frames fromserver 402, and client 415's
deconpr essoredsbl tile iF eemperapsed dadividyabyy Fremdi Epmey/ Hevdinbetiledist or 4 franes
times (i.e., briefly reduces the frame rate from 60fps to 15fps). Then
finally, serGPERP28§9echas nktileranritroreganing tledatepireesseda54° dlasor esses
it into co essed fra 0 98 and. it s . transmitted dyri fransmt tine
097, and ol |EUpPsOLSHRR damecst el shlin Bl 28 dommessed s Hesrags it on
di spl ay devi once i e, videa r fns. 8] Not e
that al thou ﬁ%ﬁé?ﬁ’%%ﬂﬂ?'ﬁ%@g‘?ﬁ%ﬁgr%'ég @icc?gigrgggé%%g?gg[rﬁﬁéﬁgh%geo stream
gener ated by I i | at
Porm the- authicee '3l compiBiediat PHIEE A58 18 sBaubfiant ThRTRE ifnen

oS 2oarea P ATsORAA AN ARG PR Al S ke o s
generated for tile 7 during the 15™ frame time (not shown in Figure 7b) and
during the 16™ frame time R frame 780 is compressed using all P tiles. Then,
the sequence begins again with tile 0 compressed as an I tile and the other
tiles compressed as P tiles. As in the prior embodiment, the very first frame of
the entire video sequence would typically be all I tiles, to provide a reference
for P tiles from that point forward. The cycling of I tiles and P tiles need not
even be an even multiple of the number of tiles. For example, with 8 tiles,
each frame with an I tile can be followed by 2 frames with all P tiles, before
another I tile is used. In yet another embodiment, certain tiles may be
sequenced with I tiles more often than other tiles if, for example, certain areas
of the screen are known to have more motion requiring from frequent I tiles,
while others are more static (e.g., showing a score for a game) requiring less
frequent I tiles. Moreover, although each frame is illustrated in Figures 7a-b
with a single | tile, multiple I tiles may be encoded in a single frame
(depending on the bandwidth of the transmission channel). Conversely,
certain frames or frame sequences may be transmitted with no I tiles (i.e.,

only P tiles).
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what ever device is used by the user to playback the audio. Thus audio

conti nues unabated during periods when franmes are dropped. Conpressed audi o
consunes wonred7dxel y snmal |l percentage of bandw dt h, comrparisdoososisespr essed
vi deo, and as result does not have a major inpact on the overall data rate.
Al though it is not illustrated in any of the data rate diagrans, there is

the peak darl 78} o 6aa 1 wEEBHE SepRiasheS A hERREMA A HIFPRGL was
chosen 10 1| EkTAk ey ARnbRal FTE ey B RPaduct RApALARAIFnBSalcTa DU

what it does not strate Is en t I'e techni ques

described prywn@Ushy résift nI8er PeaRs AREDdhAV R RE B syABfh ikt apfisequent i al
dropped frames are rare, even during high scene conpl exity/high action

sequences sugifpis Jifieseathale i9eekipréssed ﬁ@gsarg@’geﬁormmbianerpﬂiléémgﬁmeand some
application software. Consequently, the reduced frame rates are infrequent

and brief, aiwes ybesmal@rtheiencadingysftezichdide san decdetedess effeiant] Bd@Niskf t he
frame rate reduction nechani smjust described is applied to the video

st r eam dat a thatcenigressarraitaegiveém tile igunod adke, tor éxploibsimilar yage deatusts @zom dat a
rate is illustrated in Figure 9c. In this exanple, 2x peak 952 has been
reduced to fdi@ildemetionirogetic oher tiwsd Thus.pduringsw Hssereen intedigciédast o
flattened 4x peak 955, and the entire video streamdata rate 934 renmi ns at

or bel ow t hedghesRlvatlacpalt & aless ¢ioaion] emerdingdatdivising de M seresndecr i bed
above, a hi gé?til%g.t Iégtn ifvthg%%reen is divided into 8 tiles and it causes the data of a full I

frame to be introduced every 8 frames instead of every 16 frames, it results in
a much higher data rate overall. So, by introducing a full I frame every 16
frames instead of every 8 frames, the overall data rate is reduced. Also, by
using 8 larger tiles instead of 16 smaller tiles, the overall data rate is reduced,
which also mitigates to some degree the data peaks caused by the larger
tiles.

[0177] In another embodiment, the low-latency video compression logic
404 in Figures 7a and 7b controls the allocation of bits to the various tiles in
the R frames either by being pre-configured by settings, based on known
characteristics of the video sequence to be compressed, or automatically,
based upon an ongoing analysis of the image quality in each tile. For
example, in some racing video games, the front of the player’s car (which is
relatively motionless in the scene) takes up a large part of the lower half of the
screen, whereas the upper half of the screen is entirely filled with the
oncoming roadway, buildings and scenery, which is almost always in motion.
If the compression logic 404 allocates an equal number of bits to each tile,
then the tiles on the bottom half of the screen (tiles 4-7) in uncompressed
frame 721 in Figure 7b, will generally be compressed with higher quality than
tiles than the tiles in the upper half of the screen (tiles 0-3) in uncompressed

frame 721 in Figure 7Db. If this particular game, or this particular scene of the
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streamcan be transmtted with I ow |l atency through the general Internet and
t hrough a consuner-grade I nternet connection. Further, in an office

envi r onmewo 2009/23198N (e. g., 100Mos Et hernet or 802. 11g RCTAISe@S)SI®S on a
private network (e.g., 100Mops connection between a data center an offices)
a high action video streamcan be transmtted w thout peaks so that

mul tiple Use@né % Rhowd gc?ﬂﬁ\g% Béﬁ‘gh&r%%fé?ijs%é’,.tﬁ%g Erﬁ’é ﬁge?étor‘é-o?"(ﬁ{?%)osﬁ% use

t he LAN or ared priv a connhecti on Wi Vi ng “over T appli peaks

over whel m ”%ﬁ\gg? %ﬁb‘@n%ﬁﬁigﬁ@t%%&ﬁﬁies%%nﬁﬁ icRATKRY é}fb%%e h%?@t%!tgl A RATE

ADJUSTMENT [ one e I ment, t osting service 0 1ni y

assesses thenhavid ialhse 1wyt IReRG8ER thA © 182 afitHe bRMARGY 1 sélegncomnnel to
determ ne an appropriate data rate for the video stream and then

dynami cal | 'y tﬁéjcbﬁilpieééwn 5@ 40atcani gval RES ¥ Quality crthaissmbhessiit of that e, the
hosting service 210 may, for exanple, nodify the image resol ution and/or

t he nunber diled afloresamesa@nd compréssed @emgsdmeammione bé megytcdnaprebsionl | ent
415. Al so, the hosting service can adjust the quality |evel of the
conpr essed \Juadity. malras, sheimgs meakHsignels bo-INdism Rafiot(RENR)Jaodsftit eam e. g.
froma 1280 x 720 resolution to a 640 x 360 the video deconpression |ogic
412 on the dlatempingsshaiayves xestaipwindow ahti@e: eerainites are eansisigntly nage
size on the display screen. [0194]1n one enbodinent, in a situation where
t he channel RIBAwFiBgdejter quality results, then it gradually allocates more bits to tiles

that are producing lower quality results, until the various tiles reach a similar

level of quality. In an alternative embodiment, the compressor logic 404

allocates bits to achieve higher quality in a particular tile or group of tiles. For

example, it may provide a better overall perceptual appearance to have higher

quality in the center of the screen than at the edges.

[0178] In one embodiment, to improve resolution of certain regions of

the video stream, the video compression logic 404 uses smaller tiles to

encode areas of the video stream with relatively more scene complexity

and/or motion than areas of the video stream with relatively less scene

complexity and/or motion. For example, as illustrated in Figure 8, smaller tiles

are employed around a moving character 805 in one area of one R frame 811

(potentially followed by a series of R frames with the same tile sizes (not

shown)). Then, when the character 805 moves to a new area of the image,

smaller tiles are used around this new area within another R frame 812, as

illustrated. As mentioned above, various different sizes and shapes may be

employed as “tiles” while still complying with these underlying principles.

[0179] While the cyclic I/P tiles described above substantially reduce

the peaks in the data rate of a video stream, they do not eliminate the peaks

entirely, particularly in the case of rapidly-changing or highly complex video

imagery, such as occurs with motion pictures, video games, and some

application software. For example, during a sudden scene transition, a
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drops out, the hosting service 210 pauses the gane. In the case of a

mul tiplayer ganme, the hosting service reports to the other users that the
user has woappad3imat of the ganme and/ or pauses the ganePpCorustévs/ogisher
users. [0195] DROPPED OR DELAYED PACKETS [0196] I n one enbodi ment, if data is
| ost due to packet | oss between the video conpressor 404 and client 415 in

Figures 4a Ooﬁ@% gﬁaggéc’ﬁma %eafoﬂéﬁ%%ggfﬁcﬂﬁgr f"c%rﬁél‘é%%a%é it iQEQﬁrglégE@E he

arrives too ress an ncy TequiTenent

decompr esseqjiiffér%?i%EJJFﬁh\ShSﬁ%eQSFa‘Perﬁf@b??]gkg%r&c the 2Bhe tFaﬁsmoH gate

the visual artifacts. |In a“stream ng npl enent ati on, there is

a | ost/ del aygdomaGkidly frif@ tRhdd, t8eP 868 AelpSinitARaGLaHon BRESIN Md Nevgausi ng
the screen to conpletely freeze for a period of tine or show ot her

screen-w de fidrfgdl matetiaf Bgs Ao rél@fiofXamd grevidusa tilestindricayesitzaiokgbngauses

the loss of an | franme, then the deconpressor will lack a reference for all
of the P franeshdrisituatiohd avermtevén thawgh hotfevangthing chamgiegechuchfof ghd franme
is lost, thenit will inpact the P franes for the entire screen that

fol | ow. Depdmdigachamgle)ythemglieotcompresber 44 wiledeiarminerthabmappeiinst all.hi s

w Il have a |onger or shorter visual inpact. Using interleaved |/P tiles as
shown i n Fi qirtee Prleaase more gfficientlyoeadageas phleseand whalegsulisds alvekel y to
inpact the entire screen since it will only affect the tiles contained in
the af f ect ed2iggdheak inthe gatdhrate|fer hagiame. s sent within an i ndivi dual

: ﬁélkﬁh’r at ?gﬂoiafthEaSik@%gﬂs%a%%soﬁ BreAQu 'itd%f%kﬁeﬂ%&ee fhst ﬂ%ttvhlheﬁnoﬁ e packet
i 178P% he vided) © G I pac
't ?Le‘)ZEpZ‘Qr congfher g '4%5{16?%.5??Qﬁﬁn@?ﬁﬁégﬁsﬁﬂ% Yopegld e'*‘g"gma_r‘f
one t11 e on ¢ R EFRIa VF Gk} (B Bk olon it R alisKc St m AER) 1) ",

. ) o
SOME even Cs?ib%\ﬁé‘sbggfn fouf \G%rﬁi:ogg%{‘f?ﬂ% @E%{?@%}#%@%ma%ﬂe@f.“ power

next to a DSL li1ne t rmerly upts the t hen sonme of the

tiles will heotefthgcthedtatll @akitindigrate daut (eb?j.?%@ﬁ@@!} isl sentilly
qui ckly be renewed with a new !l tile, they wll be only briefly affected.

Al'so, with a starlestmigngurhbé for asers cansideimgathequrcinade ofdry Iremethe | frames
the nost critical frame, but the | frames are extrenely large, so if there

i s an event ddmaecteudrg gendrallypeddeehalygarpatieed |eviehef perifarnearteg Heor
probability that an | frame will be affected (i.e., if any part of an I
frame is | oghe purpeseswafithiselpplicatian.titis irelevani stwe de andcopneasgdetheat al |)
than a nmuch smaller | tile. For all of these reasons, using I/P tiles
resul ts in favailpeigenaximyiiaidaia fate S22atihe HiMeaidreaideqisesttrape@ éraegyed t han
with I/P frapes. 0197n] O&e enbodi ment ,attenéots tao reduce the effect of |ost
packet s the conhection. Consequently, in Figures 9a and 9c, as we describe a

solution to the peaking problem, the rated maximum data rate is omitted from

the graph, and only the available maximum data rate 922 is shown. The

video stream data rate must not exceed the available maximum data rate 922.

[0181] To address this, the first thing that the video compressor 404

does is determine a peak data rate 941, which is a data rate the channel is

able to handle steadily. This rate can be determined by a number of

techniques. One such technique is by gradually sending an increasingly

higher data rate test stream from the hosting service 210 to the client 415 in

Figures 4a and 4b, and having the client provide feedback to the hosting

service as to the level of packet loss and latency. As the packet loss and/or

latency begins to show a sharp increase, that is an indication that the
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by intelligently packaging the conpressed tiles within the TCP

(transm ssion control protocol) packets or UDP (user datagram protocol)
packets. Wwonoexaspke, in one enbodinment, tiles are ali gret/useaos/ogsmaeket
boundari es whenever possible. Figure 10a illustrates howtiles mght be
packed within a series of packets 1 001-1 005 without inplenmenting this

feat ure. Spegifb6al hityind in W80 193 is Lol ireicss, RRSKEL: HRUPHREAgS and are

packed i nefficiently’s e I"0Ss™ 0 singlre ‘packet 'resu n the

loss of ml té;e?\lliﬁ?%@%'%rg P?Irlﬁé%lmleﬁhe q t@?’a‘ié?ﬁ ?helfé%fs%%%%ilﬁ{é? | ost,

three tiles are Tost, resu g 1n visual artifacts. By contrast,

Fi gure 10b idikbHssiRt&Sortd hat RAEISE80h a8kt Dbfitphe tHY Rist k@AM pagdacki ng
tiles within packets to reduce the effect of packet loss. First, the tile

packi ng | ogiseehrbReRktaiith & laesepiable lpasksitpderunidas ia@d. thdhatency id sarTi , T3,
T4, T7, and T2 are aligned with the boundaries of packets 1001- 1005,

respect i vel yminithal. Tihisegtabkshes 4 pgak nexdmuat dataphte 8401 fwhich wilethen tbdri n
packets in the nost efficient manner possible, w thout crossing packet
boundari es. Basleas apetkelatd rate dbr gegamioy video.tQvardime,ithepetk datalrate ar e
conbi ned in one packet 1001; T3 and T5 are conbined in one packet 1002;
tiles T4 andP4rigwilfluctuipi(@de if anether pagikieta howsehold lartpgoihcaytiese the packet
1004; and tile T2 is added to packet 1005. Thus, under this schene, a
si ngl e packdptargaiscanectipps @nel the cligrt 415 willgreashioranstaniymenifon igi (rather
than 3 tiles as jllustrat in Figure .10a). [0199] One addit.jonal benefit to
the embodi mett® ‘Q’h%%ﬁr Pﬂg‘ﬁ%jﬁseoﬁ'@ N4 ' S?gé”a'ic a9 heavaighlemMaed in a
different or ' j 4 hevy are displayed within.the i This way, if
adj acent pacc%g% §ét_§r%ﬂ '%L%PS%%%@%W é@&r@%e(’\'%f‘ﬁ\w %gttagpétgerq R%ﬁ?tﬁ 'Jt}ﬁez
transm ssi o4l it s lHelaithEaTNbEN SHAING! i BESF ifaGHe AibEafy the
screen, creating a |less noticeable artif acting on the display.

finds that the packet loss and latency remain at optimal levels, it can request

that the video compressor slowly increases the data rate to see whether the

available maximum data rate has increased (e.qg., if another userin a

household has stopped heavy use of the Internet connection), and again

waiting until packet loss and/or higher latency indicates that the available

maximum data rate 922 has been exceeded, and again a lower level can be

found for the peak data rate 941, but one that is perhaps higher than the level

before testing an increased data rate. So, by using this technique (and other

techniques like it) a peak data rate 941 can be found, and adjusted

periodically as needed. The peak data rate 941 will establishes the maximum

data rate that can be used by the video compressor 404 to stream video to

the user. The logic for determining the peak data rate may be implemented at

the user premises 211 and/or on the hosting service 210. At the user

premises 211, the client device 415 performs the calculations to determine the

peak data rate and transmits this information back to the hosting service 210;

at the hosting service 210, a server 402 at the hosting service performs the

calculations to determine the peak data rate based on statistics received from

the client 415 (e.g., packet loss, latency, max data rate, etc).
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[ 0200] One enbodi nment enpl oys forward error correction (FEC) techniques to
protect certain portions of the video stream from channel errors. As is
known i n wbeoewd7379BEC t echni ques such as Reed- Sol onon amrdTNiSc@slosssgEner at e
and append error correction data information to data transmtted over a
communi cations channel. If an error occurs in the underlying data (e.g., an

| frane).  LB3ESTI® FEGiERG 92 HARY A0 BN dd 8 E1f Oarg [ BEQMUARG codes

i ncrease th rate Fansni ssi ey “are onhly used

where they a{f {Gb%&arﬁ%‘?ﬁ@é‘ne b{;rggféﬂyita%ggcgri rﬁgtiépr‘r?g#atth'égtbe‘éﬂ%éﬁé?é’ﬂedr esult in

a very noticeable visual arti erable to not use FEC

codes Lo pr Qg tridsy iz iEQorRpreaBlon teenfglied Betdited pmr(é)!ugteyearw precedes

an | tile that 17s lost wll y create a visual artifact (i.é., on tile on

the screen Widdiraied irPFigupsav@dib ad 81 YeBtvded comprirdopaot haiste@en. Such a
visual artifact is barely detectable by the human eye. As P tiles are

further backednfigoreahtol outpliesorhpieissgd aideat atl an hesrage dlata catedsatigloglower e
noti ceabl e. For exanple, if atile cycle patternis an | tile followed by
15 P til es UBbépeakaiata ratel%t 1 andvwité¢ Hidtemaghoithettimes the video ftrearmelata
i medi ately followng an | tile is lost, it will result in that tile
showi ng an iratoraneains betaye theopealsdateagte O hed coatragison s daieate @8dl d be
250ns8). The human eye will readi Ig detect. a disruption in a stream.for
250ns. So, tWE vigepsdieapheniagare Bp# shpwnrip SigueRereatad sing 1E/B ardd ¢l oser
a Ptiles fallows an | . tile), the re noticeable the artifact.
previously , , : an
ousty draBes sBaws dian Bk oy UBTLS sPoreeie BidlosS s muEk Smictagts an

tile, the sngl t he. r-dh il e.  Thus tiles following | tiles
not only ar erHaarIr%? tecﬁqllf,%éﬁa{n% %f’ 8?%‘&55% r(\gﬁ%cgea}q%o?& S, é)bﬁ}e Q%#é&/g\é{[ae smal | er
In size. An ' e t e 11S.
protect ed, ﬁ ﬁ‘éé gﬁ%l %}ﬁﬁ%wg %E%é%%gégr%@gg aﬁ)g)trﬁ%&feg L{p}?@tegg%if ?%ta[rg%OZ] So, as
i1l ustrated d4n)Rngtdia td@ eldac8eh& pRAK R fate RS 2WRRNIAE unacceptable. In

practice, even with high action video from rapidly changing video games,

peaks in excess of peak data rate 941 occur in less than 2% of frames, peaks

in excess of 2x peak data rate 942 occur rarely, and peaks in excess of 3x

peak data rate 943 occur hardly ever. But, when they do occur (e.g., during a

scene transition), the data rate required by them is necessary to produce a

good quality video image.

[0183] One way to solve this problem is simply to configure the video

compressor 404 such that its maximum data rate output is the peak data rate

941. Unfortunately, the resulting video output quality during the peak frames is

poor since the compression algorithm is “starved” for bits. What results is the

appearance of compression artifacts when there are sudden transitions or fast

motion, and in time, the user comes to realize that the artifacts always crop up

when there is sudden changes or rapid motion, and they can become quite

annoying.

[0184] Although the human visual system is quite sensitive to visual

artifacts that appear during sudden changes or rapid motion, it is not very

sensitive to detecting a reduction in frame rate in such situations. In fact,
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the inmportance of | tiles in the video stream only | tiles are provided
with FEC codes. Thus, FEC 11 01 contains error correction code for | tile
1100 and waQCowi10479eont ai ns error correction code for | PCiraSt@d®ssshkh this
enbodi ment, no FEC is generated for the P tiles. [0203]1n one enbodi nent
illustrated in Figure |l b FEC codes are al so generated for P tiles which

are most i K/%é/n Eﬁcﬁgbj&?e Vb@én’r?dceg eééu},gféﬁ%%érfs:tﬁéﬁthgl@r’@gﬂ §isﬁHE§&itéﬁ%’ FECs

1105 provide efror correcti il es, hot ™ f or

the P tiles C:Lr@é&cJﬁ?éé Pith tiébkﬁ@ﬁh@%ha%%@?%’cl?@tﬁoﬁgﬁfnﬁﬁ%ﬁ tRé ?raﬁfx{‘rzag ted for

P tiles whi are snallest 1 n-data si tend to se ect P

tiles occur rBrl&IgtdFGp§%H¢§(?§P§fté %'06;%‘ ahdlthb® retihLimMESiatdl@ tdBBfpsCAnkl cal to
protect). WD 2009/073792PCT/ US2008/ 085545 [ 0204] I n anot her enbodi nent,

rather than isemnstage aha bty Gemeatid tringitidn,like d Higdddn scan® dHamgenitd ed twi ce,

each time in a different packet. If one packet is |ost/delayed, the other

packet is ugemnan visual system does not notice if the frame rate drops to 20fps or even
15fps, and then immediately returns to 60fps. So long as the frame rate
reduction only occurs infrequently, to a human observer, it appears that the
video has been continuously running at 60fps.
[0185] This property of the human visual system is exploited by the
techniques illustrated in Figure 9b. A server 402 (from Figures 4a and 4b)
produces an uncompressed video output stream at a steady frame rate (at
60fps in one embodiment). A timeline shows each frame 961-970 output each
1/60™ second. Each uncompressed video frame, starting with frame 961, is
output to the low-latency video compressor 404, which compresses the frame
in less than a frame time, producing for the first frame compressed frame 1
981. The data produced for the compressed frame 1 981 may be larger or
smaller, depending upon many factors, as previously described. If the data is
small enough that it can be transmitted to the client 415 in a frame time (1/60™
second) or less at the peak data rate 941, then it is transmitted during transmit
time (xmit time) 991 (the length of the arrow indicates the duration of the
transmit time). In the next frame time, server 402 produces uncompressed
frame 2 962, it is compressed to compressed frame 2 982, and it is
transmitted to client 415 during transmit time 992, which is less than a frame
time at peak data rate 941.
[0186] Then, in the next frame time, server 402 produces
uncompressed frame 3 963. When it is compressed by video compressor 404,
the resulting compressed frame 3 983 is more data than can be transmitted at
the peak data rate 941 in one frame time. So, it is transmitted during transmit

time (2x peak) 993, which takes up all of the frame time and part of the next
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[0205] I n one enbodi nent, shown in Figure 11c, FEC codes 1111 and 1113 are
generated for audi o packets, 1110 and 1112, respectively, transmtted from
t he hostiwgQ 28@vo73™2 concurrently with the video. It is partiscaisasisys

i nportant to nmaintain the integrity of the audio in a video stream because
di storted audio (e.g., clicking or hissing) will result in a particularly

cont ent 15 1R AEE O R R HA DR m A T AR PR HN A o200 1n
anot her, embaghiivestdl el £984 SPRUIIGLAN BEREOHHIARRULD Fha, L he

audio data is transmtted tw ce, eac in a d packet . one

packet i s | Qfdth #elgaBRSH ahBRILGHARI WAK K9k, THisUSBBcal@R0idbbrongsbséqn, in one
enbodi ment illustrfated in Figure 11d, FEC codes 1121 and 1123 are used for

user input camenfigde engndibdartheeapeshpieskid (Ric fraebtion priegses)
transmtted upstreamfromthe client 415 to the hosting service 210. This

I S i nport antwhikciaissstilintrarsmiging dptibocomprssedrframaoDseoursg eliemt4i5isa vi deo

garme or an application could result in an undesirable user experience.

[ 0208] | n anotidery deadropiassnt wilk fail he recdieen frasredd oy tainsi AR cattausistth
display on display device 422 frame 3 for 2 frame times (i.e., briefly reduces
the frame rate from 60fps to 30fps).
[0187] For the next frame 5, server 402 outputs uncompressed frame 5
965, is compressed to compressed frame 5 985 and transmitted within 1
frame during transmit time 995. Client 415’s video decompressor
decompresses frame 5 and displays it on display device 422. Next, server 402
outputs uncompressed frame 6 966, video compressor 404 compresses it to
compressed frame 6 986, but this time the resulting data is very large. The
compressed frame is transmitted during transmit time (4x peak) 996 at the
peak data rate 941, but it takes almost 4 frame times to transmit the frame.
During the next 3 frame times, video compressor 404 ignores 3 frames from
server 402, and client 415’s decompressor holds frame 6 steadily on the
display device 422 for 4 frames times (i.e., briefly reduces the frame rate from
60fps to 15fps). Then finally, server 402 outputs frame 10 970, video
compressor 404 compresses it into compressed frame 10 987, and it is
transmitted during transmit time 997, and client 415’s decompressor
decompresses frame 10 and displays it on display device 422 and once again
the video resumes at 60fps.
[0188] Note that although video compressor 404 drops video frames
from the video stream generated by server 402, it does not drop audio data,
regardless of what form the audio comes in, and it continues to compress the

audio data when video frames are dropped and transmit them to client 415,

which continues to decompress the audio data and provide the audio to
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user input command data, the user input conmand data is transmtted tw ce,
each time in a different packet. |If one packet is |ost/delayed, the other
packet i swoea/07pB209] 1 n one enbodi ment, the hosting sePCTaS28%08#3ISesses
the quality of the comuni cation channel with the client 415 to determ ne
whet her to use FEC and, if so, what portions of the video, audio and user

comands Lo JRENGFRE SR e RPLLA easesRine L B TRk, Of 1o
o doscr! bechiEsuhboktd RS Id RREH [EHATAY B5 G B Rordchep e

hosti ng service es, o and

user CcOMMBNGS,i@oRathed el el anaarehidds sratdhlign, thepat&eidost i ng

service 210 nmay apply FEC only to audio and ‘user conmands, or nay not apply

FEC t o audi acopiprésde®videb, BRY aBabsuls Bo&ERobhad & - majar infbksct @@ overall
pernutations of the application of FEC may be enpl oyed while still

conpl yi ng widdiatrates Althodgh itys ngt ilustratedlieany lof tlenda@atsl diagrams| therdiost i ng
service 210 continually nonitors the conditions of the channel and changes
t he FEC pol iis plveaysodatarrgieycagaety 0¢s$ervad domide combyereisaethaudioestesant mithiro

Fi gures 4a and 4b, when a packet is |lost/delayed resulting in the |oss of
tile data orthefpeaslatafriet?ddause of a particularly bad packet |oss, the FEC
is unable to correct lost tile data, the client 415 assesses how many

Frisbbdpes ol iileativuioilic it tied sl i
round 11 | f}%ﬁﬁfr?t@% r@%ﬁ&%&ﬁ%rwg %ﬂ?ﬁg@ﬁe R ﬁ%gﬁs%f gpgs RhFE e i
210 request i'ﬁaqag Vﬁﬂ% {h%t(MCQS%Phﬁ%?ﬁé@ﬁgﬁ%gpgé@%q&few Ugﬁeglrgi & géﬂﬁir essor
Lost, Tt ool rARAS A foledauenti®l 4Bkl o Caldione, dRrfuliffy Pon

4b i s desi gfiggh S8 Bty PANEotdr Bed RSk thast YRkRLLY i ess t han

80nms, this results 1n ati ng correct wthin 8 fps, franes

are 16.67ns mecﬂgamteispmotiblatp%tpfesfaﬂd sbmampplitamsh sS0Ward Tpreyusmy, d

result in a corrected a tile within 83.33ns, which is 5 frane ti nes-a
noti ceabl e dhsrepideanirametrafedy arcdaBetoénteerabbrief! Sadthd bumexamala, a 250ns

di sruption for 15 franes). Wen the conpressor 404 generates such an | tile
out of its wysEmMddpekinot detbet therh. the | tile woul d cause the bandw dth of
that frame to exceed the avail abl e bandw dth, then the conpressor 404 wil|
del ay the c\0n98] of t Hethetframetralecredsictiommechasison fust deserized iscgpliedP til es
during that frame time (even if one tile would normally be due an | tile
during that tprbewideoasiteans atastade iliusgalad in kigerendithe resritingsidgdual cycling
wi |l continue, angthetil,ﬁthat norl_JmIIy ,

stream data rate is illustrated in Figure9c. In this example, 2x peak 952 has

been reduced to flattened 2x peak 953, and 4x peak 955 has been reduced to

flattened 4x peak 955, and the entire video stream data rate 934 remains at or

below the peak data rate 941.

