SYSTEM AND METHOD FOR COMPRESSI NG STREAM NG | NTERACTI VE VI DEO RELATED
APPLI CATI ON [0001] Thi s application is a continuation-in-part (ClP)
application of Serial No, 10/315, 460 filed Decenber 10, 2002 entitled

" APPARATUS AND METHOD FOR W RELESS VI DEO GAM NG', which is assigned to’ t he
assignee of the present CIP application. TECHNI CAL FI ELD [ 0002] The present
di scl osure reEMSEENQE!!QBMETHODCF@FkI@ON&ERESBfN@ﬁTé%EmMjB@sJéJfrﬁﬁm $tenms t hat

i nprove a users' ability to mani pul atgmng access audi o and vi deo nedi a.

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 medis.

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 piayers for playing recorded audio media, a
radio to receive live broadcast audio, and a television set to piay live
broadcast audio / video {A/V) media. Very often these 3 “media piayers”

(record player, radio and TV) were combined into one cabinet sharing



BACKGROUND [ 0003] Recor ded audi o and notion picture nedia has been an aspect
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and as such, 1t reduces revenue that publishers m ght otherw se derive from

t he buyer okapsert Agthaeloargrewmsal es redirt pobibhdrb &ceacs, tailkd § were used
records sold during the mddle of the 20th century, such sales did not have
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was purchased, if the consumer fiked the music, the consumer was likely to

keep it a long time.

[0005] From the middie 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, espeacially 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) wouid make pirated copies. Also, consumers would tape



[ 0005] Fromthe m ddl e of the 20th century through the present day, the
nmedi a ecosystem has undergone a series of radical changes, both to the
benefit and the detrinment of consuners and publishers. Wth the w despread
i ntroduction of audio recorders, especially cassette tapes with

hi gh-quality stereo sound, there certainly was a hi gher degree of consumer
conveni encemBid plajechb & tﬁ@rd@&‘lrath@ thegibuyinga edconthat tdre frowtlze Wi despr ead
practice with consunmer nedia: piracy. Certainly, many consuners used the
cassette tapeslisher. taping their own records purely for convenience, but

i ncreasi ngIE/ consuners (e.g students in ? tory with ready access to
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whi ch coul d cheé1 ater tine, an led to the creation of

the video rgnigbsdupleheavi \Mw\.ean@sm“%pragramﬂmnga@uﬁ/bera@le@wcngarcoul d be
accessed on an "on demand" basis. The rapid devel opnent of nass-market hone

medi a devi ces gdmet tdeistiTte 1880 sichalephett b rassumaketiedvateatis evel of
choi ce and conveni ence for the consuner, and also has led to a rapid
expansi on ofietites sipck thepuist 1%?rﬂ8rfgﬁ5n‘ﬁ¢f R@ﬁn L{"@@@H@BWQV%’%%%P@“% e faced
with a plethora of nmedia choices as | et hora of nedi agdew ces,

many of whi 8PMVENEENCELY 18 CHAPYTELIEE %9 H%S lﬂd AR P BESATH
publ i shers. onsu of nedla may have a stack of devi ces connected
com st RE R ing |

to TVs and us roons of the house, resulting in a "rat's

nest” of Cg@oup to Onleoaﬁg Ws%m-'eysﬁ% %C%B%fﬂaﬁ%rtﬁé}ﬁfﬁf IR UhGESs ££Cs) as

well as a remote controls. (In the context of the present

appl i cati onyef he atpﬂétﬁbrdoﬁrrﬁ@cﬂi@de‘wwﬁumen obwhidRGirertietiao pattwuanyosar t - of
conputer suitable for us in the hone or office, i ncl udi ng a desktop, a
Maci nt osh( rgf reediatongartvatar Wibtshwess compuitaossutiendomedeompatialbd € devi ces,
UNI X variations, |aptops, etc.) These devices may include a yideo ganme
consol e, VCRacDVI9)ieaRe3oNNa0ENa0 JisrAitheRBRiREs Wr‘t%*é’é’%‘??'ﬁﬁﬁf s er,

|1 ble TV f d
consurer . {6 RS i f%@raaesii%qaifesfa@@mngr@“ﬁég Batlide of
bi | D- DVD and
(é;):]’p ?;;/ :Z)VB%%F’%@%%%&U%% 56‘@{”% @re gggﬁp &@Eg‘%{( and a % 3 gystatl gﬂ(r?
vi deo gane Méﬁ@ftﬂ@ﬁﬁe@ént Domanssh, the [IFOBRAIINRI bdihiulel” SOME” ggfgRs acr oss

versi ons of gane consoles, the consuner may own both an XBox and a | ater
version, SLt@fan@%oatrb%@mpuiﬁﬁ(limt}abieﬁbeqslemthleWom@nsuﬁﬁfee,smaludmlg@‘ uddl ed as to

whi ch video input and which renote to use. Even after a disc is placed into
desktop, a Macintosh® or other non-Windows computers, Windows-
compatible devices, UNIX variations, laptops, etc.) These devices may
include a video game consolte, VCR, DVD player, audio surround-sound
processor/amplifier, satellite set-top box, cabie TV set-top box, ete. And, for
an avid consumer, there may be muitiple 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 befuddied as to

which video input and which remote to use. Even after a disc is placed into
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the correct player (e.g., DVD, HD DVD, Blu-ray, Xbox or Playstation), the
video and audio input is selected for that the device, and the correct
renmote control is found, the consuner is still faced with technical

chal | enges. For exanple, in the case of a wi de-screen DVD, the user may
need to first determ ne and then set the correct aspect ratio on his TV or
noni tor scr gencdrecgpiaydr &.g.FOMD, HIBOMD \Bideayodpex @ MeysiaiWrdetheet c. ) .
Simlarly, the user may need to first determ ne and then set the correct
audi 0 sur r ouido sodredidiyispeiisfseloastrd foe that thavdedice B PEHOgeFRICMERS, etc.).
Oten tinmes, the consuner is-unaware that, 6 t n e _enjoying the

medi a cont eRENYA g ff%mszﬁle CHpABFT ﬁsti"lé?c%%‘@fﬂgx?&a%‘%ﬂl gﬁ%%nggs‘aﬁ%i 0 system
(e.g., watching a novie 2. af o} ia0r listening to
Sud'o i 1 st BrEPEaiTr teRan o duer s YEuhe ABetH A Bl

| nter net - bageq r‘%%'%cﬂt?é cepirRavprlesg addad tp hibavsdaskniel sgeences. Audio
devices li ke ﬁe onos r? Digital Music systemstream audio directly from
the I nternete glLitkewiugezosevivigszddrkeClrensSWingbetz TNBietiagy tthé neemt  pl ayer
record video and streamit through a hone network or out through the

| nt er net whersg riceddarfirdieiotatriteand thent st yho aodeFGUIheL TaHNErs®eNdPr ot ocol

Tel evision (I PTV) services offer cable TV-1ike i?@‘vi ces thgr%ugh Digital
Subscri ber &ysten(fosnyt (6i9-odber DebvePigHBe et €ontdedn BAeS Mifiere have al so

been recent efforts to integrate nultiple nedia f tions | i ngle
devi ce, suchCERIME{ds HB%WQ@’BB%QWV&&J?%@%&‘%Qﬁﬁ%ﬁqﬁg%\/@%r{&%&go Medi a
Center Edit}on, il e . & [ fid ar i§d 8L Of

conveni encehﬁoctapgﬁ'g!yf%fﬁ@ IP%EE%V?%E%S?P? &éesﬁs%rnﬁéséz\gﬁﬁiigs ubFf qui tous and
sinpl e acce§c§1és‘ﬁeﬂ%ﬂhé@%r@aéﬁé&iﬁé‘ﬂb; oSiEdniAEg b easiofin eruentdtyercaat hundr eds
of dollars to manufacture, "often because of the need for expensive

processi ng ané/r@unbeeahdpt orage. Additionally, these nodern consumer

el ectronic devices typically consume a great deal of power, even while
i dl e, whi chjo®88hs t heéypcareinglypbneingebased medirkdavierskarediann atdegier gy

hegleets i otnustacs o dsvicass Audmdanes ke e BereeB ROt MhES Tttt Cana

b f the devi i o} i ; j, TVt t ed

wih the o ferereagie SieciEieated AR HErE e Res s PingBat Th oo der

with a rat s, neshepl Waes Ak Gossanelsyeadl neaph Elome hAAAA] Sur t hermore,
nternet-base k

when many neéwer devi ces do wor

out through the internet where it can be watched remotely on a PC. And
Internet Protoco! Television (IPTV) services offer cable TV-like services
through Digital Subscriber Line (DSL) or other home Internet connections.
There have also been recent efforts to integrate multiple media functions into
a single device, such as the Moxi® Media Center and PCs running Windows
XP Media Center Edition. While each of these devices offers an element of
convenience for the functions that it performs, each lacks ubiquitous and
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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properly, they typically offer nmedia in a nore generic formthan it m ght
ot herwi se be avail able. For exanple, devices that stream video through the
Internet often streamjust the video material, not the interactive "extras'
that often acconpany DVDs, |ke the "meking of" videos, ganes, or director's
commentary. This is due to the fact that frequently the interactive

material isgpradizaed difc@npanibh sylarAf@romaubanendedtfodevicazasta cul ar
device that handles interactivity locally. For exanple, each of DVD,

HD- DVDs andc@inpietayoldiise st thastebat ihigratiednvifiathel abbastacinvedadedsis iior mat . Any
hone nedi a device or |ocal conputer that mght be devel oped to supgort al |
of the popuhamefwhightssill iRayea thedsa vétiaa raiefegfo! Ybishiadd £ 883 ehvem
flexibility that would likely nake it prohibitively expensive and conpl ex
for the conS¥E¥Sto operate. [0010]Adding to the problem if a new format

were 1ntrodygady | atere | ihtieed WheAAZnbACRIngRL: B LRYCNOLs JayRL he

har dwar e ca ity to suppor e ne ormat, whic nmean that the
e

consumer  wogl ﬂ{?‘,"tﬁe)t/?y ¢ BBsemaniaURY adesl gbesa foMmdhan deypee. For
exanpl e, if higher-resolution video or stereoscopic video (e.g., one video

stream for g@ehviey @) avelsblé faratuaett, atevicasahar sickaire videbehloaghalthalevi ce may
not have the conputational capability to decode the video, or it may not
have the handewaekoftan sitgguujust He Wiermaterial heotribevirierasiive (axtigs, th@&sum ng
stereoscopy is achieved thr ou%h 120f ps vi deo synchronized with shuttered

gl asses, w efeBaERENRREY WPedkedh@ aERKIBgE Y*F‘e%/%@a@%ﬁ%ﬁﬁﬁﬁre%tow deo har dwar e

can OnLY SUPBOELGRRl R LR ol T PR B Rl AR 0

o COTE! Xt B SHGARLSy L DR ol L ARt o

appl i cati ongaEankilaehly. hnexdatbld, Ma@hf@WVD, HD-DVDs and Biu-ray discs
have their own particular interactive format. Any home mediz device or local
computer that might be developed to support all of the popular formats wouid
require a level of sophistication and flexibility that would likely make it
prohibitively expensive and complex for the consumer to operate.
10010] Adding to the problem, if a new format were introduced later in
the future the focal device may nct have the hardware capability to support
the new format, which would mean that the consumer would have to purchase
an upgraded focal media device. For example, if higher-resoiution video or
stereoscopic video (e.g., one video stream for each eye) were introduced at a
iater 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 80fps video, this option would

be unavailable absent an upgraded hardware purchase).
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maj or non-portable hardware platforns; Sony PlayStation(r) 1, 2 and 3 (PS1,
P52, and P53); Mcrosoft Xbox(r) and Xbox 3600 and N ntendo Ganecube(r)
and WJTM and PC-based ganmes. Each of these platforns is different than the
ot hers so that games witten to run on one platformusually do not run on
another platform There may al so be conpatibility problens from one
generation gjofigvi ce tTRe idecn®xisdiduevict bouglstarean@mccohyleaty saf t ware gane
devel opers creat'e software ganes that are designed i ndependent of a
particul ar pkabhopmbldm wieder caroes Wrsephsiicatagingar agiveenediaacsqratalli c
platforma proprietary |layer of software (frequently called a "gane

devel opnent velegi gags.i s needed to adapt the ganme for use on a specific

pl atform Each "ﬁl atformis s

| d he cor " " (j.e.,
st andal one H8X14Ht t achii@deE ‘égwgt@%eﬁﬁﬂeﬁ“ggél‘?s@uspn%%lé%@?y %;S}%E?%Jﬂ@ f€?a‘g”JPCei tsgl f.

Typical ly, the video opt.| b C u-ray DVD,
DVD RoM o R GHEE dan R R Bohf SlaRalcn a8 48 e

sophi sti cat etk eak FdJTENRAbHAKE0 ADBHLOBOXFBOF SrB0WRI DO TRABCLIEedS have
i ncreased, video ganmes are becom ng increasingly avail able for downl oad.
[0013] The spggiviiith bid FeBhsameanss t Bacchi thges plaifofos e difepst then they wi t h

vi deo gane software is extrenely exacting due to the real-tinme nature and
hi gh conput athi@sab thagamenenits of uadvaseedlalifogsasyaliede NPFofNGanpl e, one

m ght expect full Parre conpatibility fromone ratign to the next of

vi deo ganes apethgr platiosm KsyR ey %Sﬁwp%fbiiftgggﬁ‘ Ry SR PBR 2 ("P52") to
Pl tati 3 ("PS3"),. J. th i Fhid] f

Frayetaton 3 (o) hish s naeneral eomot ALY o
wih a fast ey BhagResb i MRlEOhafiBs Shat &@é%[gneﬁhh@epdie%d@ﬁiofwe case wi th

vi deo ganes. € Vi ane manutacturers typically are seeking the

hi ghest. poiﬁhmuﬁargﬁtfo@ﬁamﬂ&@efwru@ ObXBBUIBF Gamans Alspakif patfeiteo game
generation i's released, dramatic architectural changes to the systemare

frequently meslgicsarghajdial sofwaregdnmsenthi talled d gamacepriopnegisngied’) on
system do not work on the |later generation system For_exanple, XBox was
based upon theseddstofaaiapl theogame duassorsa sppdie alatiREBxEaddPRES Bised upon a

Power PC-fam | y. [0014] Techni ques cap be utilized to e at e r.i,or
architecturépéti@tih@mféwnﬂﬁaﬁs @i%o%aﬁé%s ap Wﬁ@gqn-%%%%ga&?}ﬁﬁg%gifo\ﬁs, it is
often unfeasibl e . tg achieve th C . LQf~d kap. This
is a detri n@ﬁ{nqngo?%eaé@ﬁ%)@rl}é}i? ate%g%%?%e ég%ﬁg’aﬁé%ﬁ;édo%oggﬁﬁﬁg?c%ég? and the
yideo game SRiiya&iRun sBerBiuiay DMIS HEDSIORTor Ob-RORNKIdNARARSST LY Of
keepi ng both~an ol d and new generation of video game consol es hooked up to

the TV to benahheo hamel évbadibd ganesophiaicatdtereabiisel softmaneibpgitcatien. it neans
cost associated wi th enmul ati on and sl ower adoption of new consoles. And for
t he publi sheg lidmereamsibehdspesds hpteingmasedndded gamRsFaebscoBIthave to be

rel eased in order to reach all potential consuners -- not only releasing a
versi on f or inssedsinghnadaiEdle fSOWERS. (e. g., XBox, Playstation), but often a

- Separat o JaFGlon of [ 8eET B SR SN SR aE NP e T ped Tor
[0015] Port alV i 2t oIS Bhrriih e Rtlgom B A IR LR &

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

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 proguctivity

applications (e.g., Microsoft Word} from cne 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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medi a pl ayers al so present chall enges to gane devel opers. Increasingly such
devices are connected to wireless data networks and are able to downl oad
video ganes. But, there are a wide variety of cell phones and nedi a devices
inthe market, with a wide range of different display resolutions and
conputing capabilities. Also, because such devices typically have power
consunpt i onpegxlisié paridrmeiagfor e@nenrEiost EiNtwesn Byiasagane I0aeRaHav d#nced
graphi cs accel eration hardware |i ke a G aphics Processing Unit ("CPU"),
such as deviaessegnd@naioNvEbiosiyal amIgs @P Heasyan %82?@8‘8@&% ¢ ganme

ft d I typically. I . Qi [ | ly f
vany a1 { opent ey pesy GRmsbdontn Gug R ARI Rl T Bl TR G ven
title j t i_L.abl ' [ t abl di
o ayer [ oot P ERLTEER G e e SEPle, KR Ao R B B

manuf act ur ex.s..t yfpi hahgee XEyabbywhae sredsebhvwarevgdtiabivel opers
for the abi {aﬁ@ o?gﬁ:%ég}é?rs%h a gane on their pl atf(s;}rym Cell phone wireless

carriers al gpiaypi caltachehaegean beayiikey id emutee gaprer podiileshes, b downl oad
a gane into the cell phone. In the case of PC ganes, there is no royalty
paid to pubgivehtigavesp damegaresedeimb apelieations: &4 PeT weleapbP§Hocost s due to
t he hi gher custonmer service burden to surﬁgor_t 'tJi]e, wi de ran%e[tof PC

conf i gur at | a¢EeENtei HEChsEaE DERAYISSEN PRAEIREY T BiSi'S & JeHIEEM BEE typi cal I y
present less barriers to the pirac f j.nec ey are readily
reprogr am%‘l’@uﬁiﬁrathﬁé/ nggfppﬁ%%%ﬂg@%Pge?uab\éﬁhgr@ega%eng@can be nore
casi Iy pirafgg, a0d IS RS X AnSIHEPH RLake noddtyiaficidid e net)

E el e gamne | op

Thus, for a evel oper, there are costs and di sadvantages in

publ i shi ng 9 gRAIR Sansehemtion e bidebepess entdREshodiRRi fahe game taubl i sher s
S

of consol e an oftware, costs do not end there. To distribute ganes
t hrough ret ghik t6 briyngl gamesHadr shecensommgeutaonrel & suganspiost asassl t he
selling price for the retailer to have a profit margin. The F bl i sher al so
typi cal |y hagheoyipntans Yower aRoRRAUT MGG 198 Andifek ek '%E{ﬂthe
physi cal nedia holding the gane. The publisher is also fre charged a
"price prot BEENS M SANPG V@?%W%‘Pfdﬁ"\é aPgs LaRehaYs st?eofeée%sgﬁgﬁ%c}eéhci es such
as where the ganme does not sell rod %} 1CE: P chEeHeRd, or if
the retailef° ’%ﬁgiﬂ aﬁ'é’f’fﬁﬂ?aﬁﬁ?@%‘*r§| Iﬁ%fo%['yﬁree 0 93%2?259@?%3 and/ or take the
ganme back f e AORBGE PN dition S8 RidiBhS MrERntrypess larsiohaf ge fees
to publi sheégﬂ%%o a%%ﬁg (%ket t’heﬁ{gamesnni n advertising flyers. Furthernore,
retailers apgcRaiaasidg! PIuynpsSbacior gaampid, mosapasaieyevdion bave fini shed
pl aying them™ and then sell them as used ganes, t)d(gi cally sharing none of
the used gaRrclrenienus' WisttdernbFgL8 wasislaveloped faddBay XBot B&C.¢6xt bur den

PS3, Gamecube, Wi, and PC, among other platforms.

[0015] Portable devices, such as cellular (“cell”) phones and portable

media players aiso present challenges to game developers. Increasingly such

devices are connected to wireless data networks and are abie 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 resoiutions and computing

capabilities. Also, because such devices typically have power consumption,

cost and weight constrainis, they typicaily 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 titie simultaneously for many
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pl aced upon ganme publishers is the fact that games are often pirated and
distributed through the Internet for users to downl oad and make free
copies. [0018] As Internet broadband speeds have been increasing and

br oadband connectivity has becone nore w despread in the US and worl dwi de,
particularly to the honme and to Internet "cafes" where Internet-connected
PCs are ren@g@{ergam dipriablerdmasiesghyudeeimay ihdthai buied gdrae dtevsl oads to
PCs or consol es. Also, broadband connections are increasingly used for

pl ayi ng mul nopheiebledndnispsgioutdr gerphonploapertablel madiagiawss. (bot h of which
are referred to in the present disclosure by the acronym!MMOG'). These
changes i t {6 some'ﬂdﬁet’iﬁ%e gloxaee RS %@%&@%ﬁwmr% retail

di stribution. wnl oadj n nline ga SS f i vant ages
to gane publMEWAIPR ttyﬁgta%d?%qrp? %JE?%W@? sso‘f@vr??%g?p% daeb}é?qp%g%gnd t here
are little Ne 0 I S GafRseare still
subject to g‘fr%'g@@/?(zhgbi[)s@cé;%%@g?Pqugﬁgﬁgirﬂgég%heﬁ%% gi gab?/t es in size)
they can ta irdRalty Qo ey h @b udiiBhaddidovweioadatingl ietoganes  can
fill up sm%ﬁoﬁﬁﬁ‘%%@g% ésrda‘%h@ag t hose SDOLI, di wi th portabl elgcorrput ers or
with video gangsioniesel stheldanevePC gamehehend iemo puatbspad t/MDBEshr equi re an

online connection for the gane to be playable, the piracy problemis
ntigated sigamestie gaser déeclepaiabincali¥dacs Bight@skadue @ HaINVEiser account .

Unlike linear nedia (e.g., video and rrusi.g!%n whi Chfoﬁ@n bF c_oFi ed 3% a canera
shooti ng vi Ee8OBRT BRICH pFeY ITHRAOR BF YOG hpRone PELHFEIYY 4t o from
t he speakers, '

Hvd . . o
usi ng' ot npl BAIaLS? atiro b ALHa g MrhucCoavEReMBresEage DAl B ot o
laws are nOEheS%FﬁgJ;ég%fﬁff&ﬁqe ANeRhEREN% fedl ARRBEranMEKIS byan be shi el ded

from pi racy an ore a business can be supported. For exanple, Vivendi
SA's "VWr | di0fMaNEKabWiedBANE Dasr Arepasies casdiauble sl pyratbdnitchout
suffering from piracy throughout the world. And many online or MMOG ganes,
such as Li ndene kablysdidiBeomadelg. fiofoudhiite gererail. 6 hueviehaesoftviare gamgames’
operators through economic nodels built into the ganes where assets can be
bought, sol devaloperethene Breesislana AiFgayaANAAES iNpBERIBNAG 988 hani sns in
addition to conventional gane ftware purchases or subscriptions can be
used to payCcPoFO!ehEe!IBAORTS ?ﬁé games. [0019] Wi le piracy can be often
mtigated d t he tur f I I tor still
@ﬁhm Terd gﬁgwf&g%rm Qs X PRI ARIARCAGL Of ,

face remain anes require substantial local (i.e

| N NOME) - pr BLETRIDOTG BRAMAEBak @t 1BLNToral MRS Lauoisrdsphanprdy. | f a
user has a ['ow performance | ocal conputer (e.g., one without a GPU, such as
a | owend | apbRrRbic freciyowate Selimbbecd or phayetsite tgames aAdditriagél. |y, as
game consol es age, they fall further behind the state-of-the-art and may
not be abl eThe pobites afsorigpiagiyameld RENES COEVehmasyiariuigo@RE user' s | ocal

PC is able to handle the conputatjonal requirenents of a gape, there are
of ten i nst adistibusing dunphisical media fRENg he W-%Wﬂ?%dgﬂgi bilities

.g., Iif [ | oaded, ..i [ [ f
G aphi cs. or FRareTnarararere o4 mpsorab s SR afela g B AR, “pon an
old version g@it@ﬁ AL aphi, s ek e ghmereEableke) Ar FIRS L&YY out of
| ocal disk SPAEE°aE~Rore ganes are downl oadeg. Conpl ex ganes typically

receive dO\%oQ%@édorﬂﬁf ehemiieyeust isiend paot be obmesviteyeliopdce asdbugs are
e H

found and fiXx or If nodifications are nade to the gane (e.g., if the

game devel opse thé gesmet ek feorh evelyeofAddiienglyme eialetsogsh spicady chaeeasy to
pl ay). These patches require new downl oads. But sonetimes not all users
conpl et e dofesisdagiubisists & help marsel BragMas iR@dAveitissy, ivere F@&Wﬁf%%“@ed

pat ches introduce other conpatibility or di sk space consunmption issues.
[ 0020] Al so, reﬂ@ﬁﬁrﬁgrwﬁ@%l”&;'/y?bwak%baéé%?%ma%\?&ﬁ’l%g S&&Vq"ﬁé’%ﬁ%% %Fed
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



to provide graphics or behavioral information to the |ocal PC or console.
For exanple, if the user enters a roomin a MMOG and encounters a scene or
a character nade up of graphics data or with behaviors that are not

avai l abl e on the user's |ocal machine, then that scene or character's data

must be downl oaded. This ma¥ result in a substantial _del aé duri pg gane pl ay
i f the | ntepreed oppmearieqnbiigheiats hedaceighgameaRS Often PHi te@r%k?“nt er ed

P . . ter

beyond t hat SBT B 1EEaT e TR B rdaier [ ooun SRR eI et Pee SBPRR whel e «ne
e “ePeat ot uh

or aphi cs.  TREE ont i s I iRBESRSREl SRk e P e e N or

conput at | ongleGRHR E¥hiekttR AN BERMS mAEditib ekl h thehes aafiten limit the

amount of data transfers during the gane. Online or MMOG ganes nmay al so
narrow t he waAdeideobartis@ngy tdike hrame pheyo titerrgariedes TViigR L JiFarmdier nor e,

t echni cal | y-know edgeabl e users are increasingly reverse-engi neering | ocal
copi es of geormctatiPGodrd antefl. Re aFeresNeeasiiaty baiey dishiPUieE¥Ee. The cheats
maybe as sinple as nmaking a button press repeat faster than is humanly
possi bl e (edgwniogds isPed 05 H%OE%-&}%E\%PWQ%@WW@‘PW Ejﬁd@%re?ﬁfgg{;gupport

pos : i o v Seedoel
that T esul teaor PRt BHEPey SrancrrsReeDrul G Bl Enf (T8 ecanom ¢
val ue. Wen, an,onl e 0k (MY R @t&ld@gflb It%s BESRImONIGOEN) asset
transaction® {Hi 8 Can Fesul t in substantial detrimental consequences to

the gane opeRadOEangboPRadatbeorRss: thé cdenelrrpisBgPaftevagawithasizyr own as
PCs and consoles are able to produce increasingly sophisticated ganes

(e.g., withyipwibetiteddwtibadige apinegamsaciidessseeabms ofdhe disativaitbags and
nmore realistic behaviors, such as real-tinme physics simulation). In the
early days tofgame publibersyarieal delibuiign costadoiciiyera s aSEhiBRte #8s a very

Sevel oot st MaseoRior NS Brasa: i pata s BF B eyt o tre
devel t of th hi cal., audi i el ; ts",
Coer o iy agc FRER Me R el Uok o dT ahf WARIE inS TR Pod ral@o 0 ©1 8
speci al ef f&%@-slo r@ﬁ%to%%fc%ﬁapm 84684 9fuNbReBaBaTIRY Eh aRERRsief fort s

nore closely rese e special effects-rich notion picture devel opnent than
sof twar e deyelcapPEBdt as Foke isBRNRC portamiscowipleersgans yWiaygaessi nul ati ons of

3-0 worlds, and generate increasingly photorealistic (i.e., conputer

gr aphi cs t hatnsseantHasereatd gid exterst games or MMOGSs require an oniine
connection for the game to be playable, the piracy probiem 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 shieided from piracy
and therefore a business can be supporied. For example, Vivendi SA's “World
of Warcraft’ MMOG has been successfully depioyed without suffering from
piracy throughout the world. And many oniine 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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live action imagery shot photographically) characters, props, and
environnents. One of the nost chall engi ng aspects of photorealistic gane
devel opment is creating a conmputer-generated human face that is

i ndi stingui shable froma live action human face. Facial capture

t echnol ogi es such Contour TM Real ity Capture devel oped by Mva of San
Franci sco, Gaughpsaidesnanden eragles @%@9ﬂ%@@g&%twc%¢ﬂ'§méﬂforrrer s

face at high resolution while it is in noti R This tec noI y 2l allows a 3D
face to be PeRiendd cBNaTBEE GETEE M BIAO ERRIRS o) LG RHGae G B2

[ nd| sti ngui sha le froma c ction face. Capturing and rendering
a "phot or eal¥® ﬁﬁ%ﬁy éé%@ﬁggéfé@%)?qa\ﬁﬁgeful in several respects. First,

ngnty recoggifgl e opl %bFEa@Be%ﬁ‘ﬂé'n%:%?a@oeddéftb%ﬁeHéﬁﬁ‘e'oI"oMI'nQeO gares
(often h|re ahlg I nperfections may be apparent to the

user, maki nmmov;sewm SxPEbphenss dilshtacdmhagingrchanghgas adny Frequent |y,
a hlgh degree of detail is required to achieve a high degree of

phot or eal i splamesrrequire bulgstartiiel ead@ei,nig-hofMme pregegeinguebewrces fiainjigens and
hi gh-resol ution textures, potentially with the polygons and/or textures
changi ng on ca MV@Rs-toyvcrk arsepdsii 8 %?Vthﬁé af'ﬁ&@ﬂﬁ%’@@“f BeaksVMeHehi gh

I t th | ed t dl.y PC
tonol & 28‘58%@?%%39@%%5@&8%@ b E0Ee SR ER O Re MM et & enough
| d { t
oot ed | Renegam cghBhet B/ %Egﬁd;ég;?ﬁgﬁﬁ%ﬁ%‘?%é@%e For singl e
di sk drive I@(@b@%@&m@@t ér"i’c%%y%t%e%@lé)fo Qﬁf@eﬁ%@%@aﬂtéﬁd@é@ééy much

sl ower than and typically can not keep up with the maxi num dat a
rate that thgeFRdsoRamaneeREr s RceePGds iabe pdiargenseanthdueatianaés. Current
ganes typically | oad nost of the polygons and textures into RAM which
means that aegiisererssehe gagel tege ke biten insthliatioe orppisxitiep. dhereduakt i on by
the capacity of the RAM In the case of facial animation, for exF\ane this

may | Ihm t ablﬁ@rb’ler @C@@‘ﬁé?‘@@@dp@ {if)aélet"ﬂ%@mﬁ i$ gwrlééig?%tfi Wﬁyf%@f fhat is
i fed numdel Gropf afelretrore R gae saeed o BB, gons and
textures ( arr]%ca&éhgén %ﬁ‘to?c? vdrQn TR ér%%@fc% dr[@@%ﬁ&%&éﬁt@ | NYoéhROHagSs bar

move slowy e screen as a consol e 'di spllays a nessage sinmilar
to "Loadi ngyyn ouécﬁI@&;@%&k%‘éa@éa@%dr@@n@éﬁa@rmﬂ@é@wm gamsers of
corrpl ex video ganes. The delay while the next scene | oads fromthe disk
("di sk" her gjgicalynbesiee mdﬂmbaﬁ&ﬁpq‘mabsmeﬂtlmeéﬁoméwetgﬁmdev@baenaSe opti cal
or magnetic nedia, as well non-di sk nedia such as sem conductor "Fl ash"
menor y) canbtigk erasioved and ke s @pdé@éww&@waﬁm@ﬁ@@meﬂﬁ@ if$ha wast e

f ti d b te f trat I
i scussed, - BBEW GoPET GOt et AL ShitP GETaUC PO ARET 5 e
I t th d I
Uhat part  of NEFGPRGHES (TLe; r%‘v@%% MCRRr F%&W%Iﬂoéée%@oaﬁ%g B n T he
PC or CONSOLE,AILBBRES 3 AobRhet NGiee B, FRIddMATRIER a%cﬁé%@cer vi deo gare

may al |l ow t he p[aye to choose anong a | arge nunber of pl ayers, teans,
st adi uns a”ﬁwtﬁ&@@b@@fhéﬁ@ﬂ Ptat[@in@ or sk slependinegmetomizgtiepar ti cul ar

conbi nation i s chosen, ferent polygons, textures and other data

(col | ecti ve[oo2odbj ectﬁisa aminghrane glayr Bdgd datat drvrdeadsemge bg.reqdrdd er ent
teans have different colors and patterns on their unifornms). It _my be
possi bl e t otceporisiearapangr Behaverabpfarmationie %‘O%r%?éww i

re-conpute or. all of the objects vance and, store t bj ects on
Phe i ok ueammbleot drevRetna roaat 3 MY BT b BT Bos T

large, the gﬁ%r%g{%g%j%;@;@ggﬁagaﬁggb&%dom&n Bhhakdr %H& &Q@)‘a?a%%km too

| arge to fi 06° FApr actical to downl 0a exi sting
PC and ConsﬁIeeu%%%%t@éQn?efcﬁlﬁeymé?ﬁﬂhhh@%rrcﬁiaﬁﬁﬁeﬂsﬂdé’c@tnhhétfﬁ:@ conpl exity and
pl ay duration gi ven scenes and suffer fromlong load tines for conpl ex
scenes. [ 0035}AatiberTiss gryfresanin 4 subdtattizd elsytduripg igameaplay \fitdeo game

systens ‘
Internet connection is not fast enough. And, if the encountered scene or
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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 | oaded into the PC or gane console for processing. As discussed above,

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

renot e | ocabhgacrhfed fredeeRasedpady ougimbhiatibnilerapebilind meysndhhat ofi t uat i on
it my take m nutes, hours, or even days to downl oad a | arge dat abase.

Further, sutte idatidi@asesommole, dftaprcrestean sitlatiogreaeredipensecqeny. , a 3D nodel

of a detailed tall-nmasted sailing ship for use in a %Jarre, ITDVJTe, or

hi storical guwessin Heydane dr sres! CREUHER IR 6e0Wsqay Ty Bi@PhESal Méhd- user .
However, the datab Ls at risk .of. bein i_rat Q Lt been

downl oaded PBI& Iﬂ@@?ﬂda gaaes ofteR | tn{%egfg%%ge}rﬁz%rr%&%ﬁ{ténf{h%?dovvnl oad a

dat abase si r = ti i i (I i+hS the user's
needs (e.g. %%ﬁ%%é@?@ﬁ%ﬁg&%gpﬁ’éﬁéyﬁéh%ﬁgtéa%ﬁ@r}ﬁﬁggmgdgga?fis%%tgct ory

appear ance %ngg% &hé@@w@sefnlgﬁ@wmm@?m@bimy ko maxeN.thd | ong | oad
time can be a deterrent for the user evaluating the 3D dat abase before

deci di ng t oimke oA upstschasen O8] @Bimes.ar i ssues occur in MVOGs,
particularly as games that allow users to utilize increasingly custom zed
charact ers. [Ga@t]a PC forthganers eenolcallydngivigsiongble @3 ate Bereasingdeds to

have access to the database of 3D geonetry (polygons, textures, etc.) as
wel | as beheavetese@ngering lpcal tapies &@Féersar{‘acgm&%gwl“%l“&ﬁ gﬁﬂ@?ﬁBFhiﬁhe shield

[ h d f , ically,
when & MOGTEY i eep s dheny Bk Bhs sdhaliiE e Ph R S ssbefr o
character s ple.ahieRAHLMURA baliSe Yb bl d18 ididla GRNErptagilg). gae, whi ch
is avail abl e Tocally on the ganme's oOptical disk or downl oaded to a disk.

But, as thegga8® i QUbESS BSgarhb akbet tharaceneohat eesting chareadhes iavel obj ect
g . . )

whose database is not available locally (e.g., if another user has created

a cust om zed! siphisaichsur) thabefsotie int atdwéririeartsactiors iobpleiog assatsh® di spl ayed,

its database nust be downl oaded. This can result in a substantial delay of

the gane. [6¢R7]a@onenmic walusdVhER eNCaYine R MOssnpRaemis ndel iSRaseganes,

\ellingteger chal@%gg egésoert-tréinggéip%g ; %S(rjeverléa%ﬁﬁﬁ ) at%g r;\)ut?l i tsrhe?rji IWi th prior art
gane el t IS & J7 paela gETSIAl <t o devel op a
video game gct)ns%querzoes to the game operators.

[6022] The cast of developing a new game has grown as PCs and
consoles are able to produce 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 cest was
in the development of the software, as opposed to the development of the
graphical, audic, and behavioral eiements or "assets”, such as those that may
be developed for a motion picture with extensive special effects. Today, many
sophisticated video game development sfforts more ciosely 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 reaiistic as
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cost of tens of mllions of dollars. Gven that new vi deo gane consol e
platforns are introduced at a rate of roughly once every five years, gane
devel opers need to start devel opment work on those ganmes years in advance
of ‘the rel ease of the new gane console in order to have video gamnes

avai | abl e concurrently when the new platformis rel eased. Several consoles
f rom conpet iingatmnufragiony eisotahetcpoasticas chatadsedpapoust t he sane tine
(e.g., within a year or two of each other), but what remains to be seen is
t he popul ar etyirmfmedehOoens dleanodl. ajallenging rsespsct @haiarealistisdace t he

| argest video gane software sal es. For exanpl in.a recent console cycle,
the M crosoﬂfﬂV&B@WeSB@,CV?WQ%WW@VQ?H??%%%P‘T’éﬁ‘?cfa?%gjaﬁli'%tendo Wi were

bofore the M BENErRBRIAE BEAe YL Bl LE e il ol Yoot
their bets" s &%hmrmﬂégngg g&gﬁ}ré %U?ﬁo?@&'hﬁ v ATBf Sas WEARRRBUL AL han

ot hers, and devote their pnment resources accordingly. Mtion picture
production coppa fisd #hee havredise gapoety onhatdeeiormer sitdeedat pighduct i on
resources based on what they estinmate to be the likely success of a novie
wel | in advesmtitieh wiik it lieaseioof Thikdetmailegy Giovena SRgage tmbag | evel of

i nvestnent required for video ganmes, gane production is increasingly
beconi ng | i kendeped on 2pf @ igeMsrasaaeiei that IsaHir g RdiBINEREeE T ¥8fpani es

tinely devote their producti based. on. t hei inpte of th
futur o succeBREE Weagtendara LD GiEn e dumPIeto Ty ABIAEn pi ct ur o
e et | ar € B _ §
CoaB T o1 ae herse s dsB SheRle eRe r ER SRR, coBE R o
game is int thﬁjﬁgsfaPe bHéh B8d Reli@ash et hendarApe@Bt sMldh @Jse, eamsol es at once

may mtigate the risk, but this additional effort increases cost, and
frequently gebasstibhe nagtsmbppebeaseholisehengianethe 002BDAppEiieatd on

sof tware and user environments on PCs are becomi ng nore conputationally
i ntensive, digtradiing anchpleasnhdtreqesntiyoa hign sie@r@erémt&ﬂh@ﬁ@qw:eé Qi sual |y
appealing to users, but also to nake them nore useful K and ggi%i tive. For

exanpl e, boebhieveanigh Yegres\ws PIRereaisMbpdraying the (RGERNERA 8Eessi ve
i f the Magci ntosh ti i - i i ti
b fecte. AdvameBhoGPAT IS S R TR PR G s B M on

provi de ver .St : NcTom i | ki ty which push
the limts %@3@) g@txz@r'gg _%%\%ﬂ@ﬁ%ﬁ%%ﬁ m%%év@r@,fgﬁ@ggfmut ati onal
requi rement g)o%\%t heseymeW figPbSysdread eniacanad eithefetalicdatbionds dresiges f or
users and sof re devel opers o¥ such products. [0029]Since the visual

di spl ay of ripi@pensti®gr gystemns@sS)suppstingdn& gameamey det havegeifiofiens] asses of
conputers -- including prior-generation conputers no |onger sold, but still
upgr adeabl eRAM to sthee arRaUIDPOIYIdNearTH e HER IFEERIOr 1R BIWREALEDE 81 | imited to

I d b I t 1 nat f t that the OS i
Car geted | oRTIMARPEIAY ) RAHoPNE HOAT B asaeck < THET. 66 SHA: PREFDde a cPU
Thi Ly Iimts th . I W . ' ,
pat tory- poveNa praay: EbmeerL FRTgble ol sl el R R Nl CUar ai spl ay
capabl 11y SL0GE MLGNSGRAPHIAULORAI A6dd HEIoAl) B rEPkba LRk ! o2 1y

results in r power consunption and shorter battery life. Portable

conput ers t ypiealhHatNedts dieat30é GRS eart Batemut esraterioglpblyobosens processor
activity to reduce power consunption when the processor is not utilized. In
some conput gxtureselsrétteyansay typagily lond mepsted &ss polyaend #nd iexiEeEid y.  For
exanpl e, Sony's VGN-5Z280P | aptop contains a switch | abeled "Stam na" on
one side (fBAM ovhigleroanadhaia OiMen ECHH BdrPely HafehinFORMREYaGh t he ot her

f hi gh f , | b ife). unni.ng..on . bl
Comput e midtraBen BHGE PBSRaMAL Mo Hba S eee Preb R LORIER R Comput or i s
perfor nance P vah ¥ nmendhes PR Pt e SPare EPRTRLe I reslipn e orePn o

perforrrancee@”t] he state-of-the-art avai

conput ati O%Ef capabinbidrial, bPR3Ob Kb BR:ce RebccmEDEARbHIO MRl dimbRtdDse
applications [Ike Maya are
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frequently sold with the expectation that they will be used on

hi gh- performance PCs. This typically establishes a nuch hi gher perfornmance,
and nore expensive and | ess portable, |east commopn denom nator requirenment.
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 i onjmliédk euiber oistdrie i e jthagdmeypaAuSEs| §N6 Bladsipeveaan anBwer vol une
t han general purpose OS software or general purpose application software.
The pot ent i wkiugesl{anscethesdatal oR81 8 M) because often times it is

difficult for _a prospective user to try t_such_c tafl -intense
appl i cat i ont9G2Al advaﬁ&@?‘%ﬁ@ra 85?%%%5&?3%% oé@"‘@ %?rggge”meaév%% s‘lilts)é | earn how
to use Maya,ar ¥ | £figeableRBRIY AU

applicati ongev%g:tog%%%ﬁérpiéygt%%%éys/%{)% obréé@rrg'\lg ng thesi nvegﬂtémsnt in the

pur chase (waj }gﬂﬁe Wk Hy¥ehye 18éis of Uik Wdbb ghamerdTre bl arhieapabl e of
runni ng I\/ta\),/\l'l:’g)hg iYae elt hgr thyé st udent orw?(he potential buyer could

downl oad, ofhegRix acdryishdéafromete aiskayisioTheraindentesy ettesirgiseafualbigd, if t hey
| ack a conmputer capable of running Maya to its full potential (e.g.,

handl i ng a @herpltexcBDoktiEnenticat emaghelc Weria, Be Wildiinedisl Magkee S
fully-infornmed assessnent_of the gr oduct. This substantially lim¢ts the

audi ence f oRS SRBIFORAUHORITIASH ISR GRS [Ke SEYPEY SE6RRYS LR 3% hi gh

1 i i .the d | i : i h
srml 1 or hurBEIET o Biues SR sk ot JuliS bR AR (ARG SARRESD, § M
[0031] Hi gh-Rggpﬁqgmgsggé%&%sbameﬁ B0t PGSR iy SRR ek sad flevi dual s

and busi ness irated copies of the application software. As a
resul t, highy ?B%g@rﬁ’ﬂbh@?ési Soisef davarens didise Suf i amsormapasth@taseciat despite
significant efforfts by publishers of such software to mtigate such piracy
t hrough varp@ust thedbad tiuess s@ntlwhiledhe pradessousndigr BiPtbingbe RiCgdr- end
applications, users cannot obviate the need to invest in expensive

st at e- of - t heermote PEpates daliafarriee pEeng 6@ C8PINEE. 2WCCRYIARC SR HAY obt ai n
use of a software agpl ication for a fraction of itﬁaé(act retail price,

f al
users of pi AKMEICFIRNGRBIRCERISCATPNY PR NLNR% OHR ﬁ%?sgeadps‘obt ain an

expensive PC in orde f Wt ieze | Gtk : 032] The sane is
true for usBALUGE @'ﬁdrgwé%g?%éﬁr%ﬁr{e& %ﬁfg%%%ég gan@gmcx{a?hough pi r at es
may get the,gage ticfﬂisfcrhﬁgérﬁ,%féﬁsnfM%@O@?M&re@@n@%thémaare still

requi red to purchase expensive conputing hardware (e.g., a CPU enhanced PC,
or a hi gh- end|adiden ‘gprBsconapbe rbikesd fuetiBeoend6e)g. mifiered: teanpr oper |y pl ay
the game. G ven that video ganes are typically a pastinme for consuners, the
addi ti onal m&tdiﬁmenacdﬂbg;rarmmtwd@@n@mu@wﬁ@anlgmay@@ pRseinidi ve. This
situation is worse in countries (e ere the average annual

.g., Chi wh
i nconme of w@rKeeratemePBRE By of ﬁweq\{ﬁrtogsw&m%%)aﬂ%@ad%e-%w%m RE°Uni t ed
States. As It a. || . f.. 1 he . ati

SRR o AT s L
caf es”, '“at)ag'g%g?pg%‘%ﬁ,%fﬁ%yn e%%fi;@rq—vggt;@ng TR nRRBEG Sdidrags he

| nt er net e comon. Frequent such | rnet cafes have ol der

model or '%Siﬁé’d P4 Wi bh0ubje bisGhapBs tey BRRCE fireatme efsk (surd as a CPU,
whi ch m ght otherw se enabl e players to play conputationally-intensive

vi deo ganesmpFhitRal ® dovikeyad)aChes, axistinh G and essswé sysiems arbatpicalii on

| ow- end PCs, such as Vivendi's "World of Warcraft” which is highly

successf ul damsEhined,in hath the coomm@rilyyangl Rigeduiaion 9f 8VaBECe28%3 T here. I n
contrast, a conputational I{y-i n} ensi ve[%?garre, i ke "Second Life" is much |ess
likely to baifigr #pabieed fRadipes i HPLHALUSTHNES chi nese I nternet caf. Such

ganes are Vi 1y inaccessi bl . . &

| ow perfor nljghéé]aPCs iPHO rgq{ﬁﬂ(ﬁ(}%@éﬁ rgﬁéﬁér?w?‘%‘ﬂnf?ﬁéﬁ’ V'Ia%%a%%%@ ®
and application software systems is that they are increasingly using large
databases, .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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[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 oadi ng the denop through the Internet to their hone. A video gane 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 (penbepsséotarsiakofa Idogiteadilogd gihgalsiores! iofallfatrea biskokead he gane
can be installed and executed on either a PC or a console. In the case of a
PC, it may dheohbwedryvis Usugly fangraasenps if §pedaiabask isdpeds emdeded (e. g.,

Direct X or enG drivers) for th ame, downl oadi ng..t he correct. version,
instal ling i%l%élﬂ?n éﬁ@ills\t/%ﬁ)sﬁ%q @Wﬁ'ﬁﬁl [%‘& AR i ?W% @%W%’%‘g%ﬁ’ aiga\f/ pl :ayi ng

h . This | i ] Nj C h
enough pr ocdUSig Ty ok pyecEay® Bk ol SRR Al R et AR "
conpati bl e é@taggs@s areg??é‘?l &éﬁ%@ia:] %&@ﬁﬁ@ﬁ%}d&%"@?gd?@ a30PMbaBOdt Mighidd Thus,

after a |l ong process at t enpt eo gane deno, the user nmay

wel I find Okﬁfl-ﬁﬁﬁbdtsﬁﬁﬂgise\%l}oga%ird@g@w@aﬁﬁdviéqe)rpmeiiéﬂixdopzhm@eté,ry)gi ven the
user's PC configuration. rse, once the user has downl oaded new drivers in

order to tryndhe temiedtitesse dv thedocalarsh-gaes. nayeber, it dajphasdisetni t h ot her
games or applications the user uses regularly on the PC thus the
i nst al | ati oriskobf eite pisatedprcefidEs W@%P?d%é}@@'@c@é’%é IBM&EWpl i cati ons

CTobt e bar  FaTaP. ROST1aE ‘BaRET oM RPERRO SRS Whdoyr die g |
devel t t_ thei 4], i
cconom ¢ 1 nbid P By MREL pEAT Aoty ot CUvar g han hE SR consol e
i's usually qgggggﬁgﬁkﬁgfgﬁﬁémﬁééﬁrlao;%wweaitﬂell@éebemrm%b@ﬁm@ee

requi renent tor applications and/ or ganes. For exanple, sone PCs have nore

or | ess RAMncskpvebnglodisherabbes dareost anetc oserf @t atinG®hus 30i f they have
a CPUs at all. Sonme games or applications nmake take advantage of the full
conput i ng pawmbasé bafogs veridiPG tomakerspliehaghi | e many games or applications

do not. If a user's choice of ganme or application falls short of the peak
per f or mancel0926hbi | i tFiEEabESEPROTHE &P NW‘;B@S parisHiady asanehiahdd may have

d he. PC [ le fo ilized f
Consol e, ¢ nEsTBAS BT BRSORN U dyeR a8 BT 8 eyl P A BB oy o
subsi di ze tﬁgﬁdig@‘gzglc%afﬁ%r it LQ&&E‘}{%%@% Rﬂh%’qeftg‘@éseeéﬁ":ﬁ Sebmete
marketing a yent” of video ganmes i1 nvolves allow ng a user to watch

ot hers pl ay@a;@g%ﬁ%x%é?re@c.sagmﬁ@s eonEmickS (4.0., ihee pHachaseaefa t hat gane.
Several prior ‘art approaches exist for the recording of video ganes for

replay at ashialdetvhbiheeihdshiclexaspbeg ehb®h Ratdaftect Mepesr 55831389 thataches
recordi ng gane state information,
character. Typically, when a MMOG is first played by a user, a large number
of databases for characters are already available with the initial copy of the
game, which is available iocally on the game’s optical disk or downloaded to a
disk. But, as the game progresses, if the user encounters a character or
object whose database is not availabie locally (e.g., If another user has
created a customized character), before that character or abject 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 fakes 2 te 3 years o deveiop a video game at a
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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
information can be used at a later tinme to replay sone or all of the 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 must p%%?ﬁﬁeﬁs ¥i S8R rBaTRIcNA i BlvarOmaL hew BeRabhme@bnpbiayi ng the gane
and nust have the video gane application running on that conputer, such
that the gamepfcmsisse imeatceakt ahae df heughee ondedvgarivesteatre game epl ayed.
Beyond that, the video gane application has to be witten in such a way
that there idevaloppreswias to stxboarsopmant wetkedie $asetGRes YIRS Hoediaied gane

ot od o e ChRast o i es W SRS COTTasS R eh SERYE § G0 GBS, oaras 1Y

ti hort | : ti 1 th
i ne i SpbdHS PRty Mina P Tey! PRRRIRG (8| sFePogifRs € LN
particul arl ¥Bg9€§ﬁ§§%ne§&ahbfa%hﬁé§aﬁé ﬁor%fi‘r%és‘i‘éi'eééféd bARIndShewasiewmexecut i on

(e.g., on a process may be running that takes away CPU cycl es

from the gang sappiHicalans) wd & sdtelvtBegaom witat rbmaesitold’ sdendstnd hat i s
conmputed in slightly I'ess than one frane tinme (say a few CPU cl ock cycles
| ess) can evmpuizahl of cectuwonshben. gt haltick amesaearik picsiuce tpeitasgedyilen usi ng
t he exact same gane state information, it could easily take a few CPU cl ock
cycl es nor e gamns@ivere saies. CPrexgraplg: in § fecant cAREYa aYclerbehlisrassits) i ght 1y

Cycl o 1§ ms SOk Soah 1o erd AEatEs NITgatad ByoR SeaBerE Yo ocess
t aki mlli ds, of | : [ Ther ef ,  Wh
the game. < DIeRRO BRI R P 0t DEaL o A AP PEL RIS R 1 %t s at her
than 2 Sl N0lRrdd RN IBEarSo BB Db e IRRpedpRRchow BEGennt he game

cal cul ates a new when the gane "sanples the input fromthe gane

control | er s)ynidhidscihglagames wdull By etre thécesdis tiiepathers, iand tieeotei me
reference for different behaviors does not inpact game play, but it can
resul t in theeiptaysobbackegamees peoetdiiohy Motdirf pieiuempracesion . For exanpl e,
if a basketball's ballistics are cal culated at a steady 60 fps but

t he ga][re compmnaln;&s aisphave ?b%wi‘féﬂtr@ﬁ%t%frpgy%“%m%%? gsﬁg&éﬁrés, t he
. 5 52

[ ps when' C e gAY SRt 3 B8 Meeh R ae TR AR E e

whet her the ﬁggagﬁfﬁ'e' mw%b@%w@ %E@g&hg@émor PhvRstiit Pas ek 18F vinss .

resulting i eren utcone. using gane state to record video

ganes requir, éé?%n@%r@é&%tio@ﬂ%@@ééiwy@eﬁ@@xir@li@n@ﬁt&upi@tm@at the replay,
using the sane ga state information, produces the exact same outcone.

[ 0037] Anot hejroduidtion, @id gappoadictibarcongeniet roytiveld eevgantsei pradsicEempl y
record the video output of a PC or video game system (e.g., to a VCR DVD
recorder, oresmreeybaksy enjeirestinwae @f B¢ fHUEPUCIERS of B isHaNVIe’th be
rewound and replayed, or alternati velé, t he rec?r.dgd vi deo. upl paded to the
I nternet, tygsealHY WikeiheyeMAYoR BifiHeLOaPaNEsHHUS QFHR LG & TRY PRYE appr oach

Vi ewi ng 1 he SoaReHee R oA el BRrn il s st Rrfe e quence
the scene. LbiEI R ERar o B T o P A eame. sequence
multipie 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

15



pl ayed on a hone PC or gane console is nade avail able to other users
through the Internet, even if the video is conpressed in real-tinme, it may
be i npossible to upload the conpressed video in real-tinme to the Internet.
The reason why is because many honmes in the world that are connected to the
I nternet have highly asymmetric broadband connections (e.g., DSL and cable
nodem t ypi caldigmhavesiaesiivgbesictewishe daviriaskiRiogtatnh aysiepst r eam
bandwi dt h). Conpressed high resol ution video sequences often have higher
bandwi dt hs frltarparhie vipst peiamtioardigic: Mdvapeed giardicsttpelsisechvesiiaydki ng t hem

inpossible to upload in real-tinme. Thus, there_would be a significant delay
after the gipe Aegdestcdns sPioVaFaEry %%?rﬁéfb%at?rﬁi%@trggd%fﬂnge%‘%a'ﬂ'glﬁt@f bef ore

Gel ay 1 s T orerdiI HFLEITaR e et T A O A P s ayer <
acconpl i Sh”ﬁ%éoﬂ}ﬁtaﬁw%dﬁ%ngew oPieRE b bis dibafeld HmBLes: the ability
ve (e.qg., a basket bal

to watch a gane tournanment, played by chanpi on

pl ayers) or nwidiBal'ibdRlsant usLOAY soRARADHEVIYPES df Becigprmiuts. pl ayed |ive.

[ 0039] Anot her prior art approach allows a viewer with a television receiver
to watch vi gmaegganes $inge thevisuainlisplayndesn oheratiogsysiemofO$)heustebeti si on
production crew. Some television channels, in both the US and in other
countri es popw WigevangnoiRiatsosic &P AGUEITanniBIckIdinghs-aeReratiéNevi si on vi ewi ng

di i ble t tch tain vid . t op-t.ated pl
eyt ng i n comPRIEEAD &y A SoPdad Yot Bt e 05 be i BRES Shed by
havi th i d tput of .t I fed
"nto the vi b ot iaresh dnd iE S et e He B s B e ev st on ¢
channel . Thggwrﬁg%?&r df'%mﬁte\e@%tftrkkelo@ils%g@téwfo@,h@@g@kydac%u?mﬁa%%stI ng a

i ve basket ane 1n Ich several caneras provi I'ive teeds from

different apghssics oundohaeinbRsket BRI, Toasdverdip@miieltiey yeippitschannel  t hen
is able to nmake use of their video/audio processing and effects equi pnent

t o mani pul atepdtiigy olthpudSf Futhariers, drdtienspowdes! pritablsgateuters @©of.. exanpl e,
the tel evision channel can overlay text on top of the video froma video
game that ilegianst émitthe visualdisplay Capalidy siiceplialy eparpiatenal £61YHEY & ght

overlay text _duri a live baskethall gane), and the teleyisian nnel can
verdah noabel onaR kB RRT S R o S soDB bl AR B N

during the it ; i HRIE ined with
camergs rec@?%ﬁga@gggwpgﬁ% lﬁ%bl%é!c[pﬁg%{b%%%ers &ﬁgiﬁgaﬁ‘gﬁn‘g@@?‘é‘ﬁg@b show ng
their enmoti ﬁ%%sécﬁ%@ﬂﬁﬁto"r@d@é@p&@@@on%ﬂ%@h%r@h@@r@d@s‘ébﬁité ridhi s approach
is that such I'ive video feeds nust be available to the tel evision channel's
vi deo di st rifaitbbom sntk pirapees mgleaghiepEenmayrioweaproteser iantidtyder for it to

have the excitenment of a |ive broadcast. As previously discussed, however,
this is of teaniaposei bkanplsefony's VGN-SZ280P laptop contains a switch labeled

“Stamina” on one side (for low performance, more batiery life) and "Speed” on
the other (for high performance, less battery life). An OS running on a portable
computer must be able to function usably even in the event the computer is
running at a fraction of its peak performance capability. Thus, OS graphics
performance often remains far below the state-of-the-art available
computational capability.

[0030] High-end computationally-intense applications like Maya are
frequently sold with the expectation that they will be used on high-
performance PCs. This typically establishes a much higher performance, and

more expensive and less portable, least common denominator reguirement.
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the video gane systemis running fromthe hone, especially if part of the
broadcast includes |live video froma canera that is capturing real-world
video of the gane player. Further, in a tournament situation, there is a
concern that an in-hone ganmer may nodify the gane and cheat, as previously
descri bed. For these reasons, such video gane broadcasts on tel evision

channel s ar agsof ¢@nrecatemngedcinaphiicatiayehavaadnutidenrgamies yargers aggr egat ed
at a common |location (e.g., at a television studio or in an arena) where

the tel evi saodiepcotharta genargupypness QSaforaecent! PUrRRSS Areddeiity om nul tipl e

bt v oo gabBicEape i Me REITERY B EaIY Gel in BURg e RS g an at ¢
art video g MIKE] i entation
to the tel evision view audi ence t i e rLenc i alive
sporting evéﬁ??ra&j‘éﬁp})s%%?#gf&arsiotﬁggggéwﬁﬁéfe%%%ﬁétg@e%fg@rgsﬁ-ﬁ%t hl et es",
both in ter ﬁgteﬁﬁaltﬂ.gdiénc%% \'Eﬁﬂ]%r iRitbA ka8 ctaAamMRId d.qifAd: idh ot er ms of

their actio eal ri'd, these video gane systens are often limted

to situati 0?%5@’@;6’5\_% HARYSES caf Sudcarhparitiphysi-padnsprappiisationstie one anot her.
And, since television channels are broadcasted, each broadcasted channel

can only shaw®ne. Fodewrshieesunposhiacstuisnisehestiebany hovdotuskeddasd on
channel's production crew. Because of these limtations and the high cost
of broadcast poiendial pusd @reRen KegMepaeable AbQUp periu@RRIGAI@IRWENSIA N

t el evi si h s typicall | how t gp-rated play: | ayj int

t our narent soU{ G4 pASH TR 15 MesgBhCe? eul SiPen (EHaRBrY BFbadcast i ng a
tourr g0z pa 1% VISPon (ER&RER BFoa

audi ence shovEVam iy p S5 GRTECLPuleTE-RRb Y LRBUNRLRD YR 0°,

audi ence shbllé ‘55 dic SSeverdy Timts a

| or eat o0 E TR S R O e o e vy only be

i nterested padnatady 5i9a damadamEionloawiBfa, 4 tivey lack al @mmlieyedpdbiasf i s not
featured by the tel'evision channel at a given tine. In other cases, a

vi ener may amnyhdslayateitettgubientiavie.ghinagdinthewoawlexpesteptlai@n handl es a
particular level in a garre. Still other viewers may wish to control the

vi ewpoi nt t ety vell bedeablgarenakesars Baly-Popned \assess et @ theP@sct 18 t hat
chosen by the production team, etc, In short tel evi si viewer may have
a nyriad of SL&%@@@@}S@E@SFW ﬁ'@ﬂ%&ﬁ%@é“%&iﬁ%@a{’ﬂ'&a IQ‘P%qﬂ%[tsoaccom*rndat ed
by the particul.ar, br . . eV $l , i ever al

di fferent t%ﬁ”ﬁ@?%ﬁegﬁ?%ﬁ’ﬁﬁ%?*@%r éée:%;glkf% z%pga@ﬁ)ﬂ éarfu‘tlco%}’%;’lhégag. orenenti oned
reasons, prhopaglly AER0: §RER shiliel hemdRr 6haaRhsedwaue tso@nefid cant
limtations in presenting video ganes to television viewers.

general-purpose application.

[0031] High-priced applications also create more incentive for
individuals and businesses to use pirated copies of the appilication sofiware.
As a result, high-end application software suffers from rampant piracy, despite
significant efforts by publishers of such software to mitigate such piracy
through varicus technigues. Still, even when using pirated high-end
applications, users cannot cbviate 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 tc

fully utilize the application.
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[ 0043] Anot her drawback of prior art video ganes systens and application
software systens is that they are conplex, and commonly suffer fromerrors,
crashes and/ or uni ntended and undesired behaviors (collectively, "bugs").
Al t hough ganes and applications typically go through a debuggi ng and tuning
process (frequently called "Software Quality Assurance" or SQA) before

rel ease, al [A0%2]i nvarThebsgmeirieue s ugeneobhivhppsiriccaenempirgiefalidadsed to a

wi de audience in the field bugs crop up. Unfortunately, it is difficult for
the sof t war a@esefpiohtRy alefemey £§! g‘ﬁ‘dg@m%@t H@W%Hn%e’éﬁcﬁﬁ‘ip%‘iﬁgs after

oSS, o i BB ol oS LN Sy IR OBRC Rl i eqeme vare of
of informati-on avallabliesty éamg?$8 a’é@%‘?%“"% AhRbiCHeSRE XM daeg.  For

exanpl e, a user "'nay call up per's customer service line and

| eave a nmesgsageFlaibpay fial ivhesmp! @nshahbhedeamemdshee sgiean started to
flash, then change tg&a}@o id %ﬁ]e color and the PC froze. That provides

t he SQA t eapastiridiforenyslimets), thd addiiiore! icost fos efhigh-end tviceckjamge dysiema bug.
Sonme ganes or applications that are connected online can sonetinmes provide
nor e i nf or meati ba prohikitye. die FREESD IFeorBdamsiualies (et eRgsywhpfeobgss can
sonetines be used to nmonitor {h

plicati f N ". Th
vl chdog pr B340 SARGARIER® ot HoIer] S4 RBBLE Tie 12F Aelaele TRLOgHRe or

licati . g. h t t f the . ,
how far t heogire Soes i 7ot Rpl A G R 0E s Rl B I 2% e
then upl Oada%@'ﬁ-efgdgtgplé@%%%y%%rﬁ hea$Rh-tramyia sbBﬁcE@ﬁtﬂéQ,e‘ﬁnter%‘& in a

conpl ex gafne tion, such information can take a very long tinme to

deci pher i ncgegein iRicAGEUrAtS) ¥ fateloaiss aeomipatertdoanestied it ideamgt, at t he
time of the crash. Even then, it may be inpossible to determ ne what
sequence of aevantescdredon.oFrehesntiyashc!] 00adkYeoafearsivheidgsmoddat or &¥soci at ed

with PCs and gane consoles is that they are subject to service issues which
greatly i nconyBhiseviteut highasrgunaRce wEtyies eSidseed Gl doviiah et he

fact f the P le sj t hey t.ypicall equired t
Lo e b chtPrEs engole T By CRR LR RER e Sk EED AR ThEN [ rour ©
th 1 f. i if.1 j i Wi

e Sonti ons iRl Gelot it B Sotls GRS il oM BRbCTRBpR8Ee OF |
(or online $REMHGEVHSR) oW aREsiramdeRlis BRARCIREBGUNE OHind Higate of repair.

[ 0045] Fi gure Illustrates a prior art video gam ng system such as a
commonly played in Internet cafes there. in contrast, a computationaily-
intensive game, like “Second Life" is much less likely to be playable on a PG
installed in a Chinese Internat café. Such games are virtually inaccessibie to
users who only have access to low-performance PCs in internet cafes.

[0033] Barriers also exist for users who are considering purchasing a
video game and would first like to try out a demonstration version of the game
by downloaging the demo through the Internet to their home. A video game
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 invoive a tong
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 aiso invoive figuring out what special drivers are needed (e.g.,

DirectX or OpenGL drivers) for the game, downicading the correct version,
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Sony Pl aystatione 3, Mcrosoft Xbox 3600, Nintendo Wi TM W ndows- based

- personal conputer or Apple Macintosh. Each of these systens includes a
central processing unit (CPU) for executing programcode, typically a
graphi cal processing unit (CPU for perform ng advanced graphi cal
operations, and nmultiple forns of |nput/output él 10) for communicating with
ext er nal deirstangahdnussdsherrdeteyniniia whetper threBE ie 6apatiest Blaxing tBhown

nbi ned t th i ngl it 100. Th i t i t
o e o o ey s eSS, /oL
DVDROM dr i ; h i . IR i d
ORI o1 )BT 40 PR chol oL oK da, B Drspee pade er
d | oadi %
doun o2l 9, G3TESoRe IR ool Xehal TR iandom aggese oy

100; a ganepgrpats ef hesmpfiy fooineseds hagei dumis, toemsBNasy walrfindhet user
during ganeplay; and a display device 102 (e.g., a SDTV/HDTV or a conputer

nmonitor). [2046] Fiteo pamerdeand caysheposiibiyplayedrigyendha usefs Bes from
several limtations. First, optical drives 104 and hard drjves 103 tend to
have nuch stonfiguraiiore ¥eorepcts B8 Usdnis devilgagpdNewrdriRaR MPIdeiiBen wor ki ng
directly through RAM 101, the CPU CPU 100 can iﬂ i%ra t'itge %ﬁocess far
more pol ygoki¥ (A8 cibRae CAY YEESIRuS IR 8 HRMPAHR ﬂY'&b‘P f 9908° 8hd data is
read directly off of, har j td fl : e fact
that RAM 10i‘¥@l§ﬁ‘ Pa V{%’ %%éﬂ%%ﬁe#%@” @gnﬁ V\ﬁaﬂdhtug t@%@sﬁég&ﬁgﬁégﬁb?er from
the relativ I { Iti indBetaroal yotayriy M ted
anount of iréﬁﬁﬁgﬁéﬁgfﬁﬁﬁﬁgg@gﬂ??gfﬁg??@ﬁgﬁmﬁ%& g., 256-y512bet es).
Therefore, ard'theadbagiers frusesisgrioetherusehi mh tRAMtale barriperficodideal 1y fill ed
up with the data for the next scene of the video gane is often required.

[0047] Sore gystentwatd paipishes averitenp game deyvatinegs 6F market frevgaimesode
concurrently with the ganepl agi, but this can onl
e

y bhe gqne mﬁen there is a
known sequelf®84bf eveliaihgreprgblen nahresyfts irseepqaflinNEBAR" Y 18548,9% he
geonetry for the approachin ui | di ngs._on_the roadsi be | oaded while
the car is WP W%%f{)m@gg'v% 8&9%%%8PS$35? HS%%&ndzesggﬁgﬁggs, this type of
over | appi ng_us e : 8% B PA R irelibr RS SRRcaringr € the user
is in the nf sotﬁ%)w?étg%a%ﬁﬁ !’f’%rm{){ﬁﬁs co@;l)rl et er{ y fill edt w th data
represent i ngi/be,RE8CtS alahiyid seh@Pat nabaimdrerkmss RAM, bBeweser nmoves the
viewrapidly to %he left to view objects that are not presently | oaded in
RAM 101, a ghisge@RUsWHRdysIidwert drdastet GEUswiflthey bawe & GRg et glh&omaot be
enough tine to | oad the new objects fromHard Drive 103 or Optical Media
104 into RAAMEd or ROOILB]IPND MesE t@icotsivemade of thadulsGuTRMNG PO & 1 ari ses
due to given PC or console, while many games or applications do not. If a user's
choice of game or application fails short of the peak performance capabilities
of the tocal PC or console, then the user may have wasted money on the PC
or conscle for unutiiized features. In the casé 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
videc games involves aliowing a user to watch others playing games before
the user commiis 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 in the storage capacity of hard drives 103 and optical nedia
104. Al though di sk storage devices can be manufactured with a relatively
| arge storage capacity (e.g., 50 gigabytes or nore), they still do not
priovi de enough storage capacity for certain scenarios encountered in

current video ganmes. For exanple, as previously nentioned, a soccer video
gane m ght ackginogemeisentalisr apsnsetdim FaaosrAY Biihe ¥988 CamyiEns and

Zthi"‘ii e, nunisrods tasiearty Resamatl GRe R bnam Hase e B BRGARE e T
_ e R _ |
Forsay, i e pEame RaeREl el ST AL S s B ET SEEEI que used

to address {jappob@blF (PROPCER ddhshie). Wgigniuasm drawBagk RARRULpro@AL Ur e and
envi ronnment nmaps once they are selected by the user. This nmay involve a

nunber of cignpattiat 4 op&d boywidwtrensicueicar grres sibe, usien alustpogeede @onge@ssi ng

i mages, 3D mappi ng, shading, organizing data structures, etc. As a result,
there nmay bgarae digrdyofmuternapasierol WaYiRg Hec0dndeodgans Naye Heg YigPfi ng t hese
calculations. On way to reduce this del a%, in princi 5]?61 is.to performall

of dt hesg_ c oPase &PP'&?ﬁOU rUHErgIan ﬁ*@a’{é\‘?é?@’lt ePHE lqtéi?'ﬁ‘ MERIBN'S p aygr roster,
of the. gamsCRBURIMTRBY ARG gaTe S it elipit BRE B® g BB e on
opti cal md%f}%%%égﬁsc%@aﬂﬁggggpgrwr!ﬁ‘%?n %@EN%rﬁaP{&att Berd T 44 BSdsitiet h j ust the

sel ected pr or a given team ayer roster, stadium

sel ection down| padlestcldHauahwbiieareebitiel damband tik bmzedaacw;@met he user

makes a selection. As a practical matter, however, such pre-loaded data of
every permuigaBépn possi kkemple, game gbakics atd deeasily gomputedrabyt es of dat a,
which is far in excess of the capacity of today's optical nedia devices.
Furt her nor effarnérdydearae basis aFayi ey SE6T. HEHAME fogit €rmeliiesM@ntai& ect i on
could easily be hundreds of nmegabytes of data or nmore. Wth a hone network
connect i on %TO,"teéQyi,O”Q@Wﬁ@,Oﬁetfg%%F*Eﬁ'@ttQIP@”T%ﬁ@gWe E@PEW,,\%%%VGPHPQ dat a

t hrough network connection 105 i t ta.l ocally.
[ 0050] Thus,! ?ﬁ@xb‘%'ﬂ?’ g;:een&ér}georg{r)vﬁﬁghtetéé%%&&ig\ﬁ%ﬂ@%%ég?@i%agﬁgj ects the

ganes. 100G A e B B s e 25 “that - shown

in 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 cycies more than one
frame time (e.g., Ef an internal CPU bus is siightly out of phase with the an
external DRAM bus and it iniroduces 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 gels caiculated in two frame times rather than a single frame time.
Some behaviors are based on how often the game calcuiates a new frame
(e.g., when the game samples the input from the game controllers). Whiie 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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Figure 1 is that over the years video ganes tend to becone nore advanced
and require nore CPU GP U processing power. Thus, even assunm ng an
unlimted amount of RAM video ganes hardware requirenents go beyond the
peak | evel of processing power available in these systens. As a result,
users are required to upgrade gam ng hardware every few years to keep pace
(or play newesdiganes déferdravesulyfal exgmbiley dlsshasi@imlicopaliziicerce of the trend
to ever nore advanced video ganmes is that video gane playing nachi nes for
hone use ar ealcyfsiteshil 3 sleednbhifearaty. wféhepigérréaﬁongi@&lauwu Besamriedt is

o supor t Bl SBralhsY SomEH RHERNeBa P A g O i ML ey ate T e
"Ge f " whi.ch i hundr ed f
regabyt 65 of HARET GF 10 Moo A BT g o fR. " e ©
fromthe 19 t&ﬁ% LeAMd &8y tebd Ly hastHY: tRAN:aRGh A ¥ 8otkkaw

per f or mance . I'ndeed, an XBox 360 has enough conputing power to host
many si nul t aa3epgsindato Manbaaees: abt, crmgting i0CHAFNIghe ougames TMaehistgs are
typically turned off for nost of the hours of a week. According to a July
2006 Ni el segafEstsetedd neemt vitleadyarods Eeiree vganearsiul gageasadtvaanel desider , on
average, active ganers spend fourteen hours/week playing consol e video
ganes, or | tsenstpedivt theeeniat Msingdle $ame samesiate THPE A §TIREES t he
average video gane console is idle 88%of the tinme, which is an inefficient
use of an eﬁl’?e EATEIHIFRE: This is particularly significant given that

video game | es aéﬁ%ﬂ%r}]&’fbr%!a‘?é;%%%;é&ﬁjfop%{:&t%h B i Sy ng down

t he purchas rirce (wt e expec ron tha subs ear ned

back by r Oy?éc,lok??nef\?i&’éﬁ butput 87 & Pdesr @@é@géﬁfeté%feﬁn palpChasesdr, HOO53] Vi deo

gane consol es al so incur costs associated wth al nost any consuner

el ectroni c ggwréR, ofera vidst aapkre bharcedregtR(Oniras vaded thecbanibsns of the
systens need to be housed in an enclosure. The nmanufacturer needs to offer
a servi ce waawamdyandTieplayetapi @termdityede thesradeeden dem pbadsd totheol | ect a
margin on e}nttgr%ét,ttyt]p?cgigla?te?fbeitngeco%psrggsrg .r}\déigerad\g)anntage to this approach is

that when a 3D game sequence is played back, the user is limited to viewing

the sequence from only the point of view from which the sequence was

recorded. In other words, the user cannot change the point of view of the

scene.

[0038] Further, when compressed video of a recorded game sequence

played on a home PC or game console is made availabie 1o other users

through the internet, even if the video is compressed in real-time, it may be

impossible to upload the compressed video in reai-time 10 the Internet. The

reason why is because many homes in the world that are connected {0 the

Internet have highly asymmetric broadband connections {e.g., DSL and cabie

modem typically have far higher downstream bandwidih than upstream

bandwidth). Compressed high resoiution video sequences often have higher

bandwidths than the upstream bandwidth capacity of the network, making

them impossible 1o upload in real-time. Thus, there would be a significant

delay after the game seguence is played (perhaps minutes or even hours)
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the sale of video gane software. Al of these factors add to the cost of
the video gane consol e, which nust either be subsidized by the

manuf acturer, passed along to the consuner, or both. [0054]In addition,
piracy is a major problemfor the video gane industry. The security

mechani snms utilized on virtually every major video gam ng system have been
"cracked" daisretdmetheeassr on dreuintdrngt Wauldmealbliert Y& belATMS Athokdleo ganes.
For exanple, the Xbox 360 securit stem was cracked in July,6 2006 and

users are nbiwagiayds tae@blmnsaedain %li%%gipn%%ge@ SRlEThe JaEsREY AL are

d | oadabl . g.., f th C . ticul arl

dounl 0202 & (¢ e AT, L8005 P LG oGl se oty
weakl'y pol 'v?azgl%ég;%% v (gfgg,eﬁbhé‘llé%amfbu\%eﬁﬁéﬁt, g?a'ggétbyf@{a {igmdal one video

gane sof twa use use can buy pirated co as readily as | egal

copi €s for Gadd VorfiBCirlspht 0bplaliecaeadiity 4 39 ghmemaplayedrive. of the world

the cost of & game console is such a high percentage of incone that even if
pi racy wer qogsalt r ol | adothbepripreapkpprosch diialve erdeweswib e-tefevisiigl art  gami ng

system [0055]In addition, the used game market reduces revenue for the

vi deo gane recalvstio watthhddea gagws ivasbuledneneer Bg contra! ¢fdhe e'erePican sel |

th t tore which will resell the . h . Thi
unaut hor | 2 GIOBICD AP ARBPESSBIGAT P 19" s boas t BUEhEes of *gare
blishers. Sipilarl duction. i ‘ 0 |
beour o wherobhbes reoe BEBRFld PPl FRSRRGRAERT ufy GRon JRMAPITO0 Y e
users st Op.a%}’én?g 98BS R%Ecbﬁ Oefth ORfeoRfattd QE&E (teéffbgnobhaaédiw%ré hat the

newer version p ormi1s about to be rel eased ( ., Wwhen Playstation 3 is

about to behmhERIBUnakERES i OgedyiimeectEnaykl ahisan a2cgapistied onbi ned, the
| oss of sal'es and increased devel opnent costs associated with the new

pl at f or ns gaRingaue valeweryogiojtiid vidangaawveystems fpae andier chasgesieabi ity
of gane devel opers. [0056] New gane consol es are al so very expensive. The
Xbox 360, tihie the Midendistipitiona RIRECSHNG CPNIRPETATSTdhe B8V F%F et ai | for
hundreds Ofchg%el:l?“rfﬁi's is not unlike when the television channel is broadcasting a iive

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 indicaies

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 obcurring during the games.

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

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 availabie to the television channel's video distribution and processing

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

broadcast. As previously discussed, however, this is often impossible when
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H gh powered personal conputer ganing systens can cost up to $8000. This
represents a significant investnent for users, particularly considering
that the hardware becones obsolete after a few years and the fact that nmany
systens are purchased for children. [0057] One approach to the foregoing
problens is online gam ng in which the gam ng program code and data are
host ed on atteevidges gamd sgeleinvisreoning froim giet homehesrssialyidearheldhés conpressed
vi deo and audi o streanmed over a digital broadband network. S . conpani es
such as 0- Chipadepstincipien gd/ el %%@?@M'%@a@‘éﬁ%ﬂwm@@@g@@

drmedi I i h i . | i . Siml |
o BB P PR TR B L A
notel s and ghersto B and.BRPLR LEhe sl R R A derSny BemBit dr e

signal to tEgvebst eaRdsf SOMIRR §aNB BeINRIsts WREEBVisiBn tyiRheds bye | ocated in
an operator's "head-end". Fast action video ganes (al so known as "tw tch"

vi deo gamnes)figreguhnged/witly plagers axtcericyo gatsesyrsierhe aggragatdrbatiser perforns an
action with the gane controller and the tinme the display screen is updated
showi ng t hecomswintioedtionHe.cusda tatsvisi siugip Pranafcyens) weegdieso that the
user has the perception that the i

or ane i s respondi "instantly". Users may
be sati sfi elplafisien 8?@@?%?@?‘8@%&/” RS O&@E@%HPH@“HQF’{%‘%@?Q/W of gane
and the skill level of_ the For l e, 100ns of |atency may be
tolerable f&Mg Sé’fst& Sc%n%‘?‘g'g@% li??lcﬁlgg% ckgammon) or a slowaction role
pl ayi ng ga”ﬁygéf t 'nﬁﬂthfoﬁﬁﬁ BEH bAGY Q@U@leg da«'ﬁﬁh%sfan%ﬁgms fn 70 or 80ns

may cause t user to perform nore poor in the game, and thus is

unaccept abl groviRra 161§lexbi6fy prébehidiaitotthateisagion vasvihgaldicaes tianrs ti me
there is a sharp decline in accuracy as latency increases from50 to 100ns.
[ 0058] When an gapeicoreafpl ocalivempostTyeventse gnstitl thedidas game afdygrs
controll ed network environnment, or one where the network path to the user

i s predi ct aplescated/asr athigies o Peindn éeamelipat repeak s thevides gaane wadfer to
control latency, bot and in terns_of the

; ! ; |
consi st ency@# Nt IRENS QP@%&};G?@%{”%EE‘Q%;}%‘%@Ségé%g@é?%gém&%ﬁﬂ}”%ﬁei on from

digital video streani . . | r
achi eved beturbir Gttt B ReRgR e foes Bl UGB Poer ™ °
home, Of 1" 8MifleDRhdCEALE Rlowioh @ﬁaﬁrse;%%l;\?) SteRiesBa! s BBdcated N a

conmmer ci al ice Local Area Network ( environnent froma server or a

user. Al so, clidnnieBcr0s8i Bhewtomeoldsai stregpecwviaichys geladied byahatelwdsipoi nt
private connections between businesses which have guaranteed bandw dth and
| at ency. Buthdrmebs pawiecion appl Beaaisnhokiigse imitaienhaxd hedugesosti®ia server
center connected to the general Internet and then streans mpr.essed vi deo

to the userDORPGRRIHME. EFQS&’&B%{’?\_@%’@HW_@&?P%ﬁ,roq"ﬁtt'éﬁ@{fe"l’ss SPH'&%‘?‘éﬁofr om nmany
L2010 | LESUHLS, b BRLR) bk AL SR B RS Rl 100 ™ oy

[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

watiching 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 handies a particular level in a

game. Still other viewers may wish to control the viewpaint that a video game
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or cabl e nodem for broadband service. Such broadband services conmmonly
incur as much as a 25ns round-trip latency (and at tinmes nore) between the
user's hone and the general Internet. In addition, there are round-trip

| atencies incurred fromrouting data through the Internet to a server
center. The latency through the Internet varies based on the route that the
data is gi ieseemitotrhavhie iayifarentifren tizatahopen by the gfasctioniegdiiaton to
routing delays, round-trip latency is al so in(%urred due.to tckﬁe speed of

light travenishgrt: AEGGHOR NEWSHMAANAYS AV RART ANFECoRTEYEL St of the
Internet. F le, f h.1000. i ' is i d
I Found: t red SBR aie P8 e TR P SRR B RS TR  Cal T ber
and ot her quelneadedBACAAMILloaRkifkrRRAK ERA BAHEIE ALaIdhe data rate

of the data “streane rough the Internet. For exanple, if a user has DSL

service thatyizg of HdaReemEiiped PShsEwy, pricesr: videopyzaed teteisibhe user wil |
probably get |ess than 5Mops of downstreamthroughput at best, and wl|
| i kel y see dnaensiemaee tsignificdegliraitaioperin pdtaeating vitlge gaonesaioi telgyisfdict ors such
as congestion during peak load tinmes at the Digital Subscriber Line Access
Mul tipl exevigVBSEAM). A similar issue can occur reducing a the data rate of

a cable nbdemis used for caonn ctfi on sold, as "6Mps  cabl e .nbdem servi ce"
to far |esd04dn thatﬂ‘,”cﬁﬁergl;?é’ﬁ@oﬁso PHRGBLMAH? gq{n?%gys't%@alanghar ed coaxi al

ble | d th h. .t i i d
st om nerbPICHRThbaTe B APR0E PRSthe) Dhre W IBRId tion P31 TOToT as
one-way I n f#&?ﬁérr%f, g%ﬁ@b Bhﬁﬁo%ﬂlmér#é@%) af PR sifeHBhaviIsey Melediialyer through

such connect’l ons, everything is working well, the data packets will pass
through wi t-hogd).i Neetish paMmREdind appitatiatsangipallbgs tirbughedebigsiogngest i on
(or other inpedi rrents? and only 3.5Mops is available to streamdata to the
user, then dna taningprcedssyirequarityrcaded hSetwareker gitnssurBacer@pped] resul ting
in |lost data, or packets will queue up at the point of con%esti on, until

they can béeckwatrelcaheradBpsi RYFGHIEPREE HEGITSR4RPPILREAR P TeISFLENRAL poi nt s
of congestion have differen eui ng ca i hol d..del ackets, so
in sorrg calé’%l@e 68%’1?51?'%'Qﬁ&ﬁ‘e@ﬁﬁqsu‘#agélq' {Eﬁnﬁ#%@gﬁy‘ti 'de(’:fﬂ%é@é?%é; are dropped
i medi ately. .ln o eV, i f .z s ~up and
ovantual |y BB PEoRa S8 o FRYEIPLARPAAR FarofR! B SinétSHad LD

congest i on haye, < amagiitiyr sdftidrs aea@idF@ma ddees dwaretd bage Exeeeded, the
queues wi. Il overflow and packets will be dropped. Thus, to avoid incurring

addi ti onal wrainemey |d=on apousebud assreahapackeisy imitediasnaugtessary to avoi d

exceeding the data rate capacity fromthe ganme or application server to the
user. [006ljfhanaimyavailabledo thero e idamtiywhaecausas the byl fed sK8Mekihsr ess vi deo
in the server and deconpress video | ce., Latency is further

n the client device,
i ncurred WhiSEEM@Y\FEH&® %%@eﬁ?ﬁﬁéioﬁ@r%ﬁu%tggéf b%g"qeg%\é:’;ﬁrpd?ﬁ‘f? fig the next
f be di spl d. | i 1 d . i l, ith
suffer fromereResangHAVITt abuBYdhe Bk M SReCPUReaT Bie Ao L IEE
PEG i s an bﬁé@g&@ﬁs@m Mfué%?%\‘.aﬁﬁ% eesi&it . FnaPhicdv s ithabdsieahar act eri zed

by | ow | at € rane of video is conpressed i ndependently of each
ot her frangefyar e infhesich gidienh ndening eiovecebygsSent pamesafr conpr essed

notion JPEG video, it can imredi ately deconpress the franme and display it,
resul ting applications that are connected online can sometimes provide more

information in certain cases. For example, a "walchdog” process can

someiimes be used o 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 & complex
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in very low |l atency. But because each franme is conpressed separately, the
algorithmis unable to exploit simlarities between successive franmes, and
as aresult intraframe-only video conpression algorithns suffer fromvery
hi:\gh data rates. For exanple, 60 fps (frames per second) 640x480 noti on
JPEG vi deo may require 40Mops (negabits per second) or nore of data. Such
hi gh data rg?érﬁé offQﬁp!ﬁu‘éﬁ@n,'@%ﬁﬁ@%%d@ﬁarﬁaﬂ@a%@d@mtimubdieb'fpher in

prohi bitively expehsive in nmany broadband applications (and certainly for
nost consungget i @roneitehames rappvbeaticonser waaideihgaf theegaasbthgach frame is
conpressed i ndependently, artifacts in the franes that may result fromthe
| ossy conpraash.diveartben. ikesgy bedmpgpsibte iorfaipfhiaeartal SPEeEs ¢f &60essi ve
frames. This can results in what appears to the viewer as a noving visual
artifacts weedo theC@fleo i s deconpressed. [0062] Ot her conpression

o gor Uhs, el a5 NEEGR,. K 264,07 VOB Lror h Scasald o REROpaIan as ¢ hey

are used in r art I ons, cCan .acC conpression rati os,

but at the tﬁ%?ﬁqeﬁ%r@ls@tﬂe&ﬂ&%@ﬁbfce 12UGHs AnGr hichap indohlémendatner frame as wel |
CONpr ession.

as intrafra eriodically, such algorithns perform an

i ntraf rame- Heyink®MBLAsSs BBuG aldo fimpae: thSushn Faftussref iitee RGowmgemse a key
frame (typically referred to as an "I1" frame). Then, these algorithns _
typi cal |y ceumpalessitdeetneytymonywire hedutad jorsand 4 spema tordo satedeskipve franes.
Rat her than conpressing the prior frames and successjyve fF%rres
i ndependent thg broken B g consaie dtbinANBUNAGCOREZ TERANGARE Py Phe | mage from
the | frame to the prior and successive franmes,.and th taore hose
changes as GAe'edpd WaIBRY- %iﬁ@ %Wsaﬁ%'tcaﬁ%%S{Bfﬁ%{%rﬁéaéjbﬁgré%e%inngs he | frane
and "P" frames for the,c i ; odlissqfgsul ts in nuch
| oner dat a %{né%actt%iﬂy fhr?p?ggg&gtgé Lﬁ;&@gﬁg&%& Lg@)r%u Cok i

rame-o ressi on. t, it typically comnes

at the cost ggég{ eaeYef ABak. frame is typically much larger than a B
or P frane ?o toregr? 1 qénﬁ’%s Fée/lrgeP), and as a result, it takes

propor t i onajoghy] | ongergre Ttiesied a atioaagividso garhimgraysem sfg083kConsi der,
for exanple, a situation where the | frames are 10X the size of B and P
franes, andStmePrysiator® 3BMicranefs Xbo3GEPEE Nimesda VD" Windysahaxed or every

single | intraframe, or 60 frames total for each "G oup of Franes" (GOP).
S, St 60 Mpwssonaepmie Dl dBRe HREGEs. cheth Saeas S ST iR

1 SSi h | h . ' : : hi h
hi ghest quearis BIRREBS T Ut REC BT o pi st ek oR gl b woul

roduce a 2 . . . i ; I =i s woul d result
Tn 2 %gabi%B?E@g@S@C%%%ﬁ%ﬁ i@gg?feﬁ%jﬁﬂ?@ PERUAnESA bRphidel) = 303, 935 bits
per | fr aweoéjéé\gﬁst, BRG GAIRIESerat ofiitieq/ i@ nO) Sorreeehisidating Whie

n a

deconpr essi gorithm in order for the video to play steadily, each
frame needsett@ndeconressedsand Fdi siphaigdy thesacomgohents arm shesh (e.g., 60
fps). To achieve this result, if any franme is subject to transm ssion

| at ency, aldorafinediéogetharss meiaderunibiOQel B BHCLY T ¥op §851NG BdeMR’ency, so
the worst-case franme | atenc definpe the

The I frameaahia t 9ace ST IS5 5% PRRGH ST BT a0 BAdr ds BPULs they are
oot andoRILSIL Lol ATRI LS dOohReroos Pk el | 1 ame
Dot to d PEnL e O Lo e R e ¥y Comaression
system as dpsgsd hRerRROYEMOs or other media; a random access memory (RAM) 101

for storing program code currently being executed by the CPU/GPU 10C; a

game controller 106 for receiving input commands from the user during

gameplay; and a display device 102 (e.g., a SDTV/HDTV or a computer

monitor).



using a large percentage of the bandwi dth of the transm ssion channel wl|
be subject to long |atencies due to the large size of an | frane relative
to the average size of a frame. O, to put it another way, while prior art
interframe conpression algorithns achieve a | ower average per-franme data
rate than intrafrane-only conpression algorithnms (e.g., 2Mips vs. 40Mops),
they still @@héjﬂr f r qmeaor i aht eRin Beowh ImPRUaY asuffeteirf®. @veRD3, 935 * 60 =
18. 2Mops) because of the large | frames. Bear in mnd, though that the
above anal yghigatassurest, bbatal theeP hand Harcidvgesmi @3 &nid mievesnedi er t han
the | frames. While this is generally true, it is not true for frames with
hi gh i mage siowpl &sdety speedoas edrapagdvipthatt AV G- VYhReReWOHIh motion, or
scene changes. In such_situation P.ar. B frames,.can bec as large as
| franes ordiéecﬁymroggff%%@iﬁgﬁ rtyélfwﬂ% CER- 1 RTRGINE péo%%gﬁgtsticat ed
conpression_al gorithmw.l | Lcal. L " r e the P
or B frane Wpfgr%pﬂmqnsfﬁ?eéﬁgfw@)h%%l'g%sgggng{egﬁggﬁwc#a?%gféﬁga ggélf?g@?gﬁ occur at
any moment Jsledd Qi‘r@dtf'fclff S HIRQ dRYE $88or bPtiSal dMvE R QTR B SRE oy ieke0, when the
average video dafa rate approaches data rate capacity of the transm ssion
channel s (agajys1dr gsneeany vas Meck agper gavewidtihendidgbs dat euffatendéreands for

vi deo) the high peak data rates from| frames or large P or B frames result
in a high framwelatrensyek jOEEdiscowcsanistise Bliony diigdadsinsnnbal v

characterizes the conpression algorithmlatency created E%_IJ arge B, P or |
frames in aR&WHs praviged indhese Bfe %wtemﬁée-|9at%ﬁ¢c§1%wwe 8GO gher . The

Franes aft eh WO 11 sFHeARG 1 HET AR ot B CPCHROLe it ' 2 group
of pictur eéﬁ?@@ﬁ%ﬁ"@'ﬁ”&%&%&?@Eﬁi‘gd%?@%&g%%ﬁ% |2PPPP, where there are 5

B frames b st B frame can not be displayed by the

vi deo decorr@bgﬂsor UR{grhe gsha@e,ﬁggﬁg@g]?m oVerfdpaie So @y bf fﬂemm?@me recei ved.
e ,

So, if vid i s’ being streaned at ps (i.e., 16.67ns/framne before the
first B frafRiecincheseBconp iresgeateplhy veut Bhib canesiaine dohe whehrtbere isi | | t ake
16.67 * 6 = 100ns to receive, no matter how fast the channel bandw dth is,
and this isahown pegierGeBf frvansde gConprasisalivinakeV s adoa®dée with 30 B

f it . And, at ‘ h | bandwi dt h 1ik \ , th
| o oy | SR SAUSE I HPATARSNG BOBIEHE 114 s e LA L BRI ERIE e 1ot he
| at i t d i it f f - I ’ 2Mo
channel : w0 car el bbb FieliBR Rl fes 10Nyt £ 20 E o

f lat - i i i ' i f B
ot 1atency %etr%ggéle%lﬂ%g?& eﬁéés‘%’iot%érkw&e@(aﬁﬂi!@,r;ﬁ%ﬁé ehsd REBROMESer s

franes are e cost of a |lower conpression ratio for given
quality | evghle rtide oBafyz@Ead@RAN Y0 & dotpleroulifedyittbdatat he | atency caused
by the peak frame sizes, described above, is still incurred. [0066]The
probl emis exazenied ot di;jg&gmythtmée\matmﬁ rofmaniny e deey r_@amt_he\ﬁ deo
conpression algorithnms utilizing the GOP structure descrij bed mve have
been | ar gel yewpapidly ze the oft toy@WPBIRCESI i@ &P 0Wé PERsSRY IQAFeiR fWYe materi al

i ntended for passive viewng. Typically, the canera, (whether.a real canera,
or a virtualllcarfF@niAuBhE tg%gg%{tﬁ}w rg%%a!pg? ?@%ﬁwgﬁgﬁng}-ﬁﬂgﬁe&ﬁ) and
scene is reglatively stea [ ] A 98 RRGLRE1 Moves

ar ound tooq?% 9 rg,%’w Ph@c%?/%f)e% %@b%@gg@%&&@%&h@;&j a) ﬂr%ﬁs CZ] | y unpl easant

to watch a LT iabolrer DRbNEmWatcrehy sieshal Figutd1e avibeyane ks not closely
fol |l owi ng Hﬁg!@éti onAmgnr he canera | eryks arou%]d suddenly (e.g., if the

camera is hywpednwhemesdieebtrapaciohi ihrdboven gD and bpéca anetizd 0én a

bi rt hday cake and suddenly jerks away fromthe cake and back again, the

vi ewer s ar eAlthopigh alidkystbragaskdiosn cahdechiphyfagiveed wah garigiivalida@esr egard t he
brief interruption when the_ canera suddenl aneﬁ) In the case of a video
i nterview, eragevagedintiel®consirares ,OYFPR%@)Z%%% SRR NYPTREAG SPRYA £ i xed
position and not nove at all, resulting in v f t all. But
3D hi gh actﬁi‘i’fﬁg@ica%c'azaafﬁﬁge%?'@ SE?\%%@&%PP%@%%mccgu\r,':lrset%g%?j o :F(E)ens‘?‘( e.g.,
consi der a 3D racing, r. it U Siah gl i or the
duration of’-3 rﬁégrﬁ]&ﬁ%,as rg\gg%és‘g?ﬁjeeﬁm%%@t% %%Egkﬁgﬁo%gtnﬁgfbﬁg?\gm?ie vi rtual
camera is GoBRstAMdILcIMbNIdasensd ankidipers Brahiadiges tgaeisowame resul t in
frame sequences wth large and frequent peaks where the user may need to
clearly see what is happening during those sudden notions. As such,
conpression artifacts are far less tolerable in 3D high action video ganes.
Thus, the video output of many video ganes, by their nature, produces a
conpressed video streamw th very high and frequent peaks.



[ 0067] G ven that users of fast-action video ganes have little tol erance for
hi gh | atency, 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
Internet. Further, users of applications that require a high degree of
interactivity suffer fromsimlar limtations if the applications are
hosted on th r I r Vi FAH require a
net wor k confﬁgwggﬂﬁéﬁkpggaﬁfgﬁ&}ﬁgﬁﬁggﬁﬁ%gﬂggggg?g§§%§eggpwﬁﬁ%girectly in a

head end (i nikhee oass oid eabloantynoatiband) needeben eenaerlizotid 8@ (in the
case of Digital Subscriber Lines (DSL)), or within a LAN (or on a

speci al | y- gr sidéteprin Vet wodd (g eRomjednn has aomeue jedde)s @tithiaag) rgauititat t he
route and distance fromthe client device to the server is controlled to
m ni m ze | at @HBipUEAEXIERRGPban be accommodated without incurring |atency.

A (Lo Coyer ot o0 3L 100 hus) L ssca ) Des et
peak bandw dé}é}nb?%gﬁe?%g%{e;t?g%*%Qn@énﬂr&n%ﬁ@ﬁﬁa%@bcgé;‘?% 4y %?ie%t%%] Peak

bandwi dth require € accommo nti a r oadband

i nfrastruct upeiHefl | Peri g naCR I d AN cRESBRERIonERN-intdARl e, on a cable
TV system digital video traffic can be given dedi cat'ed bandw dth whi ch can

handl e peaksproseigdesamelualirgedécdmmeesing AndgeCamaBhingy stamg,a hi gher speed
DSL nodem can be provisioned, allow ng for high peaks, or a

speci al | y- grergedizogrise siroetucsm efir dissiesubdhare oiaydere Heladifer the bisgher dat a
rates. But, conventional cable nodem and DSL i nfrastructure attached to the

general | nt eVl (NBREET GRMP e REFY MBI HIESSICGICHRIRShERAVRYdOHeFeRfuie ment s
for conpresse ser.vi.ces that t vide nes._ or

i.deo. .So, . | i
appl i cati ons qq@y,g%ﬁﬁggp@e}.??tgrd;?ﬁrm@H&fg?%§eawégp$%§%§ ﬁ@cgqqg@?vedévi ces, and
th t i ; h h
Comvent| can PPELEIRGISEH, BafEotkl Ml QUi vl FERBId aOLOD,

lat ency and grakaibapdvicpel. thatdieddeanersiopar tHe ghRAE Wod Henliesp@shi t o ganes
and applications which require very low |latency (e.g., first person

shoot er s andfahiberc-middsses eria stodedraacoptical aetioh04ares,orerorapplel cat i ons

requiring a fast resgonse tine). BRI EF DESCRI !DTI ON OF THE DRAW NGS
servers on the Internet with just the selected pre-processed data for a given
team, player roster, stadium selection downloaded through the Internet to
harc drive 103 when the user makes a seiection. As a practical matter,
however, such pre-loaded data of every permutation possible in game play
could easily be terabytes of datg, 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 megabyies of data or
more. With a home network connection of, say, 10Mbps, it would take longer
to downioad this data through network connection 105 than it would to
compute the data localily.
[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 arf approaches such as that shown in

Figure 1 is that over the years video games tend to become more advanced
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[ 0069] The present disclosure will be understood nore fully fromthe

detail ed description that follows and fromthe acconpanyi ng draw ngs, which
however, should not be taken to limt the disclosed subject matter to the
specifi c enbodi ments shown, but are for explanation and understanding only.
[0O070]FIG 1 illustrates an architecture of a prior art video gam ng

aecor di ng o bne Guorent  Eoeraper e Pe Rl E SRR cu ane

required dat antimites afrunt oftIRAM, viicioaianbed WeeivaRe ChdEimansl ga beesNer .
the peak level of processing power available in these systems. As a result,
users are required to upgrade gaming hardware every few years {o keep bace
{or play newer games at lower quality levels). One conseguence of the trend
to ever more advanced video games is that video game playing machines for
home use are typically economically inefficient because their cost is usually
determined by the requirements of the highest performance game they can
support. For example, an XBox 360 might be used to play a game like "Gears
of War”, which demands a high performance CPU, GPU, and hundreds of
megabytes of RAM, or the XBox 360 might be used to piay Pac Man, a game
from the 1970s that requires only kilobytes of RAM and a very iow
performance CPU. Indeed, an XBox 360 has encugh computing power to host
many simultaneous Pac Man games at once.
[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 fotal hours in a
week. This means thai the average videc game console is idle 88% of the
time, which is an inefficient use of an expensive resource. This is particuiarly
significant given that video game consolies 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 conscles also incur costs associated with aimost
any consumer electronic device. For instance, the electronics and
mechanisms of the systems need to be housed in an enclosure. The
manufacturer needs o offer a service warranty. The retailer who seils the

system needs to collect a margin on either the sale of the system and/or on
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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 th comruni cati on between a client and hosting service. [0075]FIG 4c
ilFustrates a client device according to one enbodi nent. [0076] FI G 4d
illustrates a client device according to another enbodi nent. [0077] FI G 4e
il

ustrates an 18PliBedYakle Hrahan ot hbee ¢Adi8RtacieBitRE cost of the
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, resuiting in unauthorized
copying of video games. For example, the Xbox 380 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
particulariy vulnerable 1o piracy. In certain regions of the worid where piracy
is weakly policed there is essentially no viable market for standaione 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 coniroiled, few people could afford & 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 prac*{ége significantly reduces revenues of game
publishers. Similarly, a reduction in sales on the erder 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 Piaystation 3 is
about to be released, users stop buying Playstaiion 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 cevelopers.
[0056] New game consoles are aiso very expensive. The Xbox 360,

the Nintendo Wii, and the Sony Playstation 3 all retail for hundreds of doliars.
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in Figure 4c. [0078]FIG 41 illustrates an exanple bl ock di agram of the

client device in Figure 4cl. [0079)FIG 5 illustrates an exanple form of
vi deo conpressi on which may be enployed according to one enbodi ment.
[0080]FIG 6a illustrates an exanple form of video conpression which may be

enpl oyed i n anot her enbodi nent.
High powered personal computer gaming systems can cost up to $8000. This

represents a significant investment for users, particularty considering that the
hardware becomes cbsolete 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
detivered to client machines on-demand as compressed videc and audio
streamed over a digital broadband network. Some companies such as G-
Cluster in Finland {now a subsidiary of Japan's SOFTBANK Broadmedia)
currantly 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
acticn video games (also known as “twitch” video games) require very iow
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 levei of the user. For
example, 100ms of latency may be folerable for a siow casual game (like
backgammon) or a slow-action role playing game, but in & fast acticn game a
iatency in excess of 70 or 80ms may cause the user to perform more pooriy
in the game, and thus is unacceptable. For instance, in a game that requires
iast reaction time there is a sharp decling in accuracy as latency increases
from 50 to 100ms.