[0191] Thus, using the techniques described above, a high action video

stream can be transmitted with low latency through the general Internet and

through a consumer-grade Internet connection. Further, in an office

environment on a LAN (e.g., 100Mbs Ethernet or 802.11g wireless) or on a

private network (e.g., 100Mbps connection between a data center an offices)

a high action video stream can be transmitted without peaks so that multiple

users (e.g., transmitting 1920x1080 at 60fps at 4.5Mbps) can use the LAN or
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woul d have received an | tile in the preceding frame wll receive an |
tile. Although this action briefly delays the phase of the R frame cycling,
it normalwo 200973190t be noticeabl e visually. [0211] VI DEGCAND2008IDE345
COVMPRESSOR/ DECOMPRESSOR | MPLEMENTATI ON [ 0212] Figure 12 illustrates one
particul ar enmbodi ment in which a multi- core and/or nulti-processor 1200 is

d t tiles | " i | ,

quad cor o xR ahr e PoERERP IR (BT SRR pefi e, "l o Coea,

W th each coinyABINGAEME RBAIR PREE SRR SwitAbddkpBhegONPr essor as an
er ar awar S

| ndependent process. wever, various ot oft war e

configurati qosoppy be pgedRWRE ApJsstenicOMPl Ying with these underlying
princi pl es. For ‘exanple, each of the CPU cores can be replaced with an

H. 264 conpr g8%98] i NPl aARyMeasmbodiaiertRG. hdsting kengzappb enishinasdgisbsgure 12,
cores 1 201 -1 208 are used to concurrently process the I tiles and P tiles

as ei ght i ndhpenditatletrhadmdsn dat fate 6L lankiratemcy of theeclarinel todetsmmine

mul ti-core and nulti-processor conputer systens are inherently capable of
mul ti -t hr eadimappviopriaiendaigratecior whe Wideolstiearrhaed dhergdppanizallngdisgts daes such
as Mcrosoft Wndows XP Professional Edition (either 64-bit or the 32-bit
edi tion) andlatanaie. inresa@lsen thadipisbig datatraie, the hestingisermicei J @ @ay2, since
each of the 8 cores is responsible for just one tile, it operates |argely

i ndependent 179 examPlenQstiydhe ¢Hage reerleton anaionNandelsr ot kamestsasendt i on

A o S A T (TN ALY

Net herl ands é.d?USLﬁﬁg qhglitgla}g\yéfro? the compressed video. When changing the
resolution of the video stream, e.g., from a 1280 x 720 resolution to a 640 x
360 the video decompression logic 412 on the client 415 can scale up the
image to maintain the same image size on the display screen.
[0194] In one embodiment, in a situation where the channel completely
drops out, the hosting service 210 pauses the game. In the case of a
multiplayer game, the hosting service reports to the other users that the user
has dropped out of the game and/or pauses the game for the other users.
[0195] DROPPED OR DELAYED PACKETS
[0196] In one embodiment, if data is lost due to packet loss between
the video compressor 404 and client 415 in Figures 4a or 4b, or due to a
packet being received out of order that arrives too late to decompress and
meet the latency requirements of the decompressed frame, the video
decompression logic 412 is able to mitigate the visual artifacts. In a streaming
I/P frame implementation, if there is a lost/delayed packet, the entire screen is
impacted, potentially causing the screen to completely freeze for a period of
time or show other screen-wide visual artifacts. For example, if a lost/delayed
packet causes the loss of an I frame, then the decompressor will lack a
reference for all of the P frames that follow until a new I frame is received. If a

P frame is lost, then it will impact the P frames for the entire screen that
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unconpressed video at 640x480, 800x600, or 1280x720resol ution, and the FPGA
on the card uses Direct Menory Access (DMA) to transfer the captured video
t hrough twe 200078192 i nto system RAM The til es are arramgedSzevsassbi
arrangenment 1205 (although they are illustrated as square tiles, in this
enbodi nent they are of 160x240 resolution). Each instantiation of x264's is

o o NSRBI 8 B B cor

synchroni ze suc r il I"e “conpr

t i nt . . : _
conpr ess. ond 461 |apbBr Snaer e imBeby. HqrRIRRE ISR BEBIC Ak kholitin

12. [0214] Egghufdsarieand 78, aldu/depfjdd patket ATRLEE S (IKeh e jHpace HEpi ned into
a packet stream wusing the techni dques previously descri’bed, and then the

conpr essed tdrties sarent 4iades Mvil 6dlytaifet dastilebabheingd irethe atfdeted packet.
[ 0215] Al t hough not illustrated in Figure 12, if the data rate of the

conbi ned 8 tIf bash tetedata ia sepewithineth ipeakdudaipacket, thedil a gdeket iallbst8itx264

processes are suspended for as nmany franme tinmes as are necessary until the

dat a for thewidombi affect®neitilesOhegursesthetaduaton pf the. visual artifact will
depend on whether an I tile packet is lost and, if a P tile is lost, how many
frames it will take until an I tile appears. But, given that different tiles on the
screen are being updated with I frames very frequently (potentially every
frame), even if one tile on the screen is affected, other tiles may not be.
Further, if some event cause a loss of several packets at once (e.g., spike in
power next to a DSL line that briefly disrupts the data flow), then some of the
tiles will be affected more than others, but because some tiles will quickly be
renewed with a new I tile, they will be only briefly affected. Also, with a
streaming I/P frame implementation, not only are the I frames the most critical
frame, but the I frames are extremely large, so if there is an event that causes
a dropped/delayed packet, there is a higher probability that an I frame will be
affected (i.e., if any part of an I frame is lost, it is unlikely that the I frame can
be decompressed at all) than a much smaller I tile. For all of these reasons,
using I/P tiles results in far fewer visual artifacts when packets are
dropped/delayed than with I/P frames.
[0197] One embodiment attempts to reduce the effect of lost packets
by intelligently packaging the compressed tiles within the TCP (transmission
control protocol) packets or UDP (user datagram protocol) packets. For
example, in one embodiment, tiles are aligned with packet boundaries
whenever possible. Figure 10a illustrates how tiles might be packed within a
series of packets 1001-1005 without implementing this feature. Specifically,
in Figure 10a, tiles cross packet boundaries and are packed inefficiently so

that the loss of a single packet results in the loss of multiple frames. For
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[0216] I n one enbodi nent, client 415 is inplenented as software on a PC
running 8 instantiations of FFnpeg. A receiving process receives the 8
tiles, amdoea®n7siske is routed to an FFnpeg instanti ati @eaT/vskeoslsss4s
deconpresses the tile and renders it to an appropriate tile location on the
di spl ay device 422. [0217] The client 415 receives keyboard, nobuse, or gane

troll ' ’ R ' | QY t 1 s it to th

cerver 40z, SREREr TBRtHTs ToR3, 00l A8 A PRE MRS TRR LRI o and

applies it t l%ép%rtgggg_ or application running on the server 402, which is a
0

PC runni ng ws using an Intel 2.160Hz Core Duo CPU. The server 402 then

produces a reyo8y ame aB\dcOuttit Siglte § O ANGRatdsStiIPWacRingRYic 1®10eF froma
not her boar d-based graphi cs system or through a NVIDI A“88000TX PCl card's

DVl out put. iht@a_ig%hﬁy@abkiagﬁtmwuhintpt‘@_kéﬁima’fedé@étr%léﬁelétsoft keudss. produced
by gane or applications through its digital audio output (e.g., S/ PDF),

whi ch i s coufitstdhedilé packingidgit 1audiatighs filets with paeketimlungeasds.cdhes,
Xeon-based PC that is inplenenting the video conpression. A Vorbis open
sour ce audi dilepijr €8sb4, T4 anskt? ace alignadkwih tiebaundaries efidacketol@dly with
t he video using whatever core is available for the process thread. In one
enbodi nent, me%, cesrectively. dhepile paskivgrpgie Sdshatiempts tol fd tles withiexecut es t he
audi o packets in the most efficient manner possible, without crossing packet

boundaries. Based on the size of each of the tiles, tiles T1 and T6 are

combined in one packet 1001; T3 and T5 are combined in one packet 1002;

tiles T4 and T8 are combined in one packet 1003; tile T8 is added to packet

1004; and tile T2 is added to packet 1005. Thus, under this scheme, a single

packet loss will result in the loss of no more than 2 tiles (rather than 3 tiles as

illustrated in Figure 10a).

[0199] One additional benefit to the embodiment shown in Figure 10b is

that the tiles are transmitted in a different order in which they are displayed

within the image. This way, if adjacent packets are lost from the same event

interfering with the transmission it will affect areas which are not near each

other on the screen, creating a less noticeable artifacting on the display.

[0200] One embodiment employs forward error correction (FEC)

techniques to protect certain portions of the video stream from channel errors.

As is known in the art, FEC techniques such as Reed-Solomon and Viterbi

generate and append error correction data information to data transmitted

over a communications channel. If an error occurs in the underlying data

(e.g., an | frame), then the FEC may be used to correct the error.

[0201] FEC codes increase the data rate of the transmission; so ideally,

they are only used where they are most needed. If data is being sent that

would not result in a very noticeable visual artifact, it may be preferable to not

use FEC codes to protect the data. For example, a P tile that immediately
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conpression. The conpressed audio is then transmtted along with the
conpressed video, and is deconpressed on the client 415 using a Vorbis

audi o decwopnr@agsr2 [ 0219] HOSTI NG SERVI CE SERVER CENTERPDIr SRR 0BIOFISTN

[ 0220] Li ght through gl ass, such as optical fiber, travels at sonme fraction
of the speed of light in a vacuum and so an exact propagation speed for
light in opt}] i her .. - ; ! i ctl.C | .ow.pg tine
for routi ng Mareges 4F HEHRETGREPETR BRSie Adlsud Ao ELb Snafh oidh el

have obser Veé%réé}?&zgpﬂéti S8R, %%%gag@rﬁ?%(ﬁ"tﬂgf é;{cgn@t@d fd sér@éhe%%%é WI Ssi on

speeds closer to %the s s, an optinal round
trip | atencyyrtifcBRIGH%IEtBEMDIRZEP the2RGmaR Bt | Adp 1f0 HukiBef pHAE trip

| atency is about 64ns. "Thus, a single server on one US coast will be too
far away to fegh\e@ ClileClobmga Ptifle betbeesaaeehsinhgly mbreastideaibks Far as 3000
mles away) with the desired | atency. However, as illustrated in Figure

13a, if the éxantplagf adile cpae Dafteaeisvar I tikerfokowd@0 1i5sP ltitesalbefdre an Thiee cent er
of the US (e.g., Kansas, Nebraska, etc.), such that the distance to any
poi nt i n thasavaildbieagaln, tsen § the PrideimeteeliatelyFolowinges biileliedast, it il r ound
trip Internet |atency could be as low as 32 ns. Referring to Figure 4b,
note that alfeReiijhthehélevgioning gedneeiresidmagedon b@/érama)tdmtaﬁéaﬁﬁ%?ps, #rt453 s
25ms, typically, we have gbserved | atencies closer tg 10-15nms with DSL and

cabl e modemWSWd &9s250Me)o Theihuman gye ¥dlk(pactly delratiaimuptiondm aestiaad t he
' to.th ' 210 of 1000. m | es.  Thus, w
Bypt cal eﬂ‘s;‘ﬁgs %‘%ﬁm_a}‘jﬁa, e ﬁ?tfw'aé‘ﬂa@s?f‘ ?tr"%?rtgmﬁb%@e%ﬁhhms (ﬁéﬁ%fﬁ%fﬁ':{m% ne?d
i stance o €es r o] [ NCcy,. otal roun
trip Iatencﬁ% &%g]i"’ﬁearb{)ﬁlﬁ?’%gétﬁ@% rga&c%gb%stﬁﬁ%uﬁcbé%"@rngy Iyand sees a
resbonse on gl apkan iEYLRerARAdaL T 41862 PSR, 20500 v Samdie 0TS
response time can be typitalfy achieved over an I'nternet di’stance of 1500

mles. This m@wa}ga BrltRdt PRle. USRI, Prifss RASWM Milds gltsgb@ged}euﬁ&et&ﬁrcal SP

| atency 453 in the confinental US to access a sin rver center that is

central ly | ag#ir6@ct fréfa %ﬂ&ﬁ&l?ﬁ&&ﬁé{h@%&ﬂé%@ﬂé AR 33 hReanahBer
enbodi nent, illustrated in Figure 13b, the hosting
smaller the data is that needs to be protected, the smaller the FEC code
needs to be to protect it.
[0202] So, as illustrated in Figure 11a, in one embodiment, because of
the importance of I tiles in the video stream, only I tiles are provided with FEC
codes. Thus, FEC 1101 contains error correction code for I tile 1100 and
FEC 1104 contains error correction code for I'tile 1103. In this embodiment,
no FEC is generated for the P tiles.
[0203] In one embodiment illustrated in Figure 11b FEC codes are also
generated for P tiles which are most likely to cause visual artifacts if lost. In
this embodiment, FECs 1105 provide error correction codes for the first 3 P
tiles, but not for the P tiles that follow. In another embodiment, FEC codes are
generated for P tiles which are smallest in data size (which will tend to self-

select P tiles occurring the soonest after an 1 tile, which are the most critical to

protect).
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service 210 server centers, HS1-HS6, are strategically positioned around
the United States (or other geographical region), with certain |arger

hosti ng swowvbh@®7s®ever centers positioned close to hi ghpPpopskesiogss4Eent er s
(e.g., H52 and H55). In one enbodinent, the server centers HS1-H56 exchange
information via a network 1301 which may be the Internet or a private

netwiork o 8D M2t ARt finodhy Tl by SRR APRES g hoCS

can be provi | ower Iatency 0 users have user I"at'ency

453. [0222] Al haegie @ t?ér%?ﬁuﬁe&@wk'éeﬁéé?ﬁ ﬁﬁ{éte‘hea{ ﬁlff%?éﬁt a'&kéét % dif n% Qéke hat

contributes to round trip latency throug nt ern someti nes ot her

factors comggidyiRicRyY, gﬁpéthgf Eab@tggbge@l_nrel ated to Iatency. Sonetinmes a
packet streamis routed through the Internet to a far away | ocation and

back again, [020§] ting Ihreadrabeinigrentidven InoFiguteope, FBRORLUBES 1therel is
routing equi pnment on the path that is not operating properly, resulting in

a del ay of tthie3tar@nganesatedfor Sodiptpavketd, hen e angl © 12; add$peactioglgr | oadi ng a
pat h whi ch introduces delay. And, sonetines, there is a failure that
prevents t hdransenitted fref fhreohostingt sergice coacyireetly wébtheaideon lhis al . Thus,
whil e the general |nternet usual Ié provi des connections fromone point to
anot her wi t Hoagtieyany impenariip enintainpia meority of theadiddip 4 arnidea plsgams

| argely determ ned by di stance (especially with | gng di stance connections
that result t?%aﬂéﬁtqﬁﬁ@rt%@%ﬂ@e € P'FF&"'IQ;@W@S'F‘GM’I'” sEl N SRARIGWRINADI | ity
and Iatency i/ BO means guar antf ofte gnnot bemaﬁg? eved froma
user's premYEESIEPe Y& SXPHECRGS CogRs 6%'9 P&NSHH CaP923] I n
one enbodlrre n i it n ts to the hosting
service 210 ¢ (5“%'? § %r?q;#%@gt BL%T@%&I%%}E}QU&‘%{ JéﬁépYVﬁgélt' @%t%rtﬂ% client

communi cat e eac

avai |l abl e ugon srart unn%nottmﬁ émgédlﬂ‘%ﬁﬁ%{a\éﬁc %hérﬁééﬁgmggﬁ ﬁ%g %\b@? If the
atency 1S lRuieaguand AldB ki E%Hhé\hltfe‘éjrtw?éé e e & fifereqnaRgbhon | s
used. In one e all,

iment, the client conmmunicates with or a subset, of
the If one packet is lost/delayed, the other packet is used.
[0207] In addition, in one embodiment illustrated in Figure 11d, FEC
codes 1121 and 1123 are used for user input commands 1120 and 1122,
respectively (e.g., button presses) transmitted upstream from the client 415 to
the hosting service 210. This is important because missing a button press or
a mouse movement in a video game or an application could result in an
undesirable user experience.
[0208] In another embodiment, rather than sending an FEC code with
user input command data, the user input command data is transmitted twice,
each time in a different packet. If one packet is lost/delayed, the other packet
is used.
[0209] In one embodiment, the hosting service 210 assesses the
quality of the communication channel with the client 415 to determine whether
to use FEC and, if so, what portions of the video, audio and user commands
to which FEC should be applied. Assessing the “quality” of the channel may

include functions such as evaluating packet loss, latency, etc, as described

above. If the channel is particularly unreliable, then the hosting service 210

85



hosting service server centers the one with the | owest |atency connection
is selected. The client may select the service center wwth the | owest

| at ency cwonre@ii’am2or the service centers may identify trhe/usa@snsishst he

| owest | atency connection and provide this information (e.g., in the form
of an Internet address) to the client. [0224]1f a particular hosting

an-torer at o PREEPYTERCTo BB ARREP A8 loid AR HRRE BB RS Bl cerver

I ng servitce server

center. ¢ hendriact it HBtorhielRohible ofichdfé st LORIQ! RS gty ser vice

server center. I'n’'such a situation, ame or application th ris

runni ng woul tE HnRASAHIS Anb e BbMPhartiy o@%éﬁﬁot’fpﬁﬂ%FE@’@é&ﬁ@%@ server

center, and the gane or application state datd wo e transferred to a

server 402 alided)@rhesy AOSLsBESLANVAIC eV ERsuELother peenutalibes Bt or _
application would then be resuned. |In one enbodi nent, the hosting service

210 woul d weagplivation ot RECgaag bereraplplyed athilerstii a®meglyihgwithethebed a nat ur al
pausi ng point (e.g., between levels in a gane, or after the user initiates
a "save" opesrglerlyimgi prireigles.c &t ooeemimdivenhdéhe hastigserviae 3l camtotuady

enbodi ment, the hosting service 210 would wait until user activity ceases
for a speci fmeditgrerithegooditionsef the ¢hannel and¢hangasthe hek RBIGYd initiate the
transfer at that tinme. [0225] As descri bed above, in one enbodi nent, the
hosting ser\A%¥8'3A9Ysubscribes to an Internet bypass service 440 of Figure

S ot Tl TS MBRAl 8sd b it OISO, oo
Lo one POl oSG O L A UL AN SRR BEA G 55
1o el Vi Gol AR el ! g rEE SR B Sl el v

e soce, U SESR A R SRR L 0 e s

itsel f or angtdioedRheMoiedareBettaRRE rbled-BRatency from the client 415 to
hosting service 210. If the round-trip latency is less than the number of frames
before a new I tile is due to arrive, then the client 415 sends a message to the
hosting service 210 requesting a new I tile. This message is routed to the
video compressor 404, and rather than generating a P tile for the tile whose
data had been lost, it generates an I tile. Given that the system shown in Figs.
4a and 4b is designed to provide a round-trip latency that is typically less than
80ms, this results in a tile being corrected within 80ms (at 60fps, frames are
16.67ms of duration, thus in full frame times, 80ms latency would result in a
corrected a tile within 83.33ms, which is 5 frame times—a noticeable
disruption, but far less noticeable than, for example, a 250ms disruption for 15
frames). When the compressor 404 generates such an | tile out of its usual
cyclic order, if the I tile would cause the bandwidth of that frame to exceed the
available bandwidth, then the compressor 404 will delay the cycles of the
other tiles so that the other tiles receive P tiles during that frame time (even if

one tile would normally be due an I tile during that frame), and then starting

with the next frame the usual cycling will continue, and the tile that normally
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Franci sco-based central offices and one or nore of the server centers for
hosting service 210. Then, if routes fromall hosting service server

cent ers H80-2biBA78120ugh t he general Internet to a user POTEBR0NBOSSIEF SCO

usi ng AT&T DSL result in too high latency, then private data connection
coul d be used instead. Although private data connections are generally nore

expensive t G e, EOULSS.Y BRAYED 1 HRREAL fOhEYAftacehf bOTRIES they

remain a snall percéntage o he” hosti'ng "ser connecti ons"'to users,
t he overall i bl i r i | i
consi st ent S@ﬁﬁuggrfg%;éeﬁt%nﬂgﬁ @[d(?g%a %ggpv@%cozﬁpt‘\éeﬁ sfr%'?(]t% g(fa/ cﬁﬁé@,ﬁt ?O\A% IE/yer S

of backup pouyBhot BeldgiceMBlvifapower failure. The first layer typically is
backup power from batteries (or froman alternative inmediately avail abl e

energy sour qezjﬂdch a Vibrohse! AuDI@ COMPREE BOR/DEVOMHRESBOR I APEENMERTASON O a
generator), which provides power inmedi ately when the power mains fail and

keeps the sq02#2] cent efigunent@ iligstrafestdre pantieulat @mbodémest inrwleith aanditit he
power mains return quickly (e.g., within a mnute), then the batteries are
all that is csednd/aranuiégpocessosdi208ris ceed v compnéssyd tiBgtiniparalled power
failure is for a |onger period of tine, then typically generators (e.g.,

di esel - power®®) erapedigneit @ duappraeesserakieadgere &@ﬂntcl‘n%U [SQIMPMeeSySEI@ can run
for as long as they have fuel. Such generators are extremely expensive

since they MHERINGAtZBRMHZ of igheaisySRy: MthigRRAN GIRENPIRMeMHINGBERAE cent er
nost g ser vicets K FisBEL REmBreSr ag it bs aAt Fipiotsser Qe ola {f one

that care-i n raoasinedfopall st to T RATRan G B AR RS TE at ot o
15 S0 Skt A i 6 Sy SHBE FOBEDLA s e

notify the clien 1t °co rons to the new

server 402. (gr¥eBah %treg%%@d%fw&ﬁ !—Eﬁ'@4 B6fmipredsot irRBIRRMNEANG in hnEBG RSN

acceptable to transfer user to a hosting service server center which is

not abl e to tpe@X%hADIOBROWRIIN FRIREAY, Cbred- 1201208 Bfe Wbéd to SditRIrdenigve to
tol erate higher latency for the duration of the power failure), which wll

al l ow for a procéssihaerticaage Fofilespisiengist ihdepdridems treeadsg Asde el Krevn
exanple, given the time zone differences across the US, users on the East
Coast may bendloe ag, tarrehteapltiadoréd An80RMtiwriocessm erosnmuriet bestdbistar€oast at
8:30PM are starting to peak in video gane usage. If there is a power
failure in anherenilygapableia engliirtheadiignhwben inegratedwdth raolisthreadingat ti ne,
there may not be enough West Coast servers 402 at ot her hosting service
server cent éRerainharre@sauchgs MirsosefeVgndows Kirc RroafessionaliEQHoN Ierof t he
users can be_t ,ansferre%,to,ho ting service server centers on the East
Coast whi ch %b'éoémﬁ paitedig 09X and the only consequence to the

users woul d i gher latency. Once the users _have heen transferred from
the server J@ﬁi‘ t hatlnﬁé% © ”BS%'L‘,JS'L{#«?&% {agred n?@rceceﬁﬁ:%tﬁéhe omence
an orderly s L r . I n e
equi pnent ha%végfeé\rll%gﬁé?éléo%v\%?i)delsigﬁgq@]%e'ﬁ%g%rgg% 'é@%@ﬂ?’gﬁoﬁg‘bemg{“aﬁ‘g power
backup) is E‘diﬂ@r“éérgé; eddh Mg @%ephftfie FRtAn o H62BUARNABCT BXprlcls x3T Ver
center can be avoi ded.

based DVI capture card, such as the Sendero Video Imaging IP Development

Board from Microtronix of Qosterhout, The Netherlands is used to capture

uncompressed video at 640x480, 800x600, or 1280x720resolution, and the

FPGA on the card uses Direct Memory Access (DMA) to transfer the captured

video through the DVI bus into system RAM. The tiles are arranged in a 4x2

arrangement 1205 (although they are illustrated as square tiles, in this

embodiment they are of 160x240 resolution). Each instantiation of x264’s is

configured to compress one of the 8 160x240 tiles, and they are synchronized
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[0228] I n one enbodi nent, during tinmes of heavy |oading of the hosting
service 210 (either due to peak user |oading, or because one or nore server
cent ers haoeodi7Bmd) users are transferred to ot her serPemr/useoBess4dn t he
basis of the latency requirenents of the ganme or application they are
using. So, users using games or applications that require |ow latency would

iblil 2 Vim Cea UgarG o R ALMReS e TR AT e PRI AR " 1T
Servi ce 210 Tl SadeiE Liier PERPEMInP el L6 ?Fes%fé"‘oeﬁét"@ié“%?ﬁb?ﬁe
hosting serwg@ndHfiiek! hgliratraktd in Figod £2.2a, the conponents of this server

center are controlled and coordi nated by a hosting service 210 control

system 401 yobesp ot hexxdiskamealné, b resiithg@OMMPISEERRINET ksSONBIRB5545
into a packet stream, using the techniques previously described, and then the
compressed tiles are transmitted to a destination client 415.
[0215] Although not illustrated in Figure 12, if the data rate of the
combined 8 tiles exceeds a specified peak data rate 941, then all 8 x264
processes are suspended for as many frame times as are necessary until the
data for the combined 8 tiles has been transmitted.
[0216] In one embodiment, client 415 is implemented as software on a
PC running 8 instantiations of FFmpeg. A receiving process receives the 8
tiles, and each tile is routed to an FFmpeg instantiation, which decompresses
the tile and renders it to an appropriate tile location on the display device 422.
[0217] The client 415 receives keyboard, mouse, or game controller
input from the PC’s input device drivers and transmits it to the server 402. The
server 402 then applies the received input device data and applies it to the
game or application running on the server 402, which is a PC running
Windows using an Intel 2.16GHz Core Duo CPU. The server 402 then
produces a new frame and outputs it through its DVI output, either from a
motherboard-based graphics system, or through a NVIDIA 8800GTX PCI
card’s DVI output.
[0218] Simultaneously, the server 402 outputs the audio produced by
game or applications through its digital audio output (e.g., S/PDIF), which is
coupled to the digital audio input on the dual quad-core Xeon-based PC that
is implementing the video compression. A Vorbis open source audio
compressor is used to compress the audio simultaneously with the video
using whatever core is available for the process thread. In one embodiment,

the core that completes compressing its tile first executes the audio
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[0231] I nbound internet traffic 1501 fromuser clients 415 is directed to

i nbound routing 1502. Typically, inbound internet traffic 1501 will enter

t he servewocemes79zi a a hi gh-speed fiber optic connecti @aTtus24080835a% er net ,
but any network connection neans of adequate bandwi dth, reliability and | ow
| atency will suffice. Inbound routing 1502 is a system of network (the

network can iR BIERhE o L NER0S st Al Bg AR Wl30e! networ

or through ah transp neans Servers
supporting t (RIRY’ s each
packet 10 th%?%%%%%%@?%é’”%ﬁ@'%@éﬁ%%sﬁéd tha%'gﬁf*ﬁ SO VEST 1505
I'n one enmbodi mdHecdmpasdset. Which is delivered to a partlcular app/ game
server represents a subset of the data received fromthe client and/or may
be transl at gg2t9pnged MysHiG SERVOESEFERSCERTER DISPRIBOPION Ng conmponents such
as gateways and routers) within the data center. In sone cases, packets

wi Il be rout[e@20b nor d.igahraugh gass,esuchEXlogdie2bfiber, ravelseat soore example, if
a game or application is running on nultiple servers at once in parallel.

RAI D array I&tionsf2haspeednhightea atvacuhen, iamossman esact propagatimr KpdexD2,
such that the app/ganme servers 1521-1525 can read and wite to the RAID
arrays 1511-feBlight iF@ptieaifioes craldb@deigymirerh Bukhndtiaciogs, Bowing Enedered as
multiple RAID arrays) is also connected to the inbound routing 1502 and
dat a from RAPBNIRG QQW%tign%faﬁSlS’é‘ ingligianctas, aﬁﬁloé%@‘éeéﬁ“%@? Ve 8aYe 1525, The

netvork ar cIATREH el OPHBRL ARy o sie tilefhelte b PRGmRBL Pied, (e
| ntor connec g4 P0ge e 5okt S pfEia olpalRER Pl s fedetsiover s s

of subnets, i

segregated f rgpp{:ééﬁ@ggé& E?Fn%d? %Pf%&mt Ol%}&ﬂ eV| cgtse%&ggpg&w of

net wor k conf i I Y. st orage
dovi ces, i1 s a0 Snde SN Mo S R vl BB | %‘Eéraavt'b?@%s%éé?eamg

devices. A Wentdén ﬁ@éiﬂéﬁ@oéﬁﬁ%"@ dar?be Hadar ﬁ@BO@@‘?ﬁlléwﬁaﬂ%ﬁH Mee
networ k connections to the inbound routing 1502. For exanple, a server

1521- 1525 majedhradda@nopt Mowkvepaseinistated i Rigakngs, |atHea|¢d5mmgtsyﬁééD Arrays
1511- 1512 and anot her network connection to a subnet attached to ot her

devi ces. [ 02317 SdrecapqitganB06 & loeatedlib2fie tBREer mayhaUS (eeg.cBahsagir ed t he
sane, sone differently, or all differently, as previously described in

rel ation to Neprasks, et02, suchthat thebdigiameattoiany yxtintdn ¢k contenialdJdas I n one
enbodi ment, each user, when using the hosting service is typically at |east
one app/ gan@%@ﬂ&atﬁﬁﬂﬁﬂ@wlﬂﬁs eolesehidegakad Hip Ktafnet Etegcioeoldd petat i on,

we shal | assune a give ser is S|ng app rver 1521, but multiple
servers coull@WgEs$ %ﬁﬁ?‘%{ﬁ@gdg Urg it rﬂ?ltg%t@?tﬁg%ggt%wplﬁﬁts‘ﬁé?e a single

o orevt gﬁi[%teef@gie?f% e S AShe TRt Sl P 1 and
S

IsZr?r/glrjt 7521 THEEIs AORHD L P P CRY %%&%ﬁﬁﬁf‘lﬁ %Jf%%/m@“rd d

the audi Bogs‘{s“ég.gga”tm%ga A ﬁ%ﬁé}”dagne“b@gﬁ%?@ﬁ&zélﬁ RER PR Loy o e

unconpr essegaéten Ry Goa R8s L Phiid) aiftla Wiiea l}é@mpfﬁéurﬂi‘trﬂpﬁﬁ%ncﬁw?/ gane

server may output the unconpressed video Via any means, |ncluding one or

nore G gabi t15héase@hnaenmesin@nIntdinét distafbe o@lTBOdlrﬁlifé%tfoF Beovhded i s
output via a DVI connection and the audio and ot her conpression and

comuni cat i datenanSPns dieetataifrouna i latéscyofudmpthe \pointaa Wkenaotisates Ser i al
Bus (USB) connecti on.
input device 421 and sees a response on display device 422 is
1+1+15+32+1+16+6+8 = 80ms. So, the 80ms response time can be typically
achieved over an Internet distance of 1500 miles. This would allow any user
premises with a short enough user ISP latency 453 in the continental US to

access a single server center that is centrally located.
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[ 0233] The shared vi deo conpressi on 1530 conpresses the unconpressed vi deo
and audio fromthe app/gane servers 1521-1525. The conpressi on maybe

i npl enentwad 2e0ma78®R2y i n hardware, or in hardware runni ngCsafseamangss4There
may a dedi cated conpressor for each app/gane server 1521- 1525, or if the
conpressors are fast enough, a given conpressor can be used to conpress the

vi deol audt o 1bbaf Or & RS RBRLAAT, 504RE0 1P BRI T35, 1Eostigre! o

60fps a vid me time I's Fess € 10 conpress a

frame |0 @ erbben bR Ess s eadedaheoatfichty pbeiBREs Brd i he

vi deo/ audi o from as nmany as app/ gane’ servers

fromone sery@fectbiRes BIURET geddrbbhicBeregRImI ﬁﬁﬁ%@rtﬁ@lh?&rt%tiﬁ?ate of each
vi deo/ audi o conpression process and switching context as it cycles anongst

the vi deo/ austirdics isepairechigrBpoRioped \Ceis® to Higls popalitibA dehteithgigantisal cost
savings in conpression hardware. Since different servers will be conpleting

frames at didrfceiri€6). tr oms embodimente tisenvententeheHSdRHE8ss@hangsour ces are
in a shared pool 1530 with shared storage neans (e.g., RAM Flash) for
storing the isfoamation visag metwonkr305i whichrmaebe thaintewtsd or @ praoalenetRk- 1525
frame is conplete and r ead)é to be conpressed, a control mneans determ nes
whi ch conpr ¥ epmpwesan ©& bpth. Avih Nnublile servaraenteraeserpicesicgada he
conpression resource with the state of the server's conpression process and

he L1 are ot pan corsee. 3 comrens on neoroe Lo oL he B et

E)B:?f gfﬁg;ﬁ;gbaﬁgt sel f'%‘f%’@ﬁl ‘ﬁgpaf‘ﬁ%:}g;g?ﬁ%ﬁ%nqtr'?ﬁﬁﬁ@;g'e? Ple erd }‘ r airrgn 9

; Pfo\éggiegnoﬁ%:% if%io KR pnByd eaﬂﬁrtjﬁéﬁt%meﬁ%ﬁ%ﬁms%&ﬁ;%w %f@&z@%ﬁ; the
0 0 @ﬁéﬁ' dtﬁn'a{ &re Iatr@y %@E@ﬂ%ﬁéﬁé’(}g?teﬂgzt ${n¥1€tlﬁ1té§ a?‘égélfét

(e.g., stereo, surr sound, he conpr e€ssi on process

state al so IdhRsrRRIIRLAAN HRNIFGRBNR] o Firdkifay REQSREhEbRERM,NY the

peak data rate 941 an a previous ane (as Illustrated™ i n Fig 9b)

i's currentl yebglting ity i(r@ﬂﬂclhéf'ror'i%ﬁjé)'pt. Soffetithiéd fidre {9 RMNG RQUIEMES
ignored), and potentially whether there are channel characteristics which

shoul d be caysindgsatd that it het oportiagIroperl\s webultsg éxaertdwef thacket | oss,
whi ch affect decisions for the conpression (e.g., in terns of the frequency

of | tiles, teAnsMisgiont Semetailesdatee isa wabid¢ overloatingra pathnmieich introduces
characteristics change over tine, as determ ned by an app/gane server 1 521
-1 525 suppdialandirehshmeiisresnineneds iarfgilurst thaspretvenisolimetuser's|IBBrftom15, t he
app/ game server 1521-1525 sends the relevant information to the shared

har dwar e corfpHBRG {HA glwapdestination at all. Thus, while the general Internet usually

provides connections from one point to another with a fairly reliable and
optimal route and latency that is largely determined by distance (especially
with long distance connections that result in routing outside of the user’s local
area) such reliability and latency is by no means guaranteed and often cannot
be achieved from a user’s premises to a given destination on the general
Internet.

[0223] In one embodiment, when a user client 415 initially connects to
the hosting service 210 to play a video game or use an application, the client
communicates with each of the hosting service server centers HS1-HS6
available upon startup (e.g., using the techniques described above). If the
latency is low enough for a particular connection, then that connection is

used. In one embodiment, the client communicates with all, or a subset, of the
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WO 2009/ 073792PCT/ US2008/ 085545 [ 0235] The shared hardware conpression 1530
al so packeti zes the conpressed vi deo/ audi o usi ng neans such as those
previ ouslwodemar/stsed, and if appropriate, applying FEC ecaasoodogisutat i ng
certain data, or taking other steps to as to adequately ensure the ability
of the video/audio data streamto be received by the client 415 and

decorpr esseq, i f 5B 0 8, QUALLL 1o 200 Lok ABILLLY A% EABRL o] 02361 Some

appl i cati ons, KW ~as 0s€ descrT bed below, requiTe O6/'audi"o out put

of a given as%gércﬁé&'?ﬁ roight Hﬂ?gﬁele‘i%%é QeR/?ceaé’éH't{a@\mtﬁ 134 ,dy@rgsft'#é)[%aﬁcy

resol utions Irn other nult ormats) sinultaneous e app/ gane

server 1521-chpachsh BPiHd s&@dickh@ntdrantsy ninahe GRIMIRHR Rvee Hehgpour ce,
t hen the unconpressed video audio 1529 of that app/ganme server 1521-1525

wi Il be si midnaeensrs byid ppowae $t5is thformgiidr e3.6Ntin tHy foRinsef i Interhent
resolutions, and/or in different packet/error correction structures. In

sone cases, sgmresgdopheskenin resources can be shared anongst nultiple
conpressi on processes conpressing the same video/audio (e.g., in nmany
conpr essi on [AR34} i t hnef aplackiculdrshastingegervibe sebwer chotdriageeilcadachardior o
mul tiple sizes before applying conpression. If different size images are
required to the uset'’pgama ereappligayor cap telgrtadhe daianevtosanatbes éess lgpded
conpressi on processes at once). In other cases, separate conpression
resour ces will9stipg seedes pewyer senieactihendhengtiont hl amay besediregieddeiieessed
vi deo/ audi o 39 of . all of the various resqlutions and formats required for
L GFven app/ABRenSeierer Yo sereentar It Situd oot MhaoRmEe” out put ot
once to outbound_routin 540. l.n_one odi t t t (0] e
conpressed \ﬁpg)élgﬁté%fhg L?%%és ?lénd"ﬂg W%kafggr‘?%f’gg@(?nitFSisgpvae?u%mza%trthgt i onal
stream of p , n i tork, 154 i a
series of r%?%?Vgggéégéggﬁlg?g&ﬁ%h%@m#%%ﬂg:bﬁg “é%%% %8%%3"2@(:1

vi deo/ audi 0 5 rEALHBANHE 4SS alaRIhE) hOSHRY 5UIcHRN gé}aéoéﬁs Thar ough

outbound Internet traffic 1599 interface ( chh typica connect to
a fiber int G{{afrﬁ@@r Bpplidiiohnialiaehan BEFESIMBACK driz ERBodRhaM, e hestingd15,

and/ or back to the 1 nbound
service 210 would wait until the game or application has either reached a
natural pausing point (e.g., between levels in a game, or after the user
initiates a “save” operation in application) to do the transfer. In yet another
embodiment, the hosting service 210 would wait until user activity ceases for
a specified period of time (e.g., 1 minute) and then would initiate the transfer
at that time.
[0225] As described above, in one embodiment, the hosting service
210 subscribes to an Internet bypass service 440 of Figure 14 to attempt to
provide guaranteed latency to its clients. Internet bypass services, as used
herein, are services that provide private network routes from one point to
another on the Internet with guaranteed characteristics (e.g., latency, data
rate, etc.). For example, if the hosting service 210 was receiving large amount
of traffic from users using AT&T’s DSL service offering in San Francisco,
rather than routing to AT&T’s San Francisco-based central offices, the hosting

service 210 could lease a high-capacity private data connection from a

service provider (perhaps AT&T itself or another provider) between the San
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routi ng 1502, and/or out through a private network (not shown) for video
distribution. Note that (as descri bed bel ow the outbound routing 1540 nmay
out put a woDwery/o7dTe0/ audi 0 streamto rnultiple destinati ®03/tBR00SMSTE4S | N one
enbodi nent this is inplenmented using Internet Protocol (IP) nulticast in
which a given UDP streamintended to be streanmed to nultiple destinations

R L
dest i nat i ons, binb e E0840aThe T Rfed RO hEYRANFIRE SEhiGHeydLs via the

Internet, to nmu pl e app/ gane ‘servers ough via 1 nbound

routing 150%8@%@%@9%@% §6nédral fte@leio BWiSERMSSAR FrandiftusihgA Tt put - of
a given server 1521-1522 is Conpressed into one or nultiple formats, and

each conpres3&d rédule@bb high Ieeid theh eieatedalial bdmmegioneiuldBe iueBd.
[0238] Further, in another enbodinent, if nmultiple app/gane servers 1521 -1

525 are usednsteat! Akinamisprvdiy date cosegcticas@re generallyanatd etpgpsoeehanng
configuration to create the 3D output of a conplex scene) and each server
i s produci ngheaoutesfthrtdughrtbe genera) Interngd, so lngvasitheyoemain acfmatul ti pl e
servers 1521-1525 can be conbi ned by the shared hardware conpression 1530
into a conbilesgentegesf thgbostinghsenige i) eanrastiaas & Lserss thea@\ral cast
descri bed ahove as_if it cane froma single app/ganme server 1521-1525.

[ 0239] Not e tIFRACE WilldpRelo¥rishgh yeane WilhexRgieNGerA BOTe £858iSiaid SEB4%] ut i on or

hi gher of video viewed by the user) of all video generated by app/gane
servers 1521*P§98NES recorded in delay buffer 1515 for at |east sone nunber

of WL S, (330 "Vt @S e O BIESHLATAL 1y T3, #bl QB BBERINS, o
cxel oL e P AR P TR e Y g0 SE0RE BB A oooe
bei g it G8Pheeh 4 afletiehioy iAildcRiiol o Whesd o skl Agecaurbaihas) or ed on

a delay buffer 1515, a directory on the de er 1515 provi'des a cross
reference th&ﬁi@ﬂ(éﬁhﬂJrﬂﬁrﬁg\@hb iReda6%d ©f a hBReRRY) ORARhR6VIEES poddbr 1525 t hat

is the source of the
immediately when the power mains fail and keeps the server center running. If
the power failure is brief, and the power mains return quickly (e.g., within a
minute), then the batteries are all that is needed to keep the server center
running. But if the power failure is for a longer period of time, then typically
generators (e.g., diesel-powered) are started up that take over for the
batteries and can run for as long as they have fuel. Such generators are
extremely expensive since they must be capable of producing as much power
as the server center normally gets from the power mains.
[0227] In one embodiment, each of the hosting services HS1-HS5
share user data with one another so that if one server center has a power
failure, it can pause the games and applications that are in process, and then
transfer the game or application state data from each server 402 to servers
402 at other server centers, and then will notify the client 415 of each user to
direct it communications to the new server 402. Given that such situations

occur infrequently, it may be acceptable to transfer a user to a hosting service

server center which is not able to provide optimal latency (i.e., the user will
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del ayed vi deo/audi o and the | ocation on the delay buffer 1515 where the

del ayed vi deo/ audi o can be found. [0240]LIVE, | NSTANTLY-VI EWABLE,

| NSTANTL WOL2000ABB B2 GAVES [ 0241] App/ gane servers 1521 - 1PB2AISow0g/083345 onl y be
used for running a given application or video gane for a user, but they may
al so be used for creating the user interface applications for the hosting

Foaturos A Pl AR R AR ORE] A 8L R IRELN 91 R e BRI omn
Figure 16, 3ayniER%WRI EfkﬂﬂT " a AUcRaRidel Priyd” 6F5tﬁ)‘r'1|s%r H%ﬁ%fehﬂwtgeuéégeFércr een

allows a user to wat ganmes that are bei'ng Ive (or del ayed) by

ot her users.e\gagle OfivERehe ﬁl’%@ﬂ@ differdriées a‘&?d's%ot% U§l{9§br§%n]tﬁgq’£ds? a live

vi deo wi ndow i n notion showi ng one the video fromone user's gane. The view

shown in t heCéduimiaabe goryy fesit&e as AMBOPINMEWHIlBAisetdien tiseWest Gt Ag, or it
may be a del ayed vi ew (ge g., if auser is playing a conbat gane, a user nmay

not want ot &B0RKeare dtartmgeoweakean sited garhe disage alfitherbes agyowdrdaidretio del ay
any view of her ganmeplay by a period of tinme, say 10 m nutes). The view may
al so be a canboding sawick sergamentéraen ire idst Soast af thahtimey thesemay notew.

Thr ough nenu sel ecti ons %&Ot shown in this illustration), a user may choose
a sel ecti on bsF ereugisWast (Hoast sgrverc402 atagmr@ﬁsan@aervaeyseweteemt@rs . As a

smal | sanpling of exenpl ary choi ces, the user may sel ect a random sel ection
of ganes (su@Endigall pbdie %ﬁn‘nlwthégé'ﬁl@t@@ sogye ofdhe $iser«FeHo8f games (al |

ol ayer s ar draired B/ERSir SHEiod seeret g e (Hag) aee B8 © Tt he
Games  hat  rglebRe et e B RSt BhEe PR Re S Be T
g:ﬁh be i em en@?ﬁdpﬂgerz ‘gﬁb:p]g&f r#d"v% B’ée?\j\}]et?aﬁngH‘RB'fr%n?fhé‘&érv@f"‘@@nt%F tr?a%' 'scat :Ngg
by others, ?ct&ﬁ/{}er', thd Ser9Bt YertbPRER eV EsRAnferde! Y orderly shutdown of its

servers and equipment, such that all of the equipment has been shut down

before the batteries (or other immediate power backup) is exhausted. In this

way, the cost of a generator for the server center can be avoided.

[0228] In one embodiment, during times of heavy loading of the hosting

service 210 (either due to peak user loading, or because one or more server

centers have failed) users are transferred to other server centers on the basis

of the latency requirements of the game or application they are using. So,

users using games or applications that require low latency would be given

preference to available low latency server connections when there is a limited

supply.
[0229] HOSTING SERVICE FEATURES
[0230] Figure 15 illustrates an embodiment of components of a server

center for hosting service 210 utilized in the following feature descriptions. As
with the hosting service 210 illustrated in Figure 2a, the components of this
server center are controlled and coordinated by a hosting service 210 control

system 401 unless otherwise qualified.
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WO 2009/ 073792PCT/ US2008/ 085545 [ 0243] The app/ gane server 1521-1525 that is
generating the user interface screen shown in Figure 16 acquires the 15

vi deo/ audwo 2b@ad37oby sendi ng a nessage to the app/ gane PETwsL008HF41525 f or
each user whose gane it is requesting from The nessage is sent through the

i nbound routing 1502 or another network. The nessage will include the size
and f or mat vid i . i i Jy YA Vi ew ng
t he user inﬁie)rz?gﬁe scﬁgéwﬁ]&%@gﬁﬁ%@% 5&‘3361 %P#odoéseé Cﬁ %ﬁ}tsse‘ll%c'%%g#?e\%tgy" node

and not per %Bo@r’f&’r&&iﬁﬁﬁéﬂ)’%ﬁf Fc%ll%iiﬁl%dﬁ f?]?érﬁlég{rﬁffﬁ&fw%swm%r( ther from
Rer %e

his point of view or om ano olnt of view), or as descri in the

previ ous parggy@fibniér Wa S hifR¥speBadBRr bptidbRMeMioiWotEe Mitekidteni@a) o from
her game, but delay the video/audi o viewed. A user app/gane server

1521- 1525 r efRweiordiuttion CRPANGl fddrmite shndwiosh | renabitiy andliew latsticy to be
viewed w Il acknowl edge as such to the requesting server, and it will also

notify the shfiseffideatrbeaine rootimg ¢ 562 dma kySienobf hbtevork ¢ithetretgeriecat bean

addi ti onal conpressed video streamin the requested format or screen size
(assuni ng t limplementedaasdars Etkarnesinetwarls, alfibérecheamnet hatwaskeorahrauglyamei ng
generated), and it will also indicate the destination for the conpressed

vi deo (i.e. otherlrarspassmeagskewiieos and rauiegrselvrrstseprertngohasNiehes onl y
del ayed, then the requesting app/ganme server 1521-1525 will be so notified,
and it will Weghiges the AdYRg RACKP G IChInNIS paePACkRIIyNHEPPEPTaEI 5 by

1555' SR bkl R ol bR Gl VBT RBabAB T O 1
32‘&2?% ;éd A REhBNER ¥ et %%ﬁﬁ'aﬁsna&aﬂi%“?%@eéFeﬁo&_%géf?@%:?@%‘ﬂeﬁ be
opi game serdidie SUIARR M Mo bREM dritubBal BRNENNARUIRAGRAE (i T pe
deconpr esse%tﬁ@ﬁc&‘hé@ﬁéﬁﬁ@‘?e%ﬁ’, ﬁ&@gﬁ&@d %BmeﬁleﬁbéeéLc\hi éﬂsegé@wége apigl eans _may

e, and | so, t server

be in too large a screen si e app/ gane 1521- 1525

W 'l deconprggtershRitsihitRa dBtRbEhteE alPssiavtakBs, JYédP(@Ps wirsearsutéd@td horgnai |
size. In one enbodi nent, requests for audio/video are sent to (and nanaged

by) a centr ahafi vheagev@nt521se528 aea sintd, fer exampleeif e or seplicatidncent r ol
system of Figure 4a (not shown in Figure 15) which then redirects the
request s t o ruheingppr owitipdd scaeps ghomces ier paalldSRA DEREay Nbriedde2 are n one
enbodi nent, no request may be required because the thunbnails are "pushed"
to the cliermosinettachiogbe irkauna loatinginebsmorikt 15020 344l Thad thedipp/danagn 15 ganes
all mxed sinul taneouslg/ m ght create

servers 1521-1525 can read and write to the RAID arrays 1511-1512. Further,

a RAID array 1515 (which may be implemented as multiple RAID arrays) is

also connected to the inbound routing 1502 and data from RAID array 1515

can be read from app/game servers 1521-1525. The inbound routing 1502

may be implemented in a wide range of prior art network architectures,

including a tree structure of switches, with the inbound internet traffic 1501 at

its root; in a mesh structure interconnecting all of the various devices; or as an

interconnected series of subnets, with concentrated traffic amongst

intercommunicating device segregated from concentrated traffic amongst

other devices. One type of network configuration is a SAN which, although

typically used for storage devices, it can also be used for general high-speed

data transfer among devices. Also, the app/game servers 1521-1525 may

each have multiple network connections to the inbound routing 1502. For
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a cacophony of sound. The user may choose to m x all of the sounds together
inthis way (perhaps just to get a sense of the "din" created by all the
action bewogowgsmd), or the user nmay choose to just |i eCenst@sosss4snudi o
fromone gane at a tine. The selection of a single gane is acconplished by
novi ng the yell ow sel ection box 1601 to a given ganme (the yell ow box

Toverrent. carl i AgCoUBlcP 1831 b S g ALLAMKRYD: O A KEKIBY dipdy TovI g 2

mouse, by nmoving & JOystic i 'ng directron ons on anot her

devi ce sUCh AtcRHREIHADPRIAK 1553913%19ﬁd'%&h&@ﬂ&wfg%gsﬁﬁ&tﬁgmiém the

audi o fromthat gane plays. anme 1 nformation iIs'S In the

case of thi s @meRatthHeLiPRELdeliB8s PUDI i sher 1ogo ("EA") and the game
| ogo, "Need for Speed Carbon” and an orange horizontal bar indicates in

relative ter[op32he nuntey ab/gaARPESEvEIsAYSNG 1825 WiBVEINGe tHAfigaed taé t hat
particular nmoment (rmany, in this case, so the ganme is "Hot"). Further
"Stats" are ganow,isbede diffederit, iongll difedrehihgras preeioldly gestyibed imedlatian jo

pl aying 80 different instantiations of the Need for Speed Gane (i.e., it
can be pl ayereérsH2 ibythaenmboatimeduidusiphtagen Figure 4 Imohe iephkodémeghne), and
there are 680 viewers (of which this user is one). Note that these
statistics (B8 uRghiewhen asingtthediosting seplice it ypicBly Rblsrishgne éppigeen&ont r ol
system 401 and are stored on RAID arrays 1511-1512, for keeRi ng | ogs of the
hosti ng ser \ﬁeé\éerzh@bﬂ)%@%tﬁ%ﬂh%ﬁék?@lf S@b?ﬂcﬂﬁroif%@la’lj‘aBW,IW?@ Ak 8pSUHRd

payi ng publishers V\,ho.£r qvi de }:ontent. Sggg of the statistics ﬁer recor ded
due to acti Gh8VBY USREISSWFINY CRPEGNS SPTVE) dPein REMULRIE SYMB S ¥Id 8Forted to

e S e SRSV AT P AL S PR
appl i cation ﬁ%d?sﬁﬁj?egﬁsseétso ity ﬂgﬁh,‘ Qht Y LS CAB AObre o R 401 when
ganes are being viewed (an en they ‘are ceased to be viewe so that it

may updat e tecRbad iStddeeRl ad MY TRAYNIBAHEI SraMiE 1 561 VArkYs rofidRl ol

statistics are avail ai)él e for user Int erfrggge appl 1 cations such as tdrhes Gane
Fi nder appl iigBéurnroltidg 4=l totdpp/ és‘é!rvé‘r‘ﬂ%ZQUA%ngafﬁé's@fvequ?@ms‘é@ their
i nput device, they will see the thunbnail video in the yell ow box zoom up
while it reraensel’seentrol ihpll ascomtesl ispuatao tA@iganes bregdplicationeivming opr ocess
in Figure 17. Note that video wi ndow 1700 has grown in size. To inplenent

t hi s ef f ect thelensppagdcempetesthelriet frafkbof vdee snd the aomichasseEtgd e
server 1521-1525 running the gane selected to have a copy of the video
stream for awithiit] Age/geare sgrrer {521 then owpolsiheamcompurassagswdee/adidspl ay
device 422) of the gane routed to it. The app/gane server 1521-1525 running
the gane noti¥39%e shased MigeoLHBR@RBIPE 1EPp APPAIRME SSUVEr iaay autput the

t hunbnai | - si zed cop % the game is no | onger needed (u%,es _anot her

app/ gane serqf@ro”l%@gs ‘Q@GPé’ PP%@%@W%'&?\WH%WWO@ 'gﬁgggh?m@?rects

oS5 et S T RS B M R Aol 20 BB TRES e
di spl deyvj 422 . ISt ) i ,

2 oom hg- up. S e der GdREG bR R A Rt A el e bty "ot have

display devi RemaRanidaloRt Gial HOrRRRESS Rl BLEQDSH dofifictiigs, 200 ng uP {he

gane (and may have ent "audi nmeans, ‘e.g., stereo or surround

sound) . Thugp288F sharg bddwaided SMpREERIn 15539 colRbrédEeaqRe WNEL her a

sui tabl e conpressed video/audio streamis al ready being generated that
nmeets the ragdongiresssd vilebRmousifiio freagrt aplfghhe sdrdee/ @adi-o0538. mam and i f
one does exist, it notifies the outbound routing 1540 to route a copy of
the stream topnhpressipp/rgayte seplgrrenic éntireRonzepdwace, tdnén Wartareandning not
conpresses anot her copy of the video that is suitable for that user and

i nstructs t efiwaréolinelerroay ardedicated cdmiessarfeneadiaagpigamehservabdbdits
routing 1502 and the app/ganme server 1521-1525 zoom ng the video. This
server, now ¥&8epvifrige gompressass ass faséespoah.od giviea cosnpresser canle® URd |

deconpress it and gradually scale it up to full size.
to compress the video/audio from more than one app/game server 1521-

1525. For example, at 60fps a video frame time is 16.67ms. If a compressor is

able to compress a frame in 1ms, then that compressor could be used to
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[0246] Figure 18 illustrates how the screen | ooks after the gane has
conpletely zooned up to full screen and the gane is shown at the full
resol ut i omoabosdigroaser' s di spl ay device 422 as indi cat e@Chyuscévs/ogisage
pointed to by arrow 1800. The app/gane server 1521-1525 running the gane
finder application sends nessages to the other app/gane servers 1521-1525

that had beec{&nngﬁr%\éé WG dERIIRAS b %$§fan§'h%y1é‘5§8@%{¢]e;?8&rﬁg§§ 9534d

nmessages to ost1ng service con erver er Jganes are

no | onger bei j ' j a8 i I,%Yn' j gﬁ;}fq ing is
an overl ay idégl%kl\a@tgqpﬁgt ftr% %r%’lt rgells%ﬁ;teerten \kﬁ‘?ﬂé)ﬁv@rt@\%i esb r?ﬁ?%r ITB.tII t?\Hteland
menu cont r ol gafetb iR husEEc/alieibedridtesgidntdtb Se o4y BRficMh§2oRRSEas it he

audi ence has grown to 2,503 viewers. Wth so nany viewersS, there are bound

to be nmany \Wyewsramvhdt te yRlcdyauttyiseeamdAlorhhaé sbakes s sesmisan nearly
the resolution (each app/ganme server 1521-1525 has the ability to scale the
vi deo for adjulsstamial tbst davirigsrig)conifiadsipBeaedisaret [Sinagaditfesamd\sBriess avill

mul ti pl ayer ganme, the user may decide to join the ganme at sonme point. The
hosti ng ser \beeodpletingyramesraydifferenilinmes, irhengserbadimpot, the hemgagssof or a
variety of reasons. For exanple, the user may have to pay to play the game
and choose rgsoyrges i@ inuashareg/Pelt 133t gharesh HatageanrBAg (€.6.,jfoAM, t hat
particular game (e.g.,. it would not be conpetitive for the other players),
or the user'3ashiler pringdhastate oh CREL) CRBIPrASRIAN IPHIFESSoalR WANeh e vVeD al | ow

B N L e
contLoent )l gk A SRR ST Al e PR v,
ond (0) be 2o chagk s =Bl Bttt secl oy

server 152192 é‘@FuH@&n?@%@eB&%ﬁéMoW%oﬁ%@sfi nder user interface

for the user vvlrlsd‘rﬁrequest hat the hosting service control server 401
initiate (i.[@234] ocat eN@Bdhat g4t oflthe SBtcAPPABABePRIrsdomébsioh 525 that is
suitably configured for playing the particular gane to | oad the gane froma
RAID array IfrddedsSih2ludesdnfohaatidmeabbosthergnygegsion iselit swdh setheer 401 wil |
instruct the inbound routing 1502 to transfer the control signals fromthe
user to the @ppbgaimnyzseesempessseolvirdros thuffgr dhta which may betusedlds @ nst r uct

t he shared hardware conpression 1530 to switch from conpressing the

vi deo/ audi o refasaneetordpplegaine respludiontah e Migdeomadputh st quajity bbth@ame Fi nder
application to conpressi nq. t he video/audio fromthe apF/ gane server now
hosti ng t he GPARRresTRE; therllingagtrusiire; Be allpsatiamef bithder ligspigane service and
t he new app/ gane server hosting the gane are not synchroni zed, and as a
result theré r%prﬁﬁﬁ'é’f‘ﬁl{aﬁtybéh%g%“ij'ﬁ‘éogpatf@r%nﬁ'@r%t @V@@%D@%Y@.

g N R e T e R T
f f ) ) [ f
it P”fl d : WRgreaR ﬁ@r@@&?gf%ﬁﬁeﬁﬁf%?a%%%?%ai%nwﬁ%%@%| eting
unconpr esse??ggyré?%%é&omﬂ?ééﬁ%%%rﬁ ﬁigbﬁg@@nﬁ?ﬁg@{q E@Hggﬁés résu\l/;[oul d
| npi nge UDO'Thér&ﬁr@hﬁﬂﬁﬁ?&sﬁdt{@bs@?&ﬁoreb? aHChbten il URketPBr tHipe Bhar ed vi deo

conpressi on hardware 1530 w ighore the first frane fromthe new server

(e.g., |ike dhanfel dh@bétcristicINalctosidiAd be @pAsiReecE In Btcotdsredkibh, Sadrdl t he

|l ast frame fromthe old server an extra franme tinme, and the shared video
conpr essi on du@xbsssiveli=RBeniosk, Waghraffeaimeeiskingdot the cowprelssimeetg. e vi deo
fromthe new app/ gane server hosting the gane. Visually, to the user, the
transition fteons ohtheajppduenny ofdiles, ete). An¢he@phek daid tatb®44 eardtears. The
hosting service control server 401 will then notify app/game gane server
1521- 1525 t l@nhatichrentenisies aRandRo@ne aridetermingd kycan egpgamell e st at e,
until it is needed again. [0248] The user then is able to play the gane.