[0058] When a game or application server is instalied in a nearby,
controfled network environment, or one where the network path o the user is

predictable and/or can tolerate bandwidth peaks, it is far easier to control
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[0081]FIG 6b illustrates peaks in data rate associated with transmtting a

| ow conplexity, low action video sequence. [0082]FIG 6c¢c illustrates peaks
in data rate associated with transmtting a high conplexity, high action
vi'deo sequence. [0083]FIGS. 7a-b illustrate exanpl e video conpression

techni ques enpl oyed in one enbodinent. [0084]FIG 8 illustrates additional
exanpl e Vi degermyrpossitermsa efohakiquesiadendyoyredin wroaef tebasisistency of

the iatency (e.g., so the user observes steady motion from digital video
sireaming through the network). Such leve! 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, itis
possible to obiain specially-graded point-to-point private connections between
businesses which have guaranteed bandwidth and tatency. But in a game or
application system that hosts games in a server center connected fo the
general Internet and then streams compressed video 1o the user through a
broadband connection, latency is incurred from many factors, resulting in
severe limitations in the depioyment of prior art sysiems.

[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 rouiing 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 tc the
speed of light through the optical fiber and other cverhead.

[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 “BMbps DSL service”, in practice, the user will probably get iess than
5Mbps of downstream throughput at best, and will likely see the connection
degrade periodically due to various factors such as congestion during peak

inad times at the Digital Subscriber Line Access Multiplexer (DSLAM). A
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[0085] FIGS. 9a-c illustrate exanpl e techni ques enployed in one embodi ment
for alleviating data rate peaks. [0086] FIGS. 10a-b illustrate one

enbodi ment which efficiently packs inmage tiles within packets. [0087]FIGS.
11la-d illustrate enbodi ments which enploy forward error correction
techniques. [0088]FIG 12 illustrates one enbodi nent which uses nu core
processi ng similasissios canAPeLISHEHIg & the 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 iatency, 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 gueues will overflow and packets will be
dropped. Thus, to avoid incurring additional fatency (or worse, loss of
packets), it is necessary fo avoid exceeding the data rate capacity from the
game or application server to the user.

[0061)] | atency 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 dispiayed. Currently available video compression algorithms suffer from
either high data rates or high fatency. For example, motion JPEG is an
intraframe-only lossy compression aigorithm 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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[ 0089] FIGS. 13a-b illustrate geographical positioning and comrunication
bet ween hosting services according to various enbodi ments. [0090]FIG 14
illustrates exenplary |atencies associated with comunication between a
client and a hosting service. [0091]FIG 15 illustrates an exanple hosting
service server center architecture. [0092]FIG 16 illustrates an exanple
screen shotinoferplow leieneri mecause each franie 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, 80 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.284 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
aigorithms 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 *1" 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 iower data rates than intraframe-oniy 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 proporiionately

longer to transmit at a given data rate.
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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 ection of a particular video window. [0094]FIG 18 illustrates the 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 |l aborative user

v: ;:Ieo dat a [0068] ai d dipnsiersier esampe. @Wﬁ‘t‘@'ﬁ)ﬂ"é‘@é@ ”{jaafrféamf%)@%]@f G 20
illustrates an exanpl
the size of agd %Sf?arim ggaendft%ere ar%aﬁgsBpf rXSé +% Bframes 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 303,835
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 fransmission latency, ali of the
frames need to be delayed by at ieast 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 1o be received before the | frame could be decompressed and
disptayed (or any interframe dependent on the | frame}. Given that the
channel data rate is 2Mbps, it wil! 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 fransmission 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, whie prior art interframe
compressicn algorithms achieve a iower average per-frame data rate than
intraframe-only compression aigorithms (e.g., 2Mbps vs. 40Mbps), they still
suffer from a high peak per-frame data rate (e.g.. 303,835 * 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 smailer than the | frames.

Whiie this is generally frue, it is not true for frames with high image complexity
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hosting service. [0097]FIG 21 illustrates an exanple 3D interactive

advertisenent. [0098]FIG 22 illustrates an exanpl e sequence of steps for
produci ng a photoreal image having a textured surface fromsurface capture
oft a live performance. [0099]FIG 23 illustrates an exanple user interface

page that allows for selection of near nedia content. [0100]FIG 24 is a
graph that trlcoustatet wih theeprherd(aiee.dfioh Masionh &t SeanHsanIsef Hreithhe web page

is live versus connection sgeed. .
situations, the P or B frames can become as large as | frames (ifaP or B

frame gets larger than an | frame, a sophisticated compression aigorithm wili
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 {atency.
[0065] Of course, the above discussion only characterizes the
comprassion algorithm latency created by large B, P or | frames in a GOP. If
B frames are used, the tatency 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)
seguence 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/irame), 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 tecnnology. If B frames are not used {(at the
cost of a lower compressicn ratio for given quality level}, the B frame latency

is not incurred, but the latency caused by the peak frame sizes, described

above, is siill incurred.



DESCRI PTI ON OF EXAMPLE EMBODI MENTS [ 01011l n the follow ng description
specific details are set forth, such as device types, system

configurations, conmunication nmethods, etc., in order to provide a thorough
under st andi ng of the present disclosure. However, persons having ordinary
skill in the relevant arts will appreciate that these specific details may

not be needqg@pés) Practhe erdtiem ésrboabicnpates yessy ithedatufddO2RRY gidees 2a- b
provi de a high-level architecture of two enbodi nents in which video ganes
and sof t war gaapgsl. Mk conpragsohalge oy uiizng thangOsestiuaterexiapcahed accessed
by client devices 205 at user prem ses 211 (note that the "user prem ses"

means the plagese iREs 8ot [argRlY gRMized fopEas Wit IVAMARS HgnBIRNHBGHERi f using a
bi | devi t t t 20 t | i t t k
nder a" subdek Pt AdEs (T E8eh Bifnant vl e it Gendradh B aBAL T pur pose
conputers sych, as Ma\?\fi@\zﬁfctam\grﬁ Wﬁé‘c%se'-c?f%rﬁgﬁt‘%ﬁi BSSrafd éﬂﬁ{a%lom nc.

Maci nt osh conput ér's a wred or wreless connection to the er net

ei ther w th j\atReAals RiatQxlyerdmly, dirgil 2o & en@iners otdteyie Mavdze
dedi cated client devices such as a set-top box (wwith a wired or wireless

connecti on tgodrteiobigriinelio vitbatbr oudveeibetenal éo (snybicalyi ngieasanhtni tor or TV
set 222, or they may be nobile devices, presumably with a wreless
connect i on taitthand f)érihistbeimwarhagyusally fles sichsyices gesehipliewitiei r own

o L1 o~ S8t AR o HERe o e 2Eo e Sker i or Tt paTeE Bart o "
, etc. th . nal_ i ' ) "

Keyboar ds. bRl slerer B g IR ok MR 03 A e  apt ur e

camer as and/ag\g sgga%@%ée%@gﬁbg%ﬁ@mrﬁe SlcCodok £PIMNERE Gyt Bravi res or

W relessly. S reater detall below the hosting service 210
i ncl udes Se(rtjwﬁé%)/cp&cas@aimaelcav@bsd e pekd, einaeisregaicneb udichphtéhgsionwi t h
o ;

hi gh- power e GPU processing capabilities. During playing of a gane or

use of an apgleindht icameonsiduerhosbivey). Fethe ase2f@ videthoharview, or a
vidso teleconference, the camera may be held in a fixed position and not
move at all, resuliing in very few data peaks at ail. But 3D high action video
games are characlerized 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 seguences 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 tolerabie 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, 1o 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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or office client device 205 receives keyboard and/or controller input from
the user, and then it transmts the controller input through the Internet
206 to the hosting service 210 that executes the gam ng program code in
response and generates successive frames of video output (a sequence of

video images) for the game or application software (e.q., if the user
presses a boereal WiRrost AASLEAT VIEEP- é“@"r‘]é?%{(‘:‘ie@rreﬁwr? I%é’egﬁfﬁl’ré(en to nove to

h ight, the. . I . f i o
Show ng. t heCQREEERETN R T blRd SFTsh 7 Saite QBRI e iy (Mages
s then cOMpresset; UshRG Badiitd) BE HCYerticl BHCEQIMHBSERE of Bghd e hosting

service 210 en transmts t ow | atency video stream through the

I nternet 208, ,dh@chomRs onsof)f b@@%tmhiaeMNgswbn@ drengeeastesprivage conpr essed
vi deo stream and renders the deconpressed video i mages on a nonitor or TV.

Consequent | ¥onridegocanpuddngerd sgtimghisc dhathie dowte endetgianemsorshef t he
client device 205 are significantly reduced. The client 205 only needs to
have the prdicessievige pothersenerfiaeoridlachie RBYDBaIYLEenBRdPEBES ‘F?\%G@ to the

o the [ ueerTanogsed winpaherrodeey -l NRIaREN AstEs: MR L ooh w00y

doi t od i ft nits ; ; i Duo CPU
oy e BBpS A Bafsr s R Cabea fatfl pandwldih Boicl BA RULARLBRE, PO H0
using Corrprg&ﬁ&&iﬁthsﬂégnéréﬁehsg@@H@WWQQ@I}@bM‘ iBthMER) smAiNGlaction dile case of

any client déevices, dedicate i ps can al so perform video deconpression
for such st@@g@5g§LAN(ﬁ@§@n@jne at far lower cost and with far | ess power
consunption than a general - purpose CPU such as woul d be reguired for a
nodern PC, [9063bly, tRegkerdndmiatheqditatoents canfaisopaaceimgogaiedran | er i nput
and deconpressing video, hone client devices 205 do not require E&y
ard

speci al i zedragidephipidyopdrnssisirag urtiiesT srgsiR))accapmedations AlkemgHen dri ves,
such as the prior art vi a system.sho in Figure 1. As games
and appl i ca?’?%ﬁ%‘es@? ?\ﬁébgeg\ég%wﬁéta? 'ﬁﬁ? i%ﬁé?n@ﬂ %’VE'P](?F%B%% i st igc,

t he il require. hi [ [ ' | arger and
fas%/e\rNI di Skb%ﬁjcivy)g@,vbtggrﬁc?ﬁg%@”ge ut'l %’gsca;égvsxaksrigg %fﬁéﬁﬁgs}%@rﬁ\g% sag[?gi["ce glo may

be_cont | nuajoedpahafied sobbll DENOnaRsmusAmanblistpbdbeidiagidredr o updat e
(o

t he hone or office ient platform 205 since its processing requirenments
wi Il remai nogaRrsbantpéaslagdidepicayneetol can provisihetiverieh cat amdiela a gi ven
vi deo deconpression algorithm Thus, the hardware |imtations and

conpat i bi | i highésdaiesateeePutt odryendonalotabix medemanthe SsyrfrasiuciUrst rated in
Fi gures 2a-b. : ,
attached to the general internet have far less tolerance for peak banawidth
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 residentiai broadband connections suffer from significant
latency and peak bandwidth imitations — 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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[ 0105] Furt her, because the gane and application software executes only in
servers in the hosting service 210, there never is a copy of the .gane or
application software (either in the formof optical nmedia, or as downl oaded
software) in the user's home or office ("office" as used herein unless

ot herw se qualified shall includ ny -Lesidential setting, including,
school r oonsBRIEF DERGRIPEONF ;HE éﬁﬁvlg@\&;\é| y mitigates the [ikelihood of a

YT DRt (4 YRR EAAR y it gat e o
o T gati no ko8B | kor Tsoues ke M A Rl R Bk T 1By 2
garre o1 abpll6Ald SIS BAL1 YR BRI PR RRE ackRBas ik brapast aldaed servers

are require qui ring very expensive, large of noisy equipnent) to
play the ganmyOferadHaluiERS!H RREH LVRRR thdalscRisednibjaat aetiiee & theor home or
office use, then even if a pirated copy of the gane or application software
wer e obt ai ngshcifictermoadithentt sHoevro pet atd fer erplehetitiored ondefstanteng ¢L06] | n one
enbodi nent, the hosting service 210 provides software devel opnent tools to
the gane or application software devel opers (which refers generally to

sof tware devel opnent conpani es, gane or novi e studi os, or gane or

appl i cations sof twar ubl.j shers)_ 220 whi.ch sign vid so that they
may design E?gﬁ&s capS:B&e?3“‘15’&3{6&93%@(8@{5?%5@0%% Rgo%%@yﬁgaggjﬁﬁ ce 210. Such
tools allow %f%rﬁl opers to exploit features of the hosting service that

woul d not nor 1y be available in a standal one PC or ganme console (e.g.,
fast access to very |large databases of conplex geonetry ("geonetry" unless

ot herwi se qaified shebl 2he usachiberigjinidvel spdtem drohitqublnpgmesrdingxt ur es,
rigging, lighting, behaviors and other components and paraneters that
defi ne 3D datasedrsdddimedio7] Di fferent business nodel s are possi bl e under
this architecture. Under one nodel, the hosting service 210 collects a

subscription fee fromthe end user and pays a royal to the devel opers
220, aspshom7?h Fi gtﬁ'@§zﬂ’.USFrﬁteérﬁcﬁi'éTerra%ﬁé’"\drﬁ?ﬂéﬁ%%ﬁﬁt@ir@iﬁsefghom iﬁ Fi gure
2b, the devel opers 220 collects. cription fee directly fromthe user
and pays th@rﬂ%w‘?ﬂ r’s%?t\‘%egﬁ 82(‘.%[@%% %'!Plg% Sétr\lpél’lljg the gane or a);;pl i cation

content. These underlying principles are not limted to any particular
busi ness nogglaf or P gk NAsPBIkNEN@AMGRGrake aRald gidht eMplysti ng.

according to one embodiment.

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

communication between a client and hosting service.

10075] FIG 4c iliustrates a client device according to one embodiment.
[0076] FIG 4d illustrates a client device according to another
embodiment.

[0077] FIG 4e illustrates an exampie biock diagram of the client device
in Figure 4¢.

[0078] FIG 4f illustrates an example block diagram of the client device
in Figure 4d.
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[ 0108] COMPRESSED VI DEO CHARACTERI STI CS [ 0109] As di scussed previously, one
significant problemw th providing video gane services or applications

sof tware services online is that of |atency. A latency of 70-80nms(fromthe
point a input device is actuated by the user to the point where a response
is displayed on the display device) is at the upper limt for gapes and
appl i cat i onf®078hui ri MiGaSllstralee AFonEENRIp AR Hggx@\?%rc?mtpﬁ?@%""@@ﬁ
difficult to achieve in the context of .t rchitecture shown in Figures 2a
and 2b due my&erﬁmeve%ﬁcwieﬁt%aﬁ‘e§H}P°BFH§)§P§a| constraints. [0110]As
indicated in Figures 3, when a user subscribes to an Internet service, the
connection todsby P calgx ééﬁsﬁngékxés%nr&@nﬁm X bUBLSlab@pFadsRn3dick 0 t he
user's hone'"or office. Depending on the provider's policies and routing
equi prent  capablldhhigged inhafotiaemboviciahn rate may be nore or less strictly
enforced, but typically the actual available data rate is |ower for one of
many di fferent reasons. For exanple, there may be too nmuch network traffic
at the DSL joeBi}al offiGceb dlustatesineaks dafal@diiearinddied W8P, or there may be
noi se on the cabling causinq dropped packets, or the provider may establish
a maxi mum nEatsERitten HIoNCIRPICHENIN PEOTUERFC SBUYFERt | y, the maxi mum
downstream data rate for cable and DSL services typically ranges from

sever al hun[i%hgglsKi I ogﬁéﬁéggﬁgﬁ%ﬁgﬁggggb 8%%(},&%)@%00 d Wgr services are

typically | dto wnstream data. However, the

speed of th@a%’ﬁﬁggﬁﬁpﬁgbmpmyﬁmghbﬁﬁo;ﬁlugl&f@@rge@f)ehl@grS who subscribe to

br oadband services increase dramatically over tinme. Currently, sone
anal ysts estimate that 33% of US broadband subscribers have a downstream
data rate ofpo88pps oFIGSB! Ba-bRbustenaapamplesdriec anabyesspngeeiiigees hat by
2010, over 85% of US broadband subscribers will have a data rate of 2Mops
or nore [O0ldrbplaged indbeaeedopimarigure 3, the actual available nmax data rate
302

[0084] FIG. 8 iliustrates additional example video compression

techniques employed in one emboediment.

[0085] FIGS. 9a-c¢ iliustrate example technigues employed in one

asmbodiment for alleviating data rate peaks.

[0086] FIGS. 10a-b illustrate one embodiment which efficiently packs

image tiles within packets.

[0087] FIGS. 11a-d illustrate embodiments which empioy forward error

correction techniques.

[0088] FIG. 12 iliustrates one embodiment which uses multi-core

processing units for compression.

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

communication between hosting services according to various embodiments.
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may fluctuate over tinme. Thus, in a |low | atency, online gam ng or
application software context it is sonetines difficult to predict the
actual available 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 resolution (e.g., 640 x 480 @60 fps)
for a certaloggaiount BIG. ddehstrataspexnpigrydatenemns ansociatasswilbove t he act ual
avai l abl e max data rate 302 (as_indicated by the peak in Figure 3), then
several pr om@wnwﬂt’i@@w@e%?l!%ﬁéﬁﬁl%bogﬁ‘ﬂeﬁrwgr net services will sinply
drop packets, resulting in |ost data and distorted/ |l ost inmages on the

user's vide een. .Servyjce i I i..2., queue
up) the addﬁwéﬁ al p§§&£ﬁ§ﬂﬁ%&%k&&%}%%hb%éggggﬁgfgk%%p#%gggﬁﬁgﬁf at the
avai |l abl e d%%ﬂﬁé&ﬁﬁe resulting in an increase in |latency - an unacceptabl e
result for many Video ganes and applications. Finally, some Internet
service providers will viewthe increase in data rate as a malicious
attack, suciposg]a derfid. 16filuseaidscr atdraplk scaeavestiotionona erdmlihenie user by
hackers to disable network connections), and will cut off the user's

| nt er net coofreaséranteiiore avhegheioritites atilveliyefiliye Vidpeudndewe enmbodi nent s
descri bed herein take steps to ensure that the required data rate for a

id d th [ vai | abl . HOSTI NG
SERVI B ARCHIDFRETURE 160 19) gaRG 18 CRPl G TAaees S0 B EnP TR &of ¢ he

host i ice 21 ' nmbodi t. The hosti [ 210
can of thor BRCRRAT dpeR e Rob SR I Chrer Tor can be i ot i but ed

across a plurality of server centers (to provide for |ower |atency
connect i 0“S[d094ﬁser s tibatshanealeewns Usat ergsadeaditsgire 1Gabli@iingser ver
centers than others, to provide for |oad bal anci ng anongst users, and to
provi de forzgedngdiney pamctibevides eviraley tr fulfmceeegesiver centers fail). The
hosting service 210 may eventual ly include hundreds of thousands or even

mllions of servers 402, serving a very |ar user base. A hosting service
control sysi0@RPhO1 pridG dBdlusiatesian W?'%IC%E%?OT?H@ W95 ‘gaé?vi ce 210,

and directs routers, servers, Vvideq conpression systens, billing and
accounti ng %‘ﬂ%’lla@ﬁ%f? tr&%qre?%ogﬂ@@q@%%ﬁrw% the hosting service control
system 401 is inplenented on a distributed processing Li nuxbased system
tied to RA O%I ays Lﬁg@'zb%%&%% éﬁ@(éﬂ\%ié%@??agﬁ@hrl@ﬁmé PlaQEN®BE BON,
server informti1on, and systemstatistics. In the foregoi ng descriptions,
the vari oush@gihh@esviedpl enented by the hosting service 210, unless
attributed to other specific systens, are initiated and controlled by the
hosting service control system 401. [0114] The hosting service 210 incl udes
a nunber of[0887Vers £IG. 8ldhsHaeSIESRXAMPIP Sht INjerasilie ayEEISeMSR™ ntel , | BM
and Hewl ett Packard, and others. Alternatively, the servers 402 can be

assenbled in cust om. copfi,guratiaon of ¢ nents, 0L can. 1y be

i nt egrated [988511 ent ng'é gér"@@&aﬁ% qnn%aé@%ggaﬁ%iceaorsﬁtgpgﬁa@r @%G?%TCH'% t hough
this diagr - r i

illustrati %ﬁ&ﬁ){%‘]?’gg@%?v@g%ﬁ g%ﬁ é‘?ﬁ%ﬁ?ﬁn’ﬁ%%gé?%gé@gﬁ%? I(J)‘%fe server 402
or as many @agid¥rahtbens of servers 402 or nore. The servers 402 may all be
configured 1n the sanme way (as an exanple of sone of the configuration
paraneters, with the same CPU type and performance; with or without a CPU,
and if witHoe9GPU, WG, 2BélustiaesCRexaypEe andr iptarface mage dnatdllowstere same
nunber of CPUs and CPUs; with the same anobunt of and type/speed of RAM and
with the sastedamaddneaguedeic®fe lor vari ous subsets of the servers 402 may
have the sane configuration (e.g., 25% of the servers can be configured a

certain vvay{mg & FIG. 24 is a graph that illusirates the amount of fime that

elapses before the web page is live versus connection speed.
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a different way, and 25% yet another way), or every server 402 may be
different. [0115]1In one enbodi nent, the servers 402 are diskless, i.e.,

rat her than having its own |ocal nass storage (be it optical or nagnetic
storage, or seni conductor-based storage such as Flash nenory or other nass
storage neans servi ngBa simlar function each server accesses shared nmass

storage t hr QRFCRESIONLR FXEPbE EBRRIMENFRecti on. 1 n one enmbodi nent,

this fast connection is a Storage Area Network (SAN) 403 connected to a

vetween dovket 1 mp et o HEQTAE ol RERb ot PR A s e
L - SAN& ' 405
Cegether. - T elEb s AR AR SorifufRabD TR, B h drédus

t oget her, reéesu extrene approaching or potentially
exceedi ng t Be, Rang Wbl ayaddratiinginkrotht e RAVGisRB UK Hawswnt gami ng
consoles and PCs. And, while RAID arrays based on rotating nedia, such as
magnet i ¢ megiesont hegngntrtinatyesid! isitgairéicvantarseel-anprecialedbsstheat ency, RAI D
arrays based on sem conductor storage can be inplenmented with nuch | ower
access | at eapgeifis getaimmymod @ﬁfﬁ'e@@iﬁgﬁ@ practise e smbardimets drecrddver s 402

id |1 of thei ; I lly. | e,
Server 402 WPt or o THERSED Pt S N EoF At SH BN Oas | T5 operati ng
t d y_of a. vi i i , I
1 2sh based STEaPHyEs b VB VRS ARy kO e e I ARG 057 aos
based on rotaling, U@ Mot dhdhaaeted 89 bt @iVokd SR RES plah@ges dat abases

of geonetry or ga state information on a | ess frequent bases. [0116]In
addi tion, ip1ensterhodhdeier ptdirisb9Shiengs sey place whkla\emhoyserdiow | at ency

vi deo conpression | ogic 404 described in detail below The video

conpr essi onldcagicc indQdlingpguttiecisiplisng atredbilendedéae veves thehimtelral 206 @ any
conbi nation thereof (certain enbodinents of which are described bel ow).

Vi deo conpr ether pHblicsi ivaBUNeMEridesiar UOSEURLITLIRIVIES siTHE eIt 0 as wel | as

VI sua I e tes 280 b0 o OREAAN B0se BORbG:PL YN Gs lodER vARGBMET UST O
or Linux-based PCs or Apple, Inc. Macintosh computers with a wired or
wireless connection to the Internet either with internal or externai 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., keybeards, mice, game controliers,
inertial sensing wand, video capture cameras anc/or motion tracking cameras,
etc.), connected with wires or wiretessly. As described in greater detail below,
the hosting service 210 includes servers of various ievels 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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at the user prem ses 211 via a keyboard, nouse, gane controller or other

i nput device 421, control signal logic 413 on the client 415 transmts
control signals 406a-b (typically in the formof UDP packets) representing
the button presses (and other types of user inputs) actuated by the user to
t he hosting seprvic cont.r ol from agglillven re routed

210. . T i |
to the appr@b?ﬁﬁﬁ?él?%td\%ﬁce%rs rggc?l\v/%srgé,s)}q%%?%%pg{%lcgn Q;é?%&i'i%crgq sponsi ve

to the user's_ in ey : ' r ' (J1eTV1s r ol
signal s 40638%98%@@%6%{[{%@%?@50%&@%?l'/ée[ﬂ@ﬁﬁtg%?@fdaﬁhﬁég%ﬁﬁt%ﬂtgﬁgati vely or
in additi O”ho%tée?\'ncébgd?%aﬁ ABBhe 5B QQm[r@UE;ﬁr%@rﬂhrc‘é@b'izyré@oh@@aﬁ@r vers 402
over the hosting service network (e.g., an Ethernet-based [ocal area

net wor k) . Regasraleesticobshanrahey oavided batsmi(sseduetdeecisedaemayesser ver s
execute the gane or application software in response to the control signals
406a-b. Al t houighgaoe o lappbtatian edftivare{egi & the Usenpicsass A&uiien M
conponents such as a firewall (s?1 and/ or %zlliéeway S rocess incom ng and

. ) . may
out goi ng t r #PHIdCiECt @ FEASEHRE B INE REFSRGSPITMY S EY éﬁhi’fbg@éﬂﬁﬁmﬁm\een t he
hosting service 210 and the Internet 410 nd/.or . th f e user
preni ses 21YOBERRAT %alsﬁgﬁ?%&ﬂ%aa'ﬂiaq%ﬁeéwmé ge @ﬁ‘??%gr &Oi\li‘ﬁt 415.
The graphi cal udi - : T8, i i
sof t war e- i;%et_.h,gq'%gai ?g%u%ﬁ%gk% f;;/%j%ﬁgﬁlé @%Fgﬁtﬂgﬁe prpg\é/?%gﬂl étlroﬁf% élde%l
| ow- | at encyiyi deQ:kRresesest, hagire Kidinalicehcs onpresseandhis Bequences of
vi deo i mages according to |l ow | atency video conpression techni ques, such as
t hose descr jdegttyheicei sireandiiroagisiiietisteanet @fr eBlsetovedeoffderaiam typical |y
with conpressed or unconpressed audi o, back to the client 415 over the
| nt er net 410eior theaslagedes iMeetpriiEesed Yier sHRaBpRNhic elg hingh speed net wor k
service that bypasses the general Internet oy | at enc i deo
deconpr essi BaCAneRIEESEL AR THRRESH %HTO%@SO% Eé/h CS%WP@&E%% he vi deo and

audi o streans_and renders.th ' tr. cally
Bi'ays ¢ he. BUBRAPECERtS Bhara PR R e B B e R AP e et v .
t he audi o cap,; f ' y device 422
or not at af TR TR R B o e o R g o

di spl ay devj&gerddZomifd Shonsynasrd/eeerdicangduns tevheeset a0cRirguesd@a and 2b,
they may be integrated within client devices such as portable conputers or
mobi | e devi sesdedddiir8htame rpresded deea biremn rdddvegdtisarthbentepredelousl y as
home or office client 205 in Figures 2a and 2b) nmay be a very inexpensive
and | ow poviehicteiriuedy any PR SPERyCATRYIERE CHRPLR PIiipiad tosieX fh SeleW &3 br mance
and may wel| have very limted qr | acal Ss storage. ln contrast, each
server 402,'%9%5“@@-1 Ingel %Pa@g'oaﬁfﬁﬁ%%@ RAMBY alaf%’@p@dﬂ'{nﬁt%ﬂ’an

excepti onal hi. 1 } ARd d; j ltiple
servers ar eé%ééésggaoo%gle% g@‘?%ﬁ?’@%%%%@% el - %ﬁ%"cessﬁﬁ’ygﬁﬂ?{é&%‘?gﬁ on,
there is al qR$tadnQ obiHnk Wihdolie 1asEECH! AeRMPLtengsand say aptics processing
power that can Et)e brought to bear. And, because of the | owlatency video
conpr essi onddifbsapedibaed | chtreneyn alsdpericompities siecnmpidssigeioceptiual |y to the
user, the conputing power of the servers 402 is being provided to the user.
When t he usstangards sesahtimgtatdar iowel epiicndevircier L5 pavas CofigePrv di spl ay

422 is updated in response to the button press perceptually wth no

nmeani ngf ul @an &gengsalinpurReRe éah’es%?h %ﬁbqql‘gg?i*ﬁﬂ“'éﬁ’ﬁ h rrBOQ\‘;XéP\éM ‘unni ng
locally. Thus, with a. ho r offi i i very | ow

per f or mancgg%t@%upﬁewnﬁnﬁggu%ﬁ’oﬂ?ﬁ%@ﬁﬁ%C@ﬁ?%ﬁ%}%%a{fdti Pl ements t he

| ow-| at ency, Vi BLESS i ignal ' iAizHger is
provi ded V\,i(;[i%c"log@?%%%%ggp%&ar rﬁ?r"g‘% O%gﬁ%%tgpﬁgj pomé?&lfgﬁuoﬁ’r\“gégegr[mfze | ocati on
that appeargabRcdpreabihgings (apak), vptiddidivgioreardiaavss, shen power to pl ay

t he nost advanced, processor-intensive (typically new) video ganes and the
hi ghest pergrior arnéseegarhe casteonshoW}roh 9y Fegur e 4c shows a very basic and

i nexpensi ve hone or office client device 465. This device is an enbodi nent
of home or [6104lce cl AerANKISATG 8PRICRBRISOTE g MGCAmEe Mere GO 899 matel y 2

i nohes | ong. Li_has, an EL hernel, | ack. 824 Aol el 868 HbLi2 A, her net
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(Po E), fromwhich it derives its power and its connectivity to the
Internet. It is able to run Network Address Translation (NAT) within a
network that supports NAT. In an office environnent, many new Et hernet
swi t ches have PoE and bring PoE directly to a Ethernet jack in an office.
It such a situation, all that is required is an Ethernet cable fromthe
wal | jack tBAMhend lager angfsierdishdivgrmiandpne cormelngPowshakl®ei on does not

Cher s bre’i Restgiarvee 24 Pohd cruhugly uShraplice Fudl eHe St WS & ¢ hat

il . ' : ~ 1 E.
[0120] The i BB JELBRER I MBS ol SielRa it s AR B eetandan ¢ hat
i s coupled t 3 ufreﬁiler'st \Qﬂ?trgr%xgiﬁ &Rt kot £BfRREE, radbiuebn bRY ehacese Withh

Bl uetooth in devices 479, such as a keyboard, nouse, ganme controller
and/ or ni cr gphenei@rddatorfigasset alghligon. dhesemeadirteate ivhitatiohernd465 i s
capabl e of outputting video at 120fps coupled with a display device 468

abl e to suppmmpatk0f psues deen wekhysiognetlex(st ypifeasisyen iivstigied infiigured) a pair
of shuttered glasses 466 to alternately shutter one eye, then the other
with each sZ@tessive frame. The effect perceived by the user is that of a

i i " of th i | , h
i Spl 2y devicaBBhos ¢ I EtSRLSS L RBR PR P T GG URGFE - TBOT6S.
Si nce the V'ﬂ?ﬁ]egérg%%%fﬂ% nE& s%¥ﬁcé%1§?@%¥§hgv%ﬂi§a% y SRRl Eat two

independentD rreans ar e conpresse ostin serw%e 10, the

frames are jntenbeaweshihiarkiBfherdthe demlof apBsalanedid eSOIDIGRHEAIRS WO
i ndependent onpressi on processes within client 465. [0121] The client 465

al so cont ai g inahenesr'y hdee ol ediorpr efsé oms Ll leerdyniedd ch deconpr esses
the incom ng video and audio and output through the HDM (H gh-Definition
Mil ti medi a dthesvitacedljfieormied trmiudesanwnecresiiendia! saitiog.dncisdimy, ( St andar d
Definition Tel evision) or HDTV_;(Hi g_h g,efi nition Tel evj si,on 68, providing
the TV wi t hsafcaseomadoaasRapiedr  MIHEENAICRE ToidalgBten4e! ks HDM . |f

e e APPSR el SR NebalPbpeb NERyED, Mt DV (Dot
mitigating the iikelihood 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 sofiware 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.

[01066] 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 tc exploit features of the hosting
service that would not normally be available in a standaione 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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Under the HDM standard, the display capabilities (e.g. supported
resolutions, frame rates) 464 are conmuni cated fromthe display device 468,
and-this information is then passed back through the Internet connection
462 back to the hosting service 210 so it can stream conpressed video in a

format suitable for the display device. [0122] Fiqure 4d shows a, hone or

of fice clieh®lyaens. ¢exiues. igaRg.ilighiing @%ﬁb% %ﬁﬂ%ﬁ”&?mﬁ“ﬁ Al ent

devi ce 465 shown .in Fi gur.e X, that is has nore external interfaces.

Al so, cIienPaWt@réﬁﬁalg(ge@B?%g ﬁ@{%ﬁ&é&z for power, or it can run off of an

external powyan-suppl y-: ; t i 98ar thist etk kre. Usi ng
@Qﬁ D@Ig%@‘i BlisihOd m}?@ re ng@oisdeab%!;l Sar tHis iyethhre

client 475 nput , O canera pro s conpressed video to client

475, which {BoEpbeRaRAchINChdRinG sbhic 21beslibag SsamechstichliRefimm tse
described below. Built into canera 477 is a | ow | atency conpressor
utilizing tbedcespiessaen tyetnigiresiaedarars@@0bes showl 01BBLIM2addi tion to
havi ng an Ethernet connector for its |nternet connection, client 475 al so
has an 802. an2iteinatd ewHemaniglipRCRoME NNEoYTR &p.iBe derIPReSms 3466 are abl e

to use NAT within a network tEat supports T. O(th24.AI SO, .| 1aod§iition to
havi ng an HBFHLEEIMER (e difertly E%?th‘:s?ﬂ%'c? ERUGPSIOSETY éﬁ"t‘”%% a0 has a
Dual Link DVI-] tor, I i | ; . it

stgndalrg adg?ﬁt@rgctggt%%%’e\?érlqp\g%%&nlﬁebwem%%t%eﬂy%gﬁigg g%’ %Vﬁaﬁb(t)g out put s
for compos f i g gk ) l8ine 0488 FRF pAHbAY obfie GhiPor47S has

| eft/right anal 0g st'ereo ] ac
application hosting.

10108} CoMPRESSED VIDEO CHARACTERISTICS

{0109} As discussed previously, one significant problem with providing
video game services or applications software services onling is that of latency.
A latency of 70-80ms(from the point a input device is actuated by the user to
the point where a response is displayed on the dispiay device) is at the upper
limit for games and applications requiring a fast response time. However, this
is very difficult to achieve in the context of the architecture shown in Figures
o2 and 2b due to a number of practical and physical constrainis.

[9110] As indicated in Figures 3, when a user subscribes to an internet
service, the connection is typically rated by a nominal maximum data raie 301
to the user's home or office. Depending on the provider's policies and routing
equipment capabilities, that maximum data rate may be more or less strictly
enforced, but typically the actual availabie data rate is lower for one of many
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
downsiream data rate for cable and DSL services typically ranges from

several hundred Kiiobits/second (Kbps) to 30 Mbps. Cellular services are
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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
to.interface to input devices. [0127]Figure 4e shows one enbodi nent of the
internal architecture of client 465. Either all or sonme of the devices

Aray, an CUBGIH KNS Bt neTPrShf BRPUPLUPRE A CELs, MONENGr Tt om
Ethernet | negrhudia B pg sP s T LB b e e BRI O poe
497 and is Br%%asgﬁ&geme& g hesdaslarbhRrday 68 k.t BerEhilE¥onft5. Bus 480
is a common bus for communi cation between devi ces.

analysts estimate that 33% of US broadband subscribers have a downstream

data rate of 2Mbps or more. For example, some analysts predict that by 2010,

over 85% of US broadband subscribers wili have a data rate of 2Mbps or

more.

[0111] As indicated in Figure 3, the actual available max data rate 302

may fluctuate aver time. Thus, in & low-latency, online gaming or application

software coniexi it is sometimes difficult to predict the actual available data

rate for a particular video stream. If the data rate 303 required to sustain a

given level of guality at given number of frames-per-second (fps) at a given

resolution (e.g., 640 x 480 @ 60 fps) for a certain amount of scene complexity

and motion rises above the actual available max data rate 302 (as indicated

by the peak in Figure 3}, then several problems may occur. For example,

some internet services will simply drop packets, resuliing in lost data and

distorted/lost images on the user’s video screen. Other services will

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

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

iatency — 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 altack {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 o ensure that the required data rate for a video

game does not exceed the maximum avaiiable data rate.

f0112] 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 jocated

4
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[0129] Control CPU 483 (al nost any small CPU, such as a M PS R4000 series
CPU at 100WMHz with enbedded RAM i s adequate) running a small client control
application fromFlash 476 inplenents the protocol stack for the network
(iie. Ethernet interface) and al so communi cates with the Hosting Service
210, and configures all of the devices in the client 465. It al so handl es
i nterfaces Wi &Bingleesarigiaendrivpeea) a%9isiiRHied fELSSAREIAINASEEYS t he hosti ng

ice 210 with |l er dat ected by F d.E
Cor Tect i on, CPRCHBRBRHR OIS 1RERDY BRMRLOR5D HOWELORe AR Bicket traffic
g, if t I i ' i ival).
Thi o i nf of mAY FUTS e T e RO L3 e RSP B8t 11 G
constantly %@]hg@ﬁ émghwékam%id%%ﬁmﬁu%@hﬁw inhalcad oS BES

accordingly. 476 1s initially | oaded at the tinme of

nmanuf act ur e Wiré Bef/be cematy ). Mhedioatimg eervdent t®MagRVedBBiipnditleso with a
serial nunber that is unique to the particular Cient 465 unit. This serial
nurber al | onendrads bbtiurgndeondves PHESE! SN GIBH)2| SRWND VA HWEIEEi ent 465
unit. [0130] Bluetooth interlace 484 comunicates to input devices 469

wirel essly uberduaps. Athosting eaRES GORTet RtleRdt Q) PawidedeuergleP8TPVCHeo
deconpressor 486 is a |.ow]| atency vjdeo,deconpressar figured to
i npl enent  t K R9488 sa&e%{@gg\%ﬁf%ﬁ@#ﬁ%ﬁ%@?@ Waeg%ﬁg\pé%%hoﬁnber of video
deconpressi gn_.deyi [ i = the- f - ual
Pr ong ty (I %St%ﬁga&@ég%H%{Cﬁgﬁﬁt@ﬁ@ég'ﬁ%’téggr@?ﬁ? ?np\tg%d@%n%fg%ﬁhggﬁg custom
ASI C. Cne ngﬂ@%f%yco?ﬁff)?@s'f@"n|4Bﬂi§fm;§@n‘!én?e§ﬂorﬁ’&@ﬁﬁbut@§ pEseaeingaghe-of Manly,

NSW Austral ra. The advantage of using IF is that the conpression techniques
used her ei npdsed@isteanbanmARAIDeDMYs esstao skiranitadasbaSener ssandar d
deconpressors are flexible enough to be configured to accommodate the
conpr essi oninfactaiogues veenisrmatioutansossterastatistics Bathe ®regpingd, there is
LR ANEY AR T A BN CU AT A )

unless attributed to other specific systems, are initiated and controlled by the

hosting service controf system 401.

[0114] The hosting service 210 includes a number of servers 402 such

as those currently availabie from intel, IBM and Hewiett 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 smali numper

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 ali 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 & 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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[0132] The output of the video deconpressor is coupled to the video output
subsystem 487, which couples the video to the video output of the HDM
interface 490. [0133] The audi o deconpressi on subsystem 488 is inpl enented
either using 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 wthin the
control proeeiftoena8ay andcth% yal aothesr waxafpeEeryi spfYe msiRt MaheeVor bi s audi o
deconpressor. [01341The device that inplenents the audi o deconpression is
coupl ed to fiereflidi o out put subsystem 489 that couples the audio to the

aud o 0utpulol 1, PVod DLELLAGH, R0-LOLPELES Yt 8yfhegTanspge crooden

of the inte ar chi €en

architecturgjr?hsnat\% EAH%n Acd Ridlss Qforg %\,e?‘?git% cBXGGRAgTERE ststdbd | gnal

i nterfaces optional external DC p% froma power supply adapter that

pl ugs in thgemrbhdu@bdbhéed Srorarbuchep Blass npavery drivatewnaddstone from t he
Et hernet PoE 497. The functionality that is in comon with client 465 wl|l

not be repeatsadskehivyg alsirilariiencidd), ttiashalerfarmoceosed $hayed sadestariped as
fol Tovs. through fast backpiane or network connection. In one embodiment, this fast
connection is a Storage Area Network {(SAN) 403 connecied 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 potentiaily
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-tatency 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 beiow).

Video compression logic 404 includes logic for compressing audio as well as

visual material,

47



[ 0136] CPU 483 communi cates with and configures the additional devices.
[0137] WFi subsystem 482 provides wireless Internet access as an
alternative to Ethernet 497 through its antenna. WFi subsystens are

avai l able froma w de range of manufacturers, including Atheros

Communi cations of Santa Clara, CA. [0138] USB subsystem 485 provi des an

al t er nat i ve[@®1d 7Bl uet dotopetiivrUNh ERRRYOf B YIOROrENYSBUSIRP @D aBlFS 479, USB

bsyst it St d and i | i |able f FP d ASI Cs,
2s wal| as Fr@aJER PPTHGH €11 KRG BIPCERG T, SR IR PLYRERg of her

functions, !niplijdé/\i/igeegzﬂ%%g%lrse@%i %bic: 413 on the client 415 transmits control
signals 408a-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 muitiple servers are responsive 1o 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). Regardiess 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
videc compression fechnigues, such as those described herein and transmits
a compressed video stream, typically with compressed or uncompressed
audio, back o the client 415 over the Internet 410 (or, as described below,
over an optimized high spsed network service that bypasses the general
Internet). Low-latency video decompression logic 412 on the client 415 then
decompresses the video and audic 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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[ 0139] Vi deo out put subsystem 487 produces a wi der range of video outputs
than within client 465. In addition to providing HDM 490 video output, it
provides DVI-1 491, S-video 492, and conposite video 493. Al so, when the
DVI-=1 491 interface is used for digital video, display capabilities 464 are
passed back fromthe display device to the control CPU 483 so that it can

notify the reepaiaigireerive cis fica fe2 af 8 ahaldlpte bhab despip s fact i es. Al

f the interf vid by th ide t b t 487 it

otandard | nibes seaSkdia Bl ek rPaRe 2P bRy e FeteBh A o out put
bsyst em 48 : ' i gitakl TR R68:494 (S/IPDIF

ngls g? '(Ia'Cn)]SLI %%éﬁﬁ?@agel%gia?%r%agg,ltgéy O%ﬁ%ﬁ?%%rgkﬁs{v@ﬂpaggzﬂ %ﬁﬁ og isntengace

495. [0141] @%QQ&B&E@%Q‘B%@@M@@@ k4] OF course, for the benefits of
g

t he precedi ng paragraph to be realized, the round trip |atency between a
user's acti qo118]i ng | Apkie dteffigecid2i4 abdaseeibeg prdeocnasgoerce of that
action on display device 420 should be no nore than 70-80nms. This | atency
must take i nfffceadieot?ls ialfigwes Racandadt)onay ba a ey prphensivenangdpew- devi ce 421
in the user prem ses 211 to hosting service 210 and back again to the user

preni ses 21Powsr @PYpE. Ay thiry §a1ed EOMBUENE & SFRRN FRET MBI CEREVARY ous
t t . whj ch, si t | th
Conbonent s 21k TR wEPIFETer 10 5P Re%h Rstad¥ b SoBRET el RPN oot hat
0 | . . L . e
ol it on SaiPpkfo 8 sHIREbs SR rh TR E PR UG Larl 8 Sn RBSRITA FIof® 0t ng
of data use gffefméﬂc}éedonﬁpﬁﬁfhgrs%te@f, dndEingyst, eMinLiBiplessveRede bebow.

Doubl e- head arrows (e.g., arrow 453) indicate round-trip |atency and a
si ngl e- headedopsretvel| @ @paratieroocdssn g codigrasor nieereay alradstmoyimibind denot e
an approxi mate neasure. It should be pointed out that there will be

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

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

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

of the servers 402 is being provided {o 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 meaningfui deiay, as if the game or

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

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 & remote

location that appears to be availtable 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 fong. It has an Ethernet

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

(PoE), from which it derives its power and ifs connectivity to the Internet. Il is
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real -world situations where the latencies |isted can not be achi eved, but
in a large nunber of cases in the US, using DSL and cabl e nbdem connecti ons
to the user prem ses 211, these |atencies can be achieved in the

ci rcunst ances described in the next paragraph. Also, note that, while

cellular wireless connectivity to the Internet Wwll certainly work in the
syst em showableri®sin Hﬁ?’\‘%ﬁt‘*@gﬁeﬁaﬂ?'é@ﬂé‘géﬁlg%tm@n% NEWYRCK (AL SERIBRYS | ncur

ot B R SR A e S
future cell H%@Eé? t[ g?ﬁ{isp%‘ f%tﬁ&ﬁéﬂ@i*@’l Sﬁigéblt%u%g - SRLESTEinRg s hi s | evel

of | atency. I ng fromthe i nput device 1 at user premses 211,
once the usgly REY HAAESIHAIGat I ro@MheavAiddck b teeadieaDM3.0f thei gnal is sent
to client 415 (which nmay be a standal one device such a set-top box, or it
may be sof t wariebertthamrdhaoenaaionidogsinut aaoy hewed év.gcén slomeawitaaPC or a
nobi | e device), and is packetized éi n UDP format in one enbodiment) and the
packet is gD®eroraadlesnodrmi v redde el shevihecagre Nexpemdvawali Y810, The
packet will also contain informatjon to indicate which er the, control
signal s ar e('-@orﬁGM@rﬁHBﬁ’HesTﬁéa’L?g?ﬁ P’@it“%’F@‘Ffﬁlpt 65649@9("59%# S 52PEr war ded

t hrough Firewal | / Rout er/ NAT.. ( wor k Address Transl ation) device 443 to WAN
interface 4% .Oﬁﬂﬁ l?g%\@g}ertg\g@ 442 is the interface device provided to the
user prems 1 by e Lsehés chRBink! b8l SabYic @8 3P\ §I8E ka) The VAN
interface 4 zéﬁy be 1Jcah}éCafl:E)Jﬁe orC.DSLl nmodem abW Mag trangcei%gr, 231 Fi ber
transcei verihafisGalibibab Jd8lLatdont airtree iniarfhos aninet irfedsasokitover - power | i ne
interface, or any other of nmany interfaces to the Internet. Further,

Fi r ewal i / RoBluetooiNTipdesieGecst4BS, (st asat keubioar d.ymuvee, icatmsr sadella42) may be
integrated into the client 415. An exanple of this would be a nobile phone,
whi ch i ncl vaedosaiorariaaetand/ apieadsat Alse ongrRTPeFHESNE §f g hdfRiSor of fice
client 415, as wel| as the mean rout e and.conpect to.the.lnternet

wirel essly ¢HRSIRA LRty 5‘9&8@3 1%&‘35 ?OU&%{] \ﬂ@fd?xﬁ@igﬁ‘f\ﬁﬁﬁé ﬁ%@rface 442
then routes, th . y\@ﬂg i &jsn the "point
of presgang:eto Sifﬁggﬁg?bﬁﬁe\ﬁ%%g%%sﬁgﬁ? e é%éiggbtq\%g 1@?%#\??33?%(rﬁisp) which is
the facility, aplq @é@é’ésd%s fhalidbgehagrieebreeet ihen WdotHeaR&RGIERh connect ed
to the user premses 211 and the general Internet or private networks. The
poi nt of pragessavsHamar ant effest paseived by Ve yseepémtioig sigenscmtiur e of the

I nternet service provided. For DSL, it typically will be a tel ephone
conpany Cendl ahag¥ fhiat §umipercelt’20fEe AMPIay $abeeit-ane Fueh diabipe cevgemss |t
typically will be a cable Milti-System Operato O...head end. For

cel | ul ar” syl&aESHPPOTE SpybiOé’ﬁr&}’ngn\A?S\f e%@%&%?ﬂf@?&%rﬁ'% EVHSd wi t h
cellular tower. But atever t | [ ' I i1l then
route the c%’fﬁa%ﬁ’@ia\éﬂgye patke r%gef?ri gﬁ? %Egbggﬁ@%ﬁﬁ%ﬁ? e r?lre%ﬁgﬁtl\ﬁ%’eovlyhe contr ol
si gnal pac | et it edkit0 Lhe-MAN; 1AL entace, 441 to the
hosti ng selr(f'\q/%e(@@%z%‘S,éO{ﬁré}gg% v giétﬁéo%it 8Ibi keTyi\'/\j 1 b_g a fiber transceiver
interface. ;e Adinaiddd theemneuse ddrengeptsl asivanabiepanieets to
routing logic 409 (which may be inplenented in many different ways,

i ncl udi ng Eddrerpetssion peleessemdithiowdienigdaier ver s), whi ch eval uates the
user's address and routes the control si génal (s) to the correct server 402

for the gi viem2lser. [[0eAEPTIHESEIEQEPNIANE IPWERENAK ¥EICOHIECOBIIPSHOSi gnal s as
i nput for the %ama or applicatio oftware that is running on the server

402 and usdSOE I 2CBREP GIECETET SRS FITbRNeE VIRE HB,A G aO8PU he gane or

applicatio On t next, tr . - I -0 1S
out put froﬁrgﬁpﬁgveﬁﬁﬁﬂ&ﬁ*@%&2§§E%ﬁ$?§§@§$£%gﬁ?&gﬁéxéﬂﬁgg&gﬁﬁﬁﬁﬂﬁﬁo may be
output fro - BB IS i AT I BV SBE NoVIADITQUSIidFEBBSnitid® St art
Wi th, conpgggggrﬁﬂﬁﬂgﬁg§pgﬁgbuiIt i£¥o servér 482, SO ghéﬂgonpression may
be i npl enenteslidionaddsy prbiding tseMyveritiGdeo @nd dubie, of theo aandior 488di o may be
out put in packetized formthrough a network connection such as an Ethernet
connect i on that suppettswbilkVL Waheiusess musiioaded Hoas soreupRorti B eehager ver 402
and vi deo conpressor 404, or a through a shared network, such as SAN 403.
O, the vidﬁEWthDHéﬂ@@ﬁ@d@sﬁﬂﬂﬁﬁﬁﬁcg)V?H@%UB sﬁ%@t%%ﬁﬁ@%ﬁafb?ﬁ§ﬁ1server
402, such
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as a DVI or VGA connector, and then captured by video conpressor 404. Al so,
the audi o may be output from server 402 as either digital audio (e.g.,

t hrough a TOSLINK or S/ PDIF connector) or as anal og audio, which is
digitized and encoded by audi o conpression logic within video conpressor
404. 10146] Once vi deo conpressor 404 has captured the video frane and the
audi o gener &inddr therki Yyl sieadard: deedisPiay FaPERIIEER V@8- PPOTEALRSUH RS

bel bw - Cnce Terme kTGS e S0 G b BT ECeaHo ey FEVpa dRe: Tl G ¢ an
address o send L BaRl | 0.L08 oSl s, th el 418 caMLboeotaued Lo the

WAN I nterfa roat es e video an udi 0 packets through

the general unenpgtsofddh oYDLeh deieiremibamotdativinn pndiondi 0 packet s to

the user's pol ht of presence 441, which routes the video and audio

packets to thesdANrlns elshbrgeied®2. at the user's prenises, which routes the
video and audi o packets to the Firewall/Router/NAT device 443, which then
routes the §01@2p and Rigdicoigsivdves 8 hooa pieoTECe shentaipsice[ RAPpTReNE | | ent 415
deconpresses the video and audi o, and then displays.the video on the

di spl ay devbemeszahe femene Qliceslions dpYice ¢epmhemepn 9 yeviccereahi#esends t he

0 L e P Fbed b, SRR TSl GLETPRRRLE L0 20
round-t 11 p Bard, sl iSRRI SRR R ERE del ays
ervi e 2107 ARG by Tt R e O T ey e e mor anether eas, “based on
anal ysi s angoipsdsisg vieleoao lcherges 7L ibenh iefupiasalecvimr dligns éBhar hostingt he
foll ow ng are approxi mate neasurenents. .

service 210 for use described below. Built info camera 477 is a low-latency

compressor uiilizing the compression techniques described below.