And, what | SeEXelR3Tohadd supporting each user monitoring data sent from’the client
415, the app/game server 1521-1525 sends the relevant information to the

shared hardware compression 1530.
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Is the gane will play perceptually instantly (since it wll have | oaded
onto the app/gane gane server 1521 -1 525 froma RAID array 1511-1512 at
gi gabi t / seoaneb/wpmed), and the ganme will be | oaded ont oprPaTABRASNSTHACE |y
suited for the gane together with an operating system exactly configured
for the gane with the ideal drivers, registry configuration (in the case of

Wndous) . angiouf h o Bt AN GALIO05RHARIHOLOM, LRE ERUEIcd gt T ont

conpete wit gane s operdti on er progresses

t hrough the.m 5884 Viclo/duifo a%&%ﬂééqé)éuéﬁ‘gst%g% blousﬂﬁajeécﬁbegt he

server at gi speed I'n"8 seconds) from

the RAID arr il fo, afﬂif!ﬂ/ RS0, uplivary SdriifeatL dpagkihy of the
RAI D array 16‘:;5}%161I ?é%&ojp(?%l nce |trl%|?s a sharsed U?elsoﬁirgce ram)ng many uls%rs it

can be very dtregstepy € astd bbehgatefsénsifrbens bpiily oeweBidab/aedioiara ot her
gane segnent setup can be pre-conputed and stored on the RAID array

1511- 1512 argirdapattede eataiessby thepliehtyl1 SNMmcedeermpiescad sétht dehigaradwar e
configuration and conmputational capabilities of each app/ganme server
1521- 1525 i uatitynand peliabilitnad feasgillex shaders can be pre- conput ed.
[0250] Thus, the ganme will start up alnost instantly, it wll run in an
i deal envirdAg36l, and¥upseliediionseguehes thpsa dessiided) batew, regsiraibey .

video/audio output of a given app/game server 1521-1525 to be available at
multiple resolutions (or in other multiple formats) simultaneously. If the
app/game server 1521-1525 so notifies the shared hardware compression
1530 resource, then the uncompressed video audio 1529 of that app/game
server 1521-1525 will be simultaneously compressed in different formats,
different resolutions, and/or in different packet/error correction structures. In
some cases, some compression resources can be shared amongst multiple
compression processes compressing the same video/audio (e.g., in many
compression algorithms, there is a step whereby the image is scaled to
multiple sizes before applying compression. If different size images are
required to be output, then this step can be used to serve several
compression processes at once). In other cases, separate compression
resources will be required for each format. In any case, the compressed
video/audio 1539 of all of the various resolutions and formats required for a
given app/game server 1521-1525 (be it one or many) will be output at once
to outbound routing 1540. In one embodiment the output of the compressed
video/audio 1539 is in UDP format, so it is a unidirectional stream of packets.
[0237] The outbound routing network 1540 comprises a series of
routing servers and switches which direct each compressed video/audio
stream to the intended user(s) or other destinations through outbound Internet
traffic 1599 interface (which typically would connect to a fiber interface to the

Internet) and/or back to the delay buffer 1515, and/or back to the inbound
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[ 0251] But, beyond these advantages, the user will be able to view others

pl ayi ng the ganme (via the Gane Finder, previously described and ot her
nmeans) amwtiokzodmn7emei de if the game is interesting, and PCTAS2008@855a5t 1 ps
fromwatching others. And, the user will be able to deno the gane
instantly, without having to wait for a | arge downl oad and/or installation,

and_the user, oty 1862 28 dial By diS RO ADRERN ot spBR) ARS8 2 112

basis for a snal or ~on a user will be

abl e to pl ayduéth%yﬂ&ﬁ"?\l&t@ O{ﬁa%@%@%nﬁ’&j b%ld\'/mheto%ﬁ%urﬁ&ﬂrogutiﬁg'1%‘4b%8ﬂ set, at

honme, when traveling, n on nobi phone, w w enoug Iatency

Wi rel ess Corﬁlﬁﬁ@ﬂé)@rveﬁﬂﬁbed/ﬁuélo%@rréa% 0 %It@ﬁ@@@@ﬂiﬁaﬁb‘ﬁ@ iohiBaUln @yer
physically owning a copy of the game. 09/ 073792PCT/ US2008/ 085545

[ 0252] As nerdrhiosgichapit €Mb wsﬁmenieh@ewgghgqm@r@mmrdmd@oulenmméy'm gamepl ay
to be viewable by others, to allow his gane to be viewable after a del ay,

to al | ow hi swigahe dgivem&DR stahinentondedite ticesiraseed o nwltiple akbbinvationg ggane to
be viewable by all users. Regardless, the video/audio will be stored, in
one enbodi nentce if broddrasiadtamsl the troakddasy ibiepleated byl §1e emdinglservayeangi | | be
able to "rewind" and view his prior game play, and pause, play it back

sl ow y, fastsw@hﬂénrdtheao@tboumg@uw% amydipie destinatgasiidh@e been

watching TV with a Digital Video Recorder (DVR) .. Al though in this exanple,
the user is PPaYeary rﬁaxga%o MUiEPle agers’ Wtsé‘ééa‘ﬂ@ the W?@‘%\iﬁlml&ﬁpl@ if the

and i "ot ner b REReGRS (891t reale TRt mufincribolendshio fhe ™

i nf or mat é“{orgh@% SR Bhlre' Lt TRl “@wBaégf’%ﬁrvgé o G REE
DVR'

desi g?\ggatlo su pr\g'rs%éd ?{tégbﬁgeor%@&ﬂ capgrg % %Qatl?sa%géoéﬁ@%%é&%te&qgg1t50vm FI
work with ara{r tooéné‘BPHLfgﬁo%@i@stlﬂlétan%ed of course, to the video that was

generat ed when e gane or ication was used, but in the case of gamnes

with 3D DVR 0238}3' LIt YrurtHe?, insHotké@emBBd et aif nfdl pléfag?égﬁm eisBrna@ls of a
previ ously played segnent, and have the del ay buffer ecord the

resul ting vitsd-a8eb hevesddsingammestsly byddnd bisergalg:, inegpandiel poeedsinghus, a
particular "fly-through” will be recorded as conpressed video, but since

t he gane st atomfigutdtioalte @réatertbe @Ddeutpubolia thepian s¢dne) tamdoaayih serbér ibe

possible at a |ater date of the sane segnent of the gane.
producing part of the resulting image, the video output of multiple servers
1521-1525 can be combined by the shared hardware compression 1530 into
a combined frame, and from that point forward it is handled as described
above as if it came from a single app/game server 1521-1525.
[0239] Note that in one embodiment, a copy (in at least the resolution
or higher of video viewed by the user) of all video generated by app/game
servers 1521-1525 is recorded in delay buffer 1515 for at least some number
of minutes (15 minutes in one embodiment). This allows each user to “rewind”
the video from each session in order to review previous work or exploits (in
the case of a game). Thus, in one embodiment, each compressed video/audio
output 1539 stream being routed to a user client 415 is also being multicasted
to a delay buffer 1515. When the video/audio is stored on a delay buffer 1515,

a directory on the delay buffer 1515 provides a cross reference between the

network address of the app/game server 1521-1525 that is the source of the
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[ 0253] As descri bed bel ow, users on the hosting service 210 will each have a
User Page, where they can post information about thenselves and ot her data.
Anong of wbeoedi7srye t hat users will be able to post arepeirdseoosegsmits from
gane play that they have saved. For exanple, if the user has overcone a
particularly difficult challenge in a gane, the user can "rewi nd" to just

before the Spol, HNGEELNGY B0 IRLES) BAINAGERTRIANTRL dublifegame,  and

then instruc St ng service t 0 save €0 sedgnen sone

duration (e-db]laye%PviatSﬁ)i%gﬁﬁ)cé’rf‘bé@@ur‘r&fer' s User Page for other users to

wat ch. To i npl enent , 1t 1s sinply a matter of the app/gane server

1521- 1525 thpbade usqnviInSFANYL YIVAERWABYPARKTANG YR OSABETGAtES N a del ay
buffer 1515 to a RAID array 1511-1512 and then index that video segnent on

the user's Uega1pPage. AfRBéinelserigrsodma - 165 g reapab) bé Lge@fordinkivig  as

descri bed above, then the game state information required for the 3D DVR
can al so be g givendpplibatidrner video gante forceuserablitahbe nay albbdeusssd for User
Page. [0255]1n the event that a ganme is designed to have "spectators”
(i.e., creating the user interface applications for the hosting service 210 that
supports navigation through hosting service 210 and other features. A screen
shot of one such user interface application is shown in Figure 16, a “Game
Finder” screen. This particular user interface screen allows a user to watch 15
games that are being played live (or delayed) by other users. Each of the
“thumbnail” video windows, such as 1600 is a live video window in motion
showing one the video from one user’'s game. The view shown in the
thumbnail may be the same view that the user is seeing, or it may be a
delayed view (e.g., if a user is playing a combat game, a user may not want
other users to see where she is hiding and she may choose to delay any view
of her gameplay by a period of time, say 10 minutes). The view may also be a
camera view of a game that is different from any user’s view. Through menu
selections (not shown in this illustration), a user may choose a selection of
games to view at once, based on a variety of criteria. As a small sampling of
exemplary choices, the user may select a random selection of games (such
as those shown in Figure 16), all of one kind of games (all being played by
different players), only the top-ranked players of a game, players at a given
level in the game, or lower-ranked players (e.g., if the player is learning the
basics), players who are “buddies” (or are rivals), games that have the most
number of viewers, etc.
[0242] Note that generally, each user will decide whether the video
from his or her game or application can be viewed by others and, if so, which

others, and when it may be viewed by others, whether it is only viewable with

a delay.
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users that are able to travel

Fi nder appbi2o@ti7om2wi | |
pl ayers. From an inplenentation point of view,
system 210 to if a user is a spectator instead of an active
I . Th i1 dth
Dl B T | T bR fen APk e N AR g PR o L he
[ into t; I T ' - WA ' f
the user . [ O3EEREIH " CRER M 2R AR R b 07 SRy aRTp (ERel) 0 T e

/dathd 88rvBEN 52 P18286F SadiPuse WRGSS at e

t he hosting

user will b

hosting ser\der@irgl mésskbe 1lhé b

rolling

while viewing live video, even i Pwum ng wi dely disparate devices for

vi ewi ng. Thi

qamé itus edqliediiag froMemhd hitissage gos@s thrdighttes imSdur@ routing

applications. [0258] Many PCs and nobil e phones are equi pped with video

caneras and

particularly when the image is small. Also, small caneras are avail abl e

150201t dreotharpadtinior k. YT Heomassagalvilt inckidei ttle Gizeoamd essiabof the

t hrough the 3D world and observe the action
W thout participating init) in addition to active players, then the Gane
enabl e users to join ganes as speETimas®sEss wel |

there is no difference to

as

that can be wdecabdio requested) and wiilbidentitydhietusies viestingl it user interi@cenpl enment
real -time conpression either in software or using one of many hardware

conpr essi on EEEETS &S JVENAHEp Mayschansevipdetect Apdvacymatgderard aatpernit aspi | e

phones have

m crophones, and headsets are available with m crophones.
other users to view video/audio of his game (either from his point of view or

from another point of view), or as described in the previous paragraph, a user
may choose to allow viewing of video/audio from her game, but delay the
video/audio viewed. A user app/game server 1521-1525 receiving and
accepting a request to allow its video/audio to be viewed will acknowledge as
such to the requesting server, and it will also notify the shared hardware
compression 1530 of the need to generate an additional compressed video
stream in the requested format or screen size (assuming the format and
screen size is different than one already being generated), and it will also
indicate the destination for the compressed video (i.e., the requesting server).
If the requested video/audio is only delayed, then the requesting app/game
server 1521-1525 will be so notified, and it will acquire the delayed
video/audio from a delay buffer 1515 by looking up the video/audio’s location
in the directory on the delay buffer 1515 and the network address of the
app/game server 1521-1525 that is the source of the delayed video/audio.
Once all of these requests have been generated and handled, up to 15 live
thumbnail-sized video streams will be routed from the outbound routing 1540
to the inbound routing 1502 to the app/game server 1521-1525 generating the
user interface screen, and will be decompressed and displayed by the server.
Delayed video/audio streams may be in too large a screen size, and if so, the
app/game server 1521-1525 will decompress the streams and scale down the

video streams to thumbnail size. In one embodiment, requests for audio/video
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WO 2009/ 073792PCT/ US2008/ 085545 [ 0259] Such caneras and/ or m crophones,
conbined with | ocal video/audio conpression capability (particularly
enpl oyi ngwoheodwsrok at ency vi deo conpressi on techni ques ®eIarseamsasizes ei n)
will enable a user to transmt video and/or audio fromthe user prem ses
211 to the hosting service 210, together with the input devi ce control

data. When syefheehnlaiisnahes BIPh Qkeds) LIS AERARMISlbYR Rt ed in

Figure 19 i | eva ave his ded an appear

the screen wddhg s\%\ﬁ&é‘%nt‘r‘é s?erﬁ%@u%g?%f@b?éﬁb\ﬁﬁm Fltdu?e% Whlich | S a

mul tipl ayer gane; re tea tes coll In a car race user'

vi deol audi o (penkeaiRets BlRussls/oMhe Withh Sorlaib epbail o abhuer et e,

teammat es. And, since there would be fectively "ho | atency, using the

t echni ques dﬂé@dv@ﬁdn@h@veﬁnbdﬂﬁm@n@m Fequigt dwd?ﬂaeﬁn@cﬁnrb@ dedbls@thdrake
nmotions to each other in real-time without percepti bl e delay. [0260] This

vi deo/ audi o thoinbgaids amn“pushadt tonblel dieats diythbas iusgrd thet albopitessed vi deo
and/or audio froma user's cameral/ m crophone arrive as inbound internet
traffic 1501024#kn t helhendudindranodbigagnasatk mixed sisnultemeoudyonighticeeataudi o
to the app/ gane ganme servers 1521-1525 that are permtted to view hear the
vi deo and/ or@ eacARRONYIEsoundel g Bper BRYheose §p atiX Al f dpphrelnds f@gﬁﬁweger vers
1521- 1525 that choose to use the video and/ or audl o deconpress |t and

i ntegrate adn disivyayd( pleéh%?}"plé@“%?trﬁ ﬁe'ﬂer?eOfth Céﬁﬂiﬁ‘ij@é(ta”dhe aleR as

| 1 261] Th I f, Fi h
l:ol FZLL?;?? o I%900 0 6ﬂlw us%r(?r)l(aia1 Sose tOJu&LHs?e to t%e audio r\évmsgr?e

game at a time. The selection of a single game is accomplished by moving
the yellow selection box 1601 to a given game (the yellow box movement can
be accomplished by using arrow keys on a keyboard, by moving a mouse, by
moving a joystick, or by pushing directional buttons on another device such as
a mobile phone). Once a single game is selected, just the audio from that
game plays. Also, game information 1602 is shown. In the case of this game,
for example, the publisher logo (“EA”) and the game logo, “Need for Speed
Carbon” and an orange horizontal bar indicates in relative terms the number
of people playing or viewing the game at that particular moment (many, in this
case, so the game is “Hot”). Further “Stats” are provided, indicating that there
are 145 players actively playing 80 different instantiations of the Need for
Speed Game (i.e., it can be played either by an individual player game or
multiplayer game), and there are 680 viewers (of which this user is one). Note
that these statistics (and other statistics) are collected by hosting service
control system 401 and are stored on RAID arrays 1511-1512, for keeping
logs of the hosting service 210 operation and for appropriately billing users
and paying publishers who provide content. Some of the statistics are
recorded due to actions by the service control system 401, and some are
reported to the service control system 401 by the individual app/game server

1521-1525. For example, the app/game server 1521-1525 running this Game
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in a gane, but such coll aboration can be an i mensely powerful tool for
applications. Consider a situation where a large building is being designed
for New Ywokoovdry7oby architects in Chicago for a real egcatus2asweiseper
based in New York, but the decision involves a financial investor who is
traveling and happens to be in an airport in Mam , and a decision needs to
be nade about. i) i wit

be, TRde. abOu 8 Ak Rafes sBRaE) IR, oy odtHol B Bk GL A 3 1

real estate \Pﬁé/r?QQH]%% aré%%ﬁ’rﬁ [é%da(éﬁggi H&'E?? lark céﬁé%@é‘?o Be '\He%bd’ %%0' ution

nonitor with nNera atta to a real est

devel oper hapapit kit @ik the 3tiahidy 8 hé\N'N‘i’dH Yé%iﬂﬁes%'ﬁ@lﬁ Bw. Beasd thh*e"zas a
nobi | e phone with a canera in Mam . The archltectural firmcan use the

hosti ng ser \gtastidd Giré @vhnatle fon@seeiftetiade epblieaionsaluchess it @apld cation
that is capable of highly realistic 3D rendering, and it can nake use of a
| ar ge dat abdSedef aggieation.| di ngs in New York City, as well as a database of
t he buil ding under design. The architectural design application wll
execut e on dA@45br if If thergsprictielss an actheatiatelittarf o trpuingut devte pibegr on
several, of the app/game servers 1521-1525. Each of the 3 users at

di spar at e |d/watse@ﬁge ymbgahvidee in §ha wellavebex agoseuy Whie Zremaingiliveatth wi | |
have a si nul taneous vi ew of the video qutput of the architectural design
application, fulhgereen sigg- ITfB%ef/fFW'Se?BBWGﬁF‘lp&‘P%‘?%? igiFigrepl/ - dypie dhainddetiar dwar e

et or | Windop oot i, ”&@{"nﬁﬁi%écﬁo@‘#p efheo! Bis fiSee ik 4PeAMS may sece a
Che real ot bias Ptk o iR e seh Bl i Pisl &5 pERMERY over a
6 M DSL Iﬁng 80
60f pgsi nngecggﬂﬁ‘?gg’e%m rhs]é\%"e%l ?Bbggftat ad(é:?)%ﬁrgg I on%(r)fH Xre%‘ﬁesbf’t? ggtqﬁ%ne
Fach party wWebbiufiBRbr ey é}*sccﬁsgnfagq@g % hos) s bamd it pitenignce calling

will be han y any o many onference calling software
package in tdpp/gRneRrRerseIMer 428 rukinidg W@m@%nﬂé@twgﬁh@atmwgm of a
button on a user input device, a user will be able to nmake vi deo appear of
thensel ves usingretbel 1530l achombaail-Azednsopyesitthe gapiesardongthe
architects will be able to show what the build |looks |ike as they rotate it
and fly by irneedext(uhlkesstamothdreapigarhdisegvern G2Hel B2 mquivesisuekta enel y

phot orealistic 3D rendering, and the sane video will be visible to all
parties, at thumbneiblanditben dfdiresthit fasend & fdil-spieey sz copy of thenddee taat t er
t hat none of the |ocal devices used by any part s incapabl e of handling

t he 3D ani ndhe@RP{@ame saever 18al i amd ZCé?tm'élng a@mﬂ@&m%@ PiRYIRG/ B st ori ng

t he vast dat abase required tﬂ render the surrou% %dgwldln S |n New Yor k
Gity. From t3EN®HM OlonayinahNagye 84esPliay deNice 4f<eingt | @ﬁat”ée ikt ance

apart, and despil e e, iSRRG uh AR LRy FEEal Slar R Yol e S .2,
Phey” can do 87 CETIP s 1R BUFFRE obPicBS HeB maLE(itelrafld TR 1 oot or

want to tak%S%?QEBHLo@%W@nguse G%Hgﬂhvé’ﬁﬁﬁr m&'lﬂox@b%ﬁﬁ'rﬁe% | nput

device (be it ey ad or touch scree ey can, and it
w1l respong wi Tsher@@ o?%U%BhH%buhé% e, (RSSHHFEAhaldRhre EthYRIsKoF PEBECL i on

does not have”unreasonabl e | atency For exanple, 1n the case of the nobile

phone, if thete@hihbe wHRREr 4 SuitNe eshiflessecrvidébiautRt swsam ad akégdyi r port,
it wll have very low latency. But if it is using the cellular data

net wor ks avaidimdphentatey than nidwees te reduinanedrabloy thie Lsersetliestirfg e a
noticeable lag. Still, for nost of the purposes of the neeting, where the
i nvest or i s weewhudig stteamnaaodiift @ doedeaxisplit ndidiebdnd duthpundyrobiingd 5840r

tal king of video tel econferencing, even cellular |atency should be

accept abl e. tpOQeiZ|Frepy pfiheasiraaie te e app/gamecsgrvanbbdt-il 685 eepmingie cal |,

t he real
video, and if not compresses another copy of the video that is suitable for that

user and instructs the outbound routing to send the stream back to the

inbound routing 1502 and the app/game server 1521-1525 zooming the video.
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estate devel oper and the investor will have made their coments and si gned
off fromthe hosting service, the architectural firmwll be able to

"rewi nd" wbeowdem2of the conference that has been recordeaseonsasites ay
buffer 1515 and review the conmments, facial expressions and/or actions
applied to the 3D nodel of the building made during the neeting. If there

can be moved 17 Sot AL g e fE 2L e R PrarblgRes S SRR S Bt Ol Ve
storage and d%?ﬁrgg%i@}f%ﬂkgga{jﬁglﬁ%ﬂlé‘Pﬂuﬂtroqml%iz%(?St perspective, if the

architects on to us e ‘conmput at'1 on power and the | arge database of

New York G tipohg] a 1Figurui@ilcenhRsatieicdsirech Medks et tRBlgniaNad or the
time that the resources are used, rather than having to own  hi gh powered

wor kst at i on&:cﬁme PEEMEE UPUOTDRSErean BAPBRSIaBe 0OBNowh adtHeafuge dat abase.

[ 0264] VI DEOC- RI NI TY SERVI CES WD 2009/ 073792PCT/ US2008/ 085545

[ 0265] The hassologos ef theeesetldieplalploeviced2mhas ewichtot & the proage pointed
to by arrow 1800. The app/game server 1521-1525 running the game finder
application sends messages to the other app/game servers 1521-1525 that
had been providing thumbnails that they are no longer needed and messages
to the hosting service control server 401 that the other games are no longer
being viewed. At this point the only display it is generating is an overlay 1801
at the top of the screen which provides information and menu controls to the
user. Note that as this game has progressed, the audience has grown to
2,503 viewers. With so many viewers, there are bound to be many viewers
with display devices 422 that have the same or nearly the resolution (each
app/game server 1521-1525 has the ability to scale the video for adjusting the
fitting).
[0247] Because the game shown is a multiplayer game, the user may
decide to join the game at some point. The hosting service 210 may or may
not allow the user to join the game for a variety of reasons. For example, the
user may have to pay to play the game and choose not to, the user may not
have sufficient ranking to join that particular game (e.g., it would not be
competitive for the other players), or the user’s Internet connection may not
have low enough latency to allow the user to play (e.g., there is not a latency
constraint for viewing games, so a game that is being played far away
(indeed, on another continent) can be viewed without latency concerns, but
for a game to be played, the latency must be low enough for the user to (a)
enjoy the game, and (b) be on equal footing with the other players who may
have lower latency connections). If the user is permitted to play, then

app/game server 1521-1525 that had been providing the Game Finder user
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for establishing video-rich conmunity services on the Internet. Figure 20
shows an exenpl ary User Page for a gane player on the hosting service 210.
As wi th twe 28ave3Bender application, the User Page is amcajskeosasisemn t hat
runs on one of the app/gane servers 1521-1525. Al of the thunbnails and
vi deo wi ndows on this page show constantly noving video (if the segnents

are short,  URNLEI0N el RR0 Y RLRSE IR0 GRHRT Sofloebortt QBcRI0Y de0

t he user (whosSe uUsSefrnare 1S

hi meel f 200 iiig?é i.%?,hSéatEZa‘r?{osstﬁﬁ%p‘éiaﬁvéppgé‘ﬁpléi_sgi%&%zét-&%?t@gisa RAID array

1511-1512. 4 ~When ot users come 't _ _ ge, if
KI'LLHAZARD 'sﬁ:it‘dﬁly"tﬂarﬁi?@ré@ﬁﬂ'd@/iﬁ@fﬁé 6&rtidd@r bnid® Ibhd®ne hhmfe rodep 2001 of

what ever he is doing (assum ng 'he permts usérs view ng hi's User Page to

wat ch hi m vRAID éﬁaﬂh@WJS'ﬁ@i, andithén Bfe BESITGRLdroize&opyroRrE®NERAB1 SEI Ver
1521- 1525 hosting the User Page application requesting fromthe service

control systiestrddthavrddcdued rsLtindIABORID tranafet itve camttoli digrsais frohethepydegane
server 1521 -1 525 he is using. Then, using the sanme nmethods used by the
Gane Fi nder taphd apptgaome gamessgversses hostieg th gammand ihwilinstbCtetheesol ut i on
and format will be sent to the app/gane server 1521-1525 running the User
Page appl i cahased Hﬁfﬂware\mqnﬂpr@éSIQns%BQ)I@(ﬁWIHOh feornsempsessiog ¢he he wi ndow

wi th KILLHAZARD s |ive ganmeplay, and then appropriately clicks on their

i nput devi ce&/idei{audio eI thg appé@m\s spveniatmagddary hedingdhe GrPBddiRIYs t he

' the screen, at the

Cesol utfon PRI LA aRsislo Beafids/8ySaduh aha 36P a2 SERPEOEM or ¢ e
Charact et g ih AR IS o M SR FRPREBHO B B3O Y,
e | T ALy B L oo e od e 5 R et AR T
gane. |t of fefssuft tHERAT IRBRAD WA tithd @ffefdiReUfivebR t8€Bvo syncs. Because

the shared video compression hardware 1530 will begin compressing video

upon an app/game server 1521-1525 completing a video frame, the first frame

from the new server may be completed sooner than a full frame time of the

old server, which may be before the prior compressed frame completing its

transmission (e.g., consider transmit time 992 of Figure 9b: if uncompressed

frame 3 963 were completed half a frame time early, it would impinge upon

the transmit time 992). In such a situation the shared video compression

hardware 1530 will ignore the first frame from the new server (e.g., like Frame

4 964 is ignored 974), and the client 415 will hold the last frame from the old

server an extra frame time, and the shared video compression hardware 1530

will begin compressing the next frame time video from the new app/game

server hosting the game. Visually, to the user, the transition from one

app/game server to the other will be seamless. The hosting service control

server 401 will then notify app/game game server 1521-1525 that had been

hosting the Game Finder to switch to an idle state, until it is needed again.