[0123] in addition to having an Ethernet connector for its Internst

connection, client 475 also has an 802.11g wireless interface to the internet.

Both interfaces are abie to use NAT within a network that supports NAT.

[0124] Also, in addition to having an HDMI connector to output video

and audic, client 475 alsc has a Dual Link DVI-1 connector, which inciudes

anaiog output {and with a standard adapter cable will provide VGA output). it

also has analog outputs for composite video and S-video.

[G125] Eor audio, the client 475 has left/right analog sterec 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 4¢ 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 cusiom ASIC or in

several discrete devices, either custom designed or ofi-the-shelf.



[ 0149] The one-way transmission tine to send the control signals 451 is
typically less than I nms, the roundtrip routing through the user prem ses
452 i s typically acconplished, using readily avail abl e consuner-grade
Firewal | / Rout er/ NAT switches over Ethernet in about 1ns. User |SPs vary

widely in their round trip delays 453, but with DSL and cabl e nodem
provi ders, &128]pi cal Efpesss wibthadeto ] atianiebnkthemid Intgtiaee ¢81p | atency on

" out oa and FwREPStnareea B FRE Ol RBERE T SuTE PRRE PR soues
O Doy fe B el LYPLRAL s | B 9BASL Blook T L cpr 01 T T2 T Y

optimal rou atency 1s Targe erm ne Yy  speed of |ight

t hrough opt icGﬁalmJHic%Efi'bn HehWedh ddgeddi stance to the destination. As discussed
further bel ow, we have established 1000 mles as a roughly the furthest

di stance thas1288 expeConits) QR 1ade3 galhest ang sserivirRE, i avayiPSom user
prem ses 211. At 1000 mles (2000 mles round trip) the practical transit
time for a &Mgaalsetibs ORGhat WOMHR with embeasidgppr )i iratetiyat2 prainirthe WAN
Interface 441 to the hosting service 210 is typically a commerci al - grade

fiber high spedelienitcentalcPriFatiPre}nifgas 476 dpeiseentsrivgrotase! gerer al

| nt t| 454 j's typicall.y. bet 1. and 10nms. The .one- ti
2551 at ency [T RFS UG ThE oS g st e oaod ' Pair BEURERISYER TR | ess ¢ han
Ims. Th - 4 i | icald j :

oopi i cati onr PR g g A1 KB BB BO IR B RAHE ol BEIBEPT A6 s

is a reas9nﬁ?ﬂx@eméﬂw@s@mﬁﬁ-m@m@d@n%s%@ 4r@ 5l Jadkam pRkitgired
har dwar e i npl ementati on of the video conpression and audi o conpressi on

al gori t hms Hesvg deedehen @iwith uskecomungice sistzordiBdledary Pewaohftreted in | ms.
In | ess optimzed versions, the conpression may take as much as 6ns (of
cour se evenCbusgstiaptfintceeshry.e'sd.daenied Wl il H8Ren dijinge the pankes trafiic

i npl enentations would inpact the overall |atency of the round trip and
woul d requi fee0-dt PRGketIENestes deyBe W'?%F‘”\eé?%ws e atiyBinabi®e di st ance
t hrough the general .1 nternet.coul r e i,ntain t 0- 80ns

| at ency tar’é‘g{{rﬂat"f‘ﬂés ?%ﬁr?&glt( /9 g‘%l igqsgﬁglsgg\}i'cg? g%%ég)ltﬁétrchaz&?oﬁ%%uwer | SP
453, and UsgionRh e SRR SR WohRBo 2PN G &l WAy shRRILEORMIRIMREsn SO whal

remains is the v econpressi on 458 | at ency ependi ng on whet her
the video deeaiy 2$sionitARS dasiet mptienentel manudedieatiediiaarahvar e, or i f

i npl emented in software on a client device 415 (such as a PC or nobile
device) it pagramrfy Cepedfg48dend ale witlz e sefiat menidérdpbbip Lewmlict toe
performance of the deconpressing CPU. Typically, deconpression 458 takes
bet ween 1 alhég rEarcuigrgdiEwL #ﬁ@@?*f-gblwlééaf*ﬁlg'“t’%tﬂi@wsém hestingheeriéest - case

| at enci es seen in practjc an ermne the worst-case round trip

| at ency tha@%@n“%gugktﬁ@@g@&wgﬁ'ﬁatg%ﬂp’it'ence by a user of the system shown
in Figure ey arg. A+]+25+22+741 +8 = : . 5 1N practice
(with cavegl{%; Sgrscussagﬁeté%%c;@? %? %%@1?&? ﬁ}'ﬁﬁaﬁ%gﬁ%gﬁp gﬁ%\ﬂg%reig%gl atency seen

using prot Q{/%‘é}@swhﬁbe it9bnfcRfa SedreaN 15 RouR: 4gs. Fi gure 4a, using
of f -t he-she W ndows PCs as client devices and hone DSL and cabl e nbdem

connect i onsjgwthi n t hedddSdeddmmresswrei8esic eranilaenbeiided detampressst case can
result in nuch shorter |atencies, but they can not be relied upon in
devel opi ng @niigorest foiimpleseani itieevidhatdergmpsasgion @rsicyibed herein. A large

number of video decompression devices exist, either off-the-shelf, or as

Inteliectual Property (IP) of a design that can be integrated into an FPGA or a

custom ASIC. One company offering 1P for an H.264 decoder is Ocean Logic

of Manly, NSW Australia. The advantage of using IP is that the compression

technigues used herein do not conform to compression standards. Some

standard decompressors are flexible enough to be configured to

Lh

2



[0151 ] To achieve the latencies listed in Figures 4b over the general
Internet, requires the video conpressor 404 and vi deo deconpressor 412 from
Figure 4a in the client 415 to generate a packet stream which very

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 to detaygiodrtedie sogIVeSStIEERNIiarEs NgRRIN. Pyl S951] $UNG BUkonsi stent |y

falls with the constraints of %h , andvviddt.h avajl abl e to the user over the
user's | nt eMi8tP cBRHRGGOBIPIE R Efg)ﬂ' AN SORE ISP e AR5 TR Sser as

Firewal | / Rout er./ NAT 443. Further, the video conpressor nust create a packet
st r eam whi cﬁ’elege%uffi ciently robust so that it can tolerate the inevitable

packet | ossgngypack 61 R V2t dQepibissbdl i9ebimbd kot nedo and
net wor k trarLsm gsi on?h% gé{trgg] LOW IYATENCY Vi [5E% CéVPR SSI ON [ 0153] To

acconpl i sh phet enegeidns 4epalsich ebepleshiesivinentto tiak eisiea oot aptheoach to
vi deo conpressi on which decreases the | atency and the peak bandw dth
requi r enent silfMirinterfang @0t i ng video. Prior to the description of these

enbodi nents, an analysis of current video conPr ession tpgchni ues will be
provi ded wi {0133%spect TheoaudigGleaoBPERFIAE YRAYEIeEA4ES IIMRYPRIEd GtHEse

t echni y b I i d ith | yi i nci pl if th
user 15 provded SPNPO A PI TRt R e Fuo b & (8 B a ot e requi rec
by th techni : [ ' hSi i her ei
o%/herefﬁanefcrgﬁlgﬁ%ﬁgedt alip?iok h‘l?efsal ng:dgﬁ(gﬂpgc?%@w t%%éngl@%ﬁqgﬁ&?ﬁﬁsyﬁgmgny

wi th the vi deo. GmPpRSSE 488N REL 8blidarT iR afpRNepRinesht tes ibitigies  exi st
that sati sfgr%t?%e regui renments for this system [0154]Figure 5 illustrates

one parti cukasioRiecompaddsot.echni que for

[0134] The device that implements the audio decompression is coupled
to the audio output subsystem 489 that coupies the audio to the audio output
of the HDM! interface 480

[0135] Figure 4f shows one embodiment of the internal architecture of
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 Pok 497. The funclicnality that is in common

with client 465 will not be repeated beiow, but the additional funciionaiity is

described as follows.

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

alternative to Ethernet 497 through its antenna. WiFi subsystems are
available from a wide range of manufacturers, including Athercs

Communications of Santa Clara, CA.

[0138] USB subsystem 485 provides an alternative to Blustooth

communication for wired USB input devices 478. USB subsystems are quite
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conpressing video in which each individual video frane 501-503 is
conpressed by conpression |logic 520 using a particular conpression
algorithmto generate a series of conpressed franes 511-513. One enbodi nent
of ‘this technique is "notion JPEG' in which each frame is conpressed
according to a Joint Pictures Expert Goup (JPEG conpression algorithm
based upon stzeddidsarceteadidpavai@bte fan5Pé1AR aDERSICyaas wak adimheerit t ypes of
conpression al gorithms may be enpl oyed, however, while still conplying with
t hese underbyﬂ%@oﬁﬁﬁméﬁﬁﬁéﬁeH@?@P?”&HU@Bé%h%%%@8“@8%ﬁ5%¥@?8n al gorit his
such as JPEG 2000). [0155]One problemw th this type of conpression is that
it reduces PREPHAFE®PEte of each frame, but it does not exploit

o1 | ari U1 eRyg) Ween GHEEBSHN ISR 4b0 dradUce: A RidIAkded BRuEY | e

overal | video Stream For e as illustrated in Figure 5, assumng a

frame rate Qtlﬁzg%%é@%%ﬁb&lteﬁé REXSh aacAH0"14 30O 24Ing/ HIORM 290 Qickb loalayttes/ f r ane

(KB/ frane), r a given quality of imge, notion JPEG may only conpress the
stream by aijt basiaps DVI-1891,r®sidkd 48§, amd acipbaits videamost ABD, WBEh teme. At 60
frames/sec, this would require a channel bandwi dth of 90 KB *8 bits " 60

frames/ sec BV&p42Miperfasshiscisedden Ao vidae, tisplay eppabditiaaitdt 89 or al nost al |

of 11 ce. | nt oPRREEOGRRAEHT BRSISHRREERES & TEHCTHR! 10 B0A TORHEI & const ant
dat t h hi gh ! : it i i

Gt 41 g D S A i gy 00 o
per cent age mecr%géggp@p@e@gﬂg{ﬁae&mp& E%‘é‘%‘tteﬂﬁe gangle REAY slangbry den

Et her net sw upporti e LAN. Thus conpression for notion

video is i ngfdiizehbeahdwhamycammalieth widry fotrher conpression techni ques (such
as those described bel ow). Mreover, single franme conpression al gorithns

| i ke JPEG ajod 40PEG 200@it batputisebdyetesy 480 opkmss iaodicadigitaly thnesghr oduce
conpression artifacts that n@/”:not be noticeable in still images (e.g., an

h )
artifact widipital infergee f8#i(QGEIF enelips TSd K@ crtdia fAI0H® ™ En arti f act
since the eye does not know exactly _how the dense foliage shoul d appear).
But, once t @@eﬁ%ﬁ%@%’@r@%@ﬁ ‘éﬁ"arti fact can stand out because the eye
detects thah1hlilgnart|§ OD_fﬂg@g@&,(j\rﬂmwﬁe-to-frarre, despite the fact the

artifact is area scene where it mght not have been
noticeabl e jgRady Stil lof dR@&, (dhhe DEASHTCS thd pEddedRe SeeREiaeR t@be " backgr ound

noi se" in the sequence of frames, simlar in appearance to the "snow' noi se
vi si bl e durfeagzamiigd raindanglzignd\bateeepta wser'sGictico wssw, inputicevicg p 10f
conpression may still be used in certain enbodi nents descri bed herein, but
general | y spehsaanyg theocensendenceckdhaiarionsinsdsplaydesics defshodldiegh dat a
rate (Le., a |l ow conpression ratio% IS re%ﬂired for a given ]perceptual

qual ity. [OYBEBPE K& 1QBRESof Nis ABrAEBHEhake iR acsoiNAlA! Ut 'afi%Eons Medi a

in the path from input device 421 in the user premises 211 to hosting service
210 and back again to the user premises 211 {o 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 impiementation. 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 wili be
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VC9, MPE&R and MP E4 are all nore efficient at conpressing a video stream
because they exploit the simlarities between successive franmes. These
techniques all rely upon the sane general techniques to conpress video.
Thus, al though the H. 264 standard will be described, but the sane general

principles apgl y to various other conpression al gori thns. A | arge nunber of
H. 264 conpriesswpidd aiiplgas oisy @ S¥0pteAICesFR] GBI BOL PhEFTIAYHY & %264 open
source software library for. c Ssin 264, an F source
sof tware | ilBrogrigeosrf C@@%%WB%H&'WQQQ?&.&”%%ﬁ%&ﬁr @%gﬁgﬁ%tOGb
ilTustrate an exeppl ' r r ' : i ' i-GRe@ series
of ynconprgtggé’geﬁg%ggé Sr%{n%gﬁ%%f%;fﬁgfgg@?%%%C@rsgéwggﬁgr@gsrgueﬁé@%yEgorrpressi on
| ogi c 620 lcggsg B BY theSeQf parkgfdphmesso fibtd el whil@céinaamgitei6d2- 613; and "B
frames” 670. F]e vertical axis in Figure 6a generally signifies the

resul ting sicr@esfvigashomhtdrhet wilcedeathif warkeis thalsybieagshdvre rfiosines are not
drawn to scale). As described above, video coding using | frames, B franes
and P framesiriest Wl dellulad erit systeby (Usdss BY DERiimgurivart Righglenciggi ef 1y, an |

frame 611 is a DCT-based conpression of a .conplete unconpressed frane 501
(similar tcans Womgmes e doHedan G dna SaaREs Phetn dbbwdse 2p FOMAE 612- 013

|1 i ifi | | | A i 611 b h
Do e 2 vt hss uiter el 85 ey Fo b S hE bkl O PERayss they
they cont aiigﬁ@g&@;%é‘ﬁia?%i% &é&m@@ﬂﬁﬁerﬁ@ﬁwﬁag%pﬁ%ﬁw | frame or P

frame. B fr are si ar to that of P franes except that B frames

use the fryapsan thesﬁﬁihg%ﬁgthé%;ﬁft@@@i%efmn@t @%r peirhisas 2potendd al |y the
frame in the preceding reference frane. [0158] For the follow ng di scussion,

it will be tassuseskitiiet thdhimpdesevienl4Rt aeseratomtiobsigoalfis aseisiogdennd, t hat
each | franme is approximately 160 Kb, the average P frane and B franme is 16
Kb and t hatdid (méieh may See siendaines dewae sVl ¢ SSEEMBOX WITMEhPe set of
paraneters, the average data rate V\Duf'lhegﬂbe: 160 Kb + é;G Kbmgg. = 1. 1Mops.
This data reftwar@pr Bamiare R aNeTRLASHR £ FE 96t TWRIS current

br oadband | nt er net conn i 1 ffi 15t Lgye al so
tends to a Vti?eﬁr?é‘“ﬁé@l?gg%&%@%%‘o‘?%quﬁ%"ﬁ@%”f% r%ﬁn’?ﬁ]??ggrag%ﬁgﬁﬁy%encodi ng

because theg sv@ﬂf%a%’étsfﬂhaﬁ&?aaé:%%t@i&a%ﬁ%@ﬁﬁ@s@@tdée;%.tma &GRSl SO

conpression arti s tend not to appear and di sappear from frane-to-frane,
t her eby redysi Rehibinenfoaskasotnddicaicseniph alsbethedasenl bgdalataoy eomjr@l59] One

problemw th the foregoing types of conpression is that although the
aver age datfeonn.dfres canirodbighavedoket(ovaredhgn forvald@spdyoue single | franme may
take several frame tines_to transmt. For exanﬁ)l e, . usin pw ?\[ art
Firewall/Router/NAT (Network Address Transiation) device 443'to WA
interface 442. WAN interface 442 is the interface device provided to the user
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,
Eirewali/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 wirglessly

through some standard (e.g., 802.11g).

th
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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 adequate to streamvideo at 1.1 Mips with a 160Kbps | frame each 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 tr Mt t ed, WA ke |4w2dge@a:@lime9 the eeniielcadnais BwhalsBbps max
avai l abl e data rate, even assunj avai | ate mght dip

that t b dat
peri odi cal | Peppiled hﬁﬁ%hth%[%@ﬁ/fr?? %%P%F?%j’r‘ﬁﬁp SPS} e %?%'@Pf%’?&aé%”ﬁﬁpr oach
l d I z d. | i t 1- d
W deo butt erratodiSTREaRs s RO LR 1 aies SR aPL BB an e Lo Por ar

appl i cat i On%‘{/‘\ﬁ'tr%ns?érjf"éorm%YQﬁf‘o‘ﬁtthus% Pi‘eﬁﬁis& 9€9)andliHb gbRefadinté@at | ong a

| atency for ftast action video ganes cannot tolerate nore than 70-80ns

of |atency. of BAGAL hbrtk@tTRBEInE 1 Resate’'d charbtmtisidsewlitvaryl- second vi deo
buffer, it still would not result in an adequate reduction in |latency for

fast acti ondepetedingapes natics obthe, infetrestssevied pBVidethEsr Dag-. prigutalys| y
descri bed, would necessitate the reception of all of the B franes preceding
an | frane ad! bekltelaghansecampaneental GiEcaudeneatielAd iHEKaiet Fafes are

hli [ i b d f) h ) ld b
P! B S S S
egard ess of s gl bl erbaninchp ol oL bS sharntl, dlouldygecesei tate

| atency. d Eél{de!é{féB?@F. B8 er%geJeQPwé 8518t of 4643 NRaiARGE RENhePRIA&ch woul d

be to elimna ranes and only use | and P frames. (One consequence of

this is theygasmimoatignaoidctiei Hobehs gehomnl migineen1 guald tontickeighal but for the
sake of consistency In this exanple, let's continue to assune that each |

frame is 160Kikedisiwilhéeaveragedho thaeAN dniegree HA1 & e heaiggsBISC he dat a
rate is still 1.1Mops) This approach el jm nates the unavoi ab\INe | at ency

h
introdﬁced BY0.Bhfaug aai?Qﬁﬁgi"@’]ﬁé’%ﬂ%gfﬁbﬁ@”@f‘sﬁw iperagie R y rel i aRt
; ecel g . e s
opon e b o1 APGELved ST, A BLSHL ML TPk RIS b oD oach
bandwi dth channglyniod i iR} Gfbrddl RS inbORRR BRdric? sIRBNeOAd ces, the

transm ssio rame ‘a substantial I"atency. This is illustrated

in Figure 6py1ihBQeMicA80wRIchaam fasaihealser 6 2idtssselduutdiehavanirabl e max
data rate 621 except for the | frames, where the peak data rate required

for the 1 fganeiss)G@2dd esrrentcends 40Réorabaighainl esamax data rate 622 (and even
the rated max data rate 621). The data rate required by the P franes is
| ess than t[(4&Vai | ablhe saxerodiatheattakestie §onfrok $ignalg & It éoi’ data rate
peaks at 2.2Mops renni ns adi I% a eak rate, | Il take

D GoKb! 2. 2NbETThP" COPIGAA P WRHR T Fsrrahﬁi,néa%ﬁfsem olpritnes e aar a
rate 622 di 865ntlr3c}f S%%(gfs(t% 'p%cl)\@egg)the ingxtv\‘.ré*e 5951% c_}a%é"ﬁr taBpﬁc{aﬂBﬁ.%ﬁcé {?1% !
next frame is generated, the video and audio is output from server 402 fo
video compressor 404. The video and audic may be output from server 402 {0
compressor 404 through various means. To start with, compressor 404 may
be built inte server 402, so the compression may be implemented locally
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
compressar 404, or a through a shared network, such as SAN 403. Or, the

video may be output through a video ouiput connector from server 402, such

6
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frame. So, the latency in transmtting the | franme wll fall sonewhere in
between 71-142nms. This latency is additive to the latencies identified in
Figure 4b, which in the worst case added up to 70 ns, so this would result
in:a total round trip latency of 141-222nms fromthe point the user actuates
i nput device 421 until an image appears on display device 422, which is far
too high. Amd d DVt tieV@haiochaptier. e iansaphired diypdaset@ap2sgiuEs. t he

|l atency will increase further. [0162] Note al so that there generally are
severe consdéRfeiteaudio MavahmPrigut BAM Ssve 14¢ ﬁ%&l@h%faﬁ'@tgflé‘ygf%@fﬁ-that are
far in excess of t vail a ta.r 622, The equi. t..n different

| SPs will bZWQV%b é?ﬁglgﬁqrﬁﬁméC?ﬂ%g%@plgiﬁsn %%%gwggpgﬂgpé‘gqui te comon
anong DSL ang.. I (VA pag : igher data
rate than t%'tﬁgiﬁgﬁgﬁégﬁfdgwebe%bﬁﬁ%%g%hgg?g%ﬁgﬁ ?ﬁghpac e?{:gogy gueui ng
them (i ntrodggi ng | atency), (b) dropping sonme or all of the packets, (c)

di sabling the connection for a period of time (nost |likely because the 1SP
i's concerne@oi4s]i s a Onté cideasoatrasdor 49ddtasasaptarenitbe viokodemg aed at t ack) .
Thus, transmtting a packet streamat full data rate with characteristics
such as t hoste atringeneratddydurenosihal Bamettirae papperveptPdiheTHglepeaks 623 may

be queued up at the hosting service 210, 6 and sent at a data rate below the
avai | abl e mBRTRIRFSARYHE GORIREESE merﬂg‘?f%?ﬂa aPH@ Y¥iae Ehice ofieégr descri bed

i h dj ph Vi : -
o encl” SSBER cHEE L 9By IR WL G0es U GRAGHETAIIRLS, 121,
sequence andciaul gh Bend #Basi0ld r8lusdRE 2RI  eRHANE foliBato aRevpul d_expect

to result fromconpressing the vi roma video sequence that does not
change very iighecodh haschverey rbutcslive Welcoemd fudlo padisetvaibdgibeheconmon in

vi deo tel econferencing where the caneras are in a fixed position and have
littl e noti gaperahididrhet Olf), edtich thien rohiessbengicoargl audie goeckipoibiee t al ki ng,
show little notion). [0164] The video stream data rate sequence 634 shown in
Fi gure Sc i gser's ISP point of présence 441, which routes the videc 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 audic packets to the client 415.

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

dispiays the video on the display device 422 (or the client's built-in dispiay

device} and sends the audic 1o the display device 422 or to separate

amplifier/speakers or ic an amplifier/speakers buill in the client.

[0148] For the user to perceive that the entire process just described i3

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

Some of the latency detays 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 foliowing are approximate measurements.

[0149) The one-way fransmission time to send the control signais 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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a sequence typical to what one woul d expect to see fromvideo with far nore
action, such as m ght be generated in a notion picture or a video gane, or
in some application software. Note that in addition to the | franme peaks
633, there are also P frane peaks such as 635 and 636 that are quite |arge
and exceed the avail able max data rate on many occasi ons. Although these P
frame peaksFasealhiBouguiNAT awitdthes geeak theiael infabows 1pwakiser &/ ValYi || are far
too large to be carried by the channeg at'fl]n“%#rdata rate, .and as with the |
frame peaksWwidghelp theif f HeAeeYmsse: BEt vith R RERGERIESIPSP Tt her eby

i ingly | i i . i Mo
oot ol o LAl ol g v chentel g Tootees
able to tol Weﬁ&éré\ﬁ%rr&@%@caﬁ%& @%lﬁttéfdggﬁﬁd%aéﬁh&ﬁ%aﬁfc iPrdugge peaks

636, and in principle, low latenc mal Nt ai ned. But, such networks
are frequenghy wsBafcethaeRRgshy MRINMUS®HR (Oatd (and thess ilits aee envi ronment) ,
and such "peaky" data would inpact the performance of the LAN, particularly
i f the netwdiskugseaftfaimyinast typiecbidtheqanapai lntreetpravidds torneptinen (e. g.,
froma renote data center to an office). To start with, bear in mnd that
this exanpl ®lias aid terlateacy (B bIstEEBHIeGhYOFPRACHRd 08t iealaNoPPisahx 480

pi xel s at 60f ps. HDTV streans gof 1920x1080, at. 60f ps. are readi ly handl ed by
noder n conptR¥r givamine %?%Pﬁ&%%%&ﬁf 55 Wl%gsspﬂﬁﬂdlj{"ftgﬁr t&é@ﬁi ‘é?s at 60f ps

are increasjnal il ahl : . ' i i.gh action
Vi delo sequZh%‘% %%‘%%'5‘8?58@8@@?&%@@& ﬂrh%aftlflﬂrﬁ(ea gd'%tgkgﬁgﬂugen%p%bgm |

i f |4 ; k
Ot he e e D N e s S STl T s

smal | er, bufpoebirhiesaonad ey ald pracBedineamsitpiead forld sigealeh@ugbsies s ver e
recei ving video streans on the sanme 100Mops network (e.g., a private

net wor kK conimésarhebin dpptameatehn2rhs.i Tw WHN ddedacedd b9 heihostisg éas4cet o see
how t he peaks from several users' video stream could happen to align,

over whel m ngtQ isdyaaltvg eererciaheragefinsr RighareesdpienaralMty neeheRifel mi ng t he

bandwi dth of th kpl f the switch ' h h
netvor k. EVEIPTH R LR B oL BERE At et e BPRYH P BRBTGh user s

had enough | 1.gn. C ' - net-werds-or the
netvor k- owi {aneel i Agy BuBless ey ARG e BT,
comonpl aceys LRGRAUEHAESs Hadeons theadBrdatax |lieypeMie s ddepssw resul ting
in perhaps a 95Mips peak data rate. Needl ess to say, a 100Mops connection
bet ween a dadrae¢end gamand sarapplitatoe i6Whsschhab atheyfranse dmeeiubegst 2tdithbd y f ast
connection) woul d be conpletely swanped by the peak traffic froma single
user. Thus,iseé@etms outfims /NS regsenpblievaRemhiet apefvaydaieasy #oh40 ad IBe nore
tol erant of peaky stream ng video, the st F‘ea,' ng video with high peaks is

not desi r abeORHBIZRT GREAWALE IMPIETEIRRIA) OgNg Y er?gcoémeﬁﬁ'%m@égfoon by an

ffi ' IT d . . .01 . . e vid
oopl + cati oo est T Alont e ARt il cFhARMARA 4o MER 000 | ¢
" snoot hed” aﬁma;ggfgdgﬁh Ms. o 1k 3B 28 \%?%@HQ, thBeofat dsdiéH megehkd same bel ow

i
the max av ata rate 622, and a buffer in the client stores a

sequence ofmlieh Bs 8hf (Bf E6@aBSvbeiasepihtyedversitecaopiesiedngihusit the data
rate over the network renmains close to the average data rate of the video
stream Unfsuchumpteshgntatidrissvouit impacidbe lose@tdgtieney ehthiefroBnd trggnayd ar e not

used, that is unacceptable for |owlatency applications such as video ganes
and appl i cardwasequgether iBERNCIasds s ®IiEr ned.. the allowable distance

through the general Internet could be reduced) 1o 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

videc decompression 458 is implemented in dedicated hardware, or if
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[0167] One prior art solution to mtigating video streans that have high
peaks is to use a technique often referred to as "Constant Bit Rate" (CBR)
encodi ng. Al though the term CBR would seemto inply that all franes are
conpressed to have the sane bit rate (i.e., size), what it usually refers

umber of (TIERRECPA AR WAR & 079 LAy ock o [BWAGS o ywiRe, i n the

case of Figure j f i i t encodi ng t hat
i ted thelbfee il vy SRBRRENTLER M HEE & BRPUCPEY GBS Gata rate 6213
then the coMpFeaShes oftraodddomprigy; d@dﬁuﬁnyptmyp@éwmém abgeacs of the
frames so that any frame that woul d normally be conpressed using nore than
70% of the gaivednmandiana rate 621 woul d be conpressed with less bits. The
result of this is that frames that would nornmally require nore bits to

mai ntai n a [§166h qualTinug, beeddingirgeiheyeal efttapvearst-¢asenpies CRAGSERY | mage
quality of those franes would be worse than er. franes that do

. t hat t
not requir eXABHEE. Bia @At PRIRTTRE IO YRG! -Ga5e r?%?%%%l%[%%Vé FLLER21. This
h d t abl f tain t f d
U Geo wher SRER PIF TR PRTHEY Fontopt LeaheTEhatbRy PEug T ana” (b
Lhe users cgd. aerent Jehlesle. suBbiisy Adaonadal Abradicaqasy esasmbe of a

CBR-sui ted application is video tel econferencing since there are few peaks,

and if the gualdsby eearagesistbi@ill hd fundexpmpkecy sdert hng presigpes panned,
resulting in significant scene notion and | arge peaks, during the panning

there may n@frsibes entiegdyshint shéwn irhFighredal usiyg offdiye-soefidfirgavoR Cswhi ch
could result in degraded imge quality), it is acceptable for npbst users.
Unf or t unat edsyclicoBRevisenatd \wémleig%li- fBd Ceble MAAGTMGICRBECISIWIHNR {hYSwhi ch
have scenes_of high congl exity or a gsireat deal oftt.rmti n_and/or where a
reasonabl y @opeRtSOPEFEPS ?tt%ﬁ%ﬁ‘r? YOrst Sape GaN reeh!t INTEHERSFRE" | owe | at ency

conpressi o ogic 404 e L P i : al . di.f£f erent
Fechni ques Paer GearEREnT KRt By RsE IR de BB e SRR oYt ency
conpr essed i I mai ntai ning high quality. First, the |lowlatency
conpressiogx?ggggeﬁgﬁéﬁéherates only I franmes and P franes, thereby

al | evi at i nqot 5g] need Toash e hevaeatics Hawd it iFrses 6b deeoitle geaetalB frame. In
addition, as i IJI ustrated in Figure 7a, in one enbodinent, the | ow | atency
conpr essi orintenggic retlidres titteliidied 68 M@ERIS00 486 APeddridddqoane I 4480 into a
series of "tiles" and individuallé%encodes each tile as ejther an | frane

or a P frarfeom Thairgiedp thd Clesipr e 5388797 31% A MSHelRiop™ WEBYeE e referred to
h i "R f " 711-770. | h i fi | i i 7a,
cach uncomprsath asranreled, b hAC RN LS PR O e

. 4 ; o oL aox ot M el

Cunai vi 51 orf BEHERE TR PH R R e 23D R Y OB o SR 1B ot o5 on

l'ogic 404 g piect to delays or excessive packet i0ss anc,i, in particular, consistently falis
with the constraints of the bandwidih 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 VIDEC COMPRESSION
[0153] To accomplish the foregoing goals, one embodiment takes a

new approach to video compression which decreases the latency and the

peak bandwidih requirements for transmitting video. Prior to the description
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di vides up the video franme into a nunber of tiles, and encodes (i.e.,
conpresses) one tile fromeach frane as an | franme (i.e., the tile is
conpressed as if it is a separate video frane of 1116th the size of the
ful'l inmage, and the conpression used for this "mni" frame is | frane
conpression) and the remaining tiles as P franes t he cog‘gressi on

used for ea6hthesgimborineris. a4 andly$s Olﬁcfl?rﬁﬁb"'éﬁ?rﬁfgg@é?%” tegpi Ea%orrpressed
as | franes err iles”

o e e pinge SaMedi T eshen s Miukd S48 Bios Bhnnof doid f8% "o
encoded as pl LG o BaRIGE: TSR YRR PR POy 0T (11

of the tile eof is an naln er of the
tiles are P E%J@?re\}:@éd ﬁ%@@@ﬂfz@nent BarfdvaidEreto/ifandié ke Qaefratneanpsesged frane
701 is encoH lo and the remaining 1-15 tiles are encoded as P
tiles Pl thppughetibauas. Nusiduleat dRdfo eompitksion is richeddextedhemipoissed vi deo
frame 702, tile 1 of unconpressed frame 701 is encoded as | tile |I and the
remai ni ng ttHaedoGtatadha itinioplgmensdaiadiaoeassly £510pN SyNEYONPyitadte P2
through Pis, to produce R frame 712. Thus, the | tiles and P tiles for
tiles are pV@Q@é‘@QWP\/%?%WW irieF RERAVEP ?WPF%‘%\/’@P“@G%\%%‘FU@% §adtf§§g The

process con&}lj?nues unti | nthR ti l[e 770 is generated with the last tile in
the matrix BWWCGGRECRENSAOT NS TS e, Its). The process then starts over,

generating ﬁﬂ%lttlﬁ]er RF£| ﬁP&%z%ofwé%;&ﬂé Hlor%mecﬁﬂaﬁg'fd}g an | tile for

tile 0) etc hough ustrated 't n Figur a, 1n one enbodi nent, the
f' rst R ffaﬁ@m Bfeckh® W@éiﬁ@ v@@@tueaﬁe;r@mcﬂhérwmﬁfr@matsenrwaqsl y | tiles

e., So that subsequent P frames have reference imge data fromwhich to
cal cul at e nedihprEssedby epmaréssadrylpgicrb Ahesiegieoutirtiesis; carhressiant up sequence
uses the same | tile pattern as normal, but does not include P tiles for
those til esamnaﬂﬂﬂh&/@eﬂﬂﬁﬂtwﬁerﬁ@f f@ﬁ%@é@?dﬁfﬁweéﬁfﬁ 213 Ong n ot her words,
certain tiles are not encod i.rst tile arrives,

thereby avoP@PREMEUCL i H@Eﬂ@“?r‘ﬁ trﬁ% 3 g‘%@%f'? Efgf?\%cﬁftc f;aéreee %934 in Figure

9 whi ch I h bed
bol owe var | SUEPHoRPEAant Bied & Ein HEhBts PR o R RS ot iR BESERL "o 1 e
still COW'A{ BStnf. ¢ 2%@%@&%@&@&&@%@%%@ R d@@?%ﬂ@gswf@@nt

deconpreSS|o Ioglc unni ng on the client 415 deconpresses each tile as
if it is a gppabprESmMPicieRnBgiRNCe rody barpibyahtoReleqmede sand t hen
renders each tile to the frame buffer driving display device 422. For
exanpl e, | ocanglyPg VithotimeRe Lndemignd piincipie? 8. car wavaeidoaseddwemipssies and
render tile O of the video |rra% Simlarly, I and P1 fromR franes 711 to
770 are use@gﬂﬁthﬂ&Wt&W ©i40801, and so on. As nentioned above,

deconpr essi Qn nd P s 1s,well known i

decorrpresm@ﬂ gi t| %%P*’éﬁ’ nﬂ)wt’tﬁign%ﬁ%%%%orgemgﬁﬁln ‘%H@é”ﬁyd%‘é%f'thg

mul tiplein %’L?Q%‘i%sof(gacﬁfﬁéfn%e%ugﬁﬁg %g%ﬁéloﬁgﬂﬁﬂa{?@eé Be %n‘%dc@%sﬁeﬁ

Al t hough rru prying processes woul'd s to I ncrease the conputati onal

burden on Cf’z?rﬁ@é ré‘ﬂe‘iiucbtth@@éﬂaaflate/ofdﬂ@%v@fan BESAYSCarh he ok EkemplecrBel ves are
proportionally snal relative to the nunber of additional processes, so

t he nunber a%stﬂité@lrﬁﬁ@umo"b,aa&dmmg & vensanee at 610x48iep4bimgriesiene process and
using conventional full sized | and P frames. [0171] This R franme techni que
si gni fi cant340 #BO12448/2824+R0Crdilotwiastrape AkB/frafe e Briaydiers dedldy 8 with |
frames illustrated in Figures 6b and 6¢c because W %ptqern frame is nostly

t

made up of IMaOLaMeYORNFER BR¥ FPLFUBPISHS diapies™ fds. For exanpi e,
assum ng agr%'sgltugg?nt a%a@'gtreaﬁn olf QBrI@FaJn% At 60 frames/sec, this would

require a channel bandwidth of 80 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 & constant data stream at
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160Kb, then the | tiles of each of the franes illustrated in Figure 7a

woul d be roughly 1/16 of this anmount or 10Kb. Simlarly, assum ng that a
typical P frame is 16 Kb, then the P franes for each of the tiles
illustrated in Figure 7a may be roughly 1Kb The end result is an R frane of
approximately 10Kb + 15 1Kb = 25Kb. So, each 60-franme sequence woul d be
25Kb * 60 = slichMipish bSujwidth, 80d fitrvermd bedesiragrvinpionevusngr ceveaquienefficechannel
capabl e of sustaining a bandwi dth of 1.5Mps, but with nmuch | ower peaks due
to | tiles Béithgndiosmanbut wau'dfosadned iafderesentagieisnt @NEPS [0172] Not e
that in prevjous ex l es wi t saie _assu data .rates for.l frames
and P framestherRet %‘?yﬂ%&@é’d&’&%g apa&gambli{d%ﬁg%@emﬂisgvitf:@e%g%%%@q n the
previ ous ex , ew. | . f - j : ery 60 frane
times, wher g‘g%["?‘ﬁ tﬁug’ %ep{facr?prr{i@,gg?ﬁ@%fgﬂ%%de\ghléﬁg#ﬁ;%ﬁf(cgé}ggw%ﬁ | frame cycle
through in Jc@nfl;{a?é%nﬁ biFRs coRpfe@sorsieenibh8s @sluinvad gidlse desaibdd frane is

i ntroduced every 16 franme tines, resulting in a slightly higher average
data rate. Iyalgw)adtdresver] kiegghrarhatooguessin aigostfmeljeed® EG dndames does not
increase the data rate linearly. This is due to the fact that a P frane (or
a P tile) puPE-ROGO that ode o ssheotipfgssiangigofiinons PISiUSRICOMPIeSsad t o t he
next. So, if the prior franme is quite simlar tz) t he ne>,<ft fr_ghrre, the P
frame will B&ifgepyhalfady notige peicegPiedr Sfit HRao$s (K@i £8 A BFeVERE from t he

next frane, the

| argel 'y der AFEEE ai%ﬁﬁ@g#éoggnu%y%%aé@%gfg? E‘gﬁarﬁﬁgﬁgﬁ%ﬁqeﬁ?@@éﬁugf frane,
the resul ti A ng%jcft&;rﬁ)gp%%?%en%g%l?g% IR EBEOLS. @ Ghee Mbﬁgéhe\z/\hen .

artifacts) than an an a uate nu r'of bits. A

frame foll owsinapgidieanRriikanen shad oQePe@Eutht ByaRictatsiMal aid afifef errors

that gets worse when there is a | ong sequence of P franmes. Now, a

sophi st i cat efanjateeomnonpressbamal tespletibe fadttibe badactinat at heeapidhé ty of the
image is degrading after a sequence of P franes and, if necessary, it wll

al | ocat e nosecrs whenedt Bighs eglibate Pegt apiceable ra AY! iopPaenéhiguasylisynor, if it
is the nost efficient course of actio eplace a P frane with.an | frane.

t.1on
So. when | okl RYGHRIRCER BROBIPYNGRYSE, B e Sadienc of fEanes, STPIAHE | as i n

i | b Llcul ar. ) - X | of
Dol et 1y anaoannacts DR g Ripd U abigy REFAR" A%t 3UTsbelBR O
they get f U@%Sggégﬁpéé?g%;orf @A R dsid REF stil B (3bSin cb@aih@@koRimEnEr ames

fromthe opposi view, P franes that closely follow an |I frane

tend to requbi®ideas®rdiht Buttdemerdlyfspankiag! foadvod eatkyrodwed noieebved from an |
frame. So, in the exanple shown in Figure 7a, no P franme is further than 15
frames r enogeshd adngladata teafie. tdhaw qurewedgsniralio)ibeequirgs foma givenpri or
example, a P frame could be 59 franes renoved froman | franme. Thus, with
nore frequeperceplueh@editythe P franes are smaller, O course, the exact

| at | i il d h f i _but i
e exanpl e[GBoh gur (e BRRS g 2Pmpiesti Signgs -H26s e BrBhs S " ey "be
I 0. 75kb,,i i I % b i X = . .25 t 60
Pranes por YERoRFES SREMREGa e Ml chign: e fRMPrassy 4980 07 1 Bbout
16% hi gher Ql?éé}n%@E&uéé‘ﬁ@y%xéio‘it@ﬁ%%ita'ﬂiti@@bét\/&é@f@(f{:@béi@éﬂﬁdﬁéﬁ. 59 P franes

at 1.1Mops. Once, again, the relative results between these two approaches
to video compseseicmiques kil vay ypde pensimg geper tedheiquedeo coepuessce, but

typically, we have found enpirically that using R-frames require about 20%
nore bits fadea ghveraltheugh thg HAdHl steydardan! b icegeniyael. Pubihe sé8tfuences. But,
of course, R franes dramati cal Ig,redu e the r]oeaks whi ch nﬁgﬁ%t he vi deo
sequences ugaIal RUNCIPI$RAPPIL SR VEIRUS RIS $RIRPTEEB O BARIRBY gs.

number of H.264 compressors and decompressor are available, including the

x264 open source software library for compressing H.264 and the Frmpeg

open source scfiware libraries for decompressing H.264.
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[0174] R franes can be configured in a variety of different ways, dependi ng
upon the nature of the video sequence, the reliability of the channel, and
the avail able data rate. In an alternative enbodi nent, a different nunber
of 'tiles is used than 16 in a 4x4 configuration. For exanple 2 tiles may be

used in a 2x1 or 1x2 configuration, 4 tiles may be used in a 2x2, 4x1 or
1x4 confi guidBTbn, 6 RigUres baEaNdRD H4RERLE RN RIDPamEIor ERCasRPrgSFOn

2, St or CERBUBM Ml Fales SwreorRicsere ded BanRag Tl se®hlar e, nor
t the video f - a0t - | b
broken up. | HEG ARy DL RaEBael oy BRorRE SPaT ElReRePE G

appl i cati on. [ §08] & o 20t hgheendaditmeniortidexeye Fidige el the | and P
tiles is notwﬁggﬁgd@tﬂo t he nunber of tiles. For exanpl e,gﬂli nan 8-tile 4x2

confi gur at i ggheraiyléignioystie sequegcreadrast iof khdencmied fasned (altsbugt ed in

Figure 7b. Sequential unconpressed franes 721, 722, 723 are each divided
into 8 til ethe iTead redchawn kestale)c Sapiessdesr phava iviisal JoEinHHMe R fr ame
731, only tile O is conpressed as an | tile, and the j ni tiles are

I | e, he r ]
conpr essed &aMpsitd framesmsid B {(BEE§IRWE! RNEFSYROTBY thse ngﬁ'ﬂ[l‘\%ﬂ% ¥t es are
d as tiles, th b . , tile 11
conpr essed Baelhinar | (s BnuhBCOT I o T DY CAP @ 4 P OO Bssed as P Liles,
And, so the se nel tod S AR WD i er at ed
only Zvery %ﬁ%%?g%éﬁlgﬁrgﬁg El’toﬁgglfna{'gf&}l &t@P{ﬁg I'S gejr?eér(gt”ggg% g% 'dtbg?rg%g during
the 15th fré&ﬁfezi B8 RS 6 $Hewn gieﬁer:ﬁliglaf@si@hbﬁcémﬂy gueisgnthe tdgt h franme tine

R frame 780 1s conpressed using al tiles. Then, the sequence begins
again with frihes 81¢oepaessitey askeaiantadeeofdhd datreindhbereviduselsrarnapr essed as
Ptiles. As in the prior enbodinment, the very first frame of the entire

vi deo sequemcie fraog; thatypitieey tantaie data indiqatingshe chanpgasheieean ¥ erence for P
tiles fromthat point forward. The cycl] of 1. til a tiles need not
even be an REERURIIENE @ Bffafife Qﬁﬁﬁéﬁ é&ﬁ%@l%@t'“ﬁﬁ%&ﬁ%’?@?% th 8 tiles,
each franme wth an tile can | 2 f i I iles,
before anot?f@em&\a% bgrqr@eﬁgg%?h%lefﬁe{@%frpﬁﬁg%) {g%\?q%gr%%gl ngm%rﬁ%g%twae:ﬂ natsti | es may
be sequence t@ﬁtﬁﬁlﬁ/lthé e iﬂ‘%ﬁ@g@ée@@g@@%?er%é‘%mb! les if, for exanple,
certain areas o he  screen are known to have nore notion requiring from
frequent | jotkgp, Whidee 1ied hbwirgf @scuesnsiiatiil be Gesgmed sheuhagesirestore for a
ganme) requiring less frequent | tiles. Mreover, although each frame is

i 1| ust r at ediriame Fatgus 66 frzands/sdaondathet aaghel framelizapprokimagiely 160thh.es may be
encoded in a single frane (deBendi ng on the bandwi dth_of the transm ssion

channel ). Cbmaveggiey”, fragia andBriaanes 6 Kp pAAEN DN E8MBHY be transnitted

wth no | téelneesratgg le¥/e||’:))/ st,éclo%%? ‘With this set of parameters, the average data rate

would be: 180 Kb + 16 Kb * 58 = 1.1Mbps. This data rate falls well within the
maximum data rate for many current broadband Internet connections to
homes and offices. This technique also tends to avoid the background noise
problem from intraframe-only encoding because the P and B frames frack
difierences between the frames, so compression artifacts tend not to appear
and disappear from frame-to-frame, thereby reducing the background noise
problem described above.

[0159] One problem with the foregoing types of compression is that
although the average data rate is relatively low (e.g., 1.1Mbps), a single |

frame may take several frame times to transmit. For example, using prior art
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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
seemto be result in |larger peaks, the behavior of the systemis not that
sinple. Since each tile is conpressed separately fromthe other tiles, as
the tiles get smaller the encoding of each tile can becone | ess efficient,
because t he teomiqessae.20flbas gewenk tohredtionnetg. abl B vocabiphwidemswiti | ar | nage
features and simlar notion fromthe other tiles. Thus, dividing up the
screen i nt o 28Mbps psaigehwpyryvgilakia fategain 802 roq Fiswse dax weildhypiédyodi ng

th di vi di th i.nt tiles. But, .i h i s..divided
e oY1 oA A5 RS O RaP B 1B 2 b SRRk Br s

8 f i | j i gh dat
Fate over oy 1Tamgs pERfh BN sidROF fayhb ETORoldbsfr aaR B 2PCT Y51
every 8 fraf?%%ené Bevig¥§ haldre Hatdmprak8inhtné eHtEth 1Ab86nd BY1MBinEad | ar ger
tiles instead of 16 snall

er tiles, the overall data rate is reduced, which

al so niti gatesid Be SeREMERG adichheodabe qeikaccansediamd hhe J2viges til es.
[0177] I n anot her enbodi nent, the | ow | atency video conpression logic 404 in
Fi gures 7a amazk Fimilabistdaoh satehevenl asseatingthabfthdiavsiiabie tate reterin@hd divi | es i n
the R frames either by being pre-configured by settings, based on known
char act er i stieggdigliy %a%ﬁﬂ@g asiened OF gNBE Y% dRig EigE 8t angroashitwird i cal |y,

b d i i f the.j | i tile. F

based, woon a1 R4S 10.B081 ok, S ADe AR AU e LRsaE AL e o

i | ati vel i.onl | I . D, i I
1L bR RO S50, TShRRa SR AIaRB ekl BAGhpRLuble 01T

wi th the ongowi nge pRFENEVo! IPUk GHBES LANR fSERTEIMg aWRichBy & fadinisbn al ways in
notion. If theé conpréssion |logic 404 allocates an equal nunber of bits to
each tile, whea ddmedivhies canndthelcbaietroonchiabfi 70f8arheoblateren. (tiles 4-7) in
unconpressed frame 721 in Figure 7b, will generally be conpressed wth

hi gher qual {@16Qlhan t if kesitierm wee madeds dlimingle thppesechad vidsp quifér.scr een
(tiles 0-3) in unconpressed frame 721 in Figur,e /b. If this particular

, f
gane, or thitSpROUICUPEPSYEERD FeqURE regkice ??@Wf%faﬁh%%&}’é‘i’?{)

2 AR f ; .
cont rgur e ¢ RBTESHETESe ofe PREPER el hPRalaRtl RS G §8uE el es i n
the top of HF@@%%%StﬁetrQ@ébﬁbﬁ di | 8811 B HAg RO AeBNRL 2hNGraped 88 el O, the

conpression [0QiC can evaluate the quality of the conpression of the

tiles afterafHTESaREEl GRAYsaFRHe (5951070 @ ardPdRyhdf spTRBYWERITR essi on
quality netrics, such as Peak Signal-To-Noise Ratio (PSNR)) and if it

det er m nes thats fosrees.aherthcae wonichio et islst 298, raves ant atil Fragnear e

consistently producing better quality results, then it gradually allocates
nore bits tfeqeilweééoqfqar@tarm%frarr@cﬁ%ii%éeﬂ&n@ye&hahvwe@@r e thitil the

i il h i | | | lity. . I i
enbodt rent , Sttt B ofilaebaide i e Woner
Lity i G : . I i i d
A'bet o ovBRARF bELsanS iRl SHRL T oh e SR T e PCemt er
of the scregjp hhgn at the edges

[0161] Thus, another approach would be to eliminate B frames and
only use ! and P frames. (One conseguence of this is the data rate would
increase for a given quality level, but for the sake of consistency in this
exampie, 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 refiant upon the prior received frame. A
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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 the video streamw th relatively nore scene conpl exity and/or
not'i on than areas of the video streamwith relatively | ess scene conplexity
and/or notion. For exanple, as illustrated in Figure 8 smaller tiles are
enpl oyed ar dupdles hsliompirhaithélie APBERGhS il a1y IF5aABe i MRCNraiger 811
(potentially foll owed by serjes of Rfranmes with the sane tile sizes (not
shown)) .  Thehen RREHCINE ERAPECYE! OB NRAS WG LCREREL 284S BPGHE | mage,

smal | e 111 65,810 ysedapound Siks, BRNREA NI ENGLRRT Bd T ame 812, as

illustrated. Ione ve, vari ous rent Sizes and shapes may be

enpl oyed as g jistB8al MBhER THd i's'ilixf&r%d’irﬂgigmé Bp! resGidendardaph Beraataci pl es.
[0179]While the cyclic I7TP tiles described above substantially reduce the

peaks in thesodat acloat @eehamblié dex citaeam 62theycapoforabe eframssaivietehe peaks
entirely, particularly in the case of rapidly-changing or highly conpl ex
vi deo i magertye psaictiatagateoeguissavar itgrbfreoesfiasd far excearisdbe agaraide maxd sone
application software. For exanple, during a sudden_scene transition, a

conpl ex fraf@idaie 682{#d S dhBy e RE Hatoifie 61 F rTagsiath sleireddtitl et el v
di ff t. h L1, tile h ded .t h :

ransi Cion BY By ARG FrunEn (haBea ol At THel Ve (R S8 ALt | on
because t he nﬁ%‘@été%‘%ﬁgﬂ?ﬁ?é.@%bﬁ&%n{ﬁng ﬁe%ﬁ!,l\ﬁﬂt ﬁs%k%p%&ﬁe‘%ﬁﬂ%oit tiles.

In such a si ion in other situations é€re éven't

everyt hi ng Ghapges.soRBe b=t 1fs idReaseRangeshmst BRd VitHS aveRBK asor 404
will determne that many, if not all, of the Ptiles are nore efficiently

coded as | tateste 82 dipbaly 5086yl .t Mbps) dt wilingkt angespeakntmittthei data rate
for that frame. [0180] As discussed previously, it is sinply the case that
with nost coaswenso. dieddencnireraramigorniet!ifigige pdiiall samewdtere te

connecti ons it si is not feasible to "janf data that, exceeds the

, | ) . :
avai | abl e MRIVWARRA %ﬂ?ﬂo m'&t@f% FRCYdS assiivedothglaiencirs idgPEifg Witi8ehe rat ed

maxi mum dat %b,r\%%h?nzgﬁe worst case added up to 70 ms, so this would resulf in a fotal

round trip latency of 141-222ms from the point the user actuates input device
421 until an image appears on display device 422, which is far too high. And
if the available max data rate dips below 2.2Mbps, the latency will increase
further.

[0162] Note also that there generally are severe consequences o
‘lamming” an ISP with peak data rate 623 that are far in excess of the
availabie daia rate 622. The equipment in different ISPs will behave
differently, but the foliowing behaviors are guite 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
iatency), (b} dropping some or all of the packets, (¢} 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 these shown in Figure b is not a

viable option. The peaks 623 may be queued up at the hosting service 210
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Note that the rated maxi num data rate 621 (e.g., "6Mps DSL'') is
essentially a marketing nunber for users considering the purchase of an

| nt.ernet connection, but generally it does not guarantee a |evel of
performance. For the purposes of this application, it is irrelevant, since
our only concern is the avail? I 622 at the.time the

bl e rraxi_gﬁ)p dat a rat
video is stBagdrent al SAUFRAEHSIRB MR IGR'S BoNIBYNART (Atei RIBIPSs 9a and
9c, as we describe a l.utian / [ . e rated maxi mum
data rate i h%mqchataﬁﬁeol epﬁ&dé%é%%% ’ﬁﬁgggﬂ%e%ﬁbg%ﬁa'l e nmaxi mum dat a
rate 922 is mﬂ T ' RPN YafAtfe RSl MRt s BXSRReh lhhe avail abl e
naxinunldaté ate QZQ%HFggg%f%gyaddress ?his,ethgu?irst thing that the
vi deo conpr essRk 66 0da Je8SdrRe RLES Birdamaie altetRigached and4buidi the i s a
data rate the channel is able to handle steadily. This rate can be
det er mi ned byrtaf darbeare sfqueachtiajoes wane ezpedt 1o eesini itpmw dos gssyradual |y
sendi ng an increasingly higher data rate test streamfromthe hosting
servi ce 210theovigeeirem @Wted $8a¥eNas that @3eRCHEENGS, VeRn A USAW R @he cl i ent

provi de feedback to the hostin vice as to the |evel. of packet |oss and
| atency. AsVENEITHERESN (HEs aﬁr‘ﬁg’/‘%fg? SPBIRY" Beyfne 4IscuhgR g gr‘l‘é}eﬁei ncr ease,

that is an i,ndicatio , . I |y : 1S being
reached. Af lﬂ@rquﬂ%{?s%{%E’a%%%%bleﬁ%sﬁ%f%@le%%gﬁ l>(éan ér'g%hgltﬁébrs}eegﬁ%ledthe dat a
rate of the trea ' i h EeRfldhs that for a reasonable
peri od of tfﬁr?g%eﬁé’ %"§§t@e§ﬁde%erﬁdgtsﬂt¥g%n@ rog%@it%ed W ?h an acceptable | evel
of packet | gpm4and t hend Alieneyess duearamwiseguehce 584 shest abFigshesc & peak
maxi mum data rate 941, which will then be used as a peak data rate for
stream ng vedeque@eetypicante, widienpewkidgxpesido seedmmwideomitidaumoes (e. g., if
anot her user in a household starts to heavily use the |nternet cannection),
and the cli eptiory$8CiRs Miglids @W%%Qt”éﬁtT?t'Q%Hicf%? of & YRGSt Rer packet

| oss or latency increases, indicating.th vai.l abl X te 922 is
droppi ng beFRWPERBISHE0 SR IRIE-dTa it dh aaUR A AX gfrgﬁ?é’%%ﬁ%?ég’nd if so the
peak data rat 4 i I | ' t i ent ' t hat the
packet Iossﬁ}fﬁ%gil'ezla‘%‘iéfni?{}Fr érrgérg?é%_k%%u%tﬁlé r?%‘ls %ﬁgvét;ﬁ%stﬁhﬂl ?{%cqaLﬁté?%@Ee%g? that the
vi deo conpr gss Bk Quh¥at O R aRes rilb@rdatay bataside. eRowtetes | he

avai l abl e maxinum data rate has increased (e.g., if another user in a
househol d hagmetmpRre drdieavyiteses lafge e thentirmmepeeaisn ket stiingre fanidoagai n
waiting until packet |oss and/or higher |latency indicates that the

avai | abl e nixgarinbeleardet aydéhe ebamnal abadiHas caledand agMithabai F289 ower | evel
can be found for the peak data rate 941, but ope that is.perhaps higher
than the | ePeRkpéiare f?@@tF?%?é‘sé’ﬂ“?t%@rté%{?é'att%tgg“f%@?reé&,' %ﬁaﬂgﬁﬁg this

t echni que (@nd 05 her techniques like it) a peak data rate 941 can be found,
and adj uste t‘?ﬂﬁy"odi cally as needed. The peak data rate 941 w ||

establ i shes maxi . datiao s e aih@lareands. Hsesdppstines \Wrdeqgieonpr essor
404 to stre%n%\?ﬁ deo to t@ﬁgéﬁﬁ%ﬁﬁf%@i@gégﬁdg@e% ning the %eak dat a
rate may bephigbigiedobmt privage seetfeciibenhearddk wadd oe ape tdieldiast | ng
service 210. At the user prem ses 211, the client device 415 perforns the
cal cul at i ongrd@perisesuimeas t iempazdakd £88 or &t kaardepkalshi 2’3d thi s i nf or mati on

back to the hosting service 210; at the hosting service 210, a server 402
at the host prpigierlowdaiepey Foviade Raineaned BYi GHSN PBMVMREKR R HIUIREY peak dat a

rate based on statistics received fromt client 41 e.d. ., packet |oss,
ot ency.  maTRIES ATIHOE. TBTES e B ol e BT G TR kR o vi deo

stream dal s cqte 952, L0al ok, HPSLAN k. SERR QTRLBK L BRA/ o ot on

e cycli e conpression techni ques
descri bed pﬁ%tWoﬁyﬁ"éﬁ’ché@ rblickish b Rekté BhiTed WoRBedin (Bly. Alem®: refige vi deo
conpr essor 4 "has been configured to output conpressed video at an average
data rate t#§ah desidied awotive) peakstatawith s adae i1941ind drad tioeeampitis ohest of t he
time, the video streamdata rate remains bel ow the peak data rate 941. A
conpar i son wefatitalydowaceo@Bn videh s SUPesin auels FH0P63405Hown in Figure

6¢c created using I/P/B or 1/P frames sh t hat, .t he clic 1/P tile

conpr essi onsipratuele S uieh 25 HYHF 1FEF r%aé@\gﬁ‘ﬁﬁg‘@.d %ﬁ’Pﬁ%’”é’("”ﬁ%ﬁ[&a@Q peak 952
(whi ch approaches 2x the peak data rate 942) and frane 4x peak 954 (which
approaches 4x the peak data rate 944y, the data rate exceeds the peak data
rate 941, which is unacceptable. In practice, even with high action video
fromrapidly changi ng video ganes, 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 themis necessary to produce a good quality video inmage.



[0183] One way to solve this problemis sinply to configure the video
conpressor 404 such that its maxinumdata rate output is the peak data rate
941.-.Unfortunately, the resulting video output quality during the peak
frames is poor since the conpression algorithmis "starved" for bits. Wat

{ ?Z_ﬁ'fs? {1 onsIaRep S e B e e e afha! AP MR v that ne
They can betieonect: AR RS S CTRAR AR PRI PR S crom 1

qui te sensi§gMe1bBo ek 8RS sy tdaafe .t hMipsapnegH 281 thgpdedenochanges or
rapid notion, It is not very sensitive to detecting a reduction in franme

rate in suckeasbhatit iconsty idvelflaee asswmerths U étansemioeak ahidngbs rocvoal, |t
appears that the human visual systemis preoccupied with tracking the
changes, andatatragottatvwoultbedsgll it #5Vhpes Peake aawve!l B SERIGN 8EbBE! f r om 60f ps
to 30f ps, and then returns imm#ateIE% to 60f ps the case of a very

dramatic trednddarape. Fif’[?é”%pg%gé?@ HECthy R fa$ﬂ$%haﬁ%3V?%3lonsyst em
et at ol yeeRan O oE0 AR Bl o Ag Rt RS s SR AT 20 Ol
been cont i UL Py Paih e e ROy g PE R e S e uman i sua
systemis exgbobt-esmdsutdiBappen to align, overwhelming the bandwidth of the

network, and potentially overwhelming the bandwidth of the backplanes of the

switches supporting the users on the network. Even in the case of a Gigabit

Ethernet network, if enough users had enough peaks aligned at once, it could

overwhelm the network or the network switches. And, once 2560x1440

resolution video becomes more commonplace, the average video stream data

rate may be 8.5Mbps, resulting in perhaps a 95Mbps peak data rate.

Needless to say, a 100Mbps connection between a data center and an office

(which today is an exceptionally fast connection) would be completely

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,

PR R | M Lafa sssmd sl vomosmur g3 e
not desirabie ana mignt C

@

the sireaming video with high peaks
planning and accommodation by an office’s IT department.

[0166] Of course, for standard linear video applications these issues
are not a probiem because the data rate is "smoothed” at the point of
transmission and the data for each frame below the max availabie data rate
822, and a buffer in the client stores a sequence of |, P and B frames before
they are decompressed. Thus, the data rate over the network remains close
io the average data rate of the video stream. Unfortunately, this introduces
latency, even if B frames are not used, that is unacceptable for iow-iatency

applications such as video games and applications require fast response time.
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techniques illustrated in Figure 9b. A server 402 (from Figures 4a and 4b)
produces an unconpressed video output streamat a steady franme rate (at

60f ps in one enbodinent). A tineline shows each frame 961-970 out put each
1160t h second. Each unconpressed video frane, starting wth frane 961, is

output to the | ow | atency video conpressor 404, which conpresses. the frane
in less tha®187Frame @W%{‘O_&ﬁ"b%@i’%&q’Sft'gtaﬁﬁgf"i‘q@tSt?eragﬂ%thébﬁ%‘feeg'géd frane 1

981. The dat : d_f t h frar . b

i 1 or . g PGP BOR TP EAIOE S I o 56 GO L RN Ga= M the dat a
sl | er. P Hof _ Uy s

e (11600 A aEEhayBro ERIS Ay GERTNELN] Seprh o AR B R e P A

transm tt ed.fibic88ed (ANSVE thelsaR Hixiaté (itd. N ke ) What itheub@netdrsad ig be arrow
i ndicates the duration of the transmt tine). In the next frame tine,

server 402 grosieesisn pacadipmessed afmaxeuin DB2atd acrbss gorpiciegyetbare!
conpressed franme 2 982, and it is transmtted to client 415 during transmt
time 992, vitdross (is ouesasa.Haraaey e #ewernE caexpewie. daihe ¢asecl dagure

57363 Wherpa.ff 3 GBRIEEEN o5y T IFSb CCREAEagBD Ho4 T AL PROIF B
d f 3083, i i at th K

Gata rat e ST Rie P e el ik SPeE R Lincr PREE NS anshit i me

(2x peak) 9a?§%nt}‘§’ﬁ\'d\§§al,ﬂggx hléréo%ﬂr?é%ﬁoﬁ beeddiPbBinkiriBnash Rk bnpfrahie next

frame tine. w, the next frame tine, server 402 produces anot her
unconpr essafaf (a8 rbrPedy Bedosigused ddindg ®ove dem TorRI esetedifixbut  t he

data is ignored and illustrated with 974. This is because video conpressor
404 is confdgyarad 820 wauidibe domarasgeduithh igssdiisedhe irersdt of thipesthehat arri ve
while it is still transmtting a prior conpressed frame. O client

, cours
415' s vi dedrafeeiist vosst ngimally require Borebé (ReMEiniae gV pualiy EEiV ly
continues to display on,display.device 422 frame 3 for 2 fr times (i.e.,
br 1 e 1y T ectRids BBt v Bt B FErede ity S6hads MansteliidBet ne next
frame 5, server .4 f : e | e dto
conpr essed W#lrgﬁéh%g@%gbg%% ﬁgﬁg%ﬁrﬁ%g@e&ot{%ﬁgﬁ%ﬁ}oﬁag%ﬁs Hﬁ‘r”ﬁﬁgwier’gﬁgm t tinme

995. Qient oSk (80 BRCOMMITESS A5 praas BB 6@ el d0RBPablcaaeulE &Pl ays it
on di spl ay tﬂé&":’;"ge 422. Next, serve?‘ﬁ%OZ out p%?s uncorrngtessed frame 6 966,

vi deo conpressir ty$84 ot comppesses videotvehareperesap itile mastentra@enebut this tine
the resulting data is very large. The conpressed frane is transmtted
during tramsanges areefpbcigbany ?tggige asetshenpagertaeiodiaséaldnl, but it takes
alnost 4 frane times to transmt é%&é‘éarre. Durin% the next 3 frame tines,
vi deo conproSgsaiatioaAignesredmpls p PERSBPRIGAIEDL VIARY client 415's

Cimes (1 o elegpEren Ea e I RE s ab Bty st TORESoH Y FEEs Ay o™
finally, oo Eha Dfe QUhBULIndE ABarkRD FuiIR Qi AMRE S80I AdfioconPr esses

it into conprésse rame 7, and it is transmtted during transmt tine
997, and C'dn@i%rg‘é s dQaMTPe IRPhirdemenpmay ses b leaaegh Bt Higspl ays it on
[ 2

di spl ay devi ce and once again the video resunes at 60fps. [0188] Note
t hat al t houghlityiidegeconmpresson, wiodh doopsesultiecidy adgassimage quality), itis
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 consiant level of quality is required.
[0168] The low-latency compression logic 404 employed in one
embodiment uses severai different techniques to address the range of

problems with streaming low-latency compressed video, while maintaining

high guality. First, the low-latency compressicn logic 404 generates only |
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fromthe video stream generated by server 402, it does not drop audio data,
regardl ess of what formthe audio cones in, and it continues to conpress
t he-audi o data when video franes are dropped and transmt themto client
415, which continues to deconpress the audio data and provide the audio to

what devi [ d by th to playb t he.audi o. . Thus. audi

Cont | nues. RS R p BT oHics NN B/ BE e 6 Vi et eSS e auai o
' ; it t d

Vi deo, and SCoPkadTebyo el SO ER P SRR N B RS T ot rate

Al though it dhshdathent IHeSblAbREY BorbdesafontiBgicdatas iRiedel agdians, there is
al ways data rate capacity reserved for the conpressed audio streamw thin
the peak dafactapesedd fraf@1BA] TEinexangties pb dtedeser intedivaiy Engudes 9b was
chosen to illustrate how the frane rate drops durin? data rate peaks, but
what it doesanbtisidd eithter ané fiaget ¢ra Pirame t eegyelp ef FPMpigseed etrAmMegues

descri bed previously are used, such data fate peak and the consequenti al
dropped frafBd Fair@meapee resgreas H’J"refrﬁ‘_@ M aﬂ’é‘%e%&b‘%pegﬁ" thE PR&MCact i on

h h ) ' i on. pict. d
ot o Shp R ke A e OB A AR e
frame rate ?e%grﬂépgod?nq@%San}?%geag?%ggﬁreigtﬁ)lgﬁBitpgqg%)ﬁae%h@[{nhgé\% deo

stream dataaﬁ?bgrtjch]augyg@wg@nig@hE;ingure 9a, the resulting video stream data
rate is illustrated in Figure 9c. In this exanple, 2x peak 952 has been

reduced to {089 ened Zronpeakb@bBenant: bw-pdsticydEinrassibedwpic dddced to
flattened 4x peak 955, and the entire video streamdata rate 934 renmins at
or bel ow t hdivisissikundt@eides fearga into a number of tiles, and encodes (i.e.,

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 1/1 6" 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
I tile is changed. Thus, in a given frame time, only one tite of the tiles in the

H 2]

video frame is an I tile, and the remainde

LA TRCLIE |
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example, in Figure 73, tile 0 of uncompressed frame 701 is encoded as I tile
15 and the remaining 1-15 tiles are encoded as P tiles Py through Ps o
produce R frame 711. In the next uncompressed video frame 702, tite 1 of
uncompressed frame 701 is encoded as I tile Iy and the remaining tiles 0 and
2 through 15 are encoded as P liles, Po and Psthrough Pys, 1o produce R
frame 712. Thus, the 1 tiles and P tiles for tiles are progressively interleaved
in time over successive frames. The process continues uniil an R tile 770 is
generated with the last tile in the matrix encoded as an ltile (i.e., I15). The

process then starts over, generating another R frame such as frame 711 (i.e,
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[0191] Thus, using the techni ques described above, a high action video
streamcan be transmtted with [ow | atency through the general Internet and
t hrough a consuner-grade Internet connection. Further, in an office
environment on a LAN (e.g., 100Mbs Ethernet or 802.11g wireless) or on a

D anet B e 1BPMERR SO ARSI RefvERRAIRbaOR i EEpAN Of T ce9)

a high acti rream ca n tte out peaks so that

mul tiple usgrsobighdd, thh FitdISMirbink g tHd 20%d @B LBhcEBf RIradtededrMans) can use

the LAN or shared private data connection w thout having overl appi ng peaks
over whel mi ngnity N&igRET M0BK tiost subseqeatnibt kases helve balekaricanemge [(AEDRIDATA RATE
ADJUSTMENT [0193] I n one enbodi nent, the hosting service 210 initially

assesses t hehizwdo talbliataoli pmmAdatnativayeingZe andorimeicyiestartufe channel to

determ ne an appropriate data_rate for the vi 9%%éstream,and tg)er,n
dynani cal | ySe@jense §sehBeane | JEPaierr 88 POHE& PRE OGRS 1St NEHES i8S rate, the

h ' [ 21 f | I [ | ut d/
he nunber B tFisart CELBAE B Eheon aheoted wiherd e Tl Re Ol ent
415. Al so, - [ ' ' i =" f

compr ossed Vb TEple naFtccRR ST AN ERk IEURATS! [ o s Bl < o

froma 1280.%diRQ stzp88!jdake i e AdsA8¥ardGitd here\U3das FIREONRI WRBh@N | 0gi C
412 on the client 415 can scale up the image to maintain the sane inage

si ze on theesisipddy factheesetal 0294] | Moorees rdsodi soehed betowa vaiiduwsat i on wher e

the channel conpletely , o _ _
different sizes and shapes may be used for the tiles while still comptying with

these underlying principies.

[0170] The video decompression Jogic 412 running on the client 415
decompresses each tile as if it is a separate video sequence of small Iand P
frames, and then renders each tile to the frame buffer driving display device
422. For example, In and Pg from R frames 711 to 77C are used to
decompress and render tile 0 of the video image. Simitarly, I; and P+ from R
frames 711 to 770 are used to reconstruct tile 1, and so on. As mentioned
above, decompression of I frames and P frames is well known in the art, and
decompression of I tiles and P tiles can be accomplished by having a multiple
instances of a video decompresser running in the client 415, Although
multiplying processes would seem to increase the computational burden on
client 415, it actually does not because the tile themselves are proportionally
smaller relative to the number of additional processes, so the number of pixels
displayed is the same as If there were one process and using conventional full
sized | and P frames.

[0171] This R frame technigue significantly mitigates the bandwidth
peaks typically associated with I frames illustrated in Figures 6b and 6¢
because any given frame is mostly made up of P frames which are typically

smalier than I frames. For example, assuming again that a typical I frame is
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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 dropped out of the ganme and/or pauses the gane for the other
users. [0195] DROPPED OR DELAYED PACKETS [0196] I n one enbodi ment, if data is
| ost due to packet |oss between, t vi deo conpressor.. 404 _and cljent 415 in
i gur o5 4a 5RO, e Tkt e CepikaRoHaTes MORER AT GiH M7 20rutd oF nat
arrives too |la ek & VAN ¢ i s of the

B % PR EREREREA SR by, atefinaRaLh haEnP

deconpr essetf virdeo deconpressi on to mtigate
the visual grtifiaGEsey hifbrinets #ame8os dRH SN tidBliesmnbatd PRurd fathere is
a | ost/del ayed packet, the entire screen is inpacted, potentrally causing
the screen hiyemelLgte! Ky meezedfresulaisper Rdcaraé of approamatbigw (etther 5
screen-wi de visual artifacts. For exanple, if a |ost/delayed packet causes
t he | oss of * akbl= 25KneSct 4t Ghsadecepeass viowd be 20KBK &8  édfRsce for al |
of the P franes that follow until a new| franme is rec?i If a P frame

d,
is lost, then atBAWaMepEpeRd. thHg WOUG Erky efophame! éﬁ?@?%\égﬁlﬁ%@ﬁ*%ﬁm
foll ow. De di h I itowll bef [ . f. . , thi
Wil have acrear o SHapeaRe s ey R PeRR s &l BIEE" 5 (i l'es as
shown in Fi gi"f%{r]%?'ggogt@@&?%& iR éd?ﬁé/ng‘?{w packet is nuch less likely to

i npact the since 1t wll only affect the tiles contained in

the affect efbﬂ???ket . Nidte@8&hn brd B Sadrples wigthe Walhly Assamddnetityi dual
packet, theh it a packet is lost, it will only affect one tile. O course,

t he durati omi®f fdr héraviesuaid Arftanissc thanavdrage panarne walset. dbparThis tsi | e packet
is lost and, if a Ptile is lost, how mani/ frames it will take until an |
tile appearkecaBse,in tiovpmrvichaexdmpias: aftev | irageonas RalydefeBiged08chei ng

o O L SRS W PR ) RSB e |
t I f. , [ [

SO SueT oK BB I PR TP e BB 0 0

til il f. i il il

1 o0 b D e e e Bybpp e oo 1L

Al'so, wth a.shieanianatd.Ppfddaos, thopbiememéaidienmoretreqnnyt ldrendhe | frames
the nost critical frame, but the | frames are extrenely large, so if there
i's an eventdddmtotdaersase thednaippate/litehdy.clchip ctet 10 thhdad that &P Hiagheer
probability that an | frame will be affected (i.e., if an art of an |
frame is | o®ra R tie) srimariiencpden e @'ﬁérqnwmﬂt@aﬁﬂ%f%%é?@ﬁé&%d at all)
than a nmuch_smaller | tile. For all of .these reasaops,,using.\l(P tiles
results in Paril NI R8P Oér&‘t?isffﬁ’&%@omeeﬂeﬁa@‘é?' tﬂﬁfe#@?%g%{ieé?déﬁyayed t han
et s by GFELhabapt DamcaLhan IRRLC RGBSR IR PRaAL bact Of 1ot

packets by THE y ‘packagli ng the conpressed tiles within the TCP

(transm ssi, higR! BRf 9EQRRL): PAGKR! 8 18R lWsaforfl alaagkamupr ot ocol )
packets. Fo[?é]\é;%g?r%lgg, I'n one enbodi nent, tgi I"'es Iare aul i gnegg{wi th packet

boundari es aBeEierpRssirbhethe Bioguat &at@a thd tassitingteesobiemniraineasayn ght be
packed within a series of packets 1001-1005 wi thout inplenmenting this
feature. Spewitdincadreygrrdra (Foguiseal@difacs)|than @ﬂds‘@n@%wﬁr}gt&mtﬂﬂ?ﬁdaﬁﬁ es and are
packed inefficiently so that the |oss of a single pa?ket rﬁsults in the

| oss of rnulnypper Gf oagednd,pypen one P frame follows antther P frame, wnat can

oceur is an accumulation of errors that gets worse when there is a long
sequence of P frames. Now, a sophisticated video compressor wili detect the
fact that the quality of the image is degrading after a sequence of P frames
and, if necessary, it will aliocate more bits ic 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., 58 P
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exanple, if packets 1003 or 1004 are lost, three tiles are lost, resulting
in visual artifacts. [0198] By contrast, Figure 10b illustrates tile packing
|l ogic 1010 for intelligently packing tiles within packets to reduce the

ef fect of packet loss. First, the tile packing logic 1010 aligns tiles with
packet boundaries. Thus, tiles Ti, T3, T4, T7, and T2 are aligned with the

boundari es gf;RACket$ pAObamifPabd s RREGdINEY whdhehd tdehaianks Beediogi ¢ al so

attenpts to fit tiles wthin packets in the nost efficient manner possible,
wi t hout crosiangf qaeketiamanstanokm, (Hsisalty, orortldssirg ecofiedtrtP émebe til es,
tiles Ti and T6 are conbined in one packet 1001; T3 and T5 are conbined in
one packet R0Rey pel feghadremuaeTdroam enddrisidied i n one packet 1003; tile T8

is added to Backet 1004; and ti Ig T2 is added to packet 1005._ Thus, under
this schene,[0W73i ngl eCpdereak aigsiames oG PPPRsSERPNYVYY. MYBMEPe than 2

ddi t1 onal | BERGRTY 5TPHET dosi R PR e ok e PR T he i1 es
are transm bhagod Boydy AT EN QHECSo! R MBISKBNSUN SR irfiERBIAYZtha thi n the

i mage. This y, I'tf adjacent packets are [ost fromthe saime event

i nterfering piptdistii@nd T 1BAS I SRR detnoNied! froah fagclt frah e Asat\Whé &dtiegrie Not  near
each other on the screen, creating a | ess noticeable artif acting on the

di spl ay. [ 028Q)&ae iretizadiorertmeimlady &rafrer sward bergSoraroes rasudvazhir¢REC)

techni ques to protect certain portions of the video stream from channel

errors. As ias Idrone Thust wih arare frreeenbtlininggetiesuéBmes ae sqalel. okbn and

Viterbi generate and append. error ciﬂrrec i on data inforgﬁbi on,to data
c

transmitted SQVES. e iElRlyei SRS WhARREPas§q O fNepatyre BMUS0% the
under|yi ng % rtegm(, %u?ih’thgﬁxémg{e%igurg%? Efté?wel Ef'é?s IirBP(b,bfg tifé%eoqw é@erﬁé’é,r ect the

error.
may be only 0.75kb in size resulting in 10Kb + 15 * 0.75Kb = 21.25Kb, or at
60 frames per second, the data rate would be 21.25Kb ™ 60 = 1.3Mbps, or
about 16% higher data rate than a stream with an I frame followed by 59 P
frames at 1.1Mbps. Once, again, the felative 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 pits 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 usabie with far less fatency than I/P frame
seguences.
[0174] R frames can be configured in a variety of different ways,
depending upen the nature of the video sequence, the reliability of the
channe!, and the availabie data rate. In an alternative embadiment, a different
number of tites is used than 16 in & 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 1x8 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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[ 0201] FEC codes increase the data rate of the transm ssion; so ideally,
they are only used where they are nost needed. If data is being sent that
woul-d not result in a very noticeable visual artifact, it may be preferable
to'not use FEC codes to protect the data. For exarrple a tile that

imedi ately precedes an | tile that is |ost only create a visual
artifact (i be.squaie. of Peerviectaneulasy Ba tigsiaandsa b'@éeﬁ}h'aé‘ﬁt@d’yheft%\‘eﬁlGOt h of

second on the screen. visual artifact bar el y detectable by the
human eye. ABaRE ??téé“t%lﬁ’@ ‘f'%‘:r'q ﬁté?arﬁz?{\ﬁ$ gﬁa?qontqs'eg losing a P tile

becones inc ngly t | e pattern
is an | til Lﬁ?ﬁ]l omd%%&%qénﬁﬁ?j rt})téﬁ% %ﬁaﬂwfﬁ 16551:?;‘?&{}/%5:3139%)?(3 again,
then if theRibikeiaTiRsctoptitsst Phl Odmgicam an bitkeakBchriRuratdn, wils: resul t
in that tile showng an incorrect image for 15 franme times (at 60 fps, that
woul d be 25@y@E} sediendawmmrsiit e usktilasridastidtyd deFigate Zb.deueptialon in a stream
for 250nms. So, the further back a Ptileis froma newl!l tile (i.e., the
closer a P tintaspicosémitaman 701t 72%)723 are arshalivided rdaBiies R afti fact. As

| d d, hough I | foll
P e °?ﬁeysﬁa€$§2?§ﬁwéa%§e¢ SGEITE Foind MeRc 7 arth Be G5l owi a1 L1l bs
t | t |1
"ot o AngomBitsEiiar ah g Bl feh Im@@%?ﬁ?éﬁﬁ%ss%@é& fope
prot ect ed, %B&@E%hh&ﬁﬁﬂsw!éﬁ%zcaﬂ@r n@@?ﬁeéa@ %Br@%&é’&?gtfj iibs, 4:QR02] So, as

|Ilustrated n I'n one e ecause of the inportance of

| tiles in {he mgéhéﬁ@mraﬁ@l 333, titd | escanprapeoy aded ilé bn&BEE codes.
Thus, FEC 1101 contains error correction code for | tile 1100 and FEC 1104

cont ai ns er piier Glesraeetll ompmﬂaeecﬂ@sﬂtflesl And]ﬂsthelsequhncsn@nb{otdlumrfor no FEC
is generated for the P tiles. [0203]1n one enbodinent illustrated in Figure
| I b FEC cod#é framesawib agdrila Q@Qfﬁa FOTRy everYOtag feamar o hedestitl@isy to cause

visual artifacts if | ost i.de error

correcti on goRRIgterdpr Tt“ﬁg q“i"WQttp%% q})qr%%p%ﬁdpoﬁgiowrbpoé%re )8t hat
;?lal gvn\;al I es?not hﬁgt@mf? g?vxﬁl cﬁjéglelc?ﬁf nf[?%rgg E]‘éslﬁ ect 5’% }-[:Héeglso\(,:w;h(r:?l ng
the soonestyaflef oAl bedihs ggaiwfﬁinﬁﬂll@r()ecén%’(eﬁyéﬂ a8 hhliteabnd thebbigbect ) .

tiles compressed as P tiles. As in the prior embodiment, the very first frame of

the entire video seguence wouid typically be ali I tiles, to provide a reference

for P tiles from that point forward. The cycling of I tiles and P tiles need not

aven be an even multiple of the number of tiles. For example, with 8 tiles,

each frame with an I tiie can be foliowed 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 iess

frequent I tiles. Moreover, although each frame is illustrated in Figures 7a-b

with a single | tile, multipie [ tiles may be encoded in a single frame

(depending on the bandwidth of the transmission channel). Conversely,

certain frames or frame seguences may be transmitted with no I tiles (i.e.,

only P tiles).
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[ 0204] I n anot her enbodi nent, rather than sending an FEC code with a tile,
the tile is transmtted twce, each tine in a different packet. If one
packet is |ost/delayed, the other packet is used. [0205]1n one enbodi nent,
shown in Figure 110, FEC codes 1111 and 1113 are generated for audio
packets, 1110 and 1112, respectively, transmtted fromthe hosting service
concurrent | p1RB h t hélha rdason the apprpachascel|the Inyesaehod paRoraRy Wallkat ai n t he
integrity of the audio in a videg stream because distorted audio (e.qg.,

ol cki ng. or whl SSAGY kg DOt RedTa | PR CETiRed BGTaee) 3 eDhaBS R T e MGYEt
experience. The C codes  hel epsure that .t |0 t is rendered
at the cli efReRGPulet A%ar\%efﬁ%%s, g\estﬁ??ﬁvib%n?f tF%fg%?#nnlsgﬁgh%Er enbodi ment ,
rat her than_, Pat G ] j j ES

transm ttedS[fn %ﬁbge,' eac ﬁﬁ?ﬁi@?ﬁng‘ﬁeglb??gg%%ta %3%??3? &Pel ?Hgﬂn@eﬁzéggg% S

| ost/ del ayegles bBesRbehdaskeding sf sestlile[@Abddomeidds ffetent. iecanse

enbodi nent 1llUstrated in Figure 11d, FEC
the compressor of a given tile is not able to exploit similar image features and
similar motion from the other tiles. Thus, dividing up the screen into 16 tiles
generally wili result in a less efficient encoding than dividing up the screen into
8 tiles. But, if the screen is divided into 8 tiles and it causes the data of & full 1
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 targer 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-fatency 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 seqguence to be compressed, or automaiically,
based upon an ohgoing analysis of the image quaiity in each tiie. For
example, in some racing video games, the front of the player’s car {which is
retatively 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 egual number of bits fo 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 haif of the screen (liles 0-3) in uncompressed

frame 721 in Figure 7b. If this particutar game, or this particuiar scene of the
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codes 1121 and 1123 are used for user input conmands 1120 and 1122,
respectively (e.g., button presses) transmtted upstreamfromthe client
415 to the hosting service 210. This is inportant because m ssing a button
press or a nouse novenent in a video gane or an application could result in
an undesirabl e user experience. [0208]1n another enbodi nent, rather than
sendi ng an haBe€ isboevmia havesswch Hpacteositgn thafulhe, onehaio kst e ApEHNSc ommand
data is transnmitted twice, each tinme in a different packet. |L,O e packet

i s | ost/del a5ige 315 $REYIOPHECIRE COMPTEERle) 10[%%3@%%3 95 ‘Fﬁaﬁ?t t he

host i i 210 th Li,ty of .t i J | with

the. ol Cent eaes e anong asiian 2 b el et gREBM G RRrOR0TT ] ons. of
th i deo, i - - i | l

nosessi ng. M SRSy RS RITBas B A E R R R e s

eval uating packebr irases dr@bemebssed tusiag odesembrecdammiecomdresdien channel is

particularly unreliable, then the hosting service 210 nay apply FEC to all
of | tiles,glalty hesjcsavdiloasRdak Sanat-Goracids Raip EaNfasnd ifilf t he channel
is reliable, then the hosting service 210 may apply FEC only to audi o and
user commandsteronetiyatyer aPEIRNPEaIPW A ldi Eral Hevareasondsembt use FEC

o U L IST PELN A1, 00 o e SRRl LRALLONSL EECTRL b

o e R R B RS P @Bl tnd L o

embodi ment, | Cef G LRG. IPal bEdhatvAemBBginfht, NBSBnfbressor 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 emboediment, to improve resolution of certain regions of
the video stream, the video compression logic 404 uses smaller tiles o
encode areas of the video stream with relatively more scene complexity
and/or motion than areas of the video stream with relatively less scene
compiexity and/or mation. For example, as iliustrated 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,
smalier tiles are used around this new area within another R frame 812, as
iiustrated. As mentioned above, various different sizes and shapes may be
employed as “tiles” while still complying with these underlying principles.
16179] 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 rapidiy-changing or highly complex video
imagery, such as occurs with motion pictures, video games, and some

application software. For exampie, during a sudden scene transition, a
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packet is lost/delayed resulting in the loss of tile data or if, perhaps
because of a particularly bad packet |oss, the F ECis unable to correct
lost tile data, the client 415 assesses how many franmes are |left before a
new !l tile will be received and conpares it to the round-trip latency from

the client 415 to hosting service 210. Ff t he {OL*nd-tr%Rl atenlcyii s less
than the nuimseplesframeanak LBdPIMEeIPYRIPTISE PPREPIEX TERIRS (LG FYVR' S hen t he

n: ; e | .
CHe This GEeShy B oA e Tl el R P e R e o
generating g Byl il @bl fcti 8, MRS RefiAhanizadh S8R beSioe e rgdner al s an

I tile. G he system shown in 4a and 4b 1's designed to

provi de a rpungsthiBrikateneyrddieh th s priveald Vilkess duhn 8Qamon (drics resul ts
inatile berng corrected within 80ns (at 60fps, franmes are 16.67nms of

duration, tiRushérsitt:atidnd wasre dvenelsouddonst dvatrghig cenodsresdt of ihe a
corrected a tile within 83.33ns, which is 5 frane times-a notjceable
di srupt i on, intage dhange®s enddeweampesspaid4 Ml delrEmsEdhalyeBnisNdidr upt i on

Loual oycl 18 (b BeHos are TRE FTEETD SLPERHES. BN "GALRACNE FF OF Fhat frame
to exceed the avail.able b i the conpressor 404 wll delay the
cycl es of t'ﬁ%geoqef?é(rm%?? git%sr}gygtrﬂéghaffﬁgﬂ&'her tiles receive P tiles during
that frame [bﬁg@d(evemsiéis&%%e& bleinry & i9e/ABllide BSsdltt @thimddil e during

a

that franme)y then starting wth the next frane the usual cycling wll

continue, afhshhRrigid® hhsthensuhmatiions (eadlrdamaytice ecahesidnan itsimplye in the
preceding frame will receive an | tile. Although this action briefly del ays
t he phase af richzaBble anieroydatatiogt axcends el dyaikble mavmure dagtriateabl e

visual ly. [0211] VI DEO AND AUDI O COVPRESSOANDECOVPRESSOR | MPLEMENTATI ON

[ 0212] Fi gurshoyd &3 PRty Howe GnalgrarviticthedetehBeimencaaawPeh a mul ti -

core and/or nulti-processor .1200.i.s used..to copnress t..l i.n. rallel.
In one errbd&‘i’tﬁ'éﬁ%t,tﬁé r@@glm?ff‘%‘e&%wat&é& @o?‘e e %%b )é%g%ﬁr@raﬁgyst em
running at 2.6 r..hi (] [51,.7,5@(913-' j nting the open
sguri:egx264am %c@p@@ég@fw&{égn In éﬁgeﬁgﬁeﬁ%g(g?g EPi}zié(gﬁ/ée'f\'ierl, 8ari ousp

ot her hard f Be6Srall} BHba4 honguAraMickes ksetomitrdoemahid. | Feonpl yi ng
with these%@%?’%rf’\r% g?i nci&:ol es. For@lexarrpl e, eachfv’!tovﬁc the CPU cores can be

repl aced withB pafpdic2@t tiooapplession, it ispireleeaniedinice cam oRFGaNcem ishies exanpl e
- shown in Figure 12, cores 1201-1208 are used to cogncurrentlé process the |
tiles and Ralhiels resximiughtatandiedi@rderine timeethgs/idesisisireagiad tRiRs@A i n t he

art, current nulti-core_ and rrul}i h{),r__ocesz%z cgﬁgut er s%s%tig% are inherently
cap?bl e of Tﬁﬁl@%@ﬁ@@acﬁi?&@%%% EQP‘fﬁsf & r%ﬁ‘(l.’;’re P&t ng opgza;i tng
systens such as rosoft. n : i r -bit or
the 32-bit wttqngﬂﬂﬁhaﬁaa@pg,3&0909%’%2%§]r$§$%tﬁ?féﬂﬁ@gﬁ%ﬁé %ﬁfﬁ'&?*ﬁm in
Figure 12, .si e f - i SLFESR i ; WS ne tile, it
opgr ates |a@%@@’*}’%ﬁgﬁgﬁd@%ﬁ@"?@%ﬁ*@”ot hergmg%sée%, *%'QS’E"H%H#% ng a

separ at e i Nghankiah QRatrDiatX Akt ndt PCeefxhy assiavle maasaom Dyta capbhe card,
such as the Sendero Video Inmaging |IP Devel opnment Board from M crotronix of

Qost er hout ,[0T8€] Net hamnl afilsss thisudedirsothoapthat thewidenpespesdontdeo at
640x480, 800x600, or 1280x720resol ution, and the FPGA on the card uses
Direct MenumoesAsdessmimBMvapesiodeiadater 41 iich s grlédala HeSNERPRIUGh t he DVI

DU bt o, SYSLem RN, T i L6 8 Bl ERNaRd A Sl B sangerent 1208
i E R B N R D

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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such that, after an initial | tile conpression, each core enters into a
cycle, each one frane out of phase with the other, to conpress one | tile
foll owed by seven P tiles, and illustrated in Figure 12. [0214] Each frane
tine; the resulting conpressed tiles are conbined into a packet stream
usi ng the techni ques previously described, and then the conpressed tiles

are transm t\ethiomax@esh icaat o8 oeb iebting 1oactR bokAtiohgthoantg i | | ustrat ed
in Figure 12, if the data rate of the conbined 8 tiles exceeds a specified

peak data rabeic@4d10 d¢dmegradlibliBrexi26d ther delagsissoidhe tssisgeadedntfl e as many
frame tines as are necessary until the data for the conbined 8 tiles has
been t r ansnichiedd15repus hat éﬁé‘ r@ﬁﬁ@%ﬁ%ﬁ?{lo%laf dme 1 tesiseap) tg’ﬁﬁf?ent ed as
SO LURT2 002, 4 it B WSS A0 T 8L ST TE o Bl SRR LR 20250
e e O SR RE T Sarbb eV A AR nrh ol o B8R GRIch i ufdr! & | ocat on

used as a peak data rate for streaming videc. Over time, the peak data rate

a41 will fluctuate (e.g., if another user in a household starts to heavily use the

Internet connection), and the client 415 will need to constantly monitor it fo

see whether packet loss or latency increases, indicating the available max

data rate 922 is dropping below the previously established peak data rate

941, and if so the peak data rate 941. Similarly, if over time the client 415

finds that the packet loss and latency remain at opfimal levels, it can request

that the video compressor slowly increases the data rate to see whether the

available maximum data raie has increased (e.g., 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 ievel

before testing an increased data rate. So, by using this technique (and other

techniques like ity a peak data rate 941 can be found, and adjusied

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 o

the user. The logic for determining the peak data rate may be impiemented 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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[0217] The client 415 receives keyboard, nouse, or game controller input
fromthe PC s input device drivers and transmts it to the server 402. The
server 402 then applies the received input device data and applies it to

t he gane or application running on the server 402, which is a PC running

W ndows using an Intel 2.16GHz Core Duo CPU. The server 402 then produces a
new frame apghgpyt put SF;%U@@H@M@WS ah exBMbleoutiputstreaint dett rireadB4athat

not her boar d- based graphi cs system or through a NVIDI A 8800GTX PCl card's
DVI out put . hk®2085tShiralstamecarsplgxity Ard/oe mogion4dat vas pearsgetriat®ddi o produced
by gane or applications through its digital audio output (e.g., S/ PDF),

whi ch is couphgdha Gycﬂlhéfpdﬁliglcpalpr%%ﬁﬂ@'btqcrﬁ‘ﬁlﬁu%@Qﬁ@@b%ﬁjafe\’w%’Ejre

X based PC t hat t d Vor b

Sour ce. audi BTBbRBHE SO GRS C oot B8 CONBBERH UG AR teieousl y i th
th d f I

embodi mont . PRGBS kst & sa?’ﬁaééfbed%q?%s‘?ﬁ S cutes the

audi o CO”pErF‘eSdéééRrbatJ hec ®AAPESS HEE BHHirfodt f ke Ambr 8RS efeahelt With the
conpressed Vi I' s deconpressed on the client 415 using a Vorbis

audi o deconpyigs&asins HRRVOINSQREIKNG {SERYI 92E . BERAFGENTERIDL BEROBUTI ON

[ 0220] Li ght through gl ass, such as optical fiber, travels at sone
with video stream data rate 634 shown in Figure 6¢ created using I/P/B or I/P
frames shows that the cyclic I/P tile compression produces a much smoother
data rate. Still, at frame 2x peak 952 (which approaches 2x the peak data
rate 942) and frame 4x peak 954 (which approaches 4x the peak data rate
944}, the data rate exceeds the peak data rate 941, which is unacceptabte. 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 fransition), 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 resuits 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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fraction of the speed of light in a vacuum and so an exact propagation
speed for light in optical fiber could be determ ned. But, in practice,
allowing time for routing delays, transm ssion inefficiencies, and other
over head, we have observed that optinmal |atencies on the Internet reflect
transm ssi on speeds closer to 50%the speed of light. Thus, an optinmal 1000
m | e round {whip slat endyer shamgps oxturattelppeddathat drednananptsuabdysso00 ni | e
round trip latency is about 64nms. Thus, a single server on one US coast
will be toopfeaccaniay with teeking toe reanges anghiledegsdmatieadtthe WRMenat&n be as

f 3000 m | ith the desired | . Ho ilLlystrated
' F quro. 188 dropRaoIANPhi S0Pe: a8 Big0 BLIOSIMEERELHY 1560 PEs AN ont ot | n
th t of . the US .0, - ka, t he di st
Lo any  poi nih 1 CaRe SEBNPHAAATENE pane B AR S eyl Sos BE bPE b or  ess. “the
round trip H{%ﬁf] @ﬁbal %‘s?ﬂﬁﬁo‘é@%gn&ﬁzeaﬁtkle%éﬁ% ra% d®ps Rebefsiongve® Figure

al t hough t he

4b, note tha wor st -case | atencies allowed for the user ISP
453 i's 25msq5ihyPakplren.immediaye refses weshibat 8o wresacihesems eté0- 15ms with
DSL and cabl e nodem syst ens. so, Figure 4b assunmes a maxi mum di st ance
from t he usedupt@enbsigoc2d: itfoedqusatindstd hgmesratsena1,0t appreeddhatithes. Thus,
with a typical user ISP round trip |atency of 15nms used and a nmaxi mum

| nt er net di gtiambes been5ontinHousl rppRring at8GiR$-trip | atency of 32ns, the total

round trip |latency fromthe poi user actuates i.nput, deyvice 421 and sees
a response @188l spl ay 95%@9%5’%]93‘%@@'1Y§¥§g§5isiﬁ'§i%gép199%%h’é%ESO, t he 80ns
response tine, can b i j e I ; t, i e of 1500
mles. Thi St%ﬂlﬂae%ﬁ%ﬁgﬁjﬁ tzggfé:%éﬁe%%gre\%y\%otz ﬁﬂghgﬁgmé%eélneg%%%ser | SP

| atency 453, £ PALAMBRsakd USch @LanResBam &1 NBlsads MRS raéenter that is
centrally I%Hgg%;&e%ea FOZZI?I n anot her enbodi nent, ill ugt rated i nnit Fi gure 13b,
t he hosti ngssBE W 66 dkBogienare). ActmilaTesshdvile kS6framecest9 7l eghbobbdoh
positioned around the United States (or other geographical region), wth
certain | aryép" Isestichg=seT vilcenmessast videnframs, géwing siedrasme8el 1 hi gh
popul ati on centers I n one enbodi nent, the, server

.g., HS2 and HS5).
centers HSIOWSE! t@)@héugi’{g@'f?‘?ﬁyo\f‘g\%% ?Qi"ﬁp%‘ﬁséoh"'%t%iﬁk camgiesras L eV ebe t he
I nt t ) i t t k . i i f v LLtipl
server centaiet® waha ease IR s Pub ol P Bath Pl Brilier ™t bt
h hi gh - .SP. ) i | i
o talnly S hdl B e e LR e e e o the

certainly a tactor rip latency through the
Internet, SQARidBSHHNRS udRCIaRS fa0re, hObrevbiRYy déwiibadelf tiay gethys unr el at ed
to latency. Sonetines a packet streamis routed through the Internhet to a
far away | ognaali emowyrdhbai kaagaitmnsmasad ©ithg diant 4tseneyfrdmerimend /6®hg | oop.
Sonetinmes there is routing equipnent on the path that is not operating
properly, resohd) oijebhanthgdieay ogta teHe 9 aliem EisitENSMuiedE g fele is a

fri | oadi h which introd | d, . imes, there i
at . i ur Ziﬁﬂaé) Eﬁ%iigg@%aggﬁ oS it o ey SE i GarEY ing P Ph b Gest i n% Ton
t T ile t , ( e
at a ;{?ﬁr&%iWﬁ?).\)ﬁ{%‘aﬁeﬁ{tﬂ!anvie“ﬁrﬁé,nﬁr%%@né%g%gyhﬂ%g@ggg& ions from

one poi nt airly rétia imal route and | atency
that is | arf%ﬁhy 2GRLLT T B&dpRksEl & @csmgre_(s;e,é@%@ byewi &4y keng di stance
connecti ons at" result in routing outside of the user's local area) such
reliabilityyapehiltad eneent 31 HYuNGy reansi: goey 998, edtcraisdesd then eclaamet  be
achieved froma user's prem ses to a given destination on the general

| nt ernet. [t0223] peaionmacateddiinent, when a user client 415 initially

connects to the hosting service 210 to play a video gane or use an
appl i cati ord018%e cl i dRENCHHEAPETEEE [t SBREh 16F IEI0/Sst i ng servi ce

dosori bed ABGUBFETEY RN arercy TS T BeBHuAgres Bf “HeB 3P RRet Sy “Bonneat  on.
then that GonDEGH AN SolSeh hAe oS RGN tndiNEat bl fhsHAEEAI cat es

with all,
the peak data rate 941 in one frame time. So, it is transmitted during transmit

fime (2x peak) 993, which takes up all of the frame time and part of the next
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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 connection or the service centers nmay identify the one with the

| owest | atency connection and provide this information (e.g., in the form
of an Internet address) to the client. [0224]1f a particul ar hosting

servi ce ser wematmeeNowsdwirgrthe adeidrame/ione .t dssversdi? yogaeas arotbgipl i cati on
can tolerate the latency to another, |ess | oaded hosti nqg{ Service server

center, thebhNEPBPIASSERframest ReY ape AL BdP MPacraPRessHeO4RIE g servi ce
t . jtuati i cat] th i

7 nni ng wou a8 HIISAaNe N HEHE eSaP ey 0 ats BRETRRIEE S ESed ser ver

center, and4@9%%@{@&@0@55%@%&}9& dHAhfrdaley \‘ﬁtﬁ% faRestihangfigired to a

server 402 a ng service server center. e gane or

appl i cati Onwmé"itqs%fwﬂﬁ@@mﬁ%@@@@br domnreesadrhedicTenoulsBelibasiimg service

210 would wait until the ganme or application has either reached a natural
pausi ng poi Ridetaicgompbedsoe el fhitweleseive faargant buoit safithecottireieader initi ates
a "save" operation in application) to do the transfer. In yet another
enbodi nent , disheyhostispgy sieviee €82 FEonanB iR Waime imes (I.cudwiellicedusasy ceases
for a specified period of tine %e , 1 mnute) and then would initiate the
transfer attenE@MeiraE o 89IPEAR Qggé-ri bed above, in one enbodi nent, the

12"t o ot tenATH providla Gasraaes: PavBh D2ty Ea IRRESET TR Sl bypass
servi ces, ageysed g eld (BLErBRINEETRrISIoR A HihdiyalRnpel wor k 1 out es

from one poi'n er ont nternet wth guaranteed characteristics

(e.g., |atepghe dakd Falsenit 1hE 0d5. Eipmtexanpligeo dbcdhgrebost i ng service 210
was receiving |large amount of traffic fromusers using AT&T' s DSL service

of feri ng i nd&eomprezpes Bame F atchdisplahai arodispiag desicABEE. BeBanerver 402
Franci sco- based central offices, the hosting service 210 could | ease a
hi gh- capaci oytppts vraoenriassecdarne £1966n videsrRoan e s CO4gioRTaeeS b8 haps AT&T

itself t h id t the S . ] sco-based tral

of 11 ces. andCRRBISROHBFEIH SPhe L ar o U SR BPY NG PERS CPRGCGEr VT e 210.