[0248] The user then is able to play the game. And, what is exceptional

is the game will play perceptually instantly (since it will have loaded onto the
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t he user shown in the User Page "in action" playing ganes, and it is an
opportunity to |l earn about a gane that the view ng user mght want to try
or get bewvbDenowt7379p0268] Caner a- r ecor ded or upl oaded vi deoTalse@s/o83sem

KI LLHAZARD s buddi es 2002 are al so shown on the User Page, and underneath
each video clip is text that indicates mhether t he buddy is online playing

G {ine, el F}p%%“aﬁ%tf%ig%@)eﬁﬁ%gg&té%ﬁ R AT R R,V deo
clips oui { chydsqTheM SRdnonidin 5merrr.%@q9a Hdl5s 4 ooy exabsieo of vha

t he buddi es 0 are current g ganes on t osting service 210 are

doing at th L rh 2] h af M hi¥ FOUIOI ng
for buddi esaéulltrgag6 ihelddh ség%drrer;[ ?ngeae?@tpeééégrﬁ%gﬁrg ués}xear@ﬂgférocklgg%rlzrzi f|gt it

wi Il zoom uphé@aid {NrtﬁQIﬁ@Qﬂaal andertsheegisiey comfigurgorffthend eav@bth the gane
pl ayed full screen live. [0269] Again, the user view ng the buddy's gane

does not owlWndowsy, arfid With noaotber applrddmenlscnuradnngmmrthbrseglegahat magigol e
resources to play the gane. The gane viewing is effectively instantaneous.
[ 0270] As pr mﬂmmmeywitletherg'amel’sajwatjomhen a user plays a ganme on the
hosting service 210, the user is able to "rewind" the gane and find a video
segment he V8R#9] t o saheo, %ﬁ\wetlﬂﬁ-ﬂ'i Psegiessenénrolde e ggmeneacih ohihg User
Page. These are called "Brag dips". The video segnents 2003 are all Brag

Clips 2003 ISP Oktma_wmwquaﬂﬂnb? &A %ﬁrye'gawgak)'ﬁéﬁcw pRREG(igyel.

Brag G p i SURSIe AR st froBh Bk TAIP a3 dBidr it ane olsaiaen Lhe
Brag O ps D8YerLaPREn ST o MR FAID AR 1 KBl Rl '%é&g’%r%‘i ong i th
the rest of rEQ&ér\ég%‘?ﬂor‘?é"nHﬁS(B&%gg it Ldn bg%et?@h%ége‘?%r @)Q%fgégg ” one of

the Brag dips Z00 up to presen ng wth

]P;/SRt C}?g: \r/vglr ?eég?nérwe g%%gﬁ?ﬁﬂg%rp%érﬁe té%gﬁre%f QeupPHSEE pré %Hﬁr‘ﬂ)%‘tjed and
stored on the RAID array 1511-1512 and loaded extremely rapidly. Moreover,
because the hardware configuration and computational capabilities of each
app/game server 1521-1525 is known, pixel and vertex shaders can be pre-
computed.

[0250] Thus, the game will start up almost instantly, it will run in an
ideal environment, and subsequent segments will load almost instantly.
[0251] But, beyond these advantages, the user will be able to view
others playing the game (via the Game Finder, previously described and other
means) and both decide if the game is interesting, and if so, learn tips from
watching others. And, the user will be able to demo the game instantly,
without having to wait for a large download and/or installation, and the user
will be able to play the game instantly, perhaps on a trial basis for a smaller
fee, or on a longer term basis. And, the user will be able to play the game on
a Windows PC, a Macintosh, on a television set, at home, when traveling, and
even on a mobile phone, with a low enough latency wireless connection. And,
this can all be accomplished without ever physically owning a copy of the

game.
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WD 2009/ 073792PCT/ US2008/ 085545 [ 0271] The Brag Cip 2003 pl ayback is

| npl emrented by the app/ ganme server 1521-1525 | oading the conpressed video
segnent swored/wos9a RAI D array 1511-1512 when the user PreTtarsded/osises Br ag
Clip and deconpressing it and playing it back. [0272]Brag Cips 2003 can
al so be "3D DVR' video segnents (i.e., a gane state sequence fromthe gane

(nat_can be (aBhEYed a0 Rk OISLRRANA. 1R APREE DR A LRS ™)

from ganes t upport” such cap he ‘gane s

from games t e ¢ TS daii State
par 01 cul ar STy Al S8R R A EYUGs, B AR RSBt SR ERESEI L e

Wien the Usefe|ia8 dlIswlfis gamé @ine@%leﬂ%} sBfectdttuddrdnein@i dipwald Vi deo
wi ndows are constantly | o0ping, a 3D DVR Brag Clip 2003 wll constantly

| oop t he Braghrié tdbd Ukivdtetoyvsisuders OREgsHdisssC EHEViEss2dald Wilbakiered, he user
recorded the "fly through” of the ganme segnent. But, when a user selects a

3D DVR Br ag iflong etfb&diameht,cbr ¢&minntastin d delagdutieon5t s, dricetheMisezavil bel s t o
all ow the conpressed video Brag Clip to be played, the user will be able to
click on a et “relind’gincegewhesrpB80r giReqappHrd pyudes playhié bgekslosdygnent .
They will be able to control a canera "fly through" during the gane segnent
on their owdfasidaavaic ethelysihns hevendd brablle & dam@ddnseemwatehing pige so
allows it) they will be able to record an alternative Brag Cip "fly
t hrough" i n WEhaLigisd Videe &ecerian W) AHBRUGR Inis exaMBle: NQUSRTISVi ever s
of the user page (either imedi y, or after the o r of the user page
has. o chancd R8N0 B4Rt s Sanee S5 ErPryTtyisavayanis 166 Bormisad & b 2003
capabi lity 'aspp‘la’lggttl%ne.dl'ht‘i)élcgﬁ%'evh%tlbfﬂpin reviewing prior work and in other

applications as detailed below. Further, if the game was designed with the

capability of rewinding based on utilizing game state information, such that the

camera view can be changed, etc., then this “3D DVR” capability will also be

supported, but it will require the game to be designed to support it. The “DVR”

capability using a delay buffer 1515 will work with any game or application,

limited of course, to the video that was generated when the game or

application was used, but in the case of games with 3D DVR capability, the

user can control a “fly through” in 3D of a previously played segment, and

have the delay buffer 1515 record the resulting video and have the game

state of the game segment record. Thus, a particular “fly-through” will be

recorded as compressed video, but since the game state will also be

recorded, a different fly-through will be possible at a later date of the same

segment of the game.

[0253] As described below, users on the hosting service 210 will each

have a User Page, where they can post information about themselves and

other data. Among of the things that users will be able to post are video

segments from game play that they have saved. For example, if the user has

overcome a particularly difficult challenge in a game, the user can “rewind” to

just before the spot where they had their great accomplishment in the game,
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the gane that is about to replay the recorded gane state information on
anot her app/ gane server 1521-1525. Since the gane can be activated al nost

I nst ant arwousdw7§me previ ously described) it is not difPcraiskoososzmasi vat e
it, with its play limted to the gane state recorded by the Brag dip
segnent, and then allow the user to do a "fly through” with a canera while

recording. o SIIRERShd hERd SRS RYPULEL b SedRER diligeer fas

conpl eted doing t he“gane 1S deac omt he

user’'s poi ”tdlﬂétic‘/r# féc’)yg.t, %tée‘é%hbggoﬁm'é bé’erﬁfé@%@%&gé“f&r%tﬁeﬁ%@%ﬂ?ﬁ) RAsh Cip

2003 is no nore e than controlling t ontrols I near Brag

Cip 2003. FeimpBiehb s NPisdimelyad eatittdr i@ IR BBp @anfy §8rvBPYS2 2188 hAMe
gane. They are just a virtual canera operator peering into a 3D world

during a garhe $R8MNIsifi§e®pR§Pably tratibestorb827 a]ddsgy Butéd 151 ®0a PRAIBbl e to
overdub their own audio onto Brag Clips that is either recorded from

m cr ophones arrayupb bhdsti2 aha thémn indexythaBridgo Gegpent an the usees User Gagat e

cust om ani mati ons, using characters and actions from ganmes. This ani mation

t echni que i 40284honl y Ikihevgaras hasdbaicapatility of 3D DVR, as described above,
then the game state information required for the 3D DVR can also be
recorded by the user and made available for the user’'s User Page.
[0255] In the event that a game is designed to have “spectators” (i.e.,
users that are able to travel through the 3D world and observe the action
without participating in it) in addition to active players, then the Game Finder
application will enable users to join games as spectators as well as players.
From an implementation point of view, there is no difference to the hosting
system 210 to if a user is a spectator instead of an active player. The game
will be loaded onto an app/game server 1521-1525 and the user will be
controlling the game (e.g., controlling a virtual camera that views into the
world). The only difference will be the game experience of the user.
[0256] MuLTIPLE USER COLLABORATION
[0257] Another feature of the hosting service 210 is the ability to for
multiple users to collaborate while viewing live video, even if using widely
disparate devices for viewing. This is useful both when playing games and
when using applications.
[0258] Many PCs and mobile phones are equipped with video cameras
and have the capability to do real-time video compression, particularly when
the image is small. Also, small cameras are available that can be attached to
a television, and it is not difficult to implement real-time compression either in
software or using one of many hardware compression devices to compress
the video. Also, many PCs and all mobile phones have microphones, and

headsets are available with microphones.
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[ 0276] As users progress through ganes, they will achieve differing skill

| evel s. The ganmes played will report the acconplishnents to the service
control syetemot8®2 and these skill levels will be showrConskiasnsizages.

[ 0277] | NTERACTI VE ANl MATED ADVERTI SEMENTS [ 0278] Onl i ne adverti senents have
transitioned fromtext, to still images, to video, and now to interactive

segments. typbeg) |y | | SRl ethusiag: RlBhOAL LB R Soddike Adobe

Fl ash. The r'eas anlna i oh e use users typically

have "“'ed?@é /5068 60%61%?9% Qbh p}aW?chfl’éL})’ ‘rﬁ’%&e'% Y& @rdHcgduct or

service pltche to them ents r oW per o mance PCs

and as SUCh1wcﬂét?c@tﬂb%ésho??fecﬁﬂfﬁu@@‘é%s@nBéé)heﬂﬁrﬁ’)" Wi Sfatf@BfUsde s fahdialt the
interactive ad will work properly. Unfortunately, animation thin clients

such as Adohgddd artioraedld frdrade iudet prorpiees 28 1ab thaheseg sarvice 21 t he
duration of the experience (to mtigate dowload time). [0279] Figure 21

i ' ustrates tagethet eithche repuadieridel s tateh &Vieert Bechisashniquescareel ect t he
exterior and interior colors of a car while the car rotates around in a
show oom wdrhployedl thenraecagapility dicisirgteshioisghient 9 Fseacraevdldeks usathean t he
user chooses an avatar to drive the car, and then the user can take the car
for a drive haverus visieozanchaediori@Ok, apnear ondhgsceaerewdhincanasien wsesisch as

Monaco.
game or application. This example is a multiplayer game, where teammates

collaborate in a car race. A user’s video/audio could be selectively viewable /
hearable only by their teammates. And, since there would be effectively no
latency, using the techniques described above the players would be able to
talk or make motions to each other in real-time without perceptible delay.
[0260] This video/audio integration is accomplished by having the
compressed video and/or audio from a user's camera/microphone arrive as
inbound internet traffic 1501. Then the inbound routing 1502 routes the video
and/or audio to the app/game game servers 1521-1525 that are permitted to
view/hear the video and/or audio. Then, the users of the respective app/game
game servers 1521-1525 that choose to use the video and/or audio
decompress it and integrate as desired to appear within the game or
application, such as illustrated by 1900.

[0261] The example of Figure 19 shows how such collaboration is used
in a game, but such collaboration can be an immensely powerful tool for
applications. Consider a situation where a large building is being designed for
New York city by architects in Chicago for a real estate developer based in
New York, but the decision involves a financial investor who is traveling and
happens to be in an airport in Miami, and a decision needs to be made about
certain design elements of the building in terms of how it fits in with the
buildings near it, to satisfy both the investor and the real estate developer.

Assume the architectural firm has a high resolution monitor with a camera
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The user can select a larger engine, or better tires, and then can see how
t he changed configuration affects the ability of the car to accelerate or
hol d t he woadoy/(70280] Of course, the advertisenment is ef PeTiise@sysis4s

sophi sticated 3D video gane. But for such an advertisenment to be playable
on a PC or a video gane console it would require perhaps a 100M8 downl oad

and, 1 the g ehsontoridad 9 A48 dHhecunebal abhen, gy spec
comutl ha capalh oy i, SEReaA SRR CltoEr o

l'aunch al nosfidnstABErdhite@AFal fith BSH L8EthY hoBthdBéMRIe MMRio kKt diser’ s
client 415 capabilities are. So, they launch nore quickly than thin client

interactive rildaechRRturdl désige apblicdtio exPRrdapadhs oflighgreahdtedy

reliable. [0282] STREAM NG GEOVETRY RI NG REAL- TI ME ANI MATI ON
rendering, and it can make use of a large database of the buildings in New
York City, as well as a database of the building under design. The
architectural design application will execute on one, or if it requires a great
deal of computational power on several, of the app/game servers 1521-1525.
Each of the 3 users at disparate locations will connect to the hosting service
210, and each will have a simultaneous view of the video output of the
architectural design application, but it will be will appropriately sized by the
shared hardware compression 1530 for the given device and network
connection characteristics that each user has (e.g., the architectural firm may
see a 2560x1440 60fps display through a 20Mbps commercial Internet
connection, the real estate developer in New York may see a 1280x720 60fps
image over a 6 Mbps DSL connection on his laptop, and the investor may see
a 320x180 60fps image over a 250Kbps cellular data connection on her
mobile phone. Each party will hear the voice of the other parties (the
conference calling will be handled by any of many widely available conference
calling software package in the app/game server(s) 1521-1525) and, through
actuation of a button on a user input device, a user will be able to make video
appear of themselves using their local camera. As the meeting proceeds, the
architects will be able to show what the build looks like as they rotate it and fly
by it next to the other building in the area, with extremely photorealistic 3D
rendering, and the same video will be visible to all parties, at the resolution of
each party’s display device. It won’t matter that none of the local devices used
by any party is incapable of handling the 3D animation with such realism, let
alone downloading or even storing the vast database required to render the

surrounding buildings in New York City. From the point of view of each of the
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[0283] RAID array 1511-1512 and the inbound routing 1502 can provi de data
rates that are so fast and with latencies so lowthat it is possible to
desi gn viweaogame®2and applications that rely upon the RArDSarmsayss1511-
1512 and the inbound routing 1502 to reliably deliver geometry on-the-fly
in the mdst of gane play or in an application during real-tine aninmation

(o9 2 L ype i b i goupl ey databasse FORPALVLN L AL A pyst e,

such as the Vi ne "sys € nass St orage devices

avai | abl e, %bifdrx{ﬂllgtdrv}én% Q%%hneﬁa%%i%%ri@ﬁ&‘@vﬂﬁ"dr%érecﬁtﬂ@ Je%\r;\%é BPreyligi. t 0

stream geonetry i |'ay except 1n situations ere the required

geonet ry WasafdRbn® barty Wit theifRlce 8 BN torbetief bl APtHERTe where
there is a specified roadway, geonetry for buildings that are comng into

view can be dgrpegsnblfe el canest sé.exlireie, if bRhaE®S rehpesarR deNsigesr can seek
I n advance to the | ocation where the upcom ng geonetry is |located. WO

2009/ 073792 RRE inisar8/&85548k¢ 02850 IBitthe architeatyrhieprogeanand ude their

unpr edi ctabl e changes (e.g., in a
own input device (be it a keyboard, mouse, keypad or touch screen), they
can, and it will respond with no perceptual latency (assuming their network
connection does not have unreasonable latency). For example, in the case of
the mobile phone, if the mobile phone is connected to a WiFi network at the
airport, it will have very low latency. But if it is using the cellular data networks
available today in the US, it probably will suffer from a noticeable lag. Still, for
most of the purposes of the meeting, where the investor is watching the
architects control the building fly-by or for talking of video teleconferencing,
even cellular latency should be acceptable.
[0262] Finally, at the end of the collaborative conference call, the real
estate developer and the investor will have made their comments and signed
off from the hosting service, the architectural firm will be able to “rewind” the
video of the conference that has been recorded on a delay buffer 1515 and
review the comments, facial expressions and/or actions applied to the 3D
model of the building made during the meeting. If there are particular
segments they want to save, those segments of video/audio can be moved
from delay buffer 1515 to a RAID array 1511-1512 for archival storage and
later playback.
[0263] Also, from a cost perspective, if the architects only need to use
the computation power and the large database of New York City fora 15
minute conference call, they need only pay for the time that the resources are
used, rather than having to own high powered workstations and having to
purchase an expensive copy of a large database.

[0264] VIDEO-RICH COMMUNITY SERVICES
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battl e scene with conplex characters all around) if RAMon the PC or video
gane systemis conpletely filled with geonetry for the objects currently in
vi ew, andwoheey/a7Bm®2user suddenly turns their character acoarsdoososisiew what
is behind their character, if the geonetry has not been pre-loaded into
RAM then there may be a delay before it can be displayed. [0286]1n the

hosti ng. ser YogsP10. Uit RALRALLAKS AR B2 oA ARORUIERRAIRE Bl eSS O

G gabit Eth rne? speed, netwo | §7Pp0SsS ¢hi eve
10 gigabit/ - ' i - t k
g1 gabi ngF%%gﬁég%gﬁg v@é%trué@cﬁnﬂﬁﬁiut& JEh1EE1Bh 1Q& Iﬂéﬂet.ggpﬁfe Bt wor

t echnol ogi es. ts/second w oad a gi gabyte a in less that

a second. | nsidwEOAmexémpERy UsER Pabl 16 AjamapRyexbAM&EhystinPssmaan i (21

MB) of data can be | oaded.” Rotating nmedia, of Course, evenl1n a RAID

confi gurati oxs Withlthe Gdrhe iFrier dopli€iire sh@ Usak Pagk haan aphligatort thae, but
Fl ash-based RAID storage will eventually be as large as rotating nedia RAID

arrays and wuh$ onadnd ofcthe appédarne geriert d 82Y-1525%. diieof ¢ind tilimiemdils arabsi ve RAM
write-through caching is used to provide very |ow | atency access.

[ 0287] Thus, vdehwindowscor this pabe gionecamstantypmeudingaides (if thecsegmeénts| ow
enough | atency mass storage, geonetry can be streaned into app/ gane gane
servers 1521r¢5Pertateyde0phs the CPUs and/or GPUs can process the 3D dat a.
So, in the exar‘rgl e given previously, where a user turns their character

around sudddAP§Ghnd " | JOKBY BeridpR CateEa e BINHPIGAJIRG VidEP. e 436s (WhaPact er s
b 1 can b oaded Ul P R B B o TS B b P o0 1,
s as real agllyg, 3 Orhe 888 £0r8 S OHAIY oM oaIorht MO widlE ! ast
other users come to KILLHAZARD's User Page, if KILLHAZARD is using the
hosting service 210 at the time, live video 2001 of whatever he is doing
(assuming he permits users viewing his User Page to watch him) will be
shown. This will be accomplished by app/game server 1521-1525 hosting the
User Page application requesting from the service control system 401
whether KILLHAZARD is active and if so, the app/game server 1521-1525 he
is using. Then, using the same methods used by the Game Finder application,
a compressed video stream in a suitable resolution and format will be sent to
the app/game server 1521-1525 running the User Page application and it will
be displayed. If a user selects the window with KILLHAZARD's live gameplay,
and then appropriately clicks on their input device, the window will zoom up
(again using the same methods as the Game Finder applications, and the live
video will fill the screen, at the resolution of the watching user’s display device
422, appropriate for the characteristics of the watching user’s Internet
connection.
[0267] A key advantage of this over prior art approaches is the user
viewing the User Page is able to see a game played live that the user does
not own, and may very well not have a local computer or game console

capable of playing the game. It offers a great opportunity for the user to see
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photorealistic conmputer animation is the human face, and because of the
sensitivity of the human eye to inperfections, the slightest error froma
phot or ealwbao®/oam2result in a negative reaction from tReTIiSeMSNSS5HE gure 22
shows how a |ive perfornmance captured using ContourTM Reality Capture
Technol ogy (subject of co-pending applications: "Apparatus and nethod for

capturing tgﬁerﬂggt QHO\%(Q?FT@E%G%%FE% e""in tion”® I'aé/'ﬁ]gia e ,Oa%d |'t:'i§ raneptenber

15, 2004, parat us an capturin Xpression o

perforner, " io?%fortuHﬂé to%ié%b?égﬁﬁab?@thﬁ?Hﬁ&%%n%ése@ﬂ%;t V\}'a?f?ﬁ?fr?to‘r's and

met hod for rovin Ication wthin a notlon capture system"”
Ser. No. 11/4%%cRefqt.Fil ed February 25, 2005; "Apparatus and nethod for
perform ng notion capture using shutter synchronization," Ser. No.

11/ 077, 628, [6268F Mar abark@ra-2Rdhded ApRBIALE Vi SRisITash koL LEAZARINENg

notion capture using a random pattern on capture surfaces,” Ser. No.

11/ 255, 854, Huddést 200D bey ald0,shad0dSon tHeydsenPagel aret hadbrheathpesidhovideog
notion capture using phosphor application techniques,” Ser. No. 11/449, 131,
Fil ed June Tlip290sxt thayisdieatesnwhetbehtw huddypisrdniinaiptayim@aigame éppur e by
strobing a fluorescent lanp," Ser. No. 11/449, 043, Filed June 7, 2006;

" Syst em and Shetshed i playingrtee gameerfiagnal ardMrenegeiess? ép Oitine cetcanPirat ed
characters," Ser. No. 11/449,127, Filed June 7,2006", each of which is

assi gned t o YIREINGLQH MNP HBOLShavehtthebpdgy ViGeoae!IRSHSWIKESPMs in a very

¢ ﬁ"égggﬁﬁffe@?f@F%%?ﬁgqépﬁﬁ@%ﬁ%b%?)q&%'f%t ﬁ%’ﬁ%@%@v&%@ﬂqﬁoﬁ%ﬁﬁpf v, Cuhen
h [ [ ; ' .

or oduce & t AP areentl g SRR G e TR b 2 b BT H5B6T A (hougn

racked sur {ETeREl Pepi it Bd B SRS b ol aRler oo iat6uddef 12

pol ygons anclf%%pggzﬁfgs?ﬁ;@t@gm@?geg%mﬁ@yué&%ﬁ&std') , it VA E&debﬁo%wduce the

nost phot oreal y consume all the avail e RAM of a
nodern PC orscyééle Gridgptiie uxeR Al Be ab2R0Ehnte if2ens blagadifiigsgeensiey

t echni ques descri bed above, it becones practical to continuously feed

geonetry i nt[0269F app/AgdiR, theser viewing the buddy’s game does not own a copy
of the came, nor the local computing/game console resources to play the
game. The game viewing is effectively instantaneous.
[0270] As previously described above, when a user plays a game on
the hosting service 210, the user is able to “rewind” the game and find a video
segment he wants to save, and then saves the video segment to his User
Page. These are called “Brag Clips”. The video segments 2003 are all Brag
Clips 2003 saved by KILLHAZARD from previous games that he has played.
Number 2004 shows how many times a Brag Clip has been viewed, and when
the Brag Clip is viewed, users have an opportunity to rate them, and the
number of orange keyhole-shaped icons 2005 indicate how high the rating is.
The Brag Clips 2003 loop constantly when a user views the User Page, along
with the rest of the video on the page. If the user selects and clicks on one of
the Brag Clips 2003, it zooms up to present the Brag Clip 2003, along with

DVR controls to allow the clip to be played, paused, rewound, fast-forwarded,

stepped through, etc.
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servers 1 521 -1 525 so that they can ani mate photoreal faces continuously,
allowing the creation of video ganes with faces that are al nost

i ndi sti ngmo=henl7e792r om |i ve action faces. [0291] | NTEGRAPCTIUSOWSI0BINEAR
CONTENT W TH | NTERACTI VE FEATURES [ 0292] Motion pictures, television
programm ng and audio material (collectively, "linear content” is wdely

ZZSLL?QL%L‘*B PIFcar ol BFG CRE=Res HlBR? R o by FAS SRRl % <o
vai [obl o ad R I U7 R B eSPRy SRR R B0 1 ana

as vi deo- on-geqpsh {-YOR) whercBl el Yecdrded#d BeAFasp MddongRessipgient is

avai |l abl e through the Internet, both
and playing it back.
[0272] Brag Clips 2003 can also be “3D DVR” video segments (i.e., a
game state sequence from the game that can be replayed and allows the user
to change the camera viewpoint) from games that support such capability. In
this case the game state information is stored, in addition to a compressed
video recording of the particular “fly through” the user made when the game
segment was recorded. When the User Page is being viewed, and all of the
thumbnails and video windows are constantly looping, a 3D DVR Brag Clip
2003 will constantly loop the Brag Clip 2003 that was recorded as
compressed video when the user recorded the “fly through” of the game
segment. But, when a user selects a 3D DVR Brag Clip 2003 and clicks on it,
in addition to the DVR controls to allow the compressed video Brag Clip to be
played, the user will be able to click on a button that gives them 3D DVR
capability for the game segment. They will be able to control a camera “fly
through” during the game segment on their own, and, if they wish (and the
user who owns the user page so allows it) they will be able to record an
alternative Brag Clip “fly through” in compressed video form will then be
available to other viewers of the user page (either immediately, or after the
owner of the user page has a chance to the review the Brag Clip).
[0273] This 3D DVR Brag Clip 2003 capability is enabled by activating
the game that is about to replay the recorded game state information on
another app/game server 1521-1525. Since the game can be activated almost
instantaneously (as previously described) it is not difficult to activate it, with its
play limited to the game state recorded by the Brag Clip segment, and then

allow the user to do a “fly through” with a camera while recording the
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as downl oaded and as stream ng content. Today, there really is not one
place to go to experience all of the features associated with |inear nedia.
For exanpWwe,2o®us79and ot her vi deo optical nedia typical lPgThme@siostses acti ve
features not avail able el sewhere, like director's comentaries, "making of"
featurettes, etc. Online nusic sites have cover art and song information

gener al |y nolo uaLLabl eBlo GReloblBP o f | ofEB A Godald aBhsieht 4aif And

Web sites asSoctattng wi SI'oR progranmm ng o ave

f eat ures, bltﬂgswwowhwgmﬁ eroomthe actors or creative staff.