Then, if t f L. - ' i el - th h th
genral 1 ni B RBrCPR0 L Bede PRh s R B el A R RE A P

hi gh | atency. it hen Bfd yat eufRtAes UMBSH 4 AANRONHES Rerafesl inesiaad. Al though

private data connections are generally nore expensive than the routes

t hrough t hepggRgtiad nénterdree timee, Vidag camprdespr Mertgmores Simimesfesment age of
the hosting service 210 connections to users, the overall cost inpact wll
be | ow, andsarser40aidrid airpietiEndecarnpigseoichrigds famet sieadicen tieperi ence.

display device 422 for 4 frames times (i.e., briefiy reduces the frame rate from
60fps to 15fps). Then finally, server 402 ouiputs frame 10 870, video
compressor 404 compresses it into compressed frame 10 987, and it is
fransmitted 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] Notie 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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[ 0226] Server centers often have two | ayers of backup power in the event of
power failure. The first layer typically is backup power from batteries (or
froman alternative i medi ately avail abl e energy source, such a flywheel

that is kept running and is attached to a generator), which provides power

i mredi atel y when the power mains fail and keeps the server center running.
| f the powewhdtayérgayidessbepeby BseHe PARACKHE 3%t OFp agdiPckl y (e. g.

h h he b h h
) ol S0 BEE e D b B TP, U
time, then %¥ c{)ﬁ@l%_é?%eg?éi%\% st Berce%ﬁee li&®) C%Eat‘%ﬁ%t ed up that

take over f I'€s and can run ong as they have fuel. Such

gener at or s L%n‘?prgé%z{] FBLY SHPLNSIME d8EBe8t hﬁ\%/arm@br beraapabheoadrapr oduci ng
as nmuch power ‘as e server center nornmally gets fromthe power nains.

[0227] | n ongntgredhmmiigh ieactot dlustraedinsiny g tse duiacmte HSYraA85 tisdrar e user
data with one another so that if one server center has a power failure, it
can pause tibehgamatanteagpbtiyaesenediffatheaaampiesprdaeds SRM WHER transf er
the gane or application state data from each server 402 to servers 402 at
ot her servdhepeak et ragha4t-hen wi II not| fy the client 415 of each user to

oceur i nf r QIR 1y | ”ﬁea{a‘r’rweaé bidbe ﬁg“qotﬁ’sr??f N ESIC S
servi ce serel «ASPhEE MIEhnL 5,001 A0l 81 SedoNl dnant Ll ndiahngle (1 -

t he user wi 9 erate hi g atency for the duration of

the power faiddr@on tﬂ@'s?ﬁld’!/ﬂ”ileat’ebm’v(vqb@é d@sdﬁﬁlﬁﬁi widieUsiyangesed, suphi ons f or
transferring users. For exanple, given the tinme zone differences across the

US, users Qﬂhtéfﬁ@[elﬁaaksCém‘sthermysmegmahgropoedlfmpﬁmremra@mWhr!m@ users on
the West Coast at 8:30PM are starting to peak |n vi deo gane usage. If there
is a power High Ecere tomplekibgbich@cten gpaeersgpiach@sibese ﬁﬁtf)ﬁ@r\ﬁest Coast at

that time, there nay not be enou h West Cogst servfﬁj}r,s §2 at ot er hosti ng
service serv@go @@’ﬁ?érrﬁmﬂ%" PaiYdee %qj FORP FARECHIQS} SoMWR{esHERseuEM Y iat i on,

f th be tr t
he. East CIRSTOAEEH i 60 AT SHPACRA BBt e BN RaT B oncequence

to the user nge%ﬁom Q@trt Latency. Once the users have been transferred
fromthe sePver Center t as | ost power, the server center can then

comence ang9sger!y whué%ma efe rdducgen veschaalth pgutgeibed isantiethat al | of
t he equi prrent has been shut down before the batteries ﬁor ot her i nmmedi ate

power backup)hé sideszaesatredhta Iratetlllfuﬁramym ftiperecosttheresyitpgnedes or for the

server center can be avoided. [0228]1n one enbodi nent, durin % ti mes of-
heavy | oadisitgact dataeaieostliusyatasyioifdgure £5- (aithiRSalRe 25 RFEAIFELIES | oadi ng,

ot her _gor v edRPU Or A RESBALFe" Efg%ﬁﬂé‘xfa%?ﬁ%ﬁ%&ﬁ%rbeeﬁ@”?d“e%“ﬁér Game
Cequ Te | odARarERa) et S n AR o e BT e AR R oy
server connggl enspadledathhafetodrs a limted supply.

[0191] Thus, using the techniques described above, a high action video

stream can be transmitted with low iatency 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 wireiess) 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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[ 0229] HOSTI NG SERVI CE FEATURES [ 0230] Figure 15 illustrates an enbodi nent of
conponents 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 conponents of this server center are controlled and
coordi nated by a hosting service 210 control system 401 unl ess ot herw se
qual i fied. si£23plivaibaiamdcémtestiorwithoaf fiznind SO&rapwng pseks cl i ents 415 is
directed to inbound routing 1502. Typically, inbound internet traffic 1501
will enter oveswselmieg theemrteerk piatng NENYRKsHEED Pagk@langsti ¢ connection to the
Internet, but any network_ conpection neans of adequate bandw dt h,
reliabilitylCi88! i ow IDa"tTé‘ﬁiV PUSIMENT ce. I nbound routing 1502 is a system

L anct o k. (B8 "ot “Th BpS A haR, BN GRS AR BBSNGY, Aeblork, @ 11 ber

channel net or t hany other transport neans es and routing

server's SUDBQLLLIGL RenHLihas alcol drkeferidians oyl RRskelmrand out es

each packet to the appropriate application/ganme ("app/gane") server
1521-1525. Amagsepemeeidiaent forthpatket stsne andshetebyvamiedlit adjastpand i cul ar
app/ ganme server represents a subset of the data received fromthe client
and/ or may deatatars regredsehdngsils heodhiarratsthe healing gasvige 21Aataer ki ng
conmponents such as gateways and routers) within the data center. In sone
cases, packiet example, pedifpiteidnads Replelioh#RdEdna BETEET 95PAMEFSECAIC 4 ti e,

once 1 pardliheyBeRareag p 1 1 1e19/y 4" RohRE PR e Reialna ™ out i ng
k 1502, / 1 T d d [
o the ral DAt a0t 2Ty R ORToSL Eiee R SRRpRNETE, Ty be

i mpl enent ed.as, i bi k&R Rrak avg) fios als8ocorTedseditiba té Aeonbound
routing 1505 and data from RAID array 1515 can be read from app/ gane

servers 1524a0lha%idebeedonimession agid Ate 2502 nignthid 5iogpl watentethei n a wi de
range of prior art network architectures, including a tree structure of

swi t ches, virtdgetthendimbouthd Sameinage 3izapnithe dBORYaICe8s root; in a mesh
structure interconnecting all of the various devices;

i nt er conned03keri ed 8P SOMNSRREN Wi % SLEHCENV PRIELRS ppg’%rﬁ?gogﬁ{%@&

i nt i ti devi ¢ . t i t

ot her *dev cires® eitarts, S SRIGER S Balt POHRRFER IEbE ek cno "ol Though
typically Hﬁﬁ[ﬂg{a%ra%gﬁéftﬂ@ r@‘%ﬁh%@@widetreﬁé s & B HRckESds Lol neenssal

A
hi gh- speed da anong devi ces. Also, the app/gane servers
1521- 1525 %&agﬁb&@&{@:f% bhplecaPbvRIUs e O ga e s tHemth&eudenhound routi ng
e,

1502. For exanp a server 1521-1525 nmay have a network connection to a
subnet att gohes] t o REROPAED @p<DELBYER PACREENd anot her network connection to
a subnet attached to other devices., ,

[0196] In one embodiment, if data is lost due to packet loss between

the video compressor 404 and client 415 in rigures 4a or 4b, or due to a

packet being received out of order that arrives teo late to decompress and

meet the latency requirements of the decompressed frame, the video

decompression logic 412 is able fo mitigate the visual artifacts. In a streaming

1/P frame implementation, if there is a lost/delayed packet, the entire screen is

impacted, potentially causing the screen 1o completely freeze for a period of

time or show other screen-wide visual artifacts. For exampie, 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 2 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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[ 0232] The app/ gane servers 1521-1525 may all be configured the sane, sone
differently, or all differently, as previously described in relation to
servers 402 in the enbodiment illustrated in Figure 4a. In one enbodi nent,
each-user, when using the hosting service is typically at |east one

app/ game server 1521-1525. For the sake of sinplicity of explanation, we
shal | assuniellawgPersndirgen hewdanhiy wihpe §alase serieama appeansutnisiilt i pl e

Sobl gane. sereers ipbae: anret i auEat (s i enRd T BRE R DR T an: 435
i y d i b i J [ t : fi,6 1501, d

'S Pout ed-LHPUBENA Hbolnd PREET Al adget BRI RERRE mbBuhE o0 e

server 1521, 48es, 1 Aa érfﬁf[%ﬁte S APdctitRPHks 22neaRtd Pl thb BRUbcbQdcher. game or

application running on server, and conputes the next frame of video and
the audi o agsash albechnh idsdri withrpigmukvice veckdd Bikrtihe paokdtputost, tithe

unconpr essed vi deo/ audi o 1529 to shared video conpression 1530. App/gane
server may wiitopiy affdoe onaditergl essese. teddwatiom ohie visughertifagieyiidi ng one or
nore G gabit Ethernet connections, but in one enbodinment the video is

out put vi a eVt conneiBer am 1 lePadket iglestngnt 2ot Hir 'S (IR IEW and

i cati hannel state information g t put . vi Uni | Serial
Bus (USB) COHTEE R MIhaEop8 a3 ha Sz cuned e BLBr &1 THssS! BEpr esses
th d_yj i f -1525. Th
Compr oast oreRRba™Y fifTe fRHREH Y LIS DevARRBRTE (SRENRIS kel 102>, e
software. There BBy, & Aedi€ah ek soEBA RSFRICIE@IotRac PRy JRIBe SEr ver 1521-

1525, or if the conpressors are fast enough, a given conpressor can be used
t o conpr essrirhfervii 8806 avdhicdusem loss of sdenalqrezkaEigace (s.gr,wpikelf21- 1525.
For exanple, at 60fps a video frane time is 16.67ms. |f a conpressor is
able to conmvessea: foraSL lmel thet brigigslisripte the wstekewr thansaneel hsed to
conpress the video/audio from as man’y Ss 16 apg/ gama. serversq%fgl- 1525 by
taki ng i npuifes wirheoaiiecseq are Hraneineifo PHIPSCaNSE SOMrd e r e €aving the
state of each video/audi 0.cConpressi on i [ ontext as it
cycl es anon§s8EWe é‘m\?iad%%‘?’éﬁ'gq%eé/t@'ﬁ%ﬁs&{@g&g@hg@%e@%&rlga V@ﬁil% results in
substanti al : ' [ [ r 1 0 ' r@fbaiServers
Wi be corBraling tr ine R, PO, L Ao 1 e e eat e

CONPr eSSOr {F880UsE e BirBmed ahc Shpsadiynack, 3530nwitih asaeedhat cauage neans
(e.g., RAM Fl ash) for storing the state of each conpression process, and
when a ser vetrobb2d/bERBdipaaket, trere orphigher pradhabidigdpat an béagenpitidesed, a

control neans determ nes which conpression resource is available at that
time, proviafestachéecdrayesas ofam bEaniede ofth thsunbkaly fiad twt L ra@es&ver ' s

[0254] Not & hepacopaTeS #110) S £ on “BRR S 0Rver 8! BENBPeLeshohr ocass
Fneludes i nf . Tt . . h .

(Tane: s deco oS PRANeF R e SRe Ty BEHE8a s a roference for
Ptiles, t%o{;;ﬁe@ﬂ{i#ﬂé’cﬁ'trféﬁﬁ Gdinerpisdeqeout put; the quality of the

conpr essi on; ng structure; the allocation of bits per tiles; the
conpr essi onpqgAl i ty, Orikecrabsdimehoan@hpiseo geducst e edffscsaffiosiuradksisund,

Dol by(r) AC-3). But the conpression process state also includes

communi cat imrinethigengy patieging theqomiressed begndhinghe A& Fodr@osaudso™ ate 941
and whether a previous franme (as_illustrated in Fi urrently being

9b), i
out put (ancﬁoaé"oﬂé“@tﬂcp’)t%k@ﬁrqféﬁpﬁ%"ré’a%%mcpr%@cgléﬁ@%@; g;Sl‘rnd potential 'y
whet h th ch | F eristi i id dinth
conpr ess! orp*agtith snB e e pierare Pet Wil eROH PIRER S ons Tor the.
ot ol Eo P O duieneser Qé}&iﬁl&{}f@ﬂu@%?gaﬂiu{éﬁﬁﬁ%%@@’tii@@ gh%ﬁt'deeﬁack%%hirﬁé the peak

data rate d\l r er c aracteristics nge over tine, as

det erm ned daycagy éﬁ@(@@ﬂ‘@oﬁ@DM§KNitﬂa5&$W9&@5@1&M@Qﬁfstfb@tgr@a§be¢lmkynbni toring
data sent fromthe client 415, the app/gane server 1521-1525 sends the
rel evant i nf rgues il 0a, tles thvas shakeibohadavwey and ereppaksd orefilaaaly so

that the loss of a single packet results in the loss of multipte frames. For
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[ 0235] The shared hardware conpression 1530 al so packetizes the conpressed

vi deo/ audi o usi ng neans such as those previously described, and if
appropriate, applying FEC codes, duplicating certain data, or taking other
st'eps to as to adequately ensure the ability of the video/audio data stream
to be received by the client 415 and deconpressed with as high a quality
and rel i abi bidrypiasit baasidl 803 bORRE] Senmesappbedids avsosts tasltmg ibhose

descri bed bel ow, require the video/audi o output of a given app/gane server
1521- 1525 tasis satfactkabl e at multiple resolutions (or in other nultiple
formats) sinmultaneously. If the apgégane server 1521-1525 so notifies the

shared har difdP8] conpEsiirdiash 530/ e d §BUNSF AIeHEIR RAFEINGARDRPPE84®d vi deo
di 1529 of that /. 521-1525 wi.| | i | |
comressed Mieltgn s PaNE DERITEI Brdvets BHEoPeE e ePErdr BARAPE S Uit er on
ket / . i , t : . . i
Fesour ces. caipEeditpak R By o R et R A P TR oo essi ng

the same Viﬂé&’r@}fﬁé,(’r:ﬁvgamd Th JFBRYgEEIMItR 3156 BBURIAM 8 ketshi@De- i s a step
whereby the 1mage 1's scaled to multiple sizes before applying conpression.

| f differentow, zespeongeg ane tilcespokingdiopie dieo atitmppts, totfl élestwitisn st ep can be
used to serve several conpression processes at once). |In other cases,

separ at e copguketssidine mesbefficiest manhebpossieia WlPW GrossitthP@mt . | n any
case, the conpressed_vi deo/ audi o 1239 of $I | . of he%vari E s resolutions and
formats redRAYnEdriedr Basef 9R Mgt GhRaCs et PEtiasiies1EH8Nd 8 8¢ one or many)

out put of - (NGB LY BRI Ehaay it 87 83077 EOTRnoERnERB ERRECITRY ("5

uni di rect | qal 5788 95 BARSLS AR2ITIENSOOKHIVEG baUL R ALRDT K 1540

conpri ses series routing servers and swtc Ich direct each

conpressed Migleahdud T Bl4RRM 1 @abhe 10TEeNiRG, UBES(18)s Wheaid)ersintgst i nat i ons
t hrough out bound Internet traffic 1599 interface (which typically would
connect to gadkebess imitrestlacethedosshel nomersetan Atilds gratiherdkan 8 tidgreasiel ay
buffer 1515, and/or back to the inbound routing 1502, and/or out through a
privat e netilwatiatgciotFiglievirda)f or vi deo distribution. Note that (as described

il C1pl ¢ GdORPRaL | on T SBHAEH PANaes SHOUEPRERISN ASHIE Mol eABRtea. usi ng
| nt t Prot .. (IF |LI: t 1 Dbl gl Ve ' ded to b
st eamed tdrreie e RERE R B MRy Bl BB o oadcast

i's repeat eq"’iWﬁ‘ B{ggn{c@gt Ik RAYVieagiatast MrkbaNes 1bdl riodetRuEs adediout | ng

1540. The mu tinations of the broadcast may be to nultiple users’
clients 415nifrib§aithit@iraesmissnniuiii gileet appkgerien ser nerreat B2tk 1525

t hrough via i nbound routing 1502, and/or to one or nore delay buffers 1515.
Thus, the abguin HE sarafny ereatiop\eiesd belicepbpaitiéactisapndse sibrian o one or
multiple formats, and each conpressed streamis directed E:% gne or nmultiple
desti nati orf§200] 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 technigues such as Reed-Solomon and Viterbi

generate and append error cotrection 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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[0238] Further, in another enbodinment, if nmultiple app/gane servers

1521- 1525 are used sinultaneously by one user (e.g., in a parallel
processing configuration to create the 3D output of a conplex scene) and
each server is producing part of the resulting i mage, the video output of
mul tiple servers 1521-1525 can be conbi ned by the shared hardware

conpr essi orpréB&fes ant il thed fbiontdilifardyrereaimd visuaherthiagt (pdi an tfeopwded it is
handl ed as descri bed above as if imama froma_si ngl e g / ganme server
1521- 1525. J0e39)iNstos dewreiaied) dife /@i sustRIRE omtheotyes T 1884 the
resol ution or, higher of vi viewed by the user). of, all .video, generated by
app/ gane se@'rUfé’FE‘%f?ﬂy ggt@gga[ebge P%@berg‘érdnépﬁygel Syﬁﬂ;‘tlﬁsf%r f%hj@%a&}( at | east
some nunber ' - I Mg ' - j | ows each
user to "requh&’wlgﬁ%?@%”ﬁég F{Rr”%Lr%%gg@ﬁ%slggg?%ﬁgﬁﬂhgféc]@%mt%mrezji%erw previ ous

wor k or expé@h&e;ﬁe,(iwziﬂe@c@meﬂ{ isParg AR follW&® by 18 PR seEedidEle each

conpressed video/audi o output 1539 stream being routed to a user client 415
i s al so beijpgvatdold sgsit atlet ¢ the deilaymnediaely ¥6kbvini\aar tidie lesdéoilaudi o i s
stored on a delay buffer 1515, a directory on the delay buffer 1515

provi des a resasi theftde ehowingarnieesrretiemast iwr ko Hamedsseofattldrapprigane

server 1521-1525 that is_the source Qf th del ayed vi deo/audj o and the
| ocati on oﬁNQLH‘ébQQISQTSP)uWeeWU@%ﬁSVW'I Eeapﬁ%dﬁéqcéﬁégwpﬁ‘é‘b%%aﬁr%a@an be

o OGN, AATANTG MENBLR, | RO Lo,
tiles follows an I tile), the more noticeable the artifact. As previously
discussed, though, in general, the closer a P tile follows an I tile, the smaller
the data for that P tile. Thus, P tiles following | tiles not only are more critical
to protect from being lost, but they are smaller in size. And, in general, the
smaller the data is that needs to be protected, the smaller the FEC code
naeds to be to protect it.

[0202] S0, as itlustrated in Figure 114, 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 1 tile 1100 and
FEC 1104 contains error correction code for I tile 1103, In this embodiment,
no FEC is generated for the P liles.

[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 iest. 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 I tile, which are the most critical to

protect).
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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 service 210 that
supports navigation through hosting service 210 and other features. A
screen shot of one such user interface application is show in Figure 16, a
"Game Finder" screen. This particular user interface screen allows a user
to watch 15[0g84ks t hat aapiebembgdimaiyietnthentaap sendisoapedyCpdatiidra user s.

Each of the "thunbnail" video wi ndows,. such 1600 is a . live video w ndow
in notion sﬁ@vﬁhﬁdil%ﬁéfm@@”ﬁ%@@%F@Eﬁd‘ﬁ@ lﬁ‘saeéﬁger%ri’@d?q{hg QPERRFSRown in the

t hunbnai | rr%){?g%éa@%ij?{ geqﬁt\%%fp\’%c Qﬁ%éﬂtf.‘@a user is seeing, or it may be a

del ayed vi e Ag a conbat gane, a user may not want

other user sgbgefee’ WigtRo Shndn RGBS TRY 1085804 o1 debay any view

of her gameplay' by a peri time, say 10 m nutes). The view nmay al so be
a canera Vi i\ Phretyai@ed Rataddo thdkdees enti ofdram arzy resyeictiselyi ew.  Through
menu sel ections (not shown in this illustration), a user may choose a

sel ecti on ofargamesd fromvihewcatingpewicebasedrrontinwiththevigeof lldgiteria. As a
smal | sanpling of exenplary choices, the user may sel ect a random sel ection
of games ( sparticasrly iveeastashswmaing@iritiye reeardy of #19 2o §ha ViderREiERames (al |
bei ng played by different players), only the top-ranked players of a gane,
pl ayers at RequseRistensd aqqaot(%g.,gﬁ%?g 8%‘]58\%5 Mﬁhﬁ?ﬁ@&'%?&?@@@%. g., if the
player is learning the basi Yho. % |6 - r..afLe rivals),
ganes t hat Lﬁg{?g'r?ﬁlg Yro5 ™ %nrc%é? gbgﬁé\/\gr 5, Q%Ig)_to gggﬂfﬁﬁﬁt@%t ugjt]degener ally,
each user ' LNBE dib donaiffef 4 eMithSutlistBRlongane or appl i cati on
can be vi e&dddt%]ﬁqg't er‘e\égtgn , icf| so, which others, and when it may be vi ewed
by others, jgbegher itinhfoBl ¥mbeiwadriteratidrithan detaiyg an[fE248bdheitapp/ gane
server 1521-1525 that is generating the user interface screen shown in
Figure 16 amglib taks, tHeeaukfo diathde frandindtaceimdzs. nach dinth g diffgeans agekato t he

app/ game server 1521-1525 for each user whose game it is requesting from
The nessagef pee sepfetilosligriayerk tha O\ #2FERILP H§2D502 or anot her networ k.

The message will include the size and for f i deo 0~ I equest ed,
and will id9807TFy thd ag@bor\‘/’i’@Wﬁémfrb{}eélrﬂ??ﬁ&"'i"%@é%‘?i%g'gg% ﬁaﬁ%qﬁé}: gi ven user
may choose to lLLect_ ".prq " - i ers to view
vi deo/ audi Oco&e%ﬁﬂ?&lgldr@ 1€é%§gfg??%rﬁ?é%lcﬁtﬁ{ 0 ﬁdvsﬁgﬁogérr{aﬁ%%anot her

poi nt of V'r%‘ﬁﬂect@éigﬁ@.g@ﬁ&ﬁfdmﬁﬂgsééﬁ) HRAsPIRM @it cREl REMANE cligntusierionay
choose to allow view ng of video/audio from her gane, but delay the

vi deo/ audi ah¥inewesy sévidser Oapirigaimpeerrebeckiat MiS25g rension prgsaad
~accepting a request to allowits video/audio to be viewed W Il acknow edge
as such to & heusequpeniangirsavigep gaameiof an @PPlcadips GoHkst iepylt @ shar ed

har dwar e conpression 1530 of the need to generate an additional conpressed
vi deo st r eatiidesirghie usegBEYE8C%or et or screen size (assuning the format

S0 nat et dabt PRATPLATPERTRRE B 85 dRE s e Tt M T
request 0 36k keg) cohind e aERkednpl des U eianundelaage, then the

requesti ng app/ game server 21- 1525 W be so notified, and it wll

acqui re t he delpyes yiger/mpdbetf I oneaadeb@y |dubbriyed 3h5 diyer peokeng up t he
video/audio's location in the directory on the delay buffer 1515 and the
net wor k adds esed.of the app/gane server 1521-1525 that is the source of the

del ayed vi deo/ audi 0. Once all of these requests have been ggnerat ed and
handl ed, ud0ReBlL5 |i Vreoamarmbegimeryi Hed apide §2845CeatasasFeHES out ed from

t he out bound routing 1540 to the inbgund rout.in 02.to t.h ame
server 152 TughysfdamepBMUNFAIiARE coagre i%&eWF é;ﬁggmg%ﬁtgncjet%mﬁn%mﬁ%%eg
deconpressed an is . ser : i AL, eans nay
be. it oo TAHGE 5 b v bRRghE(aY o vidRo MRty Hhdee et T S0t

wi |l decompg essc BECShEERM: ahslicsic e adamy tideudigeer slor@amBet @ay humbnai |
size. I n onée enbodi nent, requests for audio/video are sent to (and nanaged
by) a cent rghiuddmnegemeaich seevdlosirgl padkat ioks, kleachost| awydaeripede control
system of Figure 4a (not shown in Figure 15) which then redjrects the
requests tabohe. #peopan é ppptgarte useiabe, tTepihe 52stinde?E6eer’'C in one
enbodi nent, no request nmay be required because the thunbnails are "pushed"
to the clients of those users that @llowit.



[ 0244] The audio from 15 ganes all m xed sinultaneously m ght create a
cacophony of sound. The user may choose to mx all of the sounds together
in this way (perhaps just to get a sense of the "din" created by all the
action being viewed), or the user nmay choose to just listen to the audio
fromone gane at a tine. The selection of a single gane is acconplished by
movi ng the yelmnsEECChiinf boks1BAilest audioginegnseranmentiathis. yY | ow box
movenment can be acconplished by using arrow keys on a_keyboard, by noving a
nouse, by nowntnaptaf fheystanor| is celiahie. puehitrghertirdcardpak 1B HAYRRPYN” anot her

devi ce such as a nobile phone). Once a single me | ected, just the
audi o from CR&tojuirapfigped UREEEOMGRANES A %ﬁﬁgﬁ?gﬁp@%ﬁﬂ%a@ﬁ%%_ In the
case of this ganme, for exa ,..t.he | i =\ d the gane

| ogo, " NeedV‘Id%P* YBaY negy%nﬁégﬁgmak%gﬁgﬁégﬁ% r%&gﬁétgﬁggﬁ@ndi cates in
relative tegps: f AR GHPRoMbEWNGH Hesganme at t hat
parti cul ar %@@&%ﬂg?%ﬁ@ﬁnﬁyf’% ?Rﬁ@ so@t rl1e %aﬁg igs " Hot '§). Furt her
"Stats® are ﬁ§&§ii,¢g€‘9mndi;ﬂdgpﬁfbﬂftgemlbaainbdaﬂrﬁleaﬂs@tiﬂzgfsepjiwmmmiﬁuyawy _

pl ayi ng 80 HI ferent instantiations of the Need for Speed Gane (i.e., it
can be pl ayemnabtsher doydaions otiinei dhaahepdray ehangaseheFEfubeiicyl ayer gane), and
there are 680 viewers (of which this user is one). Note that these
statistics @esmdoglyer statistics) are collected by hosting service control
system 401 and are stored on RAID arrays. 1511-1512, for Kk [ | ogs of the
oSt i ng ser (B 210" OBETST R RAITER. KIBPBIF ot AU 1o ULBrSE and
payi ng publishers wh r OVl ont. of t.at st ecor ded
due to acti B’ﬁg‘%gﬁ Pﬁgd@@f%ﬁ xgegu@ﬁﬁtlfgfe ??g'?gﬁ]%4 t?%gﬁ,fésrgé égéceﬁ{sgp%rted to
the service BYinkIFe=d RAl VAN B coPR) EHTRIcS@l eihe1521- 1525,
For exanpl e:d t%ﬁgugéprgls%az}ngﬂskég@gr’ 1521-1525 running this Gane Fi nder

appl i cat i ongReRds s EREsaERNIOMENe flaasdd ag Iskefce acwm I ik vEly Seem 401 when
games are being viewed (and when they are ceased to be viewed) so that it
may updat e tdveivetadricstdnosare$ ithotharemydganateaee Tom e SlientIopdoof t he
statistics are available for user interface a %I i cations such fas this Gane
Fi nder appl hesttriogiervipe248] if the 1eenddde apneykis lass WaDitNa PV BREHE: THRSSN t hei r

i nput device,, they wi]l see the thunbnail vjdeo,.i.n Y. oom up
while it reheforganeye fig's @‘I‘GF pos@f'%%?”@? Ch‘?ﬁ?éf%@?? 4 rﬁ}eéssf%\gﬁﬁ&)ﬂﬁépr ocess
in Figure 17, te L [ | j (grA=N i mpl ement
this effect T*O?W Sé%\ﬁ? ‘gtgﬂré rési(g%vs‘ébg%g’gélv& gg%shf@a%%}[é’gg% go%bfeﬁjemgg%/ gane
server 1521y géoms;blﬂéﬁézbg4bb,ear9ﬁ;@h§rahgﬁ@@deﬁa@inb@vreti@ foopi 16 whbee vi deo
streamfor a full screen size (at the resolution of the user's display

devi ce 422) gk Hdaebaanest, aufeedrates at I tikh&happligate setareshedain EB25 runni ng
the gane notifies the shared hardware conpressor 1530 that a

t hunbnai | - sz edddbpy desighbe tyairyidesa Fsrcoligdatense Hgd i Mpcabsiean diater

app/ game server 1521-1525 requires such ?nd then it directs

th il),
it to send 80Mal thiss@sebning ble %c@feqtﬁimﬁhﬁg%@rg%{%tﬁg R AT Ser ver

2 display devbeBeasgoiar s itighe ol BirtIE e RoR S Py 0 e
zoom ng. up écmaecq%'titl{g{l[tﬁig?%%’.st:ﬂg&%hi%‘?é"@'frérﬁé( tihBe—8aPRcERIc O MRy not have

di spl ay devitces sane resolution as the user zoom ng up the
gane (and ngyhave, Sifhereahorsstiohr: Plaay hackamans 230ngs disaiptivrdoots sur round
sound). Thus, the shared hardware conpressor 1530 determ nes whether a
sui t abl e comahess®dhan tecloammizesst4ldaganesatel seadpnbdiongitigéiferavad t hat
meets the requirenments of the user requesting the video/audio streamand if
one does exdysiic ordernibthe | e wadd saepoliea sidth e i irams Pdiceed opy of
the streamto the app/gane server 1521-15 zoonmi ng.the vid and i f not
conpr esses %\Y%‘?H@rb%@g@f eRdnG CaRR e IRal %’5'% V‘Qlﬁg{e;gglt%e ?563:{8 ﬁgpeuser and
instructs t out b r [ ; t r mclihB eaidpzound
routing 150‘gﬁghﬁ?§ %ﬁqg%t&ﬁ gé%é‘é%v%ﬁgggﬂﬁfé?gﬁ%@% teﬁté v?%eo. Thi s
Server, “O%rﬁeeﬂ%gvm&nénwlyl bSEIEEAN IR 8l Bt rAGes elneahed siarglep Wil |
deconpress 1t and gradually scale it up to full size.

with the next frame the usual cyciing will continue, and the file that normally
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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
resolution of the user's display device 422 as indicated by the image
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 begpyRf PwictepgivEdUAING Instht patcddiey frare: Wil reosigeenegded and
messages to the hosting service control server 401 that the other ganes are
no | onger bgithguat iedctioatbriefly slelays e phesoof thedR Spimeycyding sit gemealdt i ng is
an overlay 1801 at the top of the screen which provides infornmation and
menu cont r ol n@ hehrotigsaple viiaedy t hat as this game has progressed, the

Co be many (0Aare w YREBPUPIADRoMREE shBe B R Bl SR e Ty
Lhe resol utgn feach ARRlInTR, SRIUELOLa2Ischa% MBS iR AR X dguscal e the

X . |
video for a ing th ecause the gane shown is a

mul ti pl ayer .gang 44N, MSShcdRYr 8860 BeLda foQidnprBss Gares itpzsaree poi nt. The
hosting service 210 may or may not allow the user to join the gane for a

variety of peaseitedifeft exagpireceddoe dtset corgyXdavePtocopayuteosysiary t he gane

and choose not to, the user may not have sufficient ranking to join that

particul ar gamng et 266 GHz oonipderieused, witnpsech chgarfremenEohRaPepl ayer s) ,

or the user's Internet connection mag not have | ow eno%%h | atency to allow

the user toSPIEs x84 §i-264 FRIPBSSEORR 4R MARREREGNIRSE I MPWFGT" vi ewi ng

ganes, so a gane that,_is bein | ayed..f ar .awa i ndee ! t her

conti nent) 5%,;{3Lgeotgfsreg@gw\ﬁef/ﬁ%[ﬁarpgpgﬂgg,raggﬂ%ﬁ}é{){stfe ‘fﬁﬁ% vagtrpe %%ame to be

pl ayed, the 4 ~ r r j t he gane,
Séﬁrﬁégﬁw‘gym Oﬁgs%%n@@%ﬁ@%ﬂﬂ@%&% F%FEX%E?@\,A%QCY( 8) e 2y

and (b) be ayers 0 may have | ower

| atency conpgekic@RBe reblackRitiSeY Hizgap@mmrebest irldthated iMen FAEH gane
server 1521-1525 that had been providing the Gane Finder user interface

for the usemewldmpleghesh it Rigurd h2, duoss il 8919 @08iare usemta odbnseendy 401
initiate (i.e., locate and start up) an app/ganme server 1521-1525 that is
sui tabl y copfocges 8w fftdes pncyities eheighhindepanagntdaisgdso Asdawel f8oWanme from a
RAI D array 1511-1512, and then th h?sti ng service control server 401 will
nstruct t he ABGUAATPETH OIS0 M -PIHSESP FHEPUBHEYIFMSAGRal s f rom t he

'he shared RAPRIEN ceednpesdb b iraedlo Rkl PR B AN ntdadtd | "' T
vi deo/ audi Ooéér%ﬂh%ﬂrgfstéﬁt@/s%ﬁ%s%b&éﬁbftt\)v%o%@(@@%Te@%ﬁél%iﬁd?ﬁ(e@ﬁ@ﬁ Fi nder

applicationto conpressing the video/audio fromthe app/gane server now
hosti ng t heggamey iHhesverdditeal asynmusf the Gane Finder app/ganme service and

the new app/ganme server hosting the game are not synchronized, and as a
resul t ther2iig] i kelly thoembodimdnidiugirtfastisrideursetinsimne ash o1 nes.
Because the shared video conpression hardware 1530 w || gg%i n,_conpressi ng
vi deo upon eareajfpiaganesislerioersi®el ligsh OPEEHRT B IHY NdePRade i HE Nt he fir st
H,g”e from étﬂgr ggrvevs,seearc Stunnim abseepca?g?él i%gt?agtigt%%nc rxztleiﬂ ﬁCif%lplregé' re time of

based DVI capture card, such as the Sendero Video Imaging P Development

Board from Microtronix of Qosterhout, The Nethertands is used to capture

uncompressed video at 640x480, 800x800, or 1280x720resolution, and the

FPGA on the card uses Direct Memory Access (DMA) to transfer the captured

video through the DV! bus intc 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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ol d server, which may be before the prior conpressed frane conpleting its
transm ssion (e.g., consider transmt time 992 of Figure 9b: if
unconpressed frane 3 963 were conpleted half a frame tine early, it would
i npi hge upon the transmt time 992). In such a situation the shared video
conpression hardware 1530 will ignore the first frame fromthe new server
(e.g., likesuahahst, 4itO6ah indial ghlerosdh@Zgyion, mmme@m@aﬁnmmma | hold the
last frame fromthe ol d server an extra frame ti and t he shared vi deo
conpr essi onemrmrmqsgoofv@hasewtﬁ hecshgr 8%§P'ﬁ1@rqsr$é3f’r?e'xtt§9 f¥'awedittyme vi deo

fromthe new a&pF{ arre server t%(g épg{eﬁf gane. Visually, to the user, the
0 B‘éﬁf@ ‘h i

transition ¥§Y6 e other will be seanl ess. The

host i ' t 0 Ly '
15211525 tH&0 Sﬁ“bé R BT el he MR Rt R A AR P (T
until it isppeededagas L%gﬁleﬂé@w@@ésw@nousﬁyabwae@ Bha@hdrhBegane.

And, what is exceptional is the game w |l play percept ual | y instantly
(since it widhpbeyst fieadedrandroittiieo aaeptivaim gmme4ser ver 1521-1525 from a
RAI D array 1511 1512 at gi gabit/second speed), and the ganme will be | oaded
onto a ser v[éE‘iE]xactIWtbumg!edch‘lmsttta’fﬁd gaﬂswta)@%tlh@le aete ratadf djger at i ng system
exactly configured for the h the ideal drivers, registry

ane
confi gur at | @Ngingd Smesméeg% a\ﬁ’ﬁﬁ e peak Aataai ohd WER& SRSt cat i ons

running on the server that imght co

[0249] Al so,Pras>$°he a{gagso&ngapggrsaessmg &)rﬁa}’? ?%ggggég“ggé%%gfaﬁhéﬁsegnent s
of the game, | 'fdr ﬂl] ggmbmgg Sﬁﬂgs $8% \Sﬁén g%l %lng?eka t/ second speed (i. 1

gi gabyte | 05ds ' n secon rom-t array 1511-1512, and because of

the vast stgpage Capﬁr@brﬁé'eﬁ]fbcamﬁerﬁﬁét@namms HiddmbBiR dSidearblonis a shar ed
resource among nany users, it can be very large, yet still be cost

effective) meomeatingys smtam:ambnsbhéFmgagn AsregeBiTty sretess caeivige tpe 8- conput ed
and stored on the RAID array 1511-1512 and | oaded extremnely rapidly
Mor eover, Héenase eahe tiledp doried te sAHFyuPen 'Péﬁlr@ﬁﬁpf@;d\ﬁﬁim ﬁ?ﬁ?@'ﬂﬁﬂesé%abl lities

O e P2 828 bRl el B ven e shader s, oan, be
run in an [0217] The client 415 recsives keyboard, mouse, or game controller
input from the PC's input device drivers and transmits it {0 the server 402, The
server 402 then applies the received input device data and appilies it to the
game or application running on the server 402, which is a PC running
Windows using an intel 2.16GHz Core Duc CPU. The server 402 then
nroduces a new frame and outputs it through its DVI output, either from a
motherboard-basad graphics system, or through a NVIDIA 8800GTX PCl
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 1o 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 audic
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i deal environnment, and subsequent segnents will |oad al nost instantly.

[ 0251] But, beyond these advantages, the user will be able to view others

pl ayi ng the gane (via the Gane Finder, previously described and ot her
nmeans) and both decide if the gane is interesting, and if so, learn tips
fromwatching others. And, the user will be able to deno the gane
instantly, sdrhfedtiohavhagomprassed atdio ia thar genshoimetagehgwitt ore i nstal | ati on,
and the user will be able to play the gane inst.antl?/, perhaps on a trial
basi s for acempiekbssd fidep, and isriegomprersedtasy inebaisns4  AneNg eherbiser wil | be
able to play the ganme on a Wndows PC, a Macintosh, on a television set, at
horme, when 24y EEEHHOIe4AA- even on a nobil e phone, with a | ow enough | atency

wireless co ion. ,And. thi I j wi t hout ever
physi cal |y @%ﬁ%g a Nﬁgk'ﬁ\gg’%g@& ?gﬁﬁ%h@ﬁ?ﬁ ned previously, the
user can degi not al I p ; rs, to allow
hi s gane tce)lﬁggelli em%’iﬂgﬁﬁgﬁhg%i %L?/éh %%O@ﬁa\éz{/g i ?jag’%%t t@%rﬂ%e vi ewabl e by
sel ect ed US@LSionQf tHOsHdONY Hfahsingavasuen, keavieualkactyopddatios epsed
Regardl ess, the video/audio will be stored, in one enmbodi nent, for 15
M nutes in far fgitay optid ébed &by bandidrmnars &utwihldratieeablaving tithedwi nd”  and
view his prior gane play, and pause, play it back slowy, fast forward,
etc., just rastim@deious dransmassien ineffigepieias. padivdiest W@ﬁ%@’eﬁ\ﬁvﬁjth a Digital
Vi deo Recorder (DVR). Althou%h in this exanmple, the user. is plg ing a gane,
the same " D\ARSNeshaB! PRltrYalaRGISR IOQGE% lr?tfarr{fggéef@é;rapgmlﬁ;cﬁ&pgﬁ %ppl i cati on.
This can be_hel pful in review (o : i i her | I.ons as
s o0 Denel BLubhe! B/ QUG I8 PEAGE MR A0 BIORLABRA) LiaIons o
rewi ndi ng Baseg Afindily 278 GrBPETPoSARSI0N ANER U RNrip S4iERo) Baibolhe camera
e changed, et t I

view can b cC., en this "3D DVR' capability viill also be

supported, das. iThudl & kingRasénver dhengaBcdast bell Best@neaway tsupert it. The
"DVR' capability using a delay buffer 1515 will work with any game or
appl i cat i orglichisrort ¢ afercanass eyhithocambe disdenas RAD0 wiles geiag) attethavhen t he
gane or application was used, but in the case of ganmes with 3D DVR

capabi | i t y,dasied igienci afbveayet ras ilestretes in Hpdigghda. iifh8 HosindsHEdi ousl y

D e o0 LB B DRt kg 79, 4 o
R e LR b e RN
later date Qf, 4 heaRAMes66 R br st ihe 8aR® trip Internet latency could be as

low as 32 ms. Referring to Figure 4b, note that afthough the worst-case

latencies allowed for the user ISP 453 is 25ms, typically, we have observed

latencies closer to 10-15ms with DSL and cable modem systems. Also, Figure

4b assumes a maximum distance from the user premises 211 {o the hesting

center 210 of 1000 miles. Thus, with a typical user ISP round trip iatency of

15ms used and a maximum Internet distance of 1500 miles for a round trip

latency of 32ms, the total round trip iatency from the point a user actuaies

input device 421 and sees a response on display device 422 is

1+14+15432+1+16+6+8 = 80ms. So, the 80ms response time can be typically

achieved over an internet distance of 1500 mites. 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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[ 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.
Among of the things that users will be able to post are video segnents from
game 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 gaoy]wher entdheyhdiathtidienengiieatageciomuehrabnthd modtihg gane,  and
then instruct the hosting service 210 to save a video segnent of sone
duration (esgvice30 tsemesrdsnteyn, tihe-HB@rars SMQimg@dsaionecirae@un%@ﬁs to

watch. To inplenment this, it is sinply a matter of the ap ane server
1521- 1525 t hiaited féatas & qtaerﬁqsgaﬁ%caélr%%%Wtfh%eﬂ;ﬁ!rdk%g%ft’msgagi n a del ay
buffer 1515 to,a RAID ar 15%[1%%]5é2 artld t hen | ajex th t v i de gnent on
the user s BREICCRREET Geos% PPRToNE gaRe T e plierie's (B8 S DVR, as

[ h h
descri bed ag&ggé ﬁpgﬁggﬁ%g%éﬁ%g éewdégrc%ttér?a $]eg1l§6r§gagﬁgst e 3D DVR

can al so be € user avai e for er's User

Page. [0255 BnSYLAhehitBk 1800aMcH Sadel BRaA 9t ep e pbRionK S”
(i.e., useriaplf(%}fﬁalt?I gre ab ee to travel thrgugh t he 3D V\D?ﬁﬁ% and observe the

action wit hgus cpmblriztibpat bow. With mitipfe saetdet temetso samtdeseapl@yers, then the
Ganme Finder application will enable users to join ganes as spectators as
wel | as pl ayevsiedrt doweraienpy enesarathamayeimgn csenﬁ%&wateméﬂé& S no

difference to the hosting system 210 to if a user |s a.s ec%ator i nst ead of
an active pl%?@i. Th&‘ﬁ@%h\ﬁlﬁtﬁm%oﬁ B8ORS Cﬁﬁtaﬁﬁ\b?‘é‘%\ﬁg 8tver 1521-1525

o e petotebiseb T SRR PO AR i SRR PP

experi ence &gmé m?to 'ﬁeﬁfthat are largely unrelated to latency. Sometimes a packet
stream is routed through the internet to a far away iocation and back again,
resulting in latency from the long loop. Sometimes there is routing equipment
on the path that is not aperating properly, resulting in a delay of the
transmission. Sometimes there is a traffic overloading a path which introduces
delay. And, sometimes, there is a failure that prevents the user's ISP from
routing to a given destination at all. Thus, while the general Internet usualiy
provides connections from one point to another with a fairly reliable and
optimal route and latency that is largely determined by distance (especially
with fong distance connections that result in routing outside of the user’s local
area) such reliability and latency is by no means guaranieed and often cannot
be achieved from a user’s premises {0 a given destination on the general
internet.
[0223] In one embodiment, when a user client 415 initially connects o
the hosting service 210 1o 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). I the
latency is low encugh for a particuiar connection, then that connection is

used. in one embodiment, the client communicates with all, or a subset, of the
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[ 0256] MULTI PLE USER COLLABORATI ON [ 0257] Anot her feature of the hosting
service 210 is the ability to for nultiple users to collaborate while
viewing |ive video, even if using widely disparate devices for view ng.
Thi;s i s useful both when playi ng ganes and when usi ng applications.

[ 0258] Many PCs and nobil e phones are equi pped with video caneras and have

the capabi | iﬁdétih%sg@;c@%%kvetric@ﬁtevé GHRO0I6O Wih €56 il oW st P hdyCtdratdoyiomizen t he
image is small. Also, small caneras are available that can be attached to a

t el evi si on, sanbtéd. Tise tlient diaf/fsetadt the seiivivel cameert witletile- lbweet latarpyessi on
either in software or using one of nany hardware conpression devices to
conpr ess t heonndeinn gltedseivismceptEys anay Bentiydbeloeephende Ipgeel [MegEBphones,

and headsets are available with mcrophones.. [0259] Such caneras and/ or

mi cr ophones,CORBABIONTARPY P H@%I‘n%f %@ﬁ'o’%%’ﬁép@grﬁ'ﬁ USRS 1ty

(particularly, e ing,.the low | atency video conpression techniques
e & e b

descri bed h ble a user to transmt video and/or audio from

the user proghsgs 2LLto.dhe, fasihing sseid 6n@lOenbpaatiaebatts nblge | nput

. i .
devi ce cont ata. When such techhi ques are enpl oyed, then a capability

i || ustrated the Ebaigand 8r bspirahberableerae Useratamy tbavettirsievs thedednd audi o
1900 appear on the screen within another user's ganme or application. This
exanpl e i s &ogtihg bplhiaysengacentenibee the dimmitdd$ roay babeditacted v thecar race. A
user's video/ audi o could be selectively viewable / hearable only by their

t eanmat es. AfkEr hoishit@seNEr SSMAIICENEE BFFUStta §IEI3HORoteABRR P using t he

ot ona To GREBPRGHS Fre B VBRI o OE e CBBt BTesdiag! e ™
user's overloaded server center, and the game or application state data would
be transferred to a server 402 at another hosting service server center. The
game or application would then be resumed. In one embodiment, the hosting
service 210 would wait until the game ar 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 1o attempt to
provide guaranteed latency fo 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 centrai offices, the hosting
service 210 could lease a high-capacity private data connection from &

service provider (perhaps AT&T itself or another provider) between the San
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[ 0260] Thi s video/audio integration is acconplished by having the conpressed
vi deo and/or audio froma user's caneral/ m crophone arrive as inbound
internet traffic 1501. Then the inbound routing 1502 routes the video
and/or audio to the app/ gane gane servers 1521-1525 that are permtted to
vi ew hear the video and/or audio. Then, the users of the respective

app/ gane gameasesocehssetiaRhirab@bcedand cheosendre disies séreeveateersdnd/ or audi o
deconpress it and integrate as desired to appear wi thin the gane or

appl i cat i on hostirghsaxsice |21GsT hen.didoplesiown all[esEny Phe e eaPeecBIETI gure 19
shows how such col |l aboration is used in a garre %li)j]t such col | abofr ion can
be an i mrens&liyHpBBioLaN hosene s INEIRET P TRASh SEnsREFcaUENEdtid 'on wher e
a large building is.bei desi gne - New. Yor i i ts in

Chi cago for E&H%ﬁﬁ&@&%%@%&&p@r&%ﬁ% clj%&l\é)vr\}%‘%%r{?{?g%ﬁ? %ttheSQ eci si on

| nvol ves a1l Raicghol Y BRAE ddicdrhecigNehidgedlidl1ARREBSdrRiRANAA. an
airport in am’, an ecl sion needs to be de about certain design

el ements of i@l thedudd the geRENS Ireérnzowol lbn?ia%Shémremmih g drealbui | di ngs near
it, to satisfy both the investor and the real estate devel oper. Assune the
ar chi t ect ur abrdentageheishahbsigly seesiot @il Dmonnediidreriowisets, shearmyad cosit t ached to
a PCin Chicago, the real estate developer has a |aptop with a canera in
New York, afdpadiavii B &1.GiNCHES aWHOBIRSECPPR AT RIS 3P S I EIHSER ¢ M ami . The
architectural firmcan use the hosting service 210 to host a powerful

archi t ect ur 8KPYESEEn application that is capable of highly realistic 3D
renderi ng, Lt can (o) f LI:@ings in New
York City, | assgaég'tﬁ’%@%sse&{oe?' deﬁ{eeg@&ﬂ?g?%?%ﬁggé Q@?ﬁh.tg%'he

archi tectur @}/e &3 BeRPRLIE AteGRs i) dr 9HEEH! 1B RIRKODBoweF frbi tiditefiegui res a
great deal o con‘gutatlonal power on several, of the app/gane servers
1521-1525. EaGhnebntdneridtivs enmedlately spaiiattie chogatdonns, wuth adgmheet to the
hosti ng service 210, and each will have a sinultaneous view of the video
out put of t tet &r eyt rewting ahd desiaphed ppla gaieraie)), wWhitchi Rrowdes peweni | |
appropriately sized by the shared hardware conpression 1530 for. the given
devi ce and H@ﬁﬂ@iﬁke*b@’%ﬁéém pawehmeHst el Aa¢ ikeer Hﬁs%&%rhcqﬁ%rrmﬂa@g('g. g., the

AR R e e P T R R SR
see a 1280X [0, £00%, | EBAFALE SRS dXdectBKBEIAO By Blfel aPL OP, and

the i nvestor may’'see a ps I mage over a bps cellul ar data
connection Ak .B@Pitrh@pﬁﬂéﬁ%ikurﬁﬁﬁhbrp@rdngev\/iobrliodTQiaﬂiméhﬁeMw;fE@lig)f the ot her
parties (the conference calling will be handled by any of many w dely

avai | abl e cgaisarns ¢ .gakidsegpswéitenhee padkdge that toke capplogtree server (s)
1521-1525) and, through actuation of a button on a user input device, a
user will beatidles ang srIkeNVPdRDICAFFSANCHNaYH Al PURSINEAG I HE r | ocal

canera. As the neeting proceeds, the architects, will be able to show what
the bui 1 d | BIGTFY EPEESYHEVIOP St BUSLOSRPAYS Oby aCHORGAE TCt PRt her

building in the area, w.th Y i stic 3D rendering, and the
same vi deo W’B]e %;gvg[l%qr%%rém?rﬁvtagf@%afgﬁ?gi@ﬁg\%i ﬁrgln(r\s‘esol ution of each
party's di S@Jzﬁﬁ devi G onble MORiIheABEEER of fhal nXaRg sefviddiebosals devi ces used
by any party is incapable o andl1ng the 3D animation with such realism

| et al one dgyk Qa8 BSiaGlitHENeN assiaE! Sgitdné oresderdatabastasenpowad to render
t he surrounding buildings in New York City. Fromthe point of view of each
of the usemsiuredésphtrauthéhagamnanaedapatitgtioandhaiaspin prockes. dingghemt e | ocal
devices they sinply will have a seamnl ess experience with an incredible
degree of riansfenhemede ahappli6RECTHaAES GHNGATET AL POVEEE0R & B-EVEEen to
better convey their enotional sta t hey do,so., Further, if. either the
real estat e¥efededop" %?rv?rh%erl?%r\?e@?%&%‘ﬁﬁ ntog&r%gﬁé?i'%’gtndﬂr‘sg?f @&CEtﬁgr o
architectural pr ; I | t i I yboard,
nouse, keyp@&ecgFt%t%éﬁ@%ﬂg%}cggﬁﬁ@hév%%rﬁrQggdaﬂaﬁv&ﬁﬁ é%séﬁ)%%g@r{v%?t h no

per ceptual | al engic(assum May bbeickeRablab kraperneaideoto doesinpteriave
unreasonabl e Tatency). For exanple, in the case of the nobile phone, if the
mobi | e phongris eensestiel id eotabil¥ fi proeidwapkinea [dtérecyali.epoma ysdrtwilv | | have
very low latency. But if it is using the cellular data networks avail abl e
today in the US, it probably will syffer froma noticeable lag. Still, for
nost of the purposes of the neeting, where the investor is watching the
architects control the building fly-by or for tal king of video

t el econferencing, even cellular |atency should be acceptabl e.



[0262]Finally, at the end of the collaborative conference call, the real
estate devel oper and the investor will have nade their comrents and signed
off fromthe hosting service, the architectural firmw Il be able to
"rewi'nd" the video of the conference that has been recorded on a del ay
buffer 1515 and review the comments, facial expressions and/or actions
applied to thepl3Pamdelol@bia highdualedcpdombd e datiomef thh@omeetding), | f there
are particul ar segnents they want to save, those segnents of video/audio
can be noveshichomilddbwfobafiush vigaange RALIDNaferdsansring 83grst ber ar chi val

storage and | ater playback. [0263] Al so, froma cost perspective, if the
architects 6XeYPIe8lyehdneEweta08e HIRIGDERS BHOSEWRS EémQS%rﬁmfP SHat abase of

New York Ci for a. 15 mnute co r. J e for the
tine that thoerEssnebasn b Tedtd FLoRER Pl b s RS et 5 pover ed
wor kst ati ong. Viag: 1aS: | isQf aLggcgat abase.
[0264] Vi DECER B EOMIERI o BERE o8 B R B o2 2B 8P it o
an unprecedgrﬁo@fﬂn@@@r@ﬁe@@rm defiter @Bt tab I s& D@astizd et k) tepemEY fot Servi ces
on the Internet. Figure 20 shows an exenplary User Page for a game player
on the host bagnsegiviest Zhast e vanst4D2t diectBanoStingderviegp pbliveatérdars ibhe User

Page is an application that runs on one of the app/ganme servers 1521-1525.
Al of the hatdBrdiof $Hreaukrei ldsychrdisRiobrsamne §f eshew Bdnst ant | y novi ng

video (if the segnent , .
( transfelgred to ﬁosting service server centers on the East Coast which have

availabie servers 402, and the only consequence to the users would be higher
latency. Once the users have been transferred from the server center that has
lost power, the server center can then commence an 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 lcading of the hosting
service 210 (either due to peak user loading, or because one or more server
centers have faited) users are transferred to other server centers on the basis
of the latency reguirements of the game or application they are using. So,
users using games or appiications that require iow latency would be given

preference to avaitable 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 componenis of this
server center are controlied and coordinated by a hosting service 210 control

sysiem 401 uniess otherwise gualified.
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are short, they loop). [0266] Using a video canera or by upl oadi ng video,
the user (whose usernane is "KILLHAZARD') is able to post a video of

hi neel f 2000 that other users can view. The video is stored on a RAID array
1511- 1512. Al so, when other users come to KILLHAZARD s User Page, if

KI LLHAZARD i s using the hosting service 210 at the time, |live video 2001 of
what ever he[0281foi ng I0bagwhintegndidrafier @ & irasersendlienmsy Sh gliresied (Page to
watch him will be shown. This will be acconplished by app/gane server
1521- 1525 hipbpungrasieguser. Paye ¥ppPread igRr E‘éd@@‘éctﬁ% Wi @H?etf'ﬁ €service
control system 401 whether KILL ARD i.s acti a Lf t p/ game
server 1521SESHECGEE \gagil%_sp ,erL?ﬁtlﬁgcoﬁhggtz%[h@qﬁ%tiW%g.‘set’ugslgg%gy the Gane
Fi nder appl | i i A N Ui tabl g tion and
Format w1 1M BERLE R BB B e e BB A B B8 2ker  page

appl i cat i on,anghide. MddunBPo@ingPisagada dyisiein U @ik etlehcherkwiandssy Wi t h
KI LLHAZARD s |ive ganepl ay, and then appropriately clicks on their input

devi ce, t hanwiademsvids arzBivwrney néagakna tisengharte! satvorkeiribdsghsiyhe Gane
Fi nder applications, and the live video will fill the screen, at the
resol uti on ethet hiansgaricheans) sdehes and prainddessives upportiggdhepyitates for t he
characteristics of the watching user's |nternet cor{[}eg‘%i on. [0267] A key
advant age ofhighitakes\iap aprieg PaTEISN udRe§ara PRRECIIR di° IRRIGPTYSt he User

Very wel | RPIREVE aAT BemPeRea et VEF 1 Jare ottt <R ol sy g the
The User Pag o e L e R e e s To | earn
about a gang thhahktd RReNEEWoRDtHesEHENERGbr Waytbd wartgiyeochgegedet ter at .

other components (2.g., networking components such as gateways and

routers) within the data center. In some cases, packets will be routed to more

than one server 1521-1525 at a time, for example, if a game or application is

running on multiple servers at once in parallel. RAID array 1511-1512 are

connecied to the inbound routing network 1502, such that the app/game

servers 1521-1525 can read and write to the RAID arrays 1511-1512. Further,

a RAID array 1515 (which may be implemented as multipie RAID arrays) is

also connecied 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 @ 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. Alse, the app/game servers 1521-1525 may

each have multiple network connections 10 the inbound routing 1502. For
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[ 0268] Camer a-recorded or upl oaded video clips from Kl LLHAZARD s buddi es
2002 are al so shown on the User Page, and underneath each video clip is
text that indicates whether the buddy is online playing a gane (e.g., sSiX
shept is playing the gane "Eragon"” and M Snuggles99 is Ofline, etc.). By
clicking on a nenu item (not shown) the buddy video clips switch from

showi ng recakspdicor seplcpaded 168 ens havd & vetwdrdeonoéctimab 4 figrmnddi es who
are currently playing games on the hosting service 210 are doing at that
monent in theachagaoEdAlDShrrays 1 Hide bhiesaad aaadeFnaterk goougilivg G buddi es.
If a buddy's gane is selected and the user clicks on it, it wll zoomup to
full screensubmrl attaehebErotip] deviEesabl e to watch the game played full screen
live. [0269 Ln, t user, viewi ng t ' a copy of
the cane, n e loc Ie%%%T?ﬁ&f‘%éﬁggggﬁ%%%’éﬁ?gggﬁ?gggﬁg@géIﬂg%mt he gane.
The ganme viewing.l Y Iy a - I 2 Vel | O

descri bed a%%gl Séﬁ%ﬁ{ﬁ;&%ﬁs@? SL%{%}@% ;égghéggh&il%%ﬁzhﬁg%ﬁgeéﬁﬁ?@ ﬁ5)10, t he

user is abl ﬁe;fv@rs"éi@zf\ﬂnﬂﬂé chiMR GRS iRREratddid FBguieden IS egaRmibdimeant s to
save, and then saves the video segnent to his User Page. These are called

"Brag O i pseacibeerviviien usegnerahssi2@0Seraice iahipid®ilagt @aspsn2app/gemeed by

KI LLHAZARD from previ ous ganes that he has played. Nunmber 2004 shows how
many times seBeatsd-i PPhdaor hepaka @apicyili@naien Bragha apsume vi eved,
users have an opportunity to rate them d the Pﬁber of. orﬁgge

keyhol e- shapeéiVancéies IDUH%0 ARRDERES IR Yﬁabahbf‘h@‘“ q Y VPSS CORE~Brag C i ps
2003 | oop constantly when user, . vi t r. P -1 i the rest
of the vi deBs?fﬁ]gl' H@gﬁa@e?”ﬁf’”@%‘e Hggprlgs%oé’{l] Gﬁ%ﬁr%aangﬂ@%iaé%é@%ﬂe g%’te\)é(r)f t he Brag
Cips 2003, .k, , tih g g th DVR
controls to?gﬁ ggvgm%gf%egSf&f%’ﬁﬁgmé‘?%gﬁ&fﬁgﬂ?g%& tr%g)ov\%su%%{\/ fuasyt -forwar ded,

st epped t hr gughine8ti§ recel@d Ehlinbeur iagerbhi BafR0080p| #ybiackuies thimpbenent ed by

t he app/ gane
inbound routing 1502 to app/game server 1521. App/game server 1521 uses
the user’s conirol input as control input to the game or application running on
the server, and computes the next frame of video and the audio associated
with it. App/game server 1521 then outputs the uncompressed video/audio
1520 to shared video compression 1530. App/game server may output the
uncompressed video via any means, including one or more Gigabit Ethernet
connections, but in one embodiment the video is oufput via a DVI connection
and the audic and other compression and communication channei state
information is output via a Universal Serial Bus (USB) connection.
[0233] The shared video compression 1530 compresses the
uncompressed video and audio from the app/game servers 1521-1525. The
compression maybe impiemenied entirely in hardware, or in hardware running
software. There may a dedicated compressor for each app/game server 1521-
1525, or if the compressors are fast enough, a given compressor can be used
tc compress the video/audio from more than one app/game server 1321-
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

95



server -1521-1525 | oadi ng the conpressed video segnent stored on a RAID
array 1511-1512 when the user recorded the Brag Cip and deconpressing it
and playing it back. [0272]Brag Cips 2003 can also be "3D DVR' vi deo
segnents (i.e., a game state sequence fromthe gane that can be repl ayed
and allows the user to change the canera viewpoint) fromganmes that support

such capabi |, fn?ress'?hé DicBolie® t69 SARBNFLAUEG AfY/gamBlsepiers 35510688, 1N
addition to a orrpresse video recording of the particular "fly through”

the user mi@?t inbhefrganmesegmemdiianamoties owile the Véreprasher tsé1g Rage i s
bei ng vi ewed, all of the thunbnails and video wi ndows are constantly
| oopi ng, a 3fatm3mgd®/apdm@©mm$sm@@meémangﬂ SM@b!nQH@ﬂEP‘éQSGI i p 2003
that was recorded as conpressed video when the user corde the "fly

t hr ough” of cydes §aRBOSERPYIACO/BHC SYRRAS 4 00% %%W%rét nig r@%’ﬁ\ﬁ? Br ag Ci ip

2003 d click ddi ti t

conpr 22 seg %‘ﬁ@%@g@ﬁj ﬁaété%"g’%tsdh Bg%f%%é@hﬁ?’ﬁg%gogh% f:{ﬁ‘f@tr&t}gl'\%% E’)"ﬁggl i ck on
a button thgk bqgfe%mbf?%és[)a@(ﬁe APRRGS! horddbmbBaRBATaNS egfBAlssoThey wil |

be able to camera rough during t gane segnent on their

own, and, 'Feéo@?éés%r@rhé%ﬂgréd}%dﬁ%owhm MRSd bhRays ricapage.gs RAM| ows it)
they will be able to record an alternative Brag Aip "fly through” in

conpr essed ¥izdapfc eromnyithé stahenf beclavampaissent wrootdw andivdwersseiet he user
page (either imediately, or after the owner of the user Q%e has a chance
to the reviéb2t-Hé2Biragedsicpnpiqto 2ng] Fad (3PP PYRPBIE§CCR CRNPY IR Bpabi | i ty

bled b t t th t hat th ded
Stat o i nf or AR BB HLEHEP Ao ganeeey s e e Sy bBEIRY REoPR I ame can
b t ted al t t [ t
ot al o gt DIB9S el o
by the Br agth@ﬁn?%ﬂﬁﬁéﬂmﬁ@&'@& bz@@o@uﬁ%otd?}@nﬁ%% to do a "fly through”
with a canera & Fecor

ing the conpressed video to a delay buffer 1515.
Once the usgygg,lags cormpietiest stot aighe eate fidryeddi sigh’s ddieprgasieni s

deact i vat ed 74 From the user's point of view, activating a "fly

t hrough" wi phacasﬁiﬁcludes information about the compression itself, such as the
previous frame’s decompressed frame buifer data which may be used as a
reference for P tiies, the resolution of the video output; the quality of the
compression; the tiling structure; the allocation of bits per tiles; the
compression quality, the audio format (e.g., stereo, surround sound, Dolby®
AC-3). But the compression process state also includes communication
channel state information regarding the peak data rate 941 and whether a
previous frame (as illustrated in Fig 8b) is currently being output (and as result
the current frame should be ignored), and poientially whether there are
channel characteristics which should be considered in the compression, such
as excessive packet ioss, which affect decisions for the compression {(e.g., in
terms of the frequency of | tiles, etc). As the peak data rate 941 or other
channel characteristics change over time, as deiermined by an app/game
server 1521-1525 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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DVR Brag Clip 2003 is no nore effort than controlling the DVR controls of a
linear Brag Clip 2003. They may know not hi ng about the gane or even how to
play the game. They are just a virtual canmera operator peering into a 3D
world during a gane segnent recorded by another. [0275]Users will al so be
able to overdub their own audio onto Brag Clips that is either recorded

from nicrophgyesy or uph®adgdd HarddhiescomyyresBibad SG0IIso patkddgesisied to create
cust om ani mati ons, using characters and actions from ganmes. This animation

t echni que i sommm&t?w:demdawﬁxags?hgmmnﬂ sugh. aq DRP6|pAavitisdy sdeprrgress t hr ough
ganes, they will achieve differi n%sskl Il levels. The games played w |
report the ap8&muNreHiAALaPRENG RE WSCQU@W‘FEIceétﬁtf}t%ﬁ‘fﬁ4f€fﬁak‘8§d t hese

Kill | I || be sh
ADVERT] SEVERYS! RGP & RSCAUTED 7SO TS NV (PGP DB T Fom t ext, 10
S . . . I
B R0es okl G0 00T oML Lk AETARKIcKB RROLE B, YRR Y
ani mati on tBBQI;tgah@@éi?abwt@a%@c%lﬂ}lé that users typically have little

patience to el ayed for the privilege of have a product or service

pi tched to {dms Al soSombidpplitatensssuaimaoinoserdestivedesibar rapte tRCs and as
such, the advertiser can have a high degree of confidence that the
i nteracti veviadoisudio Wipk’z @raopigenh pppAgAEY sarvert e84/,- 1926 alb¢ graitaimal] i ent s

such as Adobe Flash are limted in the degree of |nteract|\f/|ty and the
duration of nlu’i@'%ﬁ‘ﬁé’ﬂit@ﬁééﬂr(lﬂcP“ﬂﬁrth%P'@ RENRISH AN BRgpusly. IT the

app/game server 1521-1525 so notifies the shared hardware compression
1530 resource, then the uncompressed video audic 1529 of that app/game
server 1521-1525 will be simultaneously compressed in different formats,
different resoiutions, and/or in different packet/error correction structures. In
some cases, some compression resources can be shared amongst multipie
compression processes compressing the same video/audio (e.g., in many
compression algorithms, there is a step whereby the image is scaied to
multiple sizes before applying compression. If different size images are
reguired to be cutput, 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
videc/audic 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 1538 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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[0279] Figure 21 illustrates an interactive advertisenment where the user is
to select the exterior and interior colors of a car while the car rotates
around in a showoom while real-tinme ray tracing shows how the car | ooks.
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

| ocal e such (g§tilPsum and/bheutesugtanps elie tletaotahgesh@ngifoevides bett er
tires, and then can see how t he changed configuration affects the ability
of the car tdistaloeieine Natethat (dsaledctibes pelaw) th®28000nd couiirge] S4thway
advertisenment is effectively a sophisticated 3D video gane. But for such an
advert i senemutau a@ve wiapkedisstrgapdogiuliple deyingtams arss & PR woul d

[ h 100MB d | oad d, i h f.the PC I 1 gh
Fequi re | he & RRANPAL e GPDEPEEIS Sapg TurLe SRR AR ac a1 i
the PC |ackg fﬂgrggéﬂ}eﬁ Vit s%arg?xlv{e%g&?(‘t)ﬁ bé‘%tr‘éﬁgﬂe?fl tb'rﬁtyitipimé%ti?%@%ﬁtn he

adverti senment Impractircal 1n prior art cC gurati ons.

hosting ser g8 | 240ads4abd afviaht beedmRBESIsrapasBdaly RS Folthgt stvérg,anand run
perfectly, no matter what the user's client 415 capabiliti'es are. So, they
| aunch nor e squtbséd y thbantdoha redtingnts4mTeeantkipe dadsnatiors ofasely richer in

the experience, and are highly reliable. _
broadcast may be to multiple users’ clients 415 via the Internet, to multiple

app/game servers 1521-1525 through via inbound routing 1502, and/or to one
or more delay buffers 1515. Thus, the output of a given server 1521-1522 is
compressed into one or multiple formats, and each compressed stream is
directed to one or multiple destinations.

[0238] Further, in another embediment, if multiple app/game servers
1521-1525 are used simuitaneously by one user (e.qg., in a parallel processing
conﬂgurétion to create the 3D output of a complex scene) and each server is
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 cne embodiment). This ailows 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/audic
output 1538 stream being routed to a user ciient 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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[ 0282] STREAM NG GEOVETRY DURI NG REAL- TI ME ANI MATI ON [ 0283] RAI D arr ay
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 ganes
and applications that rely upon the RAID array 1511- 1512 and the i nbound
routing 1502 to reliably deliver geonetry on-the-fly in the mdst of gane
play or in aslagpplvideatduaic st ihegocamin on tres delapdtffent {1 gheregdhél y-t hr ough
with a conpl ex database. [0284]Wth prior art systens, such as the video
gane syst endslyad videoruglir eanbe thedmass st orage devi ces avail abl e,

particul arl g(pﬁig-’&n practical, hone d%vi ces, ?re far _I%,oo sl ov%sto stream geonetry
in during gliRHOI ay ebVBJNSTANTLY MY AR INHANSLY HEAY ARG F&¥EYeonet ry was
somewhat predjctable.,Fo I VLN r 1S a
specified rg(gdd{/;\gy, ge’éﬁgé?@é%@eﬁ%ﬂFgﬂﬂgsgst'ﬁ%}/ 98?@{1@8 i %geﬁif%@g%ﬁ%ngw can be
reasonabl e , 1., G ARGk VA ek} n advance
to the Ioca}t‘g?dé\;n@wi'ggtﬁgﬁgo upl)co& %ng‘ziﬁg?%@gﬁ c@?ggl.sgad[‘éOZSS] I%Lt in a

conpl ex scepgatihg hangsreceehedbgpichange for(ee Gostindisarvivatailbenscene with
conpl ex characters all around) if RAM on the PC or video gane systemis
conpl etel y Sippeett vavidatigedmetigly hbeting bervale) 261 sna atheeradiyresnAvcesgn and t hen
t he user suddenly turns their character around to view what is behind their
character, Brottaiengsorperpy insiapsErpbiestionyis shewada awe 1RAM GBREN there may

be a delay th?‘ffdgp”esciréen?q’?]isbpeargci:u?grl L?Qle??ﬁteﬁace screen aliows a user to waich 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, & 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.qg., if the piayer 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 onily viewable with
a delay.
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[0286] I n the hosting service 210, the RAID arrays 1511-1512 can stream data
in excess of G gabit Ethernet speed, and with a SAN network, it is possible
to achieve 10 gigabit/second speed over 10 G gabit Ethernet or over other
networ k technol ogies. 10 gigabits/second will |oad a gigabyte of data in

| ess that a second. In a 60fps frame tinme (16.67nms), approximtely 170
megabi ts (2}MBBlof dathe gppighmelseawsd.52RotT WG He@RNEraleTy BeWsse, even in a
RAI D configuration will still incur |atenci e% a frame tine,

but FI ash- bﬁ@éﬁ@wﬁl’ﬁ%ﬂ S?%Hélf\/\ff'gwee\ﬁﬁ%%ﬁ%‘f @eri@ggé(ﬁtaaiggée%%ti ng media
ot . : . . ,

D By B0 MO syl g Lt sicteod b ol eRBOChOEI
access. [ 02871, IS refldding Wohl GrehbdsdHeal Saat MR LGIS PRARAbodhobAG | C1 ently

I ow enough Fatency ss storage, geonetry can reaned I nto app/ gane

game server $5d53daA&R5r swbas ThasnédmageRMS ind1ddetheFkls aparorpineess t he 3D
data. So, in the exanple given previously, where a user turns their

char act er avidundusisddenbsteanhd widksertighitreyserhdewgegriee ugefioreri@ce of the
characters behind can be | oaded before the character conpletes the
rotation, ageeehu’ Jives UsREMayaNC0RE tBEIECEEEiINAGE MPdhane OLPRIMILANN a
photorealistic world that is as .r

| , N | . | ive action.. [0288 i I
L or s s e b 3ot ST e b BsRELI T BB RS o b
is the h f d. ERY t t
R T A P e e e Y e T A
negative regacli@RoEL AT, MVRREST vidd b @o 23nS ReMgaReVL@ ddiderper f or mance

captured usin ntour TM Real 1 ty Capture Technol ogy (subject of co-pending
appl i cat i ongiged/ARBRNASWS. Andsdrelidpashrho sepaptiBel ng2Ehecsvhgendof a
performer,"” Ser. No. 10/942,609, Filed Septenber 15, 2004; "Apparatus and
met hod for sappting ageghestéx plies 45 sitcofaudip &y benvitsred wilackndwledge/e942, 413
Fil ed Septenber 15, 2004; "Apparatus and nmethod for inproving marker

i denti fi catsuah f@ith@renueshog povet fpedt wilsy/se apfify tea shags hadwaiEs, 954, Fil ed
February 25, 2005; " ratus and mnet hod for forming nmotion.capture

usi ng shutt%qmgﬂ?ﬁé'ﬁpﬁﬁ’ggﬁﬁ%?eecg rIeTIgAte ) 6%?'%”2%,00 "R 10, 2005;

" Appar at us t i i i ndom pattern
on capt ur o SOPFBELEE et iR pDee iSRRI MEBeE 50 P st em
and et hod §QEePekE ¥ AFREMBA-OEhe APt enslnh B@nBResHNaRd apal higat | on

techni ques,” Ser. No. 11/449, 131, Filed June 7, 2006; "System and net hod
for perf or mhagarohearstagtonfer the stmprizisagd aidebude. e feeetiubsimg, Ser8s)..  No,

11/ 449, 043, Filed June 7, 2006; "System and nmethod for three dinensional
capture of I§treprenoested visiodgucieliscity getaypd, thegdhe raqsiesting agy/oe?®, Fil ed

June 7, 2006", each of whjch is assigned.tq the assignee of the present CP
appl i cat i or3eY&stAZs135% Wilasrsp %?F%’@fjhaﬁgﬁt"ﬂp 8494 (it Tf%géée?a%er%n a high

pol ygon-count tracked surface (. the. ti f.ol t.he notion
of the face"'%?%@‘i’@gﬁw aﬁe%;l[? f,er en btyﬁ%&%%ggqgg%dﬁgaup@eé %é??%?rmnce is
mapped on e, HACKEH SHIEARRa) BLRIOMHE %R HRHEMR 2rEaCE e phot or eal
result is produced.

app/game server 1521-1525 that is the source of the delayed video/audio.

Once all of these reguests 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 toc 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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[ 0289] Al t hough current CPU technology is able to render the nunber of
polygons in the tracked surface and texture and light the surface in

real -time, lithe polygons and textures are changing every frame tinme (which
will" produce the nost photoreal results) it will quickly consune all the
avai | abl e RAM of a nodern PC or video ganme consol e. [0290] Usi ng t he

streani ng geegehiriy (hedhmingyes bgﬂ)eacemﬂneidnmmertt” pueioaesniraetical to
continuously feed geonetry into the app/ganme gane servers 1521-1525 so t hat
they can ariostingsphieecrosib! $ysts 0&5@%*’%&@&@1393“0\‘&']‘ INoWiPHE tHev¥eeati on of

video ganmes with faces that E I st | Stl UI shabl e %_%ve action
faces. [0297§0 NAERRISRFEES ?eaééf‘\?ﬂé URES

[0292] Mot qn, rgb\(féru:rneésﬂe ér%Séﬁh?én?’honfe%% %p%e%au%@bgc%%%éal
thumbnails are “pushed” to the clients of those users that allow it.
[0244] The audio from 15 games all mixed simultaneously might create
a cacophony of sound. The user may choose to mix ali of the sounds together
in this way (perhaps just to get a sense of the “din” created by ali the actian
being viewed), or the user may choose to just listen to the audio from one
game at a time. The selection of a single game is accomplished by moving
the yellow selection box 1801 1o 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 particutar 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 individuai piayer game or
multipiayer 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 contrel 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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(collectively, "linear content” is wdely available to home and office
users in many fornms. Linear content can be acquired on physical nedia, |ike
CD,. DVD, HD-DVD and Blu-ray nedia. It also can be recorded by DVRs from
satellite and cable TV broadcast. And, it is available as pay-per-view
(PPV) content through satellite and cable TV and as vi deo-on-denand (VOD)
on cabl e T\Finf€29f)itaicmnesesidaghsssapae & thedmsding sesvies PN EBISESeRT ligh t he

Internet, both as downl oaded and as stream ng content. Today, .there really
i s not one \WIeit@ames g pYnaxisarecdARe WIan 1§ey %cg%%qc{]t,oé%e ‘él%‘éﬁ‘cﬂ Hed with

i near e oy SRR e o) R G S8 R R el 1Y
comment ar | eg.ycIRKI NG, AChi BALUGhEAS ce 8bBlicRInt RBoRHS ks Tdre have cover

art and song I'n mat1 on gener y nhot av e on CDs, but not all CDs
are avail alqiiﬁdé;rgdfpngaﬂgﬁr_ld Wb sites associating with tel evision progranmm ng
often have extra features, blogs and sonetimes comments fromthe actors or
creative stgp4s] [ 0294]tFeubdresicksvat actieatipnrmtticororpiretrun@g devicspthelys event s,
there are often video ganes that are released (in the case of notion

pi ctures) ofit ese thaydumsnaiividectinéha yelloas Drpapemaet While § M8 EveE0 sport s)
may be closely tied to_real -wor events (e. | ayers).

[ T ....th di f.
(0205 Host Tk beiepy Size. Th6 FECusisnoslit cietess To Fiute 7 QP BrtYirRear “cont ent

in linking t he di . |, ar ¢
del i ver i ng Wit 0o bes RORE 88 A TR er L i A RR SRR g i b y
i nteract i Ve Kl 498, 0ame, okt AIBnTRSIAIRL 48RS WeRRr 2881 H828hliitotrte! i ver

| i near conteént” to a w de range of devices, in the home or office, or to
mobi | e devigese s&baLEes R3ve ARBy anthexddnd aryamser a fulteréaceizpagehé or

hosting service 210 that shows a selection of |inear content.
resolution of the user’s display device 422) of the game routed to it. The
app/game server 1521-1525 running the game notifies the shared hardware
compressor 1530 that a thumbnail-sized copy of the game is no longer
needed (unless another app/game server 1521-1525 requires such a
thumbnail), and then it directs it to send a full-screen size copy of the video to
the app/game server 1521-1525 zooming the video. The user playing the
game may or may not have a display device 422 that is the same resolution
as that of the user zooming up the game. Further, other viewers of the game
may or may not have display devices 422 that are the same resoiution as the
user zooming up the game (and may have different audio playback means,
e.g., stereo or surround sound). Thus, the shared hardware compressor 1530
determines whether a suitable compressed video/audio stream is already
being generated that meets the reguirements of the user requesting the
video/audio stream and if one does exist, it notifies the outbound routing 1540
to route a copy of the stream to the app/game server 1521-1525 zcoming the
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 {o the

inbound routing 1502 and the app/game server 1521-1525 zooming the video.
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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 nmenus and
features on DVDs, the interactive overlays on HD DVDs, and the Adobe Fl ash
anisrati on (as expl ained below) on Wb sites. Thus, the client device 415
limtations no |l onger introduce limtations as to which features are

avai |l abl e. Q29 EHRFecdiigy RASK Efre e Wetskom 3lthd seladibe videolwilnk toget her
| i near content with video game content dynamically, and in real-tine. For

exanmpl e, if daceraprest & anatgrhduglyesc@ls itldptie fulngiteh in a Harry Potter novi e,
and decides she would like to try playing Quidditch, she can é’rust click a
button and {0R#6jovi e Wpure Yaillestralag hPwieaisataanogkealip thew@ms Résported to

the Quidditch segnent of a Harry Potter video gane, After yi ng the
Qui ddi t ch nEeERIE %mé%@?depﬁeﬁufﬁ?”aerb&f’?cv%? SaRE 'Fﬁ@o%ﬂ%éh%”ﬁl resune

[ ly. 1 W h j : j ' ,  Wh
{he. phot ogr SPRGENY RS AEan e “2R A LB R BROIREY T o™ °
action charaepengon WBBH, fod!ass ERleaerdol 15015} 820 Rurfiigmra qasiltidegh gane in

alive action movie to a Quidditch gane in a video gane on a hosting

service as Qﬁéiﬁfaitibr@@erh@sr RieBsaddieoting ofhee pES/gEnee vener@l $31-1525 that
i ndi stinguishable. This provides entirely new creative options for

di rectors ohathotbn braviding tramvels anat they ereare iargef ecgied eNAEWS§adRd cont ent
as the lines between the two worl ds becone indistingui shabl e.

[0299] Ui | i & ihg hasenmeevicaosdpl seueat@ hiNab 1 P@es BMTSiae BPPNIPA t he
For  exanp ebora visnstb e HRED M b Snid Bibted, Fisr b Z L s Fncdbe By 19801 "be
possible to gtlhlfeﬁévp %Pﬁwe\gc?é@f whr‘&h?gﬁ\;i{il% irkdgnatichtat meATBhAr@8e, tRok around

the car whif ory progress Is assunes that all of the 3D objects
("assets”) [8at Nl%t&fﬁéf £l ﬁxi@déﬂnb&@sﬁar@?ré&@éd}l, 108 suficHdeuRtEoRn kevel of

conmputi ng power capable of fendering the scenes in real-time as well as the

ori gi nal nowise3 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 exampie, the
user may have 1o pay to play the game and choose not 1o, the user may not
have sufficient ranking to join that particular game (e.g., it wouid not be
competitive for the other players), or the user's Internet connection may not
have low enough tatency to allow the user to play (e.g., there is not & 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

103



[ 0300] And even for non-conputer generated entertai nnent, there are very
exciting interactive features that can be offered. For exanple, the 2005
notion picture "Pride and Prejudi ce” had many scenes in ornate old English
mansi ons. For certain mansion scenes, the user may pause the video and then
control the canera to take a tour of the mansion, or perhaps the

sur roundi ngjrRdRRe fFOMeNRe mENtequbsishatthedmmtiagaawice bentcasened40hr ough t he
mansion with a fish-eye lens as it keeps track of its gosition, much |i ke
prior art Apjtlate (lendocafriack Etart uVRen gppigphenedived! 5ahdovaiadils frames woul d
then be transformed so the inmages are not distorted, and then stored on

RAID array $BEDIISTHgHIESHE" RIAYMOLIRE RASSHR" GaTae | BAEdNBSBR SR & he user
h |
: 03011 W | .
event ,essfjgh%%éggrr%&\ébré% one: ihinchlis HoRUAd sBRRG S g oo At IIE. The" 'S
i 210, - ' VA
wnt chod a paeprefigigh iy 185 ChdAE dflrol SgHagholnespPy oS

basket bal | RJt‘?\lé%rpgfda?r%(bﬂge%‘ér\@?%wt@@dtin@_&hé@%nﬁeﬁ@rﬁd phayeeslciahsl d come up
with the players startihg in the sane position, and the users (perhaps each

t aki ng cont gdre@hanivearploayerdssoul 830 edswitdrefrpmagortmressiagitfie t hey coul d do
better than the players. [0302] The hosting service 210 described herein is
extremel y webibe/asdiotfexdn tie spppeme sehvey thalt iad 8eet haplinadhedste ENYE i s abl e
to bring to bear conputing power and mass f[srt ort%g%@ga sources that are

i npract i cal apwficRiat il SOMRICESIRENES ¥ESPRURESTObY TRYYSTEMY also it's
har fvar o av e GIES oaer 158 VERA R IhE sllhd Prs? aofloRfte. FRRY bo”

har dwar e avi? ng, ere ways be hones

w th ol der g@@ﬂe%év?ﬂpg@ﬁnpnﬁ%r%%tiﬁI@g@ée%aﬁ*lédareirﬂ)t%Vﬁcﬁ?@ﬁi&écﬂ!%nﬁe&“ ce 210,

all of this computing exity Is fromthe user, so even though
they may be,usd panyery %i§é’iﬁ*ﬂfb pbicahedifryst@Betwdeans heo ygeds. Sepaiset  of

view, it is a sinple as changing channels on a television. Further, the

users woul diHeeshabicevitieo aomessssidn harfiware 1 580nmpult begin compressing video
upon an app/game server 15621-1525 completing a yideo 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 compieting its
transmission (e.g., consider transmit time 892 of Figure 9b: if uncompressed
frame 3 962 were compieted 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 hoid the last frame from the old
server an exira frame time, and the shared video compression hardware 1530
wili 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 contro!
server 401 wili 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 piay perceptually instantly {since it will have foaded onto the
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power and the experiences the conputing power would bring fromany client
415. [0303] MULTI PLAYER GAMES [0304] To the extent the gane is a nmultiplayer
gane, then it will be able comuni cate both to app/game gane servers
1521- 1525 t hrough the inbound routing 1502 network and, with a network
bridge to the Internet (not shown) with servers or gane machi nes that are
not runni nga;bm%érhe daost sergersETAM e 52tOm afRAHD pirayitieg TMATEigsl ayer ganes with
conputers on the general Internet, then the app/gane gane servers 1521-1525
wi |l have ttigabitsetond specaxandies gamgsyill hedeaded BnioreseMees Rl (conpared to
if the gane was runnigr%%on a server at hor.r% %ut theﬁ vvilfl be }im’ted by
the capabi | $4iie8SONEIIRMGIRENEE YA AP RERINE) BHY ST HE AU EC L HPULFU I
connections, and_ al so,potent| i.0m e, f t he gane servers
on the Int eﬁhﬁ&amﬁe@“ Hﬁ%‘%’éﬁ‘@éﬁ%%@%ﬁiﬁ@%@ r%ﬂg-' I’@g@% E%%tn%)n denomi nat or ,
whi ch woul %RWH@%%&%pF%éHn!%ﬂniﬁb%Wtﬁ@%éif«b@?'ﬁhdt'hﬁi@ﬁﬂet o
connecti ons. ] But when a nmultiplayer gane is played entirely within a
hosti ng Seéd/rﬁﬁée%@: theljuele'cemdration.t hen a world of difference is
achi evabl e. Each app/ganme game server 1521-1525 hosting a gane for a user
wi Il be intgeesnnect eddsaniatslihetberprapipsgasthrgage thegame seada-thg25 as wel |
as any servers that are hosting the central control for the I ti Pl ayer

y

gane with esaoresnds ¢f tiegieepwdldoad ite ibss veodt JIaRFHESCRGREEFi(vE1Yy and
t, f ast t .. .F i f i it i d
oot el haiaey s Sy o nena Gt 1S BRI a2 PR, o REEALER 0 1o
1521-1525 wll b iLcat.i h i i t
sorver o p e B R SR, S BTPNP RGN A DS ANEOMELRFELNG Lo any
gi gabi t/ secrgggurgg?iﬁlbﬁiyéﬁfgnpglg]&@t it abh YeQRhy|ahr§®, et slipbensst diectigss. Furt her,
- W

the RAID arrays be able to respond very rapidly and then

transfer dajemdirgigapiot bseegacthespgeusit séiparanchapre-eompdited ansler cust oni zes
a character in terns of | ook and accoutrenents such that the character has
a | arge anmtotedafn tpediilr grraintb11-1512 and loaded extremely rapidiy. 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 wilt start up almost instantly, it will run in an
ideal environment, and subseguent 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 downioad and/or instaliation, and the user
will be able to play the game instanily, perhaps on a trial basis for a smaller
fee, or on a longer term basis. And, the user wili be able to play the game on
a Windows PC, a Macintosh, on a television set, at home, when fraveling, 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.



behaviors that are unique to the character, with prior art systens limted
to the gane client running in the home on a PC or gane console, if that
character were to cone into view of another user, the user would have to
wai't -until a long, slow downl oad conpletes so that all of the geonmetry and
behavi or data | oads into their conmputer. Wthin the hosting service 210,

that same d d couy iRKE Lr&Fi SR tin ELURRF B8E desigh WelafidwMsa RAID array
1511-1512 aﬁagfj%:bi t/gggg%ﬁlogéggé. IEvejrll if the hone user had an 8Mops

| nternet conpgdpign:d whiieWabie xithenely afi@s hidyahodaps siestabhelafiesy, G gabi t
Ethernet is 100 tines faster. So, what would take a m nute over a fast

| nt er net confetmy, itoalowbisl ghmaticebe dewablaby ackoetashidsess ey (GaleMiNS Et her net .

[ 0306] To PLAYER GROUPI NGS AND TOURNAMENTS [ 0307] The Hosting Service 210 is
extrenel y wasldmein peuiergbletdid hgfint 3o0BECRSs B o *Pé’”“?ﬁﬁﬁfq@ in a

local client, there i tunj ty f { . | f
e abi | | Ly BeneRETEABaR: CBe T esdp o ety pLReh S T Ribtpp 80wl ™ The”
1he Bl ILLy UL Lo P but t ! . :
housands oraeish 2P by B HE Bl GBRETIAy B BRISP PRI HERIRIIALLC. ¢ are
certain vi d%’sﬁ%?vﬁeﬁaiﬁetkb?l}s(s ég%esﬁbLﬁ@@@aﬂe thab hahosRRdsvabhngens are

receiving the sanme stream (e.g., showing views of a major tournanment), it
may be nore vafif 4 Ciginl VideosReubrddrg DYRjeblisbugaim this exaBumieghe uBet isvery

Net work (CDN) such as Akamai or Linelight for mass distribution to many

client devi eimyidd8.geh @309 gene PVEF chestkilityds awiiahls EHs/useins B8INg&ned when

a CDN is used . o , ,
application. This can be helpful in 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” capabiiity will also be
supported, but it will require the game tc be designed to support it. The "DVR”
capabiiity 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” wilt be
recorded as compressed video, but since the game state will also be
recorded, a different fiy-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 exampie, 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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to show Gane Fi nder pages of top player groupings. [0310] For maj or
tournanents, a live celebrity announcer can be used to provide conmentary
during certain matches. Although a | arge nunber of users will be watching a
maj'or. tournanent, and relatively small nunber will be playing in the
tournanent. The audio fromthe celebrity announcer can be routed to the

app/ game 2R GAREN i ﬁu&ﬁﬁéhéér@ H9$ckns; émesé@ea §ad95%¥%ﬁ@ntﬁfsérﬁ@

t our nament an I'ng any spectat or e copi es of gane in the

tour nanent, o%'ﬁéhdnh@ @AUsH SedbRfsPen ovelshibieseoPagofr ofhdrhesgamevatadi 0. Vi deo
of a celebrlty announcer can be overlaid on the ganes, perhaps just on
spect at or viTevispl@sentehik, it [s(ﬁ%mﬂ)]yﬁ&(?@ﬁltmﬂf@\apﬁﬂgml SeAGE 115QADI9NG theB312] The
Wrld Wde Wb its primary transport protocol, ertext Transfer Protocol
(HTTP), wer éhe opeids veingdnalayeach \rlcﬁe@ﬁt%@@mﬂé@ ydmffyrﬂééf’ #338¥Phad hi gh

speed | nternet connectlon and t were usi ng

di al up moder@Eagr! o) éﬁ‘ﬁm&ndﬂﬁ%” m%%h%ﬁgaeﬁéjagmgphﬂﬁ}edusqﬁg@%ﬁr
ComneEt Ton Y556 T, |5, M ERLB50Y OB I SHOBEC R 36015 SHTEEREL 1

., wWith
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” (L.e.,
users that are able to iravel through the 30 worid 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 tc the hosting
system 210 to if a user is a spectator instead of an active player. The game
wiill be loaded onio an app/game server 1521-1525 and the user will be
conirolling the game (e.g., coniroliing a virtual camera that views into the
world). The only difference will be the game experience of the user.

[0256] RMuLTIPLE USER COLLABORATION

[0257] Another feature of the hosting service 210 is the ability 1o for
muttipte users 1o collaborate while viewing live video, even if using widely
disparate davices 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 1o do real-time video compression, particularly when
the image is small. Aiso, smail cameras are available that can be attached to
a television, and it is not difficult to implement real-time compression gither in
software or using one of many hardware compression devices to compress
the video. Also, many PCs and all mabile phones have microphones, and

headsets are available with microphones.
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[ 0313] Today, the situation is conpletely different, The average hone
connection speed through DSL or cabl e nobdem connections in nmuch of the
devel oped world has a far higher downstreamdata rate than a Ti line. In
fact, in sonme parts of the world, fiber-to-the-curb is bringing data rates
as high as 50 to 100Mops to the hone. [0314]Unfortunately, HTTP was not

archi t ect ed{dﬁb@g has &ticHeshel-anhee Miehorbhes! feabihuehithtiade advant age of
IC sp

t hese drama eed 1 nprovenents. A web site Iis a collection of files on a

renot e serveiHepldideiomsieBPbe chpanily (bHETEUIndgwastlsyinfend iomsiaidicke, waits
for the file to be downl oaded, and then requests the second file, waits for
the file tovieodomnressiwdiecbrigues descated NeTaip) alll eveb!e arusepieIramnt one
"open connection", i.e., nore than one file to tt?’e request ed a time, but

because of aigee&ad(nscn o HOMm AN YST MAMISFeR I © S%Sg%ﬁ?r‘%@ Wervers from
bei | oaded | f e i itted. M ,
b;:ggls?g}[ Ee iy e R 9@?*?2“8%5ﬁﬁ%ﬁ’%’i@f‘@’fﬁ@@&ﬁéﬁ@ﬁﬁfﬁgalre 3:)'? Cavar e
of multiple_sj n al e .

i mredi atgl yemp@e??@%ﬁ;? %#%%?ﬁypig?%ar%gey g’é’gjge 3?2% it gaetgg'negyé%pdaé?ent that a

new file, | h%fe AR vidEROShd HERES ob0 abgesioamireastedin withinsandthéraseos website
y

are essentia | oaded one-by-one. And, because of the
request - andga@srP EPElictehoTok exampicy HTTRipldyee games wheogtdamriaesessi ng

typi cal web servers in the US) a 100ns | atency associated with each file
that is | oadeithbof8 I5a WAt e Patser 8 Mpaosudip sadddwnsrledtivesewahl3 / does not
i ntroduce nmuch of a probl em because the download ti for the files
t hensel ves He@ichket @dY Pﬁé"%ﬁeﬁwt??“%ﬁ(ﬁ(ﬂn Q%WOB@‘J@S?#%E'Y?WQQ connecti on
speeds grow, especially. WhRiGOEBbEHMe adRReSHe Rl RBEIdIRAEl 1o arl se.

talk or make motions to each other in real-time without perceptibte delay.

[0260] This video/audic integration is accompiished by having the

compressed video and/or audio from & 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 o

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 & game, but such coliaboration 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 1o be in an airport in Miami, and a decision needs {0 be made about

certain design elements of the building in terms of how it fits in with the

buildings near i, to satisfy both the investor and the real estate developer.

Assume the architectural firm has a high resolufion monitor with a camera
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[0316] I n the exanple shown in Figure 24, a typical commercial website is
shown (this particular website was froma major athletic shoe brand). The
website has 54 files on it. The files include HTM.,, CSS, JPEG PHP,
JavaScript and Flash files, and include video content. A total of 1.5MBytes
nmust be | oaded before the page is live (i.e., the user can click on it and

begin t0 usguldpleq 1fREFE iﬁmi@agﬁ}lﬂ%‘é&éapéstétémﬂe@mbiaea;.l)t@g@r&thrwnber of
files. For one thing, 1t is a conplex and sophisticated webpage, and for

anot her, it cifem MWebpageri had the irnesenbbed rdpbierpbatd withasethasa in he

i nformati on about the user accessing the page (e.g., what country the user
is from whetarhafpaage)itesheatem eaneuagsibe Nesinasge ¢z thigsastBef ore, etc.),
and depending on all of these fact different fil

. l.oaded.
Still, it igowendraychiigstwal d%&ﬂw%?ﬁgiircgim%@t b%@%@abﬂ%gﬁbsﬂp%ﬁgﬁ%%é%?hgm t he
. b | f LOSHITE .
Speed or owsloiPHRO e BRESOTE e PO S aRPES e g is I Re o orn) “en
Server Wthgsrk\ws@%%gt@{\‘%é’@ﬁaﬂb%%‘af the Bun‘ag{(?eéna&-o%sﬁg%@ﬂgs until the web

page is liv psS connection spe 2402, the load tinme is reduced

to 6.5 5eco%gite&ﬂra%géﬁbntdﬁpﬁﬁti@ﬁ viimekecuBsonvirid) onif A6hbPseO/YrEILt i on speed
2403, the load tine is only reduced to about 5.5 seconds. The reason why is

because at ggghfaohipghidoanboes mpeedralt didheiapp/gaone eambsatbaiheb4s. | es
thenmselves is mnimal, but the latency per file, roughl y 1DOvs each, still
renai ns, reSath phiyeihusss fal tisparai@Deslienswill AL 1B NPEIEN'S/YICThus, no

matter how fast the connection is to the, ho t.his b,site wll always
take at |eadt0.5nd epsdomdSaynE IMPHaeOUS WY gﬁmﬁ H_@?O PQ%PB?# tf’@ t he
server oL S8 (RGN pHIOh SRy el e MR DY st e ducue
smal | i tem Lo g6t f Lo IS WIS 8T for e gNERRIRAURRL fetRERdS Lo wvait

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 & Mbps DSL connection on his laptop, and the investor may see

a 320x180 80fps 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

caling software package in the app/game server(s) 1521-1525) and, through

actuation of a button on a user input device, a user wili be able o make video

appear of themseives 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 ali 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 incapabie of handiing the 3D animation with such realism, let

alone downioading 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

169



for its turn. [0318]One way to solve these issues is to discard or redefine
HI | P. O, perhaps to get the website owner to better consolidate its
files into a single file (e.g., in Adobe Flash format). But, as a practi cal
matter, this conmpany, as well as many others has a great deal of investnent
in their web site architecture. Further, while sone hones have 12- 100Mops

connect i ons sk deBpiey thedighndeoamst, shidl despie ehs beparats el devieesthdy TP does
work well at slow speed. [0319]One alternative is to host web browsers on
app/ gane serwsireply wibRavel528amiasd chpstiendtewith pasnereritihdegies SE&REMs on t he

RAID arrays 1511- 1512 (or potentially ipn RAM or on | ocal storage on the
app/ game seAngr whep2ne psply ikds f"ﬁ"@gtﬁﬁ t%@%%?ﬁ\ﬁ%@?@‘?r %%E’&MZ%G% the very

fast int ct h the i i t ,
ot her "t han SHETENEbRAE. BPYn e artEf e e FedBbiaR gp 5B o o0
A ene, : . D R . .
er home. ac JecbVBEy ahtio ke dorliidh B4 Bt B B e D L et he web
page t hr oughyglihsittdedice: (n&enke@card, whbdsal kbybMps itenneesdronthébecause this

web page does not require nuch bandwidth for 1ts video), the webpage w |l
be live in lassafidiawillrespoanditpen darceptd08terEy sasaunaing yheit hawerks [ 1 be no
| at ency before the web browser running on an app/gane server 1521 -1 525 is
di spl ayi ng aohnaaiopaiges rahfiavhengagpna i%@‘ﬂ@!ﬁe?%@%‘ﬁ@@l BttBpcpsHet ore the
CL Lot 410 B Eoh0 ¥ Het LOAR A DA SLu PR oo
L DS g GouLFERe LB 4RILE £ 4 DAnBRA BB i o 1525

availabie 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 buiiding fly-by or for talking of video teleconferencing,

even celluiar latency should be acceptable.