[ 0294] Further on pictures or sports events, there are often

vi deo games [pbag) are rﬁbﬁﬁﬁ\%%&(ér@ 5d?ﬁ*t &Faséw Odctiatihg ﬂ%/%r‘d)ru@ﬁ) with{z£8D
together with the | inear nedia or (in the case of Spor may be cl osely

tied to real Dvarﬁsr@rgemmﬂmoi B b mdréefforadanaoffrolthg Yes SNR E6R9Sk et | ng
service 210 is well suited for the delivery of linear content in |inking

t oget her t hdingias BeaigCtipf2008s Théy nedyakreslv cothiegnabotetheajamy or deém hew tog
notion pictures is no nore challenging that delivering highly interactive
vi deo games,plantha gemhosheygres pst acitE Gaimeraloperator geeiingintd iarawariont ent
to a wide range of devices, in the home or office, or to nobile devices.

Fi gure 23 sWgﬁgéﬁ@rﬁﬂm@ntd%@rdeﬁlt@r&%@iéeipage for hosting service 210

that shows a _selection of |inear content. WD 2009/ 073792PCT/ U82008/ 085545
[0275] Users will also be able to overdub their own audio onto Brag

Clips that is either recorded from microphones or uploaded. In this way, Brag
Clips can be used to create custom animations, using characters and actions
from games. This animation technique is commonly known as “machinima”.
[0276] As users progress through games, they will achieve differing
skill levels. The games played will report the accomplishments to the service
control system 401, and these skill levels will be shown on User Pages.
[0277] INTERACTIVE ANIMATED ADVERTISEMENTS

[0278] Online advertisements have transitioned from text, to still
images, to video, and now to interactive segments, typically implemented
using animation thin clients like Adobe Flash. The reason animation thin
clients are used is that users typically have little patience to be delayed for the
privilege of have a product or service pitched to them. Also, thin clients run on
very low-performance PCs and as such, the advertiser can have a high
degree of confidence that the interactive ad will work properly. Unfortunately,
animation thin clients such as Adobe Flash are limited in the degree of
interactivity and the duration of the experience (to mitigate download time).
[0279] Figure 21 illustrates an interactive advertisement where the user
is to select the exterior and interior colors of a car while the car rotates around
in a showroom, while real-time ray tracing shows how the car looks. Then the
user chooses an avatar to drive the car, and then the user can take the car for

a drive either on a race track, or through an exotic locale such as Monaco.
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[0296] But, unlike nost |inear content delivery system hosting service 210
Is also able to deliver related interactive conponents (e.g., the nenus and
f eat ur es wo 2Dg3792he i nteractive overlays on H D DVDs, pamaistévs/oggiebe Fl ash
ani mation (as explained below) on Wb sites. Thus, the client device 415
limtations no |longer introduce limtations as to which features are

avai | abl e. ﬂfeg@%:rlgatn@ Iecttéﬁré]éc)rzénriﬁrg?s J%e?@r%}(% a?wdqpéﬁ AR Qeer}ﬁ ot her
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and deC|des to try can just click a
button and qaganV|e w || pause and |nned|ately she will be transported to
the Quidditch segnent of a Harry Potter video gane. After playing the

Qui ddi t ch m{bﬂbq anot her carsé kihefadvehigehtdnt igeflettilyra sophistithtetiesnime
instantly. [0298] Wth photoreal graphics and production technol ogy, where

t he phot ogr ajidec ghing: Bapfarrsedh\andadvartgse menistoi begpliagallel an & RGrot Aeideove
action characters, when a user nmakes a transition froma Quidditch gane in
a live acti gamecbesale itwquidddquicd pgerapsi an 1 @0MiBddawnjaad amal, in thestdsegpf
service as described herein, the two scenes are virtually

i ndi sti ngui dhatie.it migh reaeive thesinstallatien pf ﬁ@@@lalr@raﬁrsﬁea Miggof eun at
directors of both |inear content and interactive Vi deo garre) cont ent

as the |inesbbinaeRh laghs agraumse (Cde! pe&dite Cpﬁtﬂlué'f‘griaﬁﬁbﬁ%ﬁé‘us such

[0299] Uti | ZICPV% t he hgsting servyice architect ihown in Fig. 14 the
rtisements are rmpractical in prior art con gura lons

[0281] In the hosting service 210, such advertisements launch almost
instantly, and run perfectly, no matter what the user’s client 415 capabilities
are. So, they launch more quickly than thin client interactive ads, are vastly
richer in the experience, and are highly reliable.

[0282] STREAMING GEOMETRY DURING REAL-TIME ANIMATION

[0283] RAID array 1511-1512 and the inbound routing 1502 can
provide data rates that are so fast and with latencies so low that it is possible
to design video games and applications that rely upon the RAID array 1511-
1512 and the inbound routing 1502 to reliably deliver geometry on-the-fly in
the midst of game play or in an application during real-time animation (e.g., a
fly-through with a complex database.

[0284] With prior art systems, such as the video game system shown in
Figure 1, the mass storage devices available, particularly in practical home
devices, are far too slow to stream geometry in during game play except in
situations where the required geometry was somewhat predictable. For
example, in a driving game where there is a specified roadway, geometry for
buildings that are coming into view can be reasonable well predicted and the
mass storage devices can seek in advance to the location where the

upcoming geometry is located.
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control of the virtual canera in a 3D novie can be offered to the viewer.
For exanple, in a scene that takes place within a train car, it would be
possi bl e wo 280908792 he vi ewer to control the virtual cameca/ispasiosssks ar ound
the car while the story progresses. This assunmes that all of the 3D objects
("assets") in the car are available as well as an adequate a |evel of

or 1 0i nal moJC20ST g 200870 #4agRer Foeaooul OTERLeRERI AR A 1 11
ot ur o5 1 RO RCRE i RoRip e BBl R ol I B YR FrPel (HEOTE, | i

and Prej udi C@ﬁmé‘%ﬂst@?rmé SFENBElY Al With §eBhtbif el iifdopRBE Qitfentfyqh certain
mansi on scenes, the user may pause the video and then control the canera to

take a tour \éw!&ed frReMstherusepsufe@emangmishibeid tharionsh ABupd &6 vielpwhapisement
this, a canera could be carried through the mansion with a fish-eye | ens as

it keeps tramhind theirschavacter,ahthengadmétrk eapniobbeam préNuaded intacRARNT ckTi me
VR is inplenmented. The various frames would then be transfornmed so the

i mages ar e rbendhareonagtie adelay eforstivcadbedispMy@dar ray 1511- 1512 al ong
with the novie, and played back when the user chooses to go on a virtual

tour. [0301][0286] spor tls tee 8askNg aemvicge2 Khdhe RAdVeairaysiehl-4814 cBasket bal |
ganme, may be streaned through the hosting service 210 for_ users to watch,
as they woul SdreeEh dakeyin) eycess of igakit E&@r@eme@ﬁean@l%m AN ﬁ?t"mrbiy':[ a
e o S Ly e Sk R S 5
e Sae Pl e 50 Bl By AR R RS Rl AL
players. data in less that a second. In a 60fps frame time (16.67ms), approximately

170 megabits (21MB) of data can be loaded. Rotating media, of course, even

in a RAID configuration will still incur latencies greater than a frame time, but

Flash-based RAID storage will eventually be as large as rotating media RAID

arrays and will not incur such high latency. In one embodiment, massive

RAM write-through caching is used to provide very low latency access.

[0287] Thus, with sufficiently high network speed, and sufficiently low

enough latency mass storage, geometry can be streamed into app/game

game servers 1521-1525 as fast as the CPUs and/or GPUs can process the

3D data. So, in the example given previously, where a user turns their

character around suddenly and looks behind, the geometry for all of the

characters behind can be loaded before the character completes the rotation,

and thus, to the user, it will seem as if he or she is in a photorealistic world

that is as real as live action.

[0288] As previously discussed, one of the last frontiers in

photorealistic computer animation is the human face, and because of the

sensitivity of the human eye to imperfections, the slightest error from a

photoreal face can result in a negative reaction from the viewer. Figure 22

shows how a live performance captured using Contour™ Reality Capture
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[ 0302] The hosting service 210 described herein is extrenely well- suited to
support this futuristic world because it is able to bring to bear conputing
power andwoas®/@smrage resources that are inpractical t®ecrnsta@slosisnsa home
or in nost office settings, and also it's conmputing resources are always

up-to-date, with the |atest conputing hardware avail able, whereas in a hone

setti g, t Nor&ioldo, ALBLS: BecHIBLESIpA b hiSle: IRBSLAYI O Pl afl deo

ganmes. And, ih't I'ng sServ S cofputi ng conplexity is

hi dden fr Oméa*b‘ﬁ#] fhe rﬁgticgrY Bf‘atp*éfr‘é%ekh%_\ér.w. Rﬁ%‘éhpg, icled ﬁ%ﬁ@?ﬁ@éﬁ cat ed

systens, from'the user oint 'of view, it is a sinple as ¢ gl ng channel s

on a tel evi sipnpookufAdIratusihdiREifo @Y cEpRRINARhE dxprexessess 4l | of the
conputing power and the experiences the conputing power would bring from

any client 4dforined0 ViG] Ri/AXER 1GANEY $ORAI0ER 1Bheoes! Hppaifesamie is a

mul tiplayer gane, then it will be able
method for improving marker identification within a motion capture system,”
Ser. No. 11/066,954, Filed February 25, 2005; “Apparatus and method for
performing motion capture using shutter synchronization,” Ser. No.
11/077,628, Filed March 10, 2005; “Apparatus and method for performing
motion capture using a random pattern on capture surfaces,” Ser. No.
11/255,854, Filed October 20, 2005; “System and method for performing
motion capture using phosphor application techniques,” Ser. No. 11/449,131,
Filed June 7, 2006; “System and method for performing motion capture by
strobing a fluorescent lamp,” Ser. No. 11/449,043, Filed June 7, 2006;
“System and method for three dimensional capture of stop-motion animated
characters,” Ser. No. 11/449,127, Filed June 7, 2006, each of which is
assigned to the assignee of the present CIP application) results in a very
smooth captured surface, then a high polygon-count tracked surface (i.e., the
polygon motion follows the motion of the face precisely). Finally, when the
video of the live performance is mapped on the tracked surface to produce a
textured surface, a photoreal result is produced.
[0289] Although current GPU technology is able to render the number
of polygons in the tracked surface and texture and light the surface in real-
time, if the polygons and textures are changing every frame time (which will
produce the most photoreal results) it will quickly consume all the available
RAM of a modern PC or video game console.
[0290] Using the streaming geometry techniques described above, it
becomes practical to continuously feed geometry into the app/game game

servers 1521-1525 so that they can animate photoreal faces continuously,
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communi cate both to app/gane ganme servers 1521 -1 525 through the i nbound
routing 1502 network and, with a network bridge to the Internet (not shown)
wi t h ser wooevo7gmee nmachi nes that are not running in tREeThISE08/08558Rr Vi Ce
210. Wien playing nultiplayer ganes with conputers on the general |nternet,
then the app/gane gane servers 1521-1525 will have the benefit of extrenely
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relatively slow consumer |Internet connections. [0305]But when a nultiplayer

gane is playedogntirelMowdrt picturashiesgvidign pedgraaenidgGireavss neeskigr, then a
world of difference is achievable. Each app/gane gane server 1521-1525
hosting a gguelldalively, Usear sohientes iwitiely avaiiaislead hoimdand loéficeaygargame gane
servers 1521-1525 as well as any servers that are hosting the central
control for maey frhts. pirgasicogtent cantie acquireatednyphysidal spedid, likexCPe B, | ow
| at ency connectivity and vast, very fast storage arrays. For exanple, if

G gabit Et helhd?VPangsBiy-reyrmedia. [tiasuern bedeceiged by DYBs ik sateldd t he
app/ game game servers 1521-1525 wi |l be comuni cati ng,am)n%yeach ot her and

colmmn: cati rRd ARy st'érroxgép?s’[h&é‘fji Hdp @Y%'%ﬁ? QQYIR%'_[V#QR’V (P l)f’%tent f

|t E'ngyaﬁ: |t8a%r55h%ﬂi8'h an fﬁ%ﬁéﬁfﬁgﬁﬁﬁ %j'%@iﬂ?ﬁﬁ%m&%?%@fﬁ espond
el o+ 119288, "CdbE ARG A i % AV BBPuFR B R o
accoutrementg, hehbhak aﬁaeasc{lﬂé;a Cih?co*ﬁ‘?@nt?Té\ﬁé‘%;ﬂ?hé‘r@t‘éﬂW n ec?{(;éenél'ét\fea”d

behavi ors that "are unrque to racter, prior a Sys rmted

to the game igljoapteydRBhBS ol 3f INEIRRIR SR sBoBRPHItIARBACHRER, Fori f t hat

character were to cone I nto view of another user, the user would have to

wai t until axapiiile, BYOW dVbthendiceeBptiehPmedi fyBrlallphaveintbhgtiggonet ry and
behavior data loads into their conputer. Wthin the hosting service 210,

that same ddeatuwesincoaallabie elsewhéiaaike dirsthesrimmeataried, fmaking oRAI D arr ay
1511- 1512 at gi gabit/second speed. Even if the hone user had an 8Mps

| nt er net corfeatréites, @i @hlinesmesicrsiies| havbasivebarttaydbsorgy isfanddiods) , G gabi t
Ethernet is 100 times faster. So, what would take a m nute over a fast
| nt er net corgaeralymotvavalilableakeChDss but heliralblCBsasa divailable @ngjadi Angieh net .
[ 0306] TOP PLAYER GROUPI NGS AND TOURNANMENTS [ 0307] The Hosting Service 210 is
extrenel y weilesagspeigtingwith television programming often have extra features, blogs
and sometimes comments from the actors or creative staff.
[0294] Further, with many motion pictures or sports events, there are
often video games that are released (in the case of motion pictures) often
together with the linear media or (in the case of sports) may be closely tied to
real-world events (e.g., the trading of players).
[0295] Hosting service 210 is well suited for the delivery of linear
content in linking together the disparate forms of related content. Certainly,
delivering motion pictures is no more challenging that delivering highly
interactive video games, and the hosting service 210 is able to deliver linear
content to a wide range of devices, in the home or office, or to mobile devices.
Figure 23 shows an exemplary user interface page for hosting service 210

that shows a selection of linear content.
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tour nanents. Because no gane is running in a local client, there is no
opportunity for users to cheat. Al so, because of the ability of the output
routi ng 1oQowm7eskti cast the UDP streans, the Hosting B8emrxiSe@siosss210 i s
able to broadcast the major tournanents to thousands of people in the

audi ence at once. [0308]In fact, when there are certain video streans that

are S0 populigbafial | NGSHAfs BLoBRIS BHr SElAG I, RATRGLTRE (°, o

show ng vi e a maj or ournanen 3V'S&nd the’

video streamq{Pisdy&PabRb o%‘ﬁl/ér"r‘aeré‘teak?ﬁt\é’%c%ﬁvé%mc%w Ces@gw&&ﬁ‘ simlar

Li nmelight for mass distribution to man ent

l'evel of ef fiy RAGKE M I?VDga!HéQHtéPQ@cWeao% b%M@%VQSSBﬁWt@KEOEé nder
pages of top player groupings. [0310] For mmj or t our nanent s, live

cel ebrity armastherimsih @@ axpriiné® below)i EWRDERRL Thiis Ctlhéldﬁgnt?@é\h@é n
mat ches. Al though a | arge nunber of users will be wat chi ng a mj or

t our nanment , 4fkdimightédrnisvied ongerintroauch éimitsitibhs e tp lvehich (edtureisheret our nanment .

The audio fromthe cel ebrit y announcer can be routed to the app/gane gane

servers 1521aveHiaBlehosting the users playing in
[0297] Further, the hosting system 210 is able to link together linear
content with video game content dynamically, and in real-time. For example, if
a user is watching a Quidditch match in a Harry Potter movie, and decides
she would like to try playing Quidditch, she can just click a button and the
movie will pause and immediately she will be transported to the Quidditch
segment of a Harry Potter video game. After playing the Quidditch match,
another click of a button, and the movie will resume instantly.
[0298] With photoreal graphics and production technology, where the
photographically-captured video is indistinguishable from the live action
characters, when a user makes a transition from a Quidditch game in a live
action movie to a Quidditch game in a video game on a hosting service as
described herein, the two scenes are virtually indistinguishable. This provides
entirely new creative options for directors of both linear content and interactive
(e.g., video game) content as the lines between the two worlds become
indistinguishable.
[0299] Utilizing the hosting service architecture shown in Fig. 14 the
control of the virtual camera in a 3D movie can be offered to the viewer. For
example, in a scene that takes place within a train car, it would be possible to
allow the viewer to control the virtual camera and look around the car while
the story progresses. This assumes that all of the 3D objects (“assets”) in the

car are available as well as an adequate a level of computing power capable

of rendering the scenes in real-time as well as the original movie.
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t he tournanent and hosting any spectator node copies of the ganme in the
tournanment, and the audi o can be overdubbed on top of the gane audio. Video
of a cel evoi2ogw/E@sm™ouncer can be overlaid on the ganes, PEThBP@SjO8TSUS ON
spectator views, as well. [0311] ACCELERATI ON OF WEB PAGE LOADI NG [ 0312] The
Wrld Wde Wb its primary transport protocol, Hypertext Transfer Protocol

(HTTR). wer qoggaeei vedy and, defdined. inatePlansfisss il hshngsges,had hi gh

speed Inter nnect’i ons, an e’ consu re-onlrneé wWere using

di al up Wvde%ryéx&ijﬁwiingg%ipgﬁé%t%s tthlé?c:élﬁgle%gf%tr@&qﬂérdéxafn%lg?thfeaﬁOS

connecti on was’ a rovi ded Mops data rate symmetrically

(1o, with AgHGH piake -PAYE dnd el idd T1a%! ARy scoh3 kb TeRsd EAGIH Luat i on

is conpletely different. The average home connhection speed through DSL or

cabl e nodemmansiens.i Rorscariainmtihsiin $dedcdenr] ongtnapphdsdase wdkaranal gher
downstream data rate than a Ti line. In fact, in some parts of the world,

fi ber-to-theahenrcbnirsl theiczgnerg tdaslke aad@sofahe matsiars, &pdarbagdHthdps to the

hore- surrounding area. To implement this, a camera could be carried through the
mansion with a fish-eye lens as it keeps track of its position, much like prior
art Apple, Inc. QuickTime VR is implemented. The various frames would then
be transformed so the images are not distorted, and then stored on RAID
array 1511-1512 along with the movie, and played back when the user
chooses to go on a virtual tour.
[0301] With sports events, a live sports event, such as a basketball
game, may be streamed through the hosting service 210 for users to watch,
as they would for regular TV. After users watched a particular play, a video
game of the game (eventually with basketball players looking as photoreal as
the real players) could come up with the players starting in the same position,
and the users (perhaps each taking control of one player) could redo the play
to see if they could do better than the players.
[0302] The hosting service 210 described herein is extremely well-
suited to support this futuristic world because it is able to bring to bear
computing power and mass storage resources that are impractical to install in
a home or in most office settings, and also it's computing resources are
always up-to-date, with the latest computing hardware available, whereas in a
home setting, there will always be homes with older generation PCs and video
games. And, in the hosting service 210, all of this computing complexity is
hidden from the user, so even though they may be using very sophisticated
systems, from the user’s point of view, it is a simple as changing channels on

a television. Further, the users would be able to access all of the computing
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[ 0314] Unfortunately, HTTP was not architected (nor has it been inplenented)
to effectively take advantage of these dramatic speed inprovenents. A web
site is avoabdwosisen of files on a renote server. |n vePgTAiSnmSAs3ISes s,
HTTP requests the first file, waits for the file to be downl oaded, and then
requests the second file, waits for the file to be downl oaded, etc. In

fact, HTTP : " . on . i :
o TIE T Sylfhe B RS Bieeq RRSihe PAEEhb e fom AREAIET 0n°,
desire to prgwent web servers from being overloaded) only very few open

connections are pernmitted. Moreover, because of the way Wb pages are

construct ed,joBpg)ser s MbLBPLAER GRegWar e of nultiple sinultaneous pages
that could be available to dowload imediately (i.e., only after parsing a

page does it[oBe4pre app@iteiéxibhiethedydmeavid 4 Infultiplaker gamenmee. it wRiastsable be
downl oaded). Thus, files on website are essentially | oaded one-by-one. And,

because of tdmwenmericatsd baihdtoragppgearae gantd sewkersi$82i1 - g25THiughiee mbaindoughl y
(accessing typical web servers in the US) a 100ns | atency associated with
each file thauting 1602 detivorkaBTh Wit & newvakibrielgg to dhe dpeswet ¢noirsdommns, this
does not introduce nmuch of a probl em because the download tinme for the
files thenseVitheseryers aagavetnachiaes thaj are net FsMindn iReqsdigesensed , as
connecti on %eeds grow, especially with conpl ex web pages, probl ens begin

[

to arise. 161¥Yhen pRYERGmSItE!aesWRMes Wity Grappkerson Yisi gexeraldriasnel al
website then the app/game game servers 1521-1525 will have the benefit of extremely

fast access to the Internet (compared to if the game was running on a server
at home), but they will be limited by the capabilities of the other computers
playing the game on slower connections, and also potentially limited by the
fact that the game servers on the Internet were designed to accommodate the
least common denominator, which would be home computers on relatively
slow consumer Internet connections.

[0305] But when a multiplayer game is played entirely within a hosting
service 210 server center, then a world of difference is achievable. Each
app/game game server 1521-1525 hosting a game for a user will be
interconnected with other app/game game servers 1521-1525 as well as any
servers that are hosting the central control for the multiplayer game with
extremely high speed, extremely low latency connectivity and vast, very fast
storage arrays. For example, if Gigabit Ethernet is used for the inbound
routing 1502 network, then the app/game game servers 1521-1525 will be
communicating among each other and communicating to any servers hosting
the central control for the multiplayer game at gigabit/second speed with
potentially only 1ms of latency or less. Further, the RAID arrays 1511-1512
will be able to respond very rapidly and then transfer data at gigabit/second
speeds. As an example, if a user customizes a character in terms of look and

accoutrements such that the character has a large amount of geometry and
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is shown (this particular website was froma major athletic shoe brand).
The website has 54 files onit. The files include HTM.,, CSS, JPEG PHP,
JavaScri pyvoana/FBmeh files, and include video content. ACratsaéosm8s515 5MByt es
nmust be | oaded before the page is live (i.e., the user can click on it and
begin to use it). There are a nunber of reasons for the Iarge nunber of

another . 1t T B ste hidh< BT e LA S8 RTRE g ffe’
| nf ormat i on QhoutIhEHARE IRHRERSHLS PG eonusrr:{armaegn%ra&érhe user

is from wh anguage, ether t as “na ases ore, etc.),

and dependi rWler@rtoa&io'mé)fnté WRSEof A5dtAES s fﬁ@u%ﬂwcﬁulb%véﬁ@ vV ahpaded.
Still, it is a very typical comercial web page. [0317] Figure 24 shows the

amount of t i16\g I el dwaiess cORbrites Ebeharedll ¢fape ge@rﬂetmmbéh&n@romect i on
speed grows. Wth a 1. 5Mops connection speed 24 using a conventional web
server W th lead®imi@ thieiocompotebr Wither thel Hodtiageseniide 216 ethaihdamendownlbhe web
page is live. Wth a 12Mops connecti on speed 2402, the load tine is reduced
to 6.5 secormsld be caboGigabii Cienzetf agtvedBuam @i E{Altaagamrﬁémtﬁi&eati on speed
2403, the load tine is only reduced to about 5 seconds. The reason why is
because at SI@PIHSELAH SpRke. &a@nsfpr@edromwserhedaambﬁernehe files
thenselves is mnimal, but the |latency per file, rou é 100ms each, still
remai ns, re<ANMERECH AVBiEh1s eétéemehyd@ﬁébretcsﬂarss@eaﬁar Sof lgépgrﬁfpemﬂﬁi% no
will always

{ake at h?éval RLi08 TR0 S, miTat Wauld gah%e%mngrﬁoqu@é@ feakﬁermiﬁ the.
- Si in TP

23%?ashuif"o@?b@r?mtvrvuiﬁrrr%r 'eﬁarﬁé‘rigiéeaﬂﬁr%aéﬁﬁ% ihitEheliEnuce for avery

emal | item ggﬁg%f ron%thL tE)ﬁFerGs%ngfN/( sts needs to wart for

its turn. e way to so ese 1 ssues i1s I scard or redefine
HTTP. O, pqpBgpp to offe HBS eewt OVOR ekiPerg t\ﬁéll sQiRgPldrdate its files
into a si ngl e ?ﬂse e. ge, II%obe II‘% Y\? f%rrra Fy But , Ias arpractr cal

matter, thi Srogﬁfﬁh'?éh’rs Bécé{l’f'ﬁe' n@gafianyg rQrﬁrﬁl\Ag% E%Cﬁ cﬂJéﬁlafthér@aé nef investment
intheir web site architecture. Further | e some homes have 12- 100Mops

connect i ons,ogpeetunity éar tiseroto bhems Aldd, lbechasee obineveility e @tks ound rddiing does
work well at sl ow speed.
1540 to multicast the UDP streams, the Hosting Service is 210 is able to
broadcast the major tournaments to thousands of people in the audience at
once.
[0308] In fact, when there are certain video streams that are so popular
that thousands of users are receiving the same stream (e.g., showing views of
a major tournament), it may be more efficient to send the video stream to a
Content Delivery Network (CDN) such as Akamai or Limelight for mass
distribution to many client devices 415.
[0309] A similar level of efficiency can be gained when a CDN is used
to show Game Finder pages of top player groupings.
[0310] For major tournaments, a live celebrity announcer can be used
to provide commentary during certain matches. Although a large number of
users will be watching a major tournament, and relatively small number will be

playing in the tournament. The audio from the celebrity announcer can be

routed to the app/game game servers 1521-1525 hosting the users playing in
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[0319] One alternative is to host web browsers on app/gane servers

1521- 1525, and host the files for the web servers on the RAID arrays 1511-
1512 (or woteewizatoky i n RAM or on | ocal storage on the app/usacs/os&aver s
1521- 1525 hosting the web browsers. Because of the very fast interconnect
t hrough the i nbound routing 1502 (or to local storage), rather than have

100 of | alygney, Aeindrh LAgBIAG HREBnok i B coBcls i M dbency per

file using I'nstea aving he aser One” accessing the

web page thrtBHH"én‘fQ"'E m&l Hfe 4560 c%'b@?ﬁ@r%lﬁbb@& Bp%’?% gQﬁm%%Ejl&' lent 415.

Then, even wth a S connecti on ecause this web pag S not

require fTUCMQéB%Y"aFBeﬂbBrQ% ahhBuiéstagh bd BeeBBRAIAC Yahed Pelhafss st bigss

than 1 second per line 2400. Essentially, there will” be no atency bef ore
t he web br oWCtgtgmmewg a8 wal. app/ gane server 1521- 1525 is displ ay| ng a

i ve page, and there w i1 be no detectable | at ency before the client 415
di spl ays t hqg08itipo outActeELERAMONGF WEB PAGEVEOADINGS t he user nouses around
and/ or types on the web page, the user's input information will be sent to
t he web br ovi®812} unni niheoW arleeVigep¥\mits pemaey trasgderl pasocendypérexteb
browser will_respond accordingly. WO 2009/073792PCT/ US2008/ 085545

[ 0320] One di Faasigntag@cob(H hi a@e@aaﬁew@diaﬂdtdeéln@dmﬁ)a@sﬁgawvhege@@ﬂmant|y
transmtti ngq vi deo data, then bandwidth is used, even if the web page

becones s'([ja L{?\'A;‘qeﬁﬁ;?§ r@ﬁm'?ﬁspg%wtgﬂj%ﬁoeﬁﬁwcﬁlﬁ ﬁﬁa th%€ﬁ@%?@§s‘é’69 to only
et %S?] Ft t E?V@%Oﬁ* gt et Usiid ORHI PR G Wﬁtﬁsq@%ﬁﬁésg&gﬁéﬁagiﬁi
Lend to-be SAHAG IO eef coltyofofes dda e wichaRPaua s etk Pooa°

reason f or Sr%ﬁé%ﬂ%tﬁc%}lg‘?\ IOVl Bara By iFEOC I RYgnEpr such web pages,

it is likely Y Case ransm Sing the hosting
service 210 8 @ CO”F’ kiR %§"ct6?r{| g 8rehil hd Bferdgbyddl
di spl ayed i ges wil | ransrrllttte no tph‘lgnwlﬁernt execut ab?e corrc]iee and

no large Obl%h%cﬁ&@%p@@d’th’r%@ﬁ DL Ml* S48 mEIEH cahneidraviaimidReethe
developed world has a far higher downstream data rate than a T1 line. In fact,
in some parts of the world, fiber-to-the-curb is bringing data rates as high as
50 to 100Mbps to the home.
[0314] Unfortunately, HTTP was not architected (nor has it been
implemented) to effectively take advantage of these dramatic speed
improvements. A web site is a collection of files on a remote server. In very
simple terms, HTTP requests the first file, waits for the file to be downloaded,
and then requests the second file, waits for the file to be downloaded, etc. In
fact, HTTP allows for more than one “open connection”, i.e., more than one
file to be requested at a time, but because of agreed-upon standards (and a
desire to prevent web servers from being overloaded) only very few open
connections are permitted. Moreover, because of the way Web pages are
constructed, browsers often are not aware of multiple simultaneous pages
that could be available to download immediately (i.e., only after parsing a
page does it become apparent that a new file, like an image, needs to be

downloaded). Thus, files on website are essentially loaded one-by-one. And,
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[ 0321] Thus, using the hosting service 210 to host | egacy web pages, web
page load tinmes can be reduces to the point where opening a web page is

| i ke charwgorgosaitarrel s on a tel evision: the web page i sPCwsS2@Bfoessts vel y
instantly. [0322] FACI LI TATI NG DEBUGA NG OF GAMES AND APPLI CATI ONS [ 0323] As
menti oned previously, video ganmes and applications with real-tinme graphics

are very CoplencaRphisld e Andelumaalllo MBI ARGLIESS, feleRsgdghato the

field they contain bugs. evelropers wl’l fee ck

fromusers %Qeﬁaﬁgﬁ?p%ﬁﬂ%éb@v%ﬁ?Hﬁ&%@%ﬁ)@@é?&@b@y BasscidRekyifchi ne

state after cras IS very icultto nti exactly what has

caused a gargycPrfilé gt IdHRIeadpp! i cation to crash or to performinproperly.
[ 0324] When a gane or application runs in the hosting service 210, the

vi deo/ audi o [0815Pt of WhR rgafRel9loRpREEd @ohABCHGhSS BMSHaBt Invt Mkeiuded on a

del ay buffer 1515. Further, a watchdog process runs each app/ gane server
much of a problem because the download time for the files themselves
dominates the waiting time for the web pages. But, as connection speeds
grow, especially with complex web pages, problems begin to arise.
[0316] In the example shown in Figure 24, a typical commercial website
is shown (this particular website was from a major athletic shoe brand). The
website has 54 files on it. The files include HTML, CSS, JPEG, PHP,
JavaScript and Flash files, and include video content. A total of 1.5MBytes
must be loaded before the page is live (i.e., the user can click on it and begin
to use it). There are a number of reasons for the large number of files. For
one thing, it is a complex and sophisticated webpage, and for another, it is a
webpage that is assembled dynamically based on the information about the
user accessing the page (e.g., what country the user is from, what language,
whether the user has made purchases before, etc.), and depending on all of
these factors, different files are downloaded. Still, it is a very typical
commercial web page.
[0317] Figure 24 shows the amount of time that elapses before the web
page is live as the connection speed grows. With a 1.5Mbps connection
speed 2401, using a conventional web server with a convention web browser,
it takes 13.5 seconds until the web page is live. With a 12Mbps connection
speed 2402, the load time is reduced to 6.5 seconds, or about twice as fast.
But with a 96Mbps connection speed 2403, the load time is only reduced to
about 5.5 seconds. The reason why is because at such a high download
speed, the time to download the files themselves is minimal, but the latency
per file, roughly 100ms each, still remains, resulting in 54 files * 100ms = 5.4

seconds of latency. Thus, no matter how fast the connection is to the home,
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1 521 -1 525 which reports regularly to the hosting service control system
401 that the app/gane server 1 521 -1 525 is running snmoothly. If the

wat chdog woao@#s3f9ai | s to report in, then the server comrCralS2egossas 401
will attenpt to communicate with the app/gane server 1521-1525, and if
successful, will collect whatever nmachine state is avail able. \Watever

[ or mmt 00 o GUBLHERPa NGk BhE A4 dentauiny LERL detiy, i, del 2y

buffer 1515 W'l T be Sen he "sof twar € deVel oper . €n t he

ame or applii ' Y ; if A T f f
The - host 1 g 8% sefYel ide MGG RIAPFTTEBSl Ie adid AingbaBi OF B 1101

the crash. etiel B YnRbLEN sERRr s WIlTBAREhsigriMicaRli®phet Beckisengr down bugs
and fixing them [0326] Note al so, that when an app/gane server 1521-1525

crashes, thegey veralliieni Bsyelft@e taé widbesdrost, the@ EATTIP rRfic’td Bédd oovat, and

a nessage is provided to the user apologizing for the technical difficulty.
for its turn.
[0318] One way to solve these issues is to discard or redefine HTTP.
Or, perhaps to get the website owner to better consolidate its files into a
single file (e.g., in Adobe Flash format). But, as a practical matter, this
company, as well as many others has a great deal of investment in their web
site architecture. Further, while some homes have 12-100Mbps connections,
the majority of homes still have slower speeds, and HTTP does work well at
slow speed.
[0319] One alternative is to host web browsers on app/game servers
1521-1525, and host the files for the web servers on the RAID arrays 1511-
1512 (or potentially in RAM or on local storage on the app/game servers
1521-1525 hosting the web browsers. Because of the very fast interconnect
through the inbound routing 1502 (or to local storage), rather than have
100ms of latency per file using HTTP, there will be de minimis latency per file
using HTTP. Then, instead of having the user in her home accessing the web
page through HTTP, the user can access the web page through client 415.
Then, even with a 1.5Mbps connection (because this web page does not
require much bandwidth for its video), the webpage will be live in less than 1
second per line 2400. Essentially, there will be no latency before the web
browser running on an app/game server 1521-1525 is displaying a live page,
and there will be no detectable latency before the client 415 displays the video
output from the web browser. As the user mouses around and/or types on the
web page, the user’s input information will be sent to the web browser running
on the app/game server 1521-1525, and the web browser will respond

accordingly.

125



[ 0327] RESOURCE SHARI NG AND COST SAVI NGS [ 0328] The system shown in Figures
4a and 4b provide a variety of benefits for both end users and gane and
appl i cat iwo 20@evgbopers. For exanple, typically, home ane&cofisc@s/osisuent
systens (e.g., PCs or gane consoles) are only in use for a snmall percentage
of the hours in a week. According to an October 5, 2006 press rel ease by

(et p: 1 1w SRR T r o cieeE B oG s FEFSAR5 bmRtoSP OISy st or ./ 10- 0
o- 2006/ Ooo%ﬁgﬁéﬁg@%ﬁﬁﬁin@q}idé/c?gg%g?ﬁéw ?@ﬁn{j}ﬂidﬂﬁ‘isﬁ)’seefoa%e% tHQ%éti a week
about (0] e

pl ayi ng on video ganme consoles an urs a weék on han ds. The

report al Soéﬁé@@écdrﬁ@é stafle. Phis @AM RInGediBd bpConrigliing tRcéMApREsepRsOl e,
handhel d an C gane playing) Active Ganers average 13 hours a week. Taking

i nto consi degriy iransini@idia Wien (Bheuf) eheivebqitie ehargdeoaoamerploryy ng ti ne,
there are 24*7=168 hours in a week, that inplies that in an active ganmer's
home, a vi damargamedat@tedhe pastsiaf this paga ltlyatichahGs8 = Nittedheteharersnme wadb a
week. O, 90%of the time, the video gane console is idle. Gven the high
cost of vi dgmggamtitbasuhgbanaers, et thaicretdoastantlywhaopingessclswiebi di ze such
devices, this is a very inefficient use of an expensive resource. PCs

wi t hin busi rmésteadéoéese@npymgeandyusual@dwgmgﬂg@Sfargcsﬁattqurd63$ Heradufs of

t he week, especially non-portable desktop PCs often required for high-end
applicationd e3gh fUSOMRIBHSSR beaeVingl (EeHbug Yideneimusemaiteyc papgaset at al |

B T ey M TN T s A
Co . AM PM i . . e
zone, o otday e el B8e S eyl ool AR il ey
, . p , , , :
PC. 1t ol auh P aReonY i P el 981 PR e RE s o
operation. 'ﬁay‘ﬁe\?@rﬂﬁe (/Fé\/\fé%ﬁ'é[]@fﬂ ?Q%H(ﬁ%‘. iRaGedtilized constantly from 9AM

to 5PM 5 days a week, that wou inply PCs"are utilized 40/168=24% of the

hours of theogeek. H gfhureUERIgTRBIRSHRG SERRCEES0 & Ao¥EEYadXReBTa¢es,
i nvestnents for businesses, and this reflects a very |low I'evel o

utilization.wéspagé soddivhesrcantzaciuogs enttiesdihbwhemppéeng amyb page
conputers for an even snaller fraction of the week, and although it varies
dependi ng upsiiké bbahgingchahnelsamrha hegjevisivst tHeewehipageads tive effdativety t he
daytinme hours from Monday through Friday. So, in general, PCs and video
gane consol @sstandy.utilized only a small fraction of the hours of the week.

[ 0329] Not ablé because_many people are working at busi nesses or at school
during the d 922]113 hoUFACIITATING (REBUGEING GF GAMESANDAPRURARONSdays, t hese

oty L Sy AR A IR e TN
eveni ngs, Wergla(lﬁ{i]r%% gargghi?:g apgl\/ie%/aé/osrhplex applications and typically when they are
released into the field they contain bugs. Although software developers will
get feedback from users about bugs, and they may have some means to pass
back machine state after crashes, it is very difficult to identify exactly what has
caused a game or real-time application to crash or to perform improperly.
[0324] When a game or application runs in the hosting service 210, the
video/audio output of the game or application is constantly recorded on a
delay buffer 1515. Further, a watchdog process runs each app/game server
1521-1525 which reports regularly to the hosting service control system 401

that the app/game server 1521-1525 is running smoothly. If the watchdog

process fails to report in, then the server control system 401 will attempt to
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[ 0330] G ven the configuration of the hosting service shown in Figure 4a,

the usage patterns described in the above two paragraphs result in very

ef fi ci entwotzndvwaroeon of resources. Clearly, there is aPCirmstoodsosishe nunber

of users who can be served by the hosting service 210 at a given tine,

particularly if the users are requiring real-tinme responsiveness for

conpl ex appl j [ i el I ( g . i.ke a video

game consol edoﬁﬁr%gﬂﬁgﬁéebvhﬁrtﬁ%@ﬁ%gr@%&%&eﬁ?gglﬁﬁggsgﬁa\/ﬁis&%‘d%@%ﬁfgg\%nry sits

i dl e nost of i ; e i+ Ly hEE ers at
coﬁlgét \{\_LhﬁﬁweP ﬁn{)a]\ég,rr%aéﬁ}?egﬁ?dglg??blb V\H’ieitévérqﬁfo%ﬁgggﬁ ﬁ%ﬁé]t%bg%

different tinmes. For exa or mance server

performance fgay withWhe 8ibdriaifdio FEdErdaabyank debsy WurH 1516 Wil f38drtas be

utilized by a businesses and schools from 9AM t'o 5PM on non-hol i days, but
be utilized thy spawers dev@pypsg a sophisticated video gane in the evenings,
weekends and on holidays. Simlarly, |ow performance applications can be
utilized by [p82bhessesTuxd whehabkgaome ar Apphgatiohaoffaace deeecloper 463 Wit h a
Cel eron CPU, no CPU (or a very lowend CPU) and |imted RAM duri ng busi ness
hours and a ridlificpiorf of awrash fgamehe dosting senicea21 @ik petsfairasecey-§ameer 402
during non-busi ness hours. [0331] Further, wth the hosting service
arrangenent reeerst ofouatied eipro the seaate ddisinéorsrpdioad-ass be tN@8NF§lYanong

t housands, if not mllions, of users. |In general, online services only have
a smal | per céaRie Inviragkeg dope: kygsarq iwagdnerdi ng the service at a given

o T v AL A VA TR S0 34 EHE Bes on
L ours ! BT S R o o il el
ey 5SS Y GG LRA Ao LT o/ veel) | Lhen Liere

user | oad ogpggﬂdsystmgcﬁmﬂg%ﬁmhéAm ¢+ §RURgEOr many reasons: sone

users wl | uring off-peak tinmes, there may be certain day tines when

there are cljosgl i Ng PEAKSyNEMUSRIWN int FuReAda bhdap Hralidee didgbed by the
type of gane played (e.g., children's ganes will |ikely be played earlier

in the evenibwgefitetor boBuend gsesaridgamiclencasiesiraton debelpefs. hBor s pl ayed by
a ganer is far less than the nunber of hours of the day when a gamer is

li kely to pleangplgatypicainl horae andadfiicenclagnt tshstemerieeg., PCsusegamef t he

hosting service 210 will be using it at a given tinme. For the sake of this

anal ysi s, weosisalds) assanky in hisegead shalldogrsentagswf thihbeyrsonlayweek.5% of
According to an October 5, 2006 press release by the Nielsen Entertainment
“Active Gamer Benchmark Study” (http://www.prnewswire.com/cgi-
bin/stories.pl?ACCT=104&STORY=/www/story/10-05-
2006/0004446115&EDATE-=) active gamers spend on average 14 hours a
week playing on video game consoles and about 17 hours a week on
handhelds. The report also states that for all game playing activity (including
console, handheld and PC game playing) Active Gamers average 13 hours a
week. Taking into consideration the higher figure of console video game
playing time, there are 24*7=168 hours in a week, that implies that in an
active gamer’s home, a video game console is in use only 17/168=10% of the
hours of a week. Or, 90% of the time, the video game console is idle. Given

the high cost of video game consoles, and the fact that manufacturers

subsidize such devices, this is a very inefficient use of an expensive resource.
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t he conputing, conpression and bandw dth resources are used at a given
time, resulting in only 12.5% of the hardware cost to support a given user
to play awgizevw7Bmeel of performance gane due to reuse @CTNSI@SNOBISIS

[ 0332] Mor eover, given that sone ganes and applications require nore
conputing power than others, resources may be allocated dynam cally based

on the gane el v pl AYGHoOL-d 18 RPN, ABSHREUIRILEN 1B oS0y @ Use

sel ecting a | Ow pert ormnance gare o I'ota

| ow perfor V,

hi gh- perfoPvtrrgﬁ?\ééég@%%p%ﬁ@pﬁ?ﬂ?b{?gkes&éﬁ#?&Ee r}ﬂ ocat ecgeaqﬁeﬁlhhperfor mance
(nore expensdpihibafsia/SlichtEL AutdtierMayh mlmtgﬁ%'%é)buﬁﬁ%éé%%b@rﬁté@b’ have
| ower - per f ormance and hi gher-performance sections of the game or

appl i cati onsg|l ledidtstangl dreR6liday8, S8d sSvieCPed (&1gopardlsehirigh# Admiedfoanot her
server 402 between sections of the gane or application to keep the user

runni ng on tdwngd woeelsin ihesdvesitg)ere 4@32dtdh all hoeed ant heligayse noostdqusinesat i on' s
needs. Note that the RAID arrays 405, which will be far faster than a

si ngl e di sk,aatlivities benchiacénibl arauncedAM tbdRRNeinfaogiven deisgwseelime40pe, t hat

wi |l have the benefit of the faster disk transfer rates. So, the average
cost per serfian Momayciodyiay, lessthalifaygane dreak hgesl éy@%:laﬁﬂuﬂmﬁyl ancht i ons
being used is nuch |l ess than the cost of the nobst expensive server 402 that

lol ays tpe hl%mfi%moﬁbPﬁowm@%W;U? t*&%fa‘ﬁ?"c'&tﬁ%‘ﬁ?'}’ WQWé’chE{@ PC, it )
40

RAID ar ays HUSHS S Pl SaRiom e Hiliza e (PR Jo 210k IeSelfiars AL SBSAUPRe 210

mtoriacos OThET RARCSLTIBITATCE e Hikesl ey f?%‘@/*@ﬁé B ISR at oa

down to a 5 &b@kcﬁggw}ﬁh[(eulrﬁﬁ%ﬁc[%% {li2€4 H%é @4%%1"‘91% E&Jr‘s*bﬁ’tr?é“'\' 403.

Al so, RAID Arrays are am)n nore users

t han there ’ i | ess
han one. di et irER-ogiRrinRcdlikie ﬂ%ﬁﬁfe%@"/ééﬁebéﬁé '?ﬁ%és%tw%%%%@r rack in
a envir 0“m?"BLﬁsllﬁé‘ss@@nérﬁd’tH@?efﬁé%'té’QrvehD@W RIY] deQthfFEQﬁon |dcrboretdgarg 02

fails, it can be readily repaired or replaced at the
teaching on desktop computers may use computers for an even smaller
fraction of the week, and although it varies depending upon the hours of
teaching, most teaching occurs during the daytime hours from Monday
through Friday. So, in general, PCs and video game consoles are utilized only
a small fraction of the hours of the week.
[0329] Notably, because many people are working at businesses or at
school during the daytime hours of Monday through Friday on non-holidays,
these people generally are not playing video games during these hours, and
so0 when they do play video games it is generally during other hours, such as
evenings, weekends and on holidays.
[0330] Given the configuration of the hosting service shown in Figure
4a, the usage patterns described in the above two paragraphs result in very
efficient utilization of resources. Clearly, there is a limit to the number of users
who can be served by the hosting service 210 at a given time, particularly if
the users are requiring real-time responsiveness for complex applications like

sophisticated 3D video games. But, unlike a video game console in a home
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hosting service 210. In contrast, a PC or gane console in the home or

of fice nmust be a sturdy, standal one appliance that has to be able to
survi ve rwaxomabbm2wear and tear from bei ng banged or diroppsd)osnseisus res a
housi ng, has at |east one disk drive, has to survive adverse environnent
conditions (e.g., being crammed into an overheated AV cabinet wth other

G581 " SO S8 SRR ARITRE Yol DS SR PRSLAARR kPBRtn

sold by a reta ely col a“re a PC

or game CONsQIL-ARISL rD&ifAEY b?HffFeﬁ’eﬁ éé??%tﬁﬁ%r&ﬁ%hné’&?ﬁd?réﬁﬁﬁge,oé the most

conput ati onal ly-1 ntensive antici pated gane or application to used at

some poi nt ifghperfbHhdhGe s8M@R 4bDAUENhigAWRIdP@iahes FRABFEPYATRY 8fial
application (or sections of ganes or applications) nmay be played nost of

the time. A@PUsfaride|dr§e euanityssiiRANaidrshe Utilidedl Ba exigRRSEEE antd
ti me-consum ng process (adversely inpacting the manufacturer, user and

sof t war e dewghophkrfforh®@Ajdto i5SPM epaianeltblidad 8 34yt Theustilizgdvmngdmets plagingyst em
shown in Figure 4a provides an experience to the user conparable to that of
a |l ocal conpusophysticied viceo dgamne in theeevaninghavaekends @nfliarehalidayshool t o
experience a_given |evel of conputing capability, it is nuch |ess expensive
to provide tSigtlagdpniputperioregnss annligatiensooambe wiilized by besingsses BBUN | n
Figure 4a. [0335] ELI M NATI NG THE NEED TO UPGRADE [ 0336] Furt her. users no

| onger have SCHORIS N 2ABMRETIRHGRAEE SErVEE402nMiba Calpm @B Uy sOFRY (RER games

Che ot Fng AT BTSN ST S8 RER AR 4881 LT 4
B

Arrays 405 'ﬁl%s@' rage on a servers 402) and properly with the | atest
updat es andoci)uuslglg |xh0ﬁr%'i .e., software developers will be able to choose an

ot eSS 1 U s RNttt B gD, oane

and then oveesbirdes dr@8hdryeiiBiRhy WhidngdoPoabhrdd, & mstaMilld@s, of users. In
general, online services only have a small percentage of their total user base
using the service at a given time. If we consider the Nielsen video game
usage statistics listed previously, it is easy to see why. If active gamers play
console games only 17 hours of a week, and if we assume that the peak
usage time for game is during the typical non-work, non-business hours of
evenings (5-12AM, 7*5 days=35 hours/week) and weekend (8AM-12AM,
16"2=32 hours/week), then there are 35+32=65 peak hours a week for 17
hours of game play. The exact peak user load on the system is difficult to
estimate for many reasons: some users will play during off-peak times, there
may be certain day times when there are clustering peaks of users, the peak
times can be affected by the type of game played (e.g., children’s games will
likely be played earlier in the evening), etc. But, given that the average
number of hours played by a gamer is far less than the number of hours of the
day when a gamer is likely to play a game, only a fraction of the number of
users of the hosting service 210 will be using it at a given time. For the sake

of this analysis, we shall assume the peak load is 12.5%. Thus, only 12.5% of
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updates, bug fixes, etc. to all copies of the game or application in the
hosting service 210 at once). Indeed, after the user starts using the

hosti ng swowr@®72b@, the user is likely to find that games/iasnesagishs cati ons
continue to provide a better experience (e.g., through updates and/or bug
fixes) and it may be the case that user discovers a year |later that a new

i . ; . . . Gilizi
Qomputi ng. ¢ ebf eB BT B, EGNB- SR A BatReR SN s et E a0l cven
exi st a year; hef ; [ i j [ to b
t)r(llest ech%ol c;[bn?@’a@%lgpagré%pe t'EZ‘i %Elr%?gwgtl taestggléépé@ ar%lg@rt] Hg&rto Y
appl i cati ongy gy ¥eMer RVBI of pariihdnde EARPBLE RS ré SOOI @8olitak. I s playing the
game or running tthe application is invisible to the user (i.e., fromthe

user's persegsye theviosiver,iveiay sbrlecgdrnbg apdgpPiicatiorapiRquireimend t hat
begi ns running nearly instantly-much as if the user had changed channels on
a tel evi si orgomputmguserersthharaienseragolurcdsamey theesilocasgr aylethicaily basgd t he
user even being aware of the upgrade. [0337] ELI M NATI NG THE NEED FOR
BACKUPS [ 0338] thiecgdee beijopoplaped bl ém applicasions exacliadibyassass., Sochasies and
honmes are backups. Information stored in a |ocal PC or video game consol e
(e.g., in taelecivg dlovapedagoarce gamed appieatormwili ke airaated ég@lwr anki ng)
can be lost if a disk fails, or. if there is an inadvertent erasure. There
are many apfartosmenss (9aiaxRBNEVehsRIVEr 692 RNGANSEl Selectnd 8@l backups

f PCs, d I tate. be upl ogded t I f
backup,  but AGEAMaBSE P 8 eorisatear iyl be lecrtes gt taTgeare 4ok (or

2&362[ oan »eatbonne] BERARE0 oohBl i tA 0 Be 2 ABlte B ek MO b e ot
connect | ons PO TRETRE Thact oy Sar LRt e SE U iagkERIN, o ¢
stored in RAIHY el e cﬁﬂfbecﬂﬁ:[ oCrAsYhi el @véﬁi@f&éﬁﬁ@t’heﬁﬁérv@ﬁh&

configuration techni ques we nown to those s In the art such that

if a disk faldtweeh@eclfidris ¥ the J2fné 8p bppdtion th keBRItRé aBeRfurntRy B/ NET
center housing the failed disk will be notified, and then w1l replace the

di sk, whi ch lbiest-vbdtisehesrangiaat imeakd theupstat efl applitdtiin’s heedAl Rots thay i s
once again failure tolerant. Further, since all of the disk drives are near
one anot her thadRAVDX drrdws40%,0elaibh mell e rfaisfalstdriean at diegle tdiskomglhbehe SAN 403
it is not difficult in a server center to arrange for all of the disk
systens to yaiakbledd ayendowspartagjoaace sesvars d2s habmdhhgve the bersfitwhi ch can
be either stored at the server center or relocated offsite. Fromthe point
of view of tthe fasier diskfransiariratpss Sovihaavaragecret peiarye 402 paisisy alefur e
all the tine, and they neYer ave to thi ng about backups. 0339! ACCESS TO
DENOS the games béing played or applications being used is much less than the cost

of the most expensive server 402 that plays the highest performance game or

applications, yet even the low-performance servers 402, will derive disk

performance benefits from the RAID arrays 405.

[0333] Further, a server 402 in the hosting service 210 may be nothing

more than a PC motherboard without a disk or peripheral interfaces other than

a network interface, and in time, may be integrated down to a single chip with

just a fast network interface to the SAN 403. Also, RAID Arrays 405 likely will

be shared amongst far many more users than there are disks, so the disk cost

per active user will be far less than one disk drive. All of this equipment will

likely reside in a rack in a environmentally-controlled server room

environment. If a server 402 fails, it can be readily repaired or replaced at the
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[ 0340] Users frequently want to try out games or applications before buying
them As described previously, there are prior art neans by which to deno
(the ver bwbanewwB792denn” neans to try out a denonstrati eaTasSe@8oO85540hi ch is
also called a "denmp", but as a noun) ganes and applications, but each of
themsuffers fromlimtations and/ or inconveni ences. Using the hosting
service 210, it .| dc i f r t. e .1 ndeed,
all the userhddc‘t(t)'ggssieg\ﬂgée(?i@tlnt(g%hY%eglﬁo%Fgr%{%#ﬁgCégé@einﬁl%{%ér)hé@% é@ﬁg%& as one

descri bed behaundaduitly. ShahBhe dplandbma$ER el adioRlsahiot 1nstant |y

onto a server 402 appropriate for enp, and It w ust run |like any

other ganme Qba3PRABIE HdPBndMBaE 6 thdlRg BaRBeH BF drdRsech rdlived %usin?,
performance server 402, or a | ow performance server 402, and no natter what

type of honehgy ataéhstahecdiceativd Usad Reswsne ddversd 8gvirdnmasntiddgdpioingt of vi ew
of the user, the denmo will just work. The software publisher of either the
game or appl(eantbeingdeammed ihtdan abbemmdated AVt cabdinebwittt bthengatr)desquitelse user
is permtted to try out and for how | ong, and of course, the denp can

i ncl ude usera senveef warartyehests be inackajédand isbippedr and iDppdityumiatgilero gai n
access to a full version of the gane or_application denonstrated.

[ 0341] Si nce Warbdl likedy collest @ retaibeargin drwthaseA e ©6gaMSr Canseke Brust har ge,
sonme users may try to use denos repeated (particularly game denps, which

may be fun t@NHOHIEd OpgeEepeakprIfNBRANCRP! 489 MQsé COMPUERIPNGH oy vari ous

techniques to limt c{.erm uge for a givep user. The nost str.aj. t}hf orward

approach | s IDENSVEAHINERRAE GaRe QTARISUA IP B 4sCddh SPM ROITHE Hember of

ti i I i | . A | h , t

e i ol
I . H L V I

is all oweg t%rﬁ?gépgb@e"@%ﬁn%)?mtake'ﬁecﬁ)I:égﬁq HJ{H;QPQF tsrfgatrh Srgﬁ%"a‘ég*ﬁ gg,&t hen the

device vi !l ARMBIFTAEN! AlaMyRaTs. A8 - BSMAoREsaaaAl8ean |1 m L the

nunber of tines a deno can ccessed at serial nunber.

I'f the cli eﬂﬁnpﬁéﬁn%ﬁné Hﬁ%hf&t@%r,ﬁﬁé%@%&ﬂv@e%@v@bd@?l rgéiﬁ’t"ﬂe?@ireéi.hen a

serial nunber can be assigned by the hosting service 0 and stored on the

PC and used [0834] it dRMUB, gaeaahabiie gisten shoan iIRGIgweMbprovidyscgt ammed by
users, and the serial nunber erased or changed, another option is for the
host i ng ser \éxperi2he totHecegeraonguaradledd thaeofRClorat eamputitapesurddedoaa Access
Control (MAC) address (and/or other machi ne specific identifiers such as
har d- dri ve suserén theunpeesoffiee ©rschod thiexperidecm agivryelevel oftcon@uting t hat t he
MAC addresses of network adapters can be changed, however, this is not a

f ool proof mRARGRIIItYANIE HBYCIhIgEE SXBRNSIYE 1@ Provise thai compwiag @Pabilies a deno
can be pl ayeﬂ to a given | P address. A thou%h | P addresses may be

peri odi cal | {} F%@@smgr?éﬂh'aﬁt‘é@b? WA ®SL provi ders, it does not

happen in pr Lce very frequentl and if it can be determned (e.g., by
contacting t[ﬁgk%—’gP) t IMHAEIMQJW%NFEPEOMP@AD& | P addresses for

o o e Lo S SRR D ST T 75
Cvi carly i RRACREAGGIA Aol Uirbs BF ARNAR Mo AMork Bt el . o sucn
devices. 1f dhmichiorRddigpgah® biapblighfchs S81HYd ROst émr«;@%o,tr@gé}gpegsarger

nunber of denpbs can be es abllshe for a bu3|ness. ut , |n_the end, a
conbi nati on cﬁfwrﬁalt'tyﬁé of §&rver Y2 w&lowiréﬁﬂbl' mﬁﬁgamrmd?iﬁétid)@s,t@e best way

tolimt the nunber of denmbs on PCs. Although there may be no fool proof way
that a det eravailableaodhé ecbnianal dlygadeptandsplications run nearly instantly (i.e.,

loading rapidly from the RAID Arrays 405 or local storage on a servers 402)

and properly with the latest updates and bug fixes (i.e., software developers

will be able to choose an ideal server configuration for the server(s) 402 that

run(s) a given game or application, and then configure the server(s) 402 with

optimal drivers, and then over time, the developers will be able to provide
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can be limted in the nunber of denos played repeatedly, creating a |large
nunber of barriers can create a sufficient deterrent such that it's not
wort h t heworouinl7a79eost PC users to abuse the denp syst emcrarsdoosasises t hey
use the denps as they were intended to try out new ganes and applications.
[ 0342] BENEFI TS TO SCHOOLS, BUSI NESSES AND OTHER | NSTI TUTI ONS

05431 S g {0t BERRTIGLS oSS UP ABELI AL L8, BYBLORS Fomcighanks 20

ot her insti t I on Utl sys own | ure 4a esses

and school ?néé?%a%‘#ését%%bm?ﬁé’é& %f%??ﬁ&hééﬁ&a%&%mbaﬂds'nﬂ 1seﬁﬁéé“ ai ni ng

and upgr adi particu when it cones run

hi gh- perforrmr@:@n@ggéﬁ nglké?rté fm@‘{ﬁat %%X%ﬂdé&?}p‘%éﬁ@% @drﬁhﬁ'u@%'d(@wags are
generally utilized only a fraction the hours of the week, and as in the

honme, the casbetddr Epanichbe e @i ROULMEIdLES aﬁ@/fo@mgrm@spammmay Yeithe f ar

hi gher in an office or school environment than in a server center

envi r onnment .cgdse3A4d] usertdiscovaseagkat Etgethabasienegasme arapptibaidrsis(reade, | arge
available on the service 210 that is utilizing computing technology (e.g., a
higher-performance GPU) that did not even exist a year before, so it would
have been impossible for the user to buy the technology a year before that
would play the game or run the applications a year later. Since the computing
resource that is playing the game or running the application is invisible to the
user (i.e., from the user’s perspective the user is simply selecting a game or
application that begins running nearly instantly—much as if the user had
changed channels on a television), the user’s hardware will have been
“upgraded” without the user even being aware of the upgrade.
[0337] ELIMINATING THE NEED FOR BACKUPS
[0338] Another major problem for users in businesses, schools and
homes are backups. Information stored in a local PC or video game console
(e.g., in the case of a console, a user's game achievements and ranking) can
be lost if a disk fails, or if there is an inadvertent erasure. There are many
applications available that provide manual or automatic backups for PCs, and
game console state can be uploaded to an online server for backup, but local
backups are typically copied to another local disk (or other non-volatile
storage device) which has to be stored somewhere safe and organized, and
backups to online services are often limited because of the slow upstream
speed available through typical low-cost Internet connections. With the
hosting service 210 of Figure 4a, the data that is stored in RAID arrays 405
can be configured using prior art RAID configuration techniques well-known to
those skilled in the art such that if a disk fails, no data will be lost, and a

technician at the server center housing the failed disk will be notified, and then
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universities), it may be practical for the IT departnents of such entities
to set up server centers and naintain conputers that are renotely accessed
vi a LAN- gvadeoswosmecti ons. A nunber of sol utions exist fPom/usessiessagcess of
conputers over a LAN or through a private high bandw dth connecti on between
offices. For exanple, with Mcrosoft's Wndows Term nal Server, or through

vi rtual “netugg ko SoRBYLL AR ARAISAER AR bkl dioNDeally QBRERL, WG bt 0. or

t hrough thin neans Crosys S ¢an galin renote

access to PGRAGY 4580 Y: éaﬁe%égéiﬁ féil%@ggt’e{éﬁt. ﬁth%E%iﬂdé A PR GHSK GRpanse tine

and user experience. t Ssuc -managed server centers are

typically degbGripdnbAnothér dHt Rith ¥adtN6EH refwskB Uthwass tasm Ielighahe unabl e
to take advantage of the overlap of usage that is possible when di sparate

appl i cat i onsSAR.-AD3 it RMAIifLOINENA sanerleeaidres arappkifepall enmk disk | i ze the
same conputing resources at different tinmes of the week. So, many

busi nesses aydtesuhtwbs blagkéd LUpersa adgular lesis ta sscandagy prorhgsevhichoah up a

server center on their own that has a LAN speed network connection to each
user. | ndeedye eitherlsiorgd gidhe satveyeeofer e hielocateaiaffdites Frep ks phintef t he sane
I nternet connections (e.g., DSL, cable nodens) as hones. [0345] Yet such

or gani zat i ondew®y tha Usersif\hesting spedee 200, theirdaia tehsimpdy sesuradidheéonput i ng,
either on a regular basis or on a periodic basis. For exanple, a small

ar chi t ect ur M. 319 WY NeYeE haue jo HikkaPPUiRARKEPSof architects, with

| ati vel ti ds wh doi desi k, but it
oqui ro vor JBRgh por RSB BB CS tout (no peri odrcal Iy (e g, . when

ti -th i { | i 1 or i t). Th

ystem ahowOBA0E: gur Ao HedeR P Wag R LY B BRinel F sPbubiods BRIt ono.
Th i i i - t :
The a4 s 10, DT KPS ORGP BN Bl i o
typi cal |y _veigimb DBKRRASOI of RREAEERE Belry Wkl bicknd AERBATIGEORCS as the

client 415 pense wth PCs altoget utilize i nexpensive

dedi cat ed deyhieRr$s #3b&alled A IEMITPbEENA nolif) §amesAndsadiiRhtib®givut413 and
| ow- | at ency vi deo deconpression 412. These features are particularly

attractive faachssfhnemssuffeas fromylimaxtony abd/enmmcohténiehedd. uding’se or damage
to the delicate conponents within PCs. [0346] Such an arrangenent solves a
nunber of priastiagsefvce 2a0hit is easy and convenient for users to try out demos.

Indeed, all the user does is select the demo through a user interface (such as

one described below) and try out the demo. The demo will load almost

instantly onto a server 402 appropriate for the demo, and it will just run like

any other game or application. Whether the demo requires a very high

performance server 402, or a low performance server 402, and no matter

what type of home or office client 415 the user is using, from the point of view

of the user, the demo will just work. The software publisher of either the

game or application demo will be able to control exactly what demo the user is

permitted to try out and for how long, and of course, the demo can include

user interface elements that offer the user an opportunity to gain access to a

full version of the game or application demonstrated.

[0341] Since demos are likely to be offered below cost or free of

charge, some users may try to use demos repeated (particularly game

demos, which may be fun to play repeatedly). The hosting service 210 can
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organi zations (and many of these advantages are al so shared by hone users
doi ng general - pur pose conputing). For one, the operating cost (which

ul ti mat elwormeto7bm®2passed back in sone formto the user®Cirrsesdmsssid® have a
vi abl e busi ness) can be much | ower because (a) the conputing resources are
shared with other applications that have different peak usage tinmes during

the week, (b5 ALOA0IZALIGNS. GAMPAEACIAERT LAyLand./ ARl cost of)

hi gh perfornman conputing resources on ¢) The
ot ai ni ng TR ReREEBoiReR 1N Sk R 0 R R H AR MU T oV o
PI RACY VWO 20QhI0d 30t & gRaP8é1aDT4 211bR3A%0 oiay2e dield2NA U8B Bowever,

applications, interactive novies, etc, can no | onger be pirated as they are

t oday. Becaungy gangp nfulgxeaskeDatedpeeiafipifthep afefieer Ondsetinigue farot
provided with access to the underlying programcode, so there is nothing to

pi rate. Everaddressing ¢his pestdetnascofisnittthe roonbereof tiotks a ghenudient 4oblisl not be
able to execute the code on a standard ganme consol e or home conputer. This
opens up nardiensd tn gihynaaend. If the cient & 3 atemdatonehiaace ihen ¢hasdevidar d vi deo
gam ng i s not nmade avail able. The re-sale of used ganes is al so not
possi bl e. [ 0BHdarea SR(ifd Nndesro@rd the hegling sarvice &ldrcardimiétheingadet Phui ti es
as times a demo can be accessed by a client with that serial number. If the client

415 is running as software on a PC or other device, then a serial number can

be assigned by the hosting service 210 and stored on the PC and used to limit

demo usage, but given that PCs can be reprogrammed by users, and the

serial number erased or changed, another option is for the hosting service

210 to keep a record of the PC network adapter Media Access Control (MAC)

address (and/or other machine specific identifiers such as hard-drive serial

numbers, etc.) and limit demo usage to it. Given that the MAC addresses of

network adapters can be changed, however, this is not a foolproof method.

Another approach is to limit the number of times a demo can be played to a

given IP address. Although IP addresses may be periodically reassigned by

cable modem and DSL providers, it does not happen in practice very

frequently, and if it can be determined (e.g., by contacting the ISP) that the IP

is in a block of IP addresses for residential DSL or cable modem accesses,

then a small number of demo uses can typically be established for a given

home. Also, there may be multiple devices at a home behind a NAT router

sharing the same IP address, but typically in a residential setting, there will be

a limited number of such devices. If the IP address is in a block serving

businesses, then a larger number of demos can be established for a

business. But, in the end, a combination of all of the previously mentioned

approaches is the best way to limit the number of demos on PCs. Although

there may be no foolproof way that a determined and technically adept user
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is the case today. The hosting service 210 can be gradual ly updated over
time as gam ng requirenments change, in contrast to the current situation
where a cwopb@tweBiw2new generation of technol ogy forces msens2e@sosztevel opers
to upgrade and the gane devel oper is dependent on the tinmely delivery of

t he hardware platform [0350] STREAM NG | NTERACTI VE VI DEO [ 0351] The above
descri ptions., provi W de r | i I ovel
under | yi ng ccgﬁctg%llﬂgFaéﬁ%r%V'%B%fgfélee@B gglsa@% r%@\%? atéﬁggatgﬁéeghﬁgﬁg

e act  ve yirag dMirithel G Bhid ¥ sLleHISRI SR AUERIRANES i bBrihRovi deo

as well, as used here or art systens that have provided stream ng

vi deo throughydie nmdik ®gseranb ubiad¥ens aaklesy 2! hedtrARBe thyl ¢ ¢an be
i npl enented with high latency interactions. 'For exanple, basic playback

control s forddmaeas tvéydwerd intghdderiesity otienéwdanigssand appryatipnyor k
adequately wth high l'atency, and it is possible to select anong |i near

vi deo feeds.[0342] as BENERIrTE8CHOOLY, BUSIRESSESUIAND OTHERINSTMUTI®OISganes
allow themto be played with high |atency. But the high |atency (or |ow
conpr essi on [P348Db) of Jghificanirtersmlits aechepariculaty tabiisigesdate schenie
severely Iimted the potential applications of stream ng video or narrowed
t hei r depl oyafshet®et mstpdionalthaledilinethe skstervshammmbigureda. Businessesuch
envi ronnent s, techni ques introduce substantial burdens on the

net wor ks. Trﬁf‘cf%%r‘i’bﬂaéé‘fﬁ gelinn i $oRts a359CHie ¥ithasighing. MAINtekENgABd r ange
Chrough ne URFRRRGY Chat TPy WpeRHoSanen bl o ‘BRI Bosumer - o ade

465 of Fi gun® ST BORpAEPLR S 5royAIu G A Rl BV E e Bhce w th-an
torage, andina e BTN afiac O HolS A tne Hlceke PG K HTME hofle, 251 o

a new era Ofy,eQppHbf P@-wiﬁ#’étgli\fern’ |eb§10@rg§e¢fotrn1%neér&§p5§im %%Mhi REE#Lh do not

grow as the conputing power “of the system grows ecause the

bandwi dt h r efititd 8MBERSD| @RQiren¥nt ihe ih @ sHree! ednhteesdlikdrregnt, qual ity and
frame rate), once broadband Internet connectivity is ubiquitous (e.g.,

through w dgepa4pd | ovnltaé easy oWargéeisssinessesagachookl eah] largeind of
sufficiently high bandwidth to neet the needs of the display devices 422 of
al | users, turevarsitiss),dmmeay lble gractides fdrethetlhideipadhians s{ suctheatiticd?Qe st nobi | e
phones runni ng W ndows, Linux, OSX, etc.,) or even thin clients (such as
Adobe Fl ash wr sgaeayenices ard swipiain conpuiess gt acenemotaly ancedsesliass
appl i cat| OnsI_'AN-grade connections. A number of solutions exist for remote access of

computers over a LAN or through a private high bandwidth connection

between offices. For example, with Microsoft's Windows Terminal Server, or

through virtual network computing applications like VNC, from RealVNC, Ltd.,

or through thin client means from Sun Microsystems, users can gain remote

access to PCs or servers, with a range of quality in graphics response time

and user experience. Further, such self-managed server centers are typically

dedicated for a single business or school and as such, are unable to take

advantage of the overlap of usage that is possible when disparate

applications (e.g., entertainment and business applications) utilize the same

computing resources at different times of the week. So, many businesses and

schools lack the scale, resources or expertise to set up a server center on

their own that has a LAN-speed network connection to each user. Indeed, a
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[ 0353] The advent of streaming interactive video results in a rethinking of
assunptions about the structure of conputing architectures. An exanpl e of
this is twe ea7319g service 210 server center enbodi nentPCIhuS2008i085585 gur e
15. The video path for delay buffer and/or group video 1550 is a feedback
| oop where the nulticasted stream ng interactive video output of the

app/ game Seryels, dezlelazs Jofio bR RASIHALALNE AR/ SR RSHKFT S 1521 1525

either in rea e vid pa or arteéer a selec ay via path

1551. This ngﬁ?ﬁs @;_gg U@%gbfgﬁagﬁﬁ%é)@'hm-i cations (e.g. such as

those illustrat ures that woul d be either inpossible

or infeasi blig3asy ough ast Qichalrhafi@aNEEs Ray! il Have AAD wekAJorv&HIHiGEL ur es.
But, as a nore general architectural feature, what feedback | dop 1550

provi des is gerfoifingd cdimduiiags rieaima reqllar Basis o8 ovi dlperiddiv SasissFaee vi deo
can be | ooped back indefinitely as the application requires it. This

enabl es a waamplaga sofallagyphitexatiiadfirmpossy bave bhlgsa seal nuanerichbl e bef ore.

[ 0354] Anot her key architectural feature is that the video streans are

uni di r ect i oreathitdes, switle egtgtivelhimodeshbd mputind eeeds aihgnaioing biesigarworiegr ee of
mul ticasti ngn of stream ng interactive video (in contrast, two-way streans,
such as TCP/upitshagsequirevseiy digh-eetfermaseeabi sagnguting reriqdi¢dllydeldbgj ans on
t he networks fromthe back-and-forth conmuni cati ons as, the nunber of users
i ncreased) . Wigh Prc%i’é'f‘gr?g3l?§|Yéhrqq%bﬁ’ftaaﬂ?w@éﬁféiﬁqtli‘ﬁaj/dﬁ?'gﬂifW aRkerfyr Jae
center because, it allows the systemto tfe regs onai ve tg the growi ng needs
of Internet VYSEE SPWG N ARIYE 45 'StRY Y W %ﬂ)tﬁ Ia ST ORgEN Bii cate on

e O T SRR OB o B3P oS AL O3, oot
TR BT S PR BSOS Sl bR et v

functi onal W&Héﬁ?}{%}yiﬁ%m.Qgii@'o@aﬁeﬁhérrﬁili%ésrﬁé} ePERASTRY be

performed by speci nents that contain hardwre ogic for
performng tdienslepsr d%‘é@ﬁs_@%it@@@@@ltbgé&bﬁgnéI@.@iﬁté irfexbBhEigE fctitbatéd Cui t

("ASIC') or by any conbination of programed conputer conponents and custom

har dwar e corgesstwhich simply implement the control signal logic 413 and low-latency
video decompression 412. These features are particularly attractive for
schools that may have problems with theft of PCs or damage to the delicate
components within PCs.
[0346] Such an arrangement solves a number of problems for such
organizations (and many of these advantages are also shared by home users
doing general-purpose computing). For one, the operating cost (which
ultimately must be passed back in some form to the users in order to have a
viable business) can be much lower because (a) the computing resources are
shared with other applications that have different peak usage times during the
week, (b) the organizations can gain access to (and incur the cost of) high
performance computing resources only when needed, (c) the organizations do
not have to provide resources for backing up or otherwise maintaining the
high performance computing resources.

[0347] ELIMINATION OF PIRACY
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[ 0356] I n one enbodi ment, the nodul es may be inplenented on a programuabl e
digital signal processor ("DSP') such as a Texas Instrunents' TMS320x

ar chi t ectwoeoqen7g792 a TVMb32006000, TMb32005000, . . . ePCY/USHBI08IFIS
different DSPs may be used while still conplying with these underlying
principles. [0357] Enbodi nrents may include various steps as set forth above.

The teps bl eThodheld BENACLEXROEAR! Sid ARG IS HNIEh ause 2

gener al - pur poSe or speci ose processor to ormcertarn eps.

oo o ks O, oL Gl e BB P RLR?, 2o

figures to awpiét, Qgé&tﬁrb%ttdﬂ@v@@cﬂ Withetceads B& &ieSunderlying program code, so
there is nothing to pirate. Even if a user were to copy the source code, the
user would not be able to execute the code on a standard game console or
home computer. This opens up markets in places of the world such as China,
where standard video gaming is not made available. The re-sale of used
games is also not possible.
[0349] For game developers, there are fewer market discontinuities as
is the case today. The hosting service 210 can be gradually updated over
time as gaming requirements change, in contrast to the current situation
where a completely new generation of technology forces users and
developers to upgrade and the game developer is dependent on the timely
delivery of the hardware platform.
[0350] STREAMING INTERACTIVE VIDEO
[0351] The above descriptions provide a wide range of applications
enabled by the novel underlying concept of general Internet-based, low-
latency streaming interactive video (which implicitly includes audio together
with the video as well, as used herein). Prior art systems that have provided
streaming video through the Internet only have enabled applications which
can be implemented with high latency interactions. For example, basic
playback controls for linear video (e.g. pause, rewind, fast forward) work
adequately with high latency, and it is possible to select among linear video
feeds. And, as stated previously, the nature of some video games allow them
to be played with high latency. But the high latency (or low compression ratio)
of prior art approaches for streaming video have severely limited the potential
applications of streaming video or narrowed their deployments to specialized
network environments, and even in such environments, prior art techniques

introduce substantial burdens on the networks. The technology described
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[ 0358] El enents of the disclosed subject matter may al so be provided as a
machi ne-readabl e nmedi um for storing the machi ne-executabl e instructions.
The machiwe-2o@adatdee nedi um may i nclude, but is not |inPCedsstas/ogisash
menory, optical disks, CD-ROMs, DVD ROVs, RAMs, EPROMs, EEPROMs, magnetic
or optical cards, propagation nedia or other type of machi ne-readabl e nedi a

Sui Labl o ory AT 40 ShECILOR ApbOTHEVEIAOBE oo Bl SR BRLELIS [ RSS!

i nvention may il od conpu pro ransferred

froma r emtl&te%ygg”e'éh ifderaciive § d%%rt rc}L}rEr;hathEETHfé?ﬁét' ?Vartﬁﬂfgwttﬁgsé 9., a

client) by way o ata stgnals enbo a carrier ve or

propagation é?ﬁﬂiléﬂﬁh‘fb@g@c@@é’ﬂﬂ#@# §ideORtdrh8Kcdrhedtiong modem or  net wor k
connection). [0359]It Should al so be understood that el enents of the

di scl osed sybpsg} nut tindesmywied sierhelchicedidtesmals ag chonBsesf Figaes ag product
whi ch may include a machi ne-readabl e nmedi um havi ng stored thereon

i nstructi onssufiiiert togyovide @heshiancpdagieapxpetamyeulvith aheeflpclivaly @rbicesgor  or
ot her el ectronic device) to performa sequence of operations.

Al ternati velaynomrhteofcqommttmgrm)wmyaﬂntr@rgramourmtobfﬁystastomgeu aadiextreofelhar dwar e
and software. The machi ne-readabl e medi um may include, but is not |[imted
to, floppy dagthQékln@ngfmst APYWREU! SIVREVE, Cnaite 1A gaut & acgitaosaputinis ks
ROVs, RAMs, EPROWVE, magnet or optical cards, propagation nedia or
ot her type JTUrHi '@??ﬁé{@ﬁl th@ha@gw%héeﬂwmmﬁan BB @OoMHRS E’t%ﬁ;‘?rﬁeu"érﬂﬁbct ronic

D St N L R M A
ranstert o G s BB SRR B AR ™
D obasat o FRGAMTHEROSLETIAN 808 4 Blol B R EBER TS " Sougr
the di scl osegQu8d 86VeraBLY, fEIIdAS, AREHF sufficiently high bandwidth to meet the

needs of the display devices 422 of all users, the question will be whether

thick clients(such as PCs or mobile phones running Windows, Linux, OSX,

etc.,) or even thin clients (such as Adobe Flash or Java) are necessary for

typical consumer and business applications.

[0353] The advent of streaming interactive video results in a rethinking

of assumptions about the structure of computing architectures. An example of

this is the hosting service 210 server center embodiment shown in Figure 15.

The video path for delay buffer and/or group video 1550 is a feedback loop

where the multicasted streaming interactive video output of the app/game

servers 1521-1525 is fed back into the app/game servers 1521-1525 either in

real-time via path 1552 or after a selectable delay via path 1551. This enables

a wide range of practical applications (e.g. such as those illustrated in Figures

16, 17 and 20) that would be either impossible or infeasible through prior art

server or local computing architectures. But, as a more general architectural

feature, what feedback loop 1550 provides is recursion at the streaming

interactive video level, since video can be looped back indefinitely as the
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described in conjunction with specific enbodi nents, nunerous nodifications
and alterations are well within the scope of the present disclosure.
Accor di ngwg,20ede3®peci fi cati on and drawi ngs are to be reganseasiosssan
illustrative rather than a restrictive sense. CLAIMS Wiat is clained is:
1. A server center for hosting |owlatency streamng interactive audio /

vi deo (A/V) ;Sapcp%Bﬁérﬂéh%reé PP Ae8h WBE YERGe bPEbplicaRioR HosibilltiRES

appl i cati ons;
never available before.

[0354] Another key architectural feature is that the video streams are
unidirectional UDP streams. This enables effectively an arbitrary degree of
multicasting of streaming interactive video (in contrast, two-way streams, such
as TCP/IP streams, would create increasingly more traffic logjams on the
networks from the back-and-forth communications as the number of users
increased). Multicasting is an important capability within the server center
because it allows the system to be responsive to the growing needs of
Internet users (and indeed of the world’s population) to communicate on a
one-to-many, or even a many-to-many basis. Again, the examples discussed
herein, such as Figure 16 which illustrates the use of both streaming
interactive video recursion and multicasting are just the tip of a very large
iceberg of possibilities.

[0355] In one embodiment, the various functional modules illustrated
herein and the associated steps may be performed by specific hardware
components that contain hardwired logic for performing the steps, such as an
application-specific integrated circuit (“ASIC”) or by any combination of
programmed computer components and custom hardware components.
[0356] In one embodiment, the modules may be implemented on a
programmable digital signal processor (“DSP”) such as a Texas Instruments’
TMS320x architecture (e.g., a TMS320C6000, TMS320C5000, . . . etc).
Various different DSPs may be used while still complying with these
underlying principles.

[0357] Embodiments may include various steps as set forth above.
The steps may be embodied in machine-executable instructions which cause
a general-purpose or special-purpose processor to perform certain steps.

Various elements which are not relevant to these underlying principles such
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an inbound routing network that receives packet streans fromusers via a
first network interface and routes the packets to one or nore of the
servers, wbeopaokme streans including user control i npulPCTarseosnsims e of
the servers being operable to conpute A/V data responsive to the user

control input; a conpression unit coupled to receive the AV data
fromthe one o r - QH%P \Y a
t herefrom as 60%%%@@%@%& rﬁgtqllaﬂ\geﬁ@ v;[/or #%Saﬁgpgbgéﬁ?%ﬁéﬁ%%ﬂg%essed AV

data to eacf}%g%freg {Fﬂﬁﬁro%seﬂr‘?ﬁq fheCBé&iﬁéﬁp e@gs_commni cation channel via a
0

second interface, the conpression unit being operable to nodify a _
conpr essi on [p858] r espansheditd Bf herdisdlbsédansetemaibt Maydisd be revinegpondi ng

comuni cati on channel for each user so as to optim ze perfornance.
as a machine-readable medium for storing the machine-executable
instructions. The machine-readable medium may include, but is not limited to,
flash memory, optical disks, CD-ROMs, DVD ROMs, RAMs, EPROMs,
EEPROMSs, magnetic or optical cards, propagation media or other type of
machine-readable media suitable for storing electronic instructions. For
example, the present invention may be downloaded as a computer program
which may be transferred from a remote computer (e.g., a server) to a
requesting computer (e.g., a client) by way of data signals embodied in a
carrier wave or other propagation medium via a communication link (e.g., a
modem or network connection).
[0359] It should also be understood that elements of the disclosed
subject matter may also be provided as a computer program product which
may include a machine-readable medium having stored thereon instructions
which may be used to program a computer (e.g., a processor or other
electronic device) to perform a sequence of operations. Alternatively, the
operations may be performed by a combination of hardware and software.
The machine-readable medium may include, but is not limited to, floppy
diskettes, optical disks, CD-ROMs, and magneto-optical disks, ROMs, RAMs,
EPROMs, EEPROMs, magnet or optical cards, propagation media or other
type of media/machine-readable medium suitable for storing electronic
instructions. For example, elements of the disclosed subject matter may be
downloaded as a computer program product, wherein the program may be
transferred from a remote computer or electronic device to a requesting
process by way of data signals embodied in a carrier wave or other
propagation medium via a communication link (e.g., a modem or network

connection).
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[0360] Additionally, although the disclosed subject matter has been
described in conjunction with specific embodiments, numerous modifications
and alterations are well within the scope of the present disclosure.
Accordingly, the specification and drawings are to be regarded in an

illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A server center for hosting low-latency streaming interactive audio /

video (A/V), comprising:

a plurality of servers that run one or more applications;

an inbound routing network that receives packet streams from users
via a first network interface and routes the packets to one or more of the
servers, the packet streams including user control input, one or more of the
servers being operable to compute A/V data responsive to the user control
input;

a compression unit coupled to receive the A/V data from the one or
more of the servers and output compressed A/V data therefrom;

an output routing network that routes the compressed A/V data to
each of the users over a corresponding communication channel via a second
interface, the compression unit being operable to modify a compression rate
responsive to current characteristics of the corresponding communication

channel for each user so as to optimize performance.
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