[0262] Finally, at the end of the collaborative conference call, the real

astate 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

iater playback.

[0263] Aiso, from a cost perspective, if the architects only need to use

the computation power and the farge database of New York City for a 15

minute conference call, they need only pay for the time that the resources are

used, rather than having to own high powerad workstations and having to

purchase an expensive copy of a large database.

[0264] Vipeo-RicH COMMUNITY SERVICES
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[ 0320] One di sadvantage to this approach is if the conpressor is constantly
transmtting video data, then bandw dth is used, even if the web page
becones static. This can be renedied by configuring the conpressor to only
transmt data when (and if) the web page changes, and then, only transmt
data to the parts of the page that change. Wile there are sone web pages

wi th flashi pgpdeanner syhLhsstingbRbvied 210 @nabiRRdryushangddrged Sppbriwely pages
tend to be annoyi ng, and usually web pages are static unless there is a

reason for sesstdyiisging oidee-riadvéamgmeitgservieesi aethedhiepet. Fgursdéh web pages,
it islikely the case the less data wll be transmtted using_ the hosting
servi ce 210shinanaa ceomplany IsaaPage forseag@e e psethemopting sewiatAlC.

di spl ayed images will be _transmtted, no thin client executabl e code, and
no Ioar ée obfég’fiﬁ‘ Wﬁ&ia%ﬁ'r}%ﬁépplﬁéﬂ@ﬂe%dﬁ,s%r[};cqgea@ WW@\?@?GW h?ﬁ"ées.

page 1 oad | THOLANE Be P ARIETS BVRE hor i Samer bob e g e o ae 1 s

i ke changi : WS I~8R: R PaE8s i tHd Asgctively
nstant 1y POS3TERL T I ReSpitinle et alind 2080 HEHS YRR 0323 as
nentioned ppRYiSkiey ¥bgleo games and applications with real-time graphics
are very conplex applications and typically when they are released into the
field they ¢eaesii n bugsing Avidemucamaraf ovizy epldadieh ofos the Lserdehos@edback
fromusers about bugs, and_they may have sonme neans to pass back machine
state after uegagheds “KiLLHAZNER)) i ameé@pps&%\ﬁd&@rﬂfihfrVS%g%Qqq WAEE" has

[0324] hen HSaTEn glev i uaRd rF P GHAN B IVITR Hovt |5y LER AU Che
other usars come to KILLMAZARD's User Page, if KILLHAZARD is using the
hosting service 210 at the time, live videc 2001 of whatever he is doing
(assuming he permits users viewing his User Page to watch him) will be
shown. This will be accémp[ished 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 wilt 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 dispiay device
422, appropriate for the characterisiics 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 consoie

capable of playing the game. It offers & great opportunity for the user to see
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vi deo/ audi o out put of the gane or application is constantly recorded on a
del ay buffer 1515. Further, a watchdog process runs each ago/ gane server
1521- 1525 which reports regularly to the hosting service control system 401
that the app/gane server 1521-1525 is running snoothly. If the watchdog
process fails to report in, then the server control system 401 will attenpt

to comuni gt @samishbwh hetrppégarmyesear vetionl pPdyidpaddmeanshd it issarccessful , wil |
col |l ect whatever nachine state is avail able. Whatever information is

avai | abl e, appmtuniiytih ldehe abodiedpanditoal beoiagbper mighdevaay by PEr 1515
will be sent to the software devel oper, [0325] Thus, when the gane or
appl i cati ongeopatigieé devel oper gets notification of a crash fromthe

E?ZLLT‘%E?QH@%@&?#& e RS e Y ot AZ BB bugs and
i xi 25

or ashas. nBUedFs 20T e B63 Sollith HORILSPaBRP A IRaSFRUR calbRAadO 2D

a nmessage | %&g@%k%& @ chias WEShcraps peahiy isenifrerpiafieg bephnd ead., di fficul ty.

[ 0327] RESQU SHARI NG AND COST SAVI NGS
six_shot is playing the game “Eragon” and MrSnuggles99 is Offiine, eic.). By
clicking en a menu item (not shown) the buddy video clips switch from
showing recorded or uploaded videos to live video of what the buddies who
are currently playing games on the hosting service 210 are doing at that
moment in their games. So, it becomes a Game Finder grouping for buddies.
if a buddy's game is selected and the user clicks on it, it will zoom up to full
screen, and the user will be able to watch the game played full screen live.
[0269] Again, the user 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 {o 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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[ 0328] The system shown in Figures 4a and 4b provide a variety of benefits
for both end users and gane and application devel opers. For exanpl e,
typically, home and office client systens (e.g., PCs or game consoles) are
only-in use for a small percentage of the hours in a week. According to an
Cct ober 5, 2006 press release by the N el sen Entertai nment "Active Ganer

Benchmark S p ; o i

(http: //VWW\jdgﬁéWSWI r‘%é!?ec%rr'%g(:%ii!prZ%C}SSEJigP/Fae%K 1&;@1&%@?@@ 'It'*g?eﬁ%%/av?jset ory/ 10- 05
- 2006/ 0004&@@%45{5@‘@%@@%&% CHATRE SscBPeNEh eBgMEer agedldh HRNIE a week

pl ayi ng on video game consol es and about 17 hours a week on handhel ds. The
report al sogshat 8s11Bag wien taé LsgameomleaithaddragtGlipi ang ddaootue$sing tonsol e,
handhel d and PC gane playing) Active Ganers average 13 hours a week. Taking
i nt o consi dendplaymaihbadd. gher figure of consol e video game playing tine,
there are 24"7=168 hours in a week, thaE |€§qu% t.gat in an,f ﬁcti ve gamer's
home, a vi dE®78Anme coP@8IEiPELo0n ELIFNPG 47/M63-1898 5PIPRBHbYr & of a
week. O, 90% of .the tine he ,vi i Syl i e high
cost of vi d@%mﬁastir%tecsgﬂ%rl}%s%ro’gﬁ%é gﬁﬁe% gg{s{:ﬁg??@%ﬁ%ﬁc@urﬁig}r@ %sﬁ%g"ssfegl ze such
devices, thjs_ | r.Y J-nef i chent EW' r fieein PCs

w t hin busi o&@?&;@éﬁ% Céf”ls‘?gf}”%!ﬁ)"ﬁg'g‘ﬂf{ﬁ?gg{@oﬁﬁﬁgg fraﬁ:%{i%gn@(??ldt%g hour s of
the week, egpesid g oM Bard ARr@ades ks aprdCsn afiticon tequomptedsed hi gh- end
applications such as Aut odesk Maya. Although sone busi nesses operate at all
hours and owidbokéstaying ctite sarreul®CSly (throygh” o usdslreadshyvbeg e gaie f or doi ng
work in the evening) are used at all hours and holidays, npst business
activities segrdentovasiecerdes ¥Y(hem oaNIses PoR s DgIng \iewesh Bedinidee tine
zone, from Monday . to Friday, | ess holidays, and break ti as |unch),
and since nﬁ‘é*ﬁ””m@'lt‘?l§§§é"d@6’d’ﬂpgo‘%?feec?rl’?gg’ﬂfg’glpopgga%?Pv%%s%%ggégd with the

PC, it fol Ig&@ﬂﬁé@%%sn Eﬁogosﬂﬁﬁsﬁfhé'ﬁ@%w ﬂqu%f }e?cofr(%d Qw these hours of

operati on. are utilized constantly from 9AM

to 5PM 5 d@tyr\ﬁ,\gfeéks‘é@ﬁ!ﬁdebhﬁenv\ﬂ@u‘éei PRI RO eahig tb L 25t dn# 84H88=24% of t he

hours of the i gh- performance desktop PCs are very expensive

i nvest nment Ssé%ﬁerﬁugl}ﬂwsa uenGeldtisa 3 DEE Brag Oler 00%0and eliokb oofit,
utilization. Schools that are teaching on desktop conputers may use
conmput er s faradaiticevierths MR eentfaiate alnw tife edrepieserd vigne Biag REBGHDPEt vari es

d di he h f hi , hir i h
dii’f?n{g”ﬂo;‘ig‘é’t&%édﬁe@:&é@%@%@%ﬁ%@%@%' e I L deo k
o t ; s. t .
03291 Not abiapetiie fiske ey padiene IR vbpR e & Sl 3o .t "echool
duri ng theﬁg@@ h”%umgg@e g%lm&/%@gmén% B, Ytholh %iﬂﬂeﬂ%ﬁ%hbqws, t hese

[
peopl e gen are aying video ganes during these hours, and so

when they dgs Wﬁg YA h MR Babb sblieRBen aldywilwd dife @ hgordhaurs, such as
eveni ngs, weekends and on holidays. [0330] G ven the configuration of the

hosti ng seryigeaploBmg CligFifig ureuda’, intdvenarsagpd yidet ermswiddser bbed in the
above two paragraphs result in very efficient utilization of resources.
Ol early, thavalable ta diberiewersthéhamustisrgefeliRerinmatatelin obaltiadpged by t he

hosting service 210 at a given ti ge par Ei cul.ar | iBf t{}F users are
requiring re#nenqiiee PEIRA ARS8 10¢ ?rf)‘?‘é_?wé%% 2 ns | | ke
sophi sti catgd 3D vi deq, 9agESR By HB'J0KS Ac4bil§As $ATB 8 ) SRFatily @ home
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 o do a “fly through” with a camera while recording the
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or a PC used by a business,. which typically sits idle nost of the ine,
servers 402 can be re-utilized by different users at different tines. For
exanpl e, a hi gh-performance server 402 with high performance dual CPUs and
dual” CPUs and a large quantity of RAM can be utilized by a businesses and
schools from9AM to 5PM on non-holidays, but be utilized by ganers playing
a sophi sti cab e, Hs48Qi@aNB ol dbld iRy e 1BISN caatl ergshancbraplehud dolays.
Simlarly, Iowperformance applications can be utilized by busi nesses and
school s on @d oy-ipeul o tiengencssiedeactivid@dwi th a Cel eron CPU, no CPU (or a
very lowend CPU) and limted RAM during busi ness hours and a

| ow per f or Mi087d] gane Tram iheidsere paint 6lwissr Betinaingea Shrto@uahdith @ $iig

- busi h . 0331 ]F her,.,wth the h i i
foaeri bed noMe: Biad eliodrduls i Bo aHiasbin s e i G E R Ac 2T ot
i1 , , A L i Vi
Tor cent age UreaRp UBARSLLRY palshAE RERHRCARP et S BusiRebe
we consi der fagqg%_gh%feﬁg%g 9R9u GBS RGANSIAbbabIch peblin filo BraTyWaksl Y, It

is easy to 5 ganers play console ganes only 17 hours of a
week, and ify, g%@ﬁ{@ség}ﬁ%nﬁé@rwbyl&&ag\%rli me for gane is during the
typi cal non-work, "non-busi ness hours of evenings (5-12AM 7*5 days=35

hour s/ week) [GRTS] week elisbré 8AMIE@ A ablébtReaadnbuingl awelaudiordrsn Bragre are
35+32=65 peak hours a week for 17 hours of gane play. The exact_  peak user
| oad on t heCépsthamis aither feqoeaad fred rBISTPRRBNESIY dr Bd8n¥ay- &¥Re users
w ll play during off-peak tines here.may be certain day ti . when there
are cl ust er FHes poaks “5?&%@@@?9 qur?iorﬁé?éwﬂf’l P WY %@r &?éc%ﬁ%?%he type
of game played (e.qg.,.~chil.dren' A L kel |« - tier in the
eveni ng), e%/rem g%d?jgs‘gﬁh\?/se%'&ﬁg{;n f%%ﬂa@%r'ggghm}%‘zﬂg ﬁﬁ%u@sﬁ%ﬁ\nﬁ@%d by a
ganer is fa s th §am viledcbendiwegager i s
likely to p{oaéj%z garreaﬂ,:ls %%?ﬁ???%sc??%%?ét%g ér};%r?rber of users gget he
hosting ser ¥t a3k Thelgariee isjeagvil tepdrt theghommplishmentoio thheesate of this
anal ysis, we shall assune the peak load is 12.5% Thus, only 12. 5% of the
conputi ng, canpyegsicondGEndnbdnebs shithlevelsomt ssshame ersbaeatagesyi ven ti ne,
resulting in only 12.5% of the hardware cost to support a given user to

play a gi velP27@Vel of NFRRACGVEAMIBATERADYRRTI$RMENTGse of resour ces.
0332] Mor eover. iven.that so anes, and ! i r.equi.ne nore
E:orrpu]ti ng p\fWJPl '? Ih\z;n ?'W@r@eﬁg’ggﬁﬁ%gg\ﬁ%g}rgﬁ%hgﬁﬁt{g@%ﬁd%%ﬂ% cal ly based

on the game, beldd, pligyedfindui ARPhAFR IR GkLaM Ripidtfsiea So, a user

selecting a'l pertornance ganme or appli on W be ‘al | ocated a

| ow per f or NBYRE shlESraXReNshisake FRIOHRS FI4OR, TN agot saimaRIhaali ng a

hi gh- per f ormance ganme or applications will be allocated a high-perfornmance
(nore expensgion aseraselris 402 usémnsderidalyahaievigtie gatienasr todppli¢iayad i thaay have
| ower - per f ormance and hi gher - performance sections of the q,arre or

appl i cat i onsrivilegd of haveis rodsh CbeeryifetRitsEad e SBromisedPinerientsy U anot her

server 402 between sections_of the ga r application. to E{‘e t he user
runni ng on Y& PHREFPIBHE Res 78 aﬁ%ﬁ'gﬁhﬁﬁ ‘%S@ftésef R §ake@o9 appl i cation' s
needs. Note that the | D : whi W an a

si ngl e di sk‘?e%efﬂotf SEniears iﬁtg‘y‘?s%‘%%\éx“e’tr‘n‘y%‘w’;%%%’tkr%ﬁ%@‘s@@é@?@m%gz, t hat

w il have t%w@%ﬁﬁ%ﬁiﬁ cPhnik @Sfrf §§?\%6bgiﬁgsﬁé@ﬁﬁvfwi%d ihak@8egrd@. oft he average

cost per server across all of the games being played or applications

bei ng used jheraptfity l@ashé Bamtibher teséxparichbe (oatigaxueveilva Beeyer 402 t hat
pl ays the hi ghest performance gane or applications, yet even the

| ow- per f or nx2@6] ser veTigurd@2, illvetiatesian interagtiek agegrfisamenicengienes U8’ from t he
RAI D arrays 405. ] , .

is to select the exterior and interior colors of a car while the car rotaies around

in a showrcom, while real-time ray tracing shows how the car looks. Then the

user chodses an avatar to drive the car, and then the user can take the car for

= drive either on a race track, or through an exotic iocale such as Monaco.
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[ 0333] Further, a server 402 in the hosting service 210 nay be nothing nore
than a PC not herboard w thout a disk or peripheral interfaces other than a
network interface, and in tinme, may be integrated down to a single chip

wi th just a fast network interface to the SAN 403. Al so, RAID Arrays 405
likely will be shared ampngst far many nore users than there are disks, so
the disk cost pep ?‘Eﬁ st B n'gr*éeofr%ttéteﬁr%st BadrRe &6 Wi we Al of
this eqU|pnenF I Fy re e“in arack in a environnmentally-controlled
Server roomsgHy écPéHFﬁi@hratibfw ﬁe@@rw@@bm@ﬁoﬁ el @ to oo abeor e@ldithy repai red
or replaced at hosting service 210. In contrast, a Poor gane consol e
in the hone rexd. Offl ce nust be a sturdy, standal one appl iance that has to be

abl e to survive reasonabl e wear and tear from bei ng banged or dropped,
requires a {@B0Ing, h@bceursedhsedyprdsamert @rﬁ’ﬁﬁ?&“"@n‘é? §pNEiFsiede hdver se

W ih ot her PR G Uah SRR BE AR R be HABHESTE akadiand |
hi d, d l.d Db | i in.
Furbher | a e dae TufubrRAi eeé@*é’éB%%‘fnﬁO“h??Wé&?e%@CE Be@fior o

per f or mance yof % G{rg@tm&ﬁw%ﬁht@m@ddnyoﬂdye%@uveeg@,ném:m@ite@tgm or

application to at sone point in the future, even though | ower

per f or mance 40aRS P laBkRPhdEAlOCP(0sr GPLL donsutdfy garapditorThappsiatat | ons) nay
be played nost of the tinme. And, if the PC or console fails, it is an

expensi ve aladvéntlmemasanmmgrapmai%Sfl@ra@lvé@@f@%fail@ﬁﬁact| ng the manuf act ur er,
user and software devel oper) to get it repaired. %033 g hus |ven t hat the

syst em showiP381]Fi gurlé the NEPEG FEWCa R 18x s BAETSNeHe '8P FBRYar abl e to
h f | ocal f
ey e e 2

Shown i 1 Fi F rS%V**%% (9% EPIRAGP REFRRR et ”%%re%%%me‘} BS5 e kot her
users no |0H8ﬁér :H%Y@ei&riéﬂbé,%r@b@@th;wgﬁ’@ﬁbw PCs

[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 possibie
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-fiy in
the midst of game play or in an application during real-time animation {e.g., a
fly-through with a complex database.

10284} With prior art systems, such as the video game system shown in
Figure 1, the mass storage devices available, particutarly in practical home
devices, are far too slow to stream geometry in during game play except in
situations where the required geometry was somewhat pradictable. For
example, in a driving game where there is a specified roadway, geometry for
buildings that are coming into view can be reasonabie well predicted and the
mass storage devices can seek in advance to the location where the

upcoming geometry is located.



and/ or consoles to play new ganes or handl e hi gher performance new
applications. Any gane or applications on the hosting service 210,

regardl ess of what type of server 402 is required for that gane or
applications, is available to the user, and all ganes and applications run
nearly instantly (i.e., loading rapidly fromthe RAID Arrays 405 or | ocal

storage on e ver s 42) APERBEIY ik Lol kbesnBln 65 pad bug

fixes (i.e t war e e to choose an ideal server
confi gurati goubolehdGithIOYRSES EhABdictal afdlEs )f RAMI oreegalrer ditieo
application, and then configure the server(s) 402 with optinmal drivers, and
then over tgaRe dybentrveinopetsty filidd wibegedrhetry dontheibiiets epdettigdn bug fi xes,
etc. to all copies of the gane or application in the hosting service 210 at
once). | ndeegigw, aht trert the upes suddery 8Iros they ehsaples aravgodemavewhatig, the

is likely to find that d licati ' id
bot  er *expePPBd YRR acieh DG SR el R G PASRc) M may bo
th t hat di o = l'icati i
e avai | b1 DA R SO0 S16 T heEn e UPPPYSing conput ing L echnal ogy

(e.g., a hi per f hats4di £6{.181% before, so
it would haggggéen i%ggés]ﬁgi;@%%?&{aﬁég1%’3gﬁ?ﬁ%é&%%&ﬂéﬁgo?%@y a year

bef ore that qposthdap AYVeslcdBes TRyt Fthsrrchepeapldreatitroas AN yemork,dt er . Since
the conputing resource that is playing the gane or running the application
i s invisiblg gozsthetoussvievd 1@ gigabi/sateritbspesst Owrpér Sigattt bierndleoruser i s
sinply selecting a gane or application that begins_running nearly

i nst ant | y- noeer cikeri fetwhek igsbrolpaigs cHhaigabte/rasmne Willdeaca cBladViestfon) , the

's hard i1l h b " d'" without.th bei
of t he Upr B8 " (33T PRFURTINECHIE REED P AP D 0SB RSt ner ma or
bl f ' [ : : f ti
Clorea | n- a'oapohls BVPEEIEa o2 BET e (I rRER, BPERNES o Ol neol &,

a user’'s gape, @:%%%Mgﬂ@ﬂéﬁoﬁmﬁh SANKLI IR EBs RecAtBSthahfa Radbsind aut s, or if

there is an inadvert erasure. There are many applications avail abl e that
provi de nmanpgkhQasad FOIBtdi6rdgackilipserdtonlyPss as dnge ganeiatiog suddia ¥dbe can be
upl oaded to an online server for backup, but |ocal backups are typically
copi ed to aaohyeand wilatotdiek stoh highhigiengpnirvenaenbecireitad@seiedi ce) which
has to be stored sonmewhere safe and or%ani zed, and backups to online

services ar BAM weig-1hronaMeePBEhiss B0 PHYIA] ¥elYIP¥iFEaM SH&E8 avail abl e

th h typj | tlr t - i . W\ i i 210

of B gur e a098he iy vton sl A S BANTE AR afed ehiGuRB DR Lot o o
. . ; : . ) il ed

o The are ghulorRcl AasshbRop el RERTLANEE RpmefiRishodige? skille

techni ci an B thenaes Y851.680L s 1housi the aFnes hadlbedRlistamplobesietheot i f i ed,
and t hen T replace the disk, which then will be automatically updated

so that the3RAER. @, aytheseamese gganrprédolsiy ewheleer agar.tufgrttéier, since al |
of the disk drives are near one another and wth fast |ocal networks
bet ween t hecharacteugtountesugarnyeaIci Ipokssbefvrd.dhe ppemetyifer &l fdPGer center to

for all of the disk systenp t.0o be back l.ar basis t
Secondary SURaGErs HIieh CaaReURAdA PP A0g St R e PSR or
I ted offsjte.. F th i i t. o j i
070 ther r e bupstodnfiss Julflisgbafts FhEY et B PR R eI ED T o L hf i
about baCkutPlﬁt is as real as live action.

[0288] As previously discussed, ong 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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[ 0339] ACCESS TO DEMOS [ 0340] Users frequently want to try out games or
applications before buying them As described previously, there are prior
art means by which to deno (the verb formof "denp" neans to try out a
denpristration version, which is also called a "denp", but as a noun) ganes
and applications, but each of themsuffers fromlimtations and/or
i nconveni en ' DRSS EMbARRHE: “AdpdrSueasy marog aveni ent
for users tg%??@&@@{]&g%%gp?%geed,gaw t he userépdoes is select the deno
through a U%ﬁbtuiriﬂ$;%ﬁé AGEoh DHEMeaBrae Ses td. heddeboy)FiladGaptgmbert t he
dempo. The denmp will load alnmost instantly onto a server 402 appropriate for
the deno, and, pocayi‘Apparasts anchmethioel fangapitifieg theasoressiapef Bcat i on.  Whet her
the deno requires a ver hi}\fg{h gerfor_mance server 402, or a |ow performance
server 402, pararmes, reart Bo. WS04y B IgH JRRMBEr 6B 1004 CAPRKBIUSEDC he user
is using, fromthe point of view of the user. the de L1 nor k. The
sof t war e pumqu%wdmpa‘fﬂwﬂ”afﬁ%*%&H@C%P”a‘%'ﬁ“ﬂ&Wﬂﬂﬁg@wﬁf‘?ﬂ#g’be able to
control exagtly t t ' epghi L dror how
%e&d}ljn\?’\ggifo%ﬁg& ﬁ%%d‘f%%?uérglzg bAba: %%p%@at&% ﬁn@%?‘ﬁﬁ&ﬂj r

| ong, and o deno ‘can 1nclude user ‘Interface el enents that
offer the u el RirgAdHURE §RSShrbRizatidnt Beeisi on of the gane
or applicat ?’%ﬁ"@@ﬂgﬁ@mﬁ? .[yr[eou?%4 Si nce ms are likely to be offered

bel ow cost aqr/f7ee2eofiishatgen 1802050 Sepsarany drg/methadsfer derfastingpeat ed
(particularly gane denos, which may be fun to play repeatedly). The hosting
servi ce 210 nuaion capplreysingra mrslomepAiisng esapdue sfacaandeudd.f or a given
user. The nost strai ghtforward apgroach is to estapl user I D for each

ish a
user and |i Al {256HS4naHeR PO 2R’V gPYRIRTLERE M ?%?%PPHW”EO play a
deno. A user, however, may set mul.tiple user |Ds,. espec Lf they are
free. One tQ%Q{EHP@ﬁ@t%r%%‘sééd?ﬁ”@é?ﬁ%gaﬁ%?@ﬁ r}toeﬁlﬁgl ue ’tSoe?1 @?n ﬁ%%%ﬂrslfjnber of
times a giv |0 e anedn I i Lept is a
st andal one g@?/(?é%[?&%hé{?ﬁﬁ’héyﬁébi ce Wéﬁﬁﬁgzgégggﬂiﬁ?m&ﬁh%gﬂrbﬂd t he
hosting ser gh&@ng%%ﬁﬁébdénmatmé,hswwmeﬁ/Mg,mmiea Jiesw, gadsbe accessed by
aclient wwth that serial nunber. If the client 415 is running as software
on a PC or atfigsmdeid reethotientheeesseimenisiomairbaptucan’ Hepassiogrendmbied: he
hosting service 210 and stored on the PC and used to limt denp usage, but
gi ven that BEsractns,béer.dyr.dgrédetdl . hyledsens 7. 20851 wack 6f walchri@inber er ased
or changed, another option is for the hostjng service 210. to keep a record
of the PC néssighgd Hﬁ@ﬁtiﬁsgﬁaioﬁt%@@%n@tﬁ"f‘a?“c@m@re%'#ﬂé‘sasv?%d/or ot her
machi ne specifig¢ identifi S -dri i Iy c.) and
it demy. 2G5 ¢4 o R R A T BRESh s ot Ry RS Bl et

can be chang@ﬁgoﬂm%ﬁrfo¥am fhel o9 ofdhb eaddprRiscBt Biadiy, Amehhee approach

istolimt er of tines a denp can be played to 'a given |IF address.

Al t hough | Fypddioesseseamerfdimapet iomiapabd ynteassicree subacecalpredumedem and DSL
providers, it does not happen in practice very frequently, and if it can be

det er mi ned (sxtiged shyfacord pottoresl tdseltlispjodukad. the IF is in a block of IF
addresses for residential DSL or cable npdem accesses,w a sgall nunber
of deno usef0288h typidauphyarest SHY BeERCPEY IHagpjeRre © TGS t here may
be multiple devices at a _honme behi nd a NAT router r e same | F
address, buff BYBIE NyNe Hagreb e iRGH I tlélg%'{? iaﬁa,eﬁgpﬁggesu\%%fx% t}b'g g linted
nunmber of spch Vi ::Sh | i :husi nesses,
HH2 e Fo oot Baldrep SR Sdima plerd (RIS B QMIRAVRLE) e3P

then a larg _ _ nos can be estal or a business. But,
the end, a smbg%ﬁ%%s%h@tbremem@ POAVGAEEY YoRBRhE @nee aperches is the
|

best way to e nunber of denbs on PCs. Although there may be no
f ool proof waym bes neoddet OB Ndde@pdmtechedieal | y adept user
[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 continuousty,
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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
worth the trouble nost PC users to abuse the denp system and rather they
use.'the denps as they were intended to try out new ganes and applications.
[ 0342] BENEFI TS TO SCHOCLS, BUSI NESSES AND OTHER | NSTI TUTI ONS

[0343] Si 0ni oot BEReliihS oRGEEyS AU AIRELInACrBUgRgS e, school s and

ot her insti t l1ze e system shown in Figure 4a. Businesses
and school s IM%%Q%‘.Q?@E)]@F}M@I]W@Q&I@ faggoci ated with installing, maintaining
and upgradi ng PCs, particularly when it comes to PCs for running

hi gh- per f or Tezer appl iNTREROMSN OB LINEAR OGIVIENT ABITRHBTERRACDIVE\REANIBRES PCs are
generally utilized only a fraction of the hours of the week, and as in the
hone, the cd8292jf PC Wotipn aichire@rieledipian @@gmmm@mﬁ:éug@ﬁaﬁﬁerfﬁ‘ty is far
hi gher in an office or school envir nrrentﬁﬂ}) n a sfeirog el center

envi ronment . Cf{f@Q@r‘éﬂW n“"i%"é cegiedt ¢f Weg'yara %’8@36' Hodtde(e. 9., large
uni versiti eé% rf UB?‘ft ?@sarﬁﬁﬁfeﬁﬁégﬁj’ 0k Yegh&d Mﬁ?pg&%@&&silﬁé C?Ju?ﬂ/f?nt' ties

to set up s tarn conp at are’'renofél’y accessed

via LAN-gragg,. Wtﬂ% [\15 BN roug n‘@@rsoCHan%& Wdopisd B DYRS RS mIsaratie access of

conputers over a private high bandw dth connecti on between
of fices. Fonngxapr! By biddBadd srasiofstaailiibisdawsayfesmiiaal(PB8Y contenor t hrough
virtual network computing applications |ike VNC, fromReal VNC, Ltd., or

t hr ough t hi shroligleshtetibaasd tahﬂm‘f‘%mcwasm@yszredemau@éV@Dd@n Qj?@'mTVermt e
access to PCs or servers, with a range of quality in hics r onse tine
and user exj@?93&nce. ng&aﬁ@@jyfgi?@ﬁcg%qeﬂfﬁﬁé’ééﬁeéﬁfw&g g}ﬂt@%ﬁ‘@t}p

Lo 1 ake. BvaRCRHE OO EO AR B¢ CaREgs ey 1ersslly b Bo SN e par ot
I t til th
Sare conput TP ﬁ%sm?%@%%' FEieeEnes ??@n%iﬁ% ARG oy '

busi nesses %nggreh@ﬁ?ﬁt% éfﬁﬁ&hbh@dé@%bﬁeai rneécﬁb!rtﬁﬁ@angrhaeéwwacﬁ;eet o set up a
server center their own that has a LAN-speed network connection to each
user. | ndeeggaid@es not available elsewhere, like director's commentaries, “making of”

featurettas, etc. Oniine music sites have cover art and song information

generally not available on CDs, but not all CDs are availabie online. And Web

sites associating with television programming often have extra features, blogs

and sometimes comments from the actors or creative staff.

[0294] Further, with many motian pictures or sports events, there are

often video games that are released (in the case of motion pictures) often

together with the finear media or (in the case of sports) may be closely tied to

real-world events {e.g., the trading of players).

[0285] Hosting service 210 is weli suited for the delivery of linear

content in linking together the disparate forms of related content. Certainiy,

delivering motion pictures is no more challenging that delivering highly

interactive video games, and the hosting service 210 is ablie 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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| ar ge percentage of schools and businesses have the sane |Internet
connections (e.g., DSL, cable nodens) as honmes. [0345] Yet such

organi zations nmay still have the need for very high- performance conputing,
either on a regular basis or on a periodic basis. For exanple, a small
architectural firmmy have only a small nunber of architects, with

relatively mpsigst CONput [MkeNAESSINeBEBosiRhNGellesy Byt Kosthigt sarticery
require very high-perfornmance 3D conputing periodically (e.g., when

creating a 3Pgfid yisb prugictferacimed aetactier comabnerisi(giy. ftbe mencki ent). The
system shown in Figure 4a is extrenely well suited for such organizations.
The or gani zahi demturssex PYDRI thg inerastivaavetaws said-Syis. gnd g aeeRe

tion that ffered to h .Gy, DSL, cabl e npdeps) .and
Cypi cal |y vERENARERBEATLIAPEXP TS BARW POURD STPS T0% MEERLIVACPCs s t he
lient 415 i ith P . AR i
Ged oat od v UERBATCRS gt R IR ARt chbbsh PR BECSi  a1s ana

| ow | at ency Véi%% deconpression 412. These features are particularly
attractive For sChool s that may have problens with theft of PCs or damage

to the deli ggicrr]COMPONGHeS, tWethdising@Epste IBUBIsSusd alinkatoyaimge egdr sol ves a
nunber of problenms for such organi zati ons (and nmany of these advantages are

al so shar edcbiyichowith uisies gadw captgrirmyraimiailypesd ic mahtitiengpr eromplenié, t he
operating cost (which ultimately nust be ’aassed back in some formto the
users in ordemset s waloking a/QuBNECHTSIHEE Hady BRSNS, GREFesEsuse (a) the
conmputing resources are shared wth other application hat have different
peak usage Bi¢rw@uUEA] Y amﬁﬂ,u'qdﬂt)&t Riee 85’8%%2%%%@&%%”% °h access to
(and incur the. cost of) hi - [ - y when
needed, (c) H¥ \8%;6%3%gpﬁ%ﬂg%ﬁ%ﬁt%@{%%&%%%%é gﬁﬁ%ﬁ%ﬁ?@%@ﬂ or backi ng

up or otherw Lt @i nl @abb garRenker BeMRYEIRG hesaur ces.
[ 0347] ELI M ﬁﬁ@ﬁ%ﬂ%@ %?%g%ﬂér?ogg8?l n addi t??r?@ganes, aippl i cations,

i nteracti ve ABMiESickalf & bud@h, Bed 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 o a Quidditch game in a video game on a hosting sefvice as
described herein, the two seenes 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 possibie 10
aliow 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 wel! as the original movie.

119



| onger be pirated as they are today. Because gane is executed at the
service center, users are not provided with access to the underlying
program code, so there is nothing to pirate. Even if a user were to copy

t he source code, the user would not be able to execute the code on a
standard ganme consol e or home conputer. This opens up markets in places of

the world Sﬂd@poﬁs Chi s e JBREEEN S-2h8RtItb el e patgarEnieidismBet tisrderavai | abl e.
The re-sale 0 sed ganmes is also not possible. [0349] For gane devel opers,

there are fguwebxdBAkRtedicoeoREiNGS tizrsaade offdred. Easexaryplaythe PAEShost i ng

service 210 can be gradually updated over tine as gam ng req%i' rements

change, in motim pisture GPlideacd Prendics| badfriaoy sUeses MotepPietdishew

generation of technol ogy forces users aﬂgd)e devel opers tQ upgrade and the
I

game devel opersipas.deseRtaiRtMaRs'PhaCE TG INe Hefi WaY PauFe tre"Ifen alkr e

| f 350] ST M NG | NT CTI.VE T d i i
B S NG NIERHCT G, ) CES LA il o oL ons
concept of %gﬁ?{nﬁlng' é}fsﬁ.rﬂﬂm&gﬁ%ﬂt thhs‘?‘%}éé?‘ﬁ@r%%ouﬁib@%ﬁh% thPRhaski ve video

(whi ch i npl y 1”ncludes audi o together wt e video as well, as used

herein). Prwa i85 Wiyt @nByd RAL Ravedpsamictest istgoeamnngeh dre ptibr ough the
Internet only %ave enabl ed applications which can be inplenmented with high

| at ency i ntgf appieohs. CowkTenavipl is imbisnentpd aVbackriaantarobs woold thenear vi deo

(e.g. pause, rew nd, fast forward) work adequately with high |atency, and
it is possilE ratsosedckss thenbiegesiare apt Jisksed: aaddnenpiaredan Sl ed

previously, the nature of sone video, K ganes all themta be played with

hi gh Iatenc%f.raYB'Lﬁ?1t%1%ﬁ'8ﬁgl“étf‘éﬁ%§”c("é‘%El jﬁ%ﬁ%g@%wg}ﬁnﬁ}ﬁ? ' of prior art
appr oaches for st%eam' n \xi d@g Lh1rave severely limted the potenti al

appl i cat i orf1°9F%%{4 SAR 7" V¥ 48 or narrowed their depl oynents to

speci al | ZeqoRGIyOr K Gyl EOSHERchis, AN YRSl AT AL BARRNIR, prior art

t echni ques |n§roduce substantial burdens on the networks. The technol ogy
descri bed gil'sﬁﬁ@,i rﬁa;f@@@&eéﬁ@ddm@wﬁ e hbsting skevicarge fof usphe watdrons

possi ble w |l ow-1atency streamng interactive video through the Internet,
parti cul ar las thbpseuehib FegliahP buiftercsrsuweichgdadeartiotist play. 2 giFReCt i ons.
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 contrel of one player) could redo the play
to see if they couid 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 fo instalt in
a home or in maost 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
hidgen 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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[ 0352] I ndeed, with client devices as small as client 465 of Figure 4c
sufficient to provide an enhanced user experience with an effectively
arbitrary anmount of conputing power, arbitrary amount of fast storage, and
extienely fast networking anongst powerful servers, it enables a new era of
conputing. Further, because the bandw dth requirenments do not grow as the
computi ng PORL: HMd lffwg%x?eXﬁérﬁ:@bngé)&@mbbiir@g PORRBE MEBRI BritR) s iy diBnt

requi renents are only tied to display resolution, quality and franme rate),
once broadbgy I nternet connectivity is ubiquitous (e.g., through

wi despread | ow | atency w rel ess coverage), reliable, and of sufficiently

hi gh bandwi #8031 o nedfuirireAnEreGames t he di spl ay devices 422 of all users,
the question will be whether thick clients(such as PCs or e ;]'Jhones

_mopi |
runni ng W ni@8@d] Li nd®, thesxtensite 93me s aVRHUBRYS @Merten (t%E ef%\dobe
Fl ash or J . for typical | Nes;
Copl i cat | orfo M TaRERRIE Sasunpabe e S AE THEEY 520 uBtdh BEPPeds s i n a

rethi nki ng.  Ofp @S SHEREARIR R Gty & PEnsO riERo the fRERUE MY sRORA) Lect ures.

An exanpl e oSt1 ng service server center enbodi nent

shown in Fi gy Ferjaérs Nanvd Aeenipas thdtire det g iethe aneliy s@viep vi deo 1550
is a feedback [oop ere the nulticasted streamng interactive video out put

of the app/manevsar vayisg haipldp?yansed eih baniputers ontthe gappfajnterrser ver s
1521-1525 either in real-tinme via path 1552 or after a selectable delay via
path 1551. fRbisheapbbescaanaseveindd 2ot 1 il kave thppenefitatengemehy. such
as those illustrated in Figures 16, 17 afng igwé‘hat woul d be either

i npossi bl e fget aGPRERE BedniEmYugdinpricsriodrine pag Ui Pt ot ng
architectures. But a re.gener a it I t feedback
| oop 1550 pﬁtg\ﬂnﬁgsb‘i‘tgﬁ?%ww&%q 'Bﬁ'?eacfbﬂﬁhe? éﬁ%ﬁ@%é f?An étﬁgiyér\ﬁlggf\%?%eo | evel ,
since vi deq, gan, Be, L98eH hagd dRAEEIAHS 8hy A% shieni AR RathaRer equi r es

it. This era e range of application possibilities néver avail able

before. [ 0334]iAR0HRSankeYeraschir BetiticatetiiRabusigreditbatcdmodiatethest r eans
are unidirectional UDP streans. This enables effectively an arbitrary

degree of nukdticmaghomgendmstrceanhiog watedbadonecunpeery dmrajaivahast , t wo- way
streans, such as TCP/IP streans, would create increasingly nore traffic

| ogj ans on v coeswpekBigPSrACRECIHEEK - and-f ort h communi cations as the
nunber of users increased). Milticasting i.Ss _an i rtant .capabjlity wthin
the server [Ba0ler belstse™n@ AHBRYSt HATeyR PENPE S D5 BUBEREr 8ot he
growi ng needs .of t I iseed. ' pul ation) to
conmuni cat éeaﬁc%zb)ﬁé-g{‘%?h%ﬁ%ﬁ ti?)e%r( g\%ﬂlog&rmnylgbgé %:any E)\)aag#e: gain, the

bot h st ear e R B G g o e are just The
tip of a veryrdanaeiskcabesteohpmossihjdnd sewers 1521-1525 as well as any

servers that are hosting the central control for the multiplayer game with

extremely high spead, 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 fook and

accoutrements such that the character has a large amount of geometry and
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[ 0355] I n one enbodi ment, the various functional nodules illustrated herein
and the associ ated steps nay be perforned by specific hardware conponents
that contain hardwired logic for perform ng the steps, such as an
application-specific integrated circuit ('ASIO') or by any conbination of
programmed conputer conponents and custom hardware conponents. [0356]1n one

enbodi ment ( b%ﬁ%j@gﬁ%tﬁa?e rﬂﬂ}bu?‘% itﬁ?{:f?e{@@tteﬁq/viﬂﬁ' pﬂor_?_%v}g% %@%t?ﬂnﬁte@i il Si gnal

processor as a Texas I'nstrunents x architecture (e.qg.,
a TM5320C6000y - LYE3ROERAAM BleClomd/ahizoBs dliddies etsdiBRsthamyhdractesed while
still conplying wth theSe underlying principles. [0357] Enbodi ments may

i ncl ude var yeustosé@ps iras vieet offamictier alsex dhe Ther woeligshavayio veaiteribdi ed i n
machi ne- execut abl e i nstructions which cause a general - purpose or
speci al - pur pogesipwatieeserd campletesaionieball af esiagmetrnand Beav &t s whi ch

are not rel %\é%gtintg?héipggr%pgtgg%ilt%i’wt e Rtr)étsnncgi éjelr\e}i%eszt‘lﬁ,hthat same download
could be over Gigabit Ethernet, served from a RAID array 1511-1512 at
gigabit/second speed. Even if the home user had an 8Mbps Internet
connection {which is extremely fast by today’s standards). Gigabit Ethemet is
100 times faster. So, what would take a minute over a fast Internet
connection, would take less than a second over Gigabit Ethernet.
[0306] Tor PLAYER GROUPINGS AND TOURNAMENTS
[0307] The Hasting Service 210 is extremely well-suited for
tournaments. Because no game is running in a local ciient, there is no
opporiunity for users to cheat. Also, because of the ability of the output routing
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 o 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 smail 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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as conputer nenory, hard drive, input devices, have been left out of the
figures to avoid obscuring the pertinent aspects. [0358] El enents of the

di scl osed subject matter nay al so be provided as a nachine-readabl e nedi um
for storing the machi ne-executabl e instructions. The machi ne-readabl e

medi um may include, but is not limted to, flash nenory, optical disks,

CD- ROV, DV _ @%@ g@%{ﬁ, RGN L i rds,
propagat i on%@%agwgt%ﬁg%t yp agfgﬁﬁc I ﬁe-reagg%igsegfr%h%ﬁjadﬁ%!ntﬁgl e for

storing el eglRath&ni RS FRECAIAD Tan BRoveX@IBHeR) off i BrtAS gaimd At i on may be
downl oaded as a conputer program which may be transferred froma renote

conput er (eVileo @ as®latet) ahnoandeegae b nvgrleEthputier g¢reeg. perbaed uehey) by way
of data signals enbodied in a carrier wave or other propagation medi umvia
a communi casperator wlewseagwella nodem or network connection). [0359]1t shoul d
al so be understood that el enents tgﬁ\?%i scl osed subject matter may al so

be provi ded@314 conEEH-EBADGNSR PFD LARMS ray i ncl ude a

machi ne-r eagghl.e medi-.um having. stier t i .S j may be
used to prod A a co Q&’“Fggb".‘%ﬁgsgﬁs cE@%g?réor{r%%{tﬁéﬂcgﬁfé@p@%ﬁ% devi ce)
to perform f(-oREs) 2l bANSon Akl A0 H¥BaH intdteeraRficdt ioRs may be
per f or med b?ra}%ﬁé&‘%ﬁﬁg?% (on of)’ h{%r dmag}e'and software. The machi ne[}{r eadabl e
medi um may paghadie Hawthibs speéd Intentedorrmctibhopmy tedoettesrs wpo i cal  di sks,
CD- ROVs, and magnet o-optical disks, ROV, RAMs, EPROMs, EEPROMs, magnet or
opti cal car dere piivragatiwngeidiup tedenker |3Hpe Adthande ahadagdiine- r eadabl e
medi um sui table for storing electronic_instructions, For_exanple, elenents

of the di schiaseardsifsjeciest eriinastiommasFe T HHumMbaeeRroxsles tapat 8% ogr am
product, wherein the program [TFy bef ranstf er rq%g1 é.r om a Lermt e conputer or
el ectroni c tRQSEEMEY! ”Vg’q%e‘é/ft nGUpritaddiey) JRa YEFCURAPA signal s enbodi ed
inacarrie e or -other..pr o) } ] I I i nk
(e.g., a m@@ﬁ?%r netﬁ%crré&’ Jg%nér@%?%h &)W%%}ngg?rﬁl ?)iﬁl)ai Iy, gg}h'toﬁ{)éugh t he

di scl osed sybject H8Soeen dlessld hedoicdreRbtsied ihaRuod éfhhspeci fi c
enmbodi nent s%nrﬁe%?ﬁgéé%ogi fi%ati ons and alterations are well within the

scope of thgepN@sRNkoth Bas asar kighdcdommiitreginy datshets peoi 4 Tt éné.dn fasid
drawi ngs are to be regarded in an illustrative rather than a restrictive
sense. in some paris 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 if been

impiemented) 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 fiie, waits for the file 1o be downloaded,
and then requests the second file, waits for the file 1o 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
cornections are permitted. Moreover, because of the way Web pages are
sonstructed, browsers often are not aware of multiple simultanecus pages
that could be available to downlcad immediately (i.e., only after parsing a
page does it become apparent that a new file, like an image, needs to be

downioaded). Thus, files on website are essentially loaded one-by-one. And,
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grow, especially with compiex web pages, problems begin 1o arise.

[0318] in the exampie shown in Figure 24, a typical commercial website
is shown (this particular website was from a major athletic shoe brand). The
websiie has 54 files on it. The files inciude HTML, CS8S, 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 compiex 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 downioaded. 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 8.5 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 downicad 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 matier how fast the connection is to the home,
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single file (e.g., in Adabe 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, white some homes have 12-100Mbps connections,
the majority of homes still have slower speeds, and HT TP 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 1311-
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 five 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 iive 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.



8. The server center of claim1l wherein one or nore of the servers are
configured with identical performance characteristics. 9. The server
center of claim1l wherein one or nore of the servers are configured with

di f ferent perfornmance characteristics. 10. The server center of claim
4 wherein the processing capability is adequate to forward keyboard /
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pages tend o be annoying, and usually web pages are static unless there is a
reason for something to be moving (e.g., a video clip). For such web pages, it
is likely the case the less data will be transmitted using the hosting service
210 than a conventional web server because anly the actual dispiayed images
will be transmitted, no thin client executable code, and no large objects that
may never be viewed, such as roilover images.
[0321] Thus, using the hosting service 210 to host legacy web pages,
web page load times can be reduces to the point where opening a web page

is like changing channels on a television: the web page is live effectively

instantly.
[0322] FACILITATING DEBUGGING OF GAMES AND APPLICATIONS
[0323] As mentioned previousiy,' video games and applications with

real-time graphics are very complex 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 1o pass
back machine state after crashes, it is very difficult to identify exactly what has
caused a game or real-time application o 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
detay 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 waichdog

process fails to report in, then the server cantrol system 401 will attempt to
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15. The server center of claim1 wherein the plurality of servers are
cooperatively arranged in a parallel processing configuration.

communicate with the app/game server 1521-1525, and if successful, wil
collect whatever machine state is available. Whatever information is available,
along with the video/audio recorded by the delay buffer 1515 wiil be seni 1o
the software developer.

[0325] Thus, when the game or application software developer gets
notification of a crash from the hosting service 210, it gets a frame-by-frame
record of what led up fo the crash. This information can be immensely
valuable in tracking down bugs and fixing them.

[0326] Note also, that when an app/game server 1521-1525 crashes,
the server is restarted at the most recent restartable point, and a message is
provided to the user apologizing for the technical difficulty.

[0327] RESOURCE SHARING AND COST SAVINGS

[0328] The system shown in Figures 4a and 4b provide a variety of
henefits for both end users and game and application developers. For
example, typically, homs and office ciient systems (e.g., PCs or game
consoles) are only in use for a small percentage of the hours in a week.
According to an October 5, 2006 press reiease by the Nielsen Entertainment
“Active Gamer Benchmark Study” (hitp//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
consoie, handheld and PC game playing) Active Gamers average 13 hours a
week. Taking into consideration the higher figure of consoie 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, 80% of the time, the video game console is idie. 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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PCs within businesses are also typically used only a fraction of the hours of
the week, especially non-portable desktop PCs often required for high-end
applications such as Autodesk Maya. Although some businesses operate at
all hours and on holidays, and some PCs {e.g., portables brought home for
doing work in the evening) are used at all hours and holidays, most business
activities tend to center around SAM to 5PM, in a given business’ time zone,
from Monday to Friday, less holidays and break times (such as lunch), and
since most PG usage occurs while the user is actively engaged with the PC, it
follows that deskiop PC utilization tends to foliow these hours of operation. If
we were to assume that PCs are utilized constantly from 3AM to 5PM, & days
a week, that would imply PCs are utilized 40/168=24% of the hours of the
week. High-performance desktop PCs are very expensive investments for
husinesses, and this reflects a very iow level of utilization. Schools that are
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.

03291 Notably, because many people are working at businesses cr at
school during the daytime hours of Monday through Friday on non-holidays,
these pedple generally are not playing video games during these hours, and
so 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
43, the usage patterns described in the above two paragraphs resutt in very
afficient 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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or a PC used by a business, which typically sits idle most of the time, servers
402 can be re-utilized by different users at different times. For example, a
high-performance server 402 with high performance dual CPUs and dual
GPUs and a large quantity of RAM can be utilized by a businesses and
schools frem 9AM to 5PM on non-holidays, but be utilized by gamers playing
a sophisticated video game in the evenings, weekends and on halidays.
Similarly, low-performance applications can be utilized by businesses and
schools on a low-performance server 402 with a Celeron CPU, no GPU (or a
very low-end GPU) and limited RAM during business hours and a low-
performance game can utilize a low-performance server 402 during non-
business hours.

[0331] Furthér, with the hosting service arrangement described herein,
resources are shared efficiently among thousands, if not millions, 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 typica! 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 piayed by a gamer is far less than the number of hours of the
day when a gamer is likely io 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 12.8%. Thus, only 12.5% of
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the computing, compression and bandwidth resources are used at a given
time, resulting in only 12.5% of the hardware cost to support a given user {0
play a given level of performance game due to reuse of resources.

[0332] Moreover, given that some games and applications require more
computing power than others, resources may be ailocated dynamically based
on the game being played or the applications executed by users. 5o, a user
selecting a low-performance game or application will be allocated a low-
performance (less expensive) server 402, and a user selecting a high-
performance game or applications will be allocated a high-performance (more
expensive) server 402. Indeed, a given game or application may have lower-
performance and higher-performance sections of the game or applications,
and the user can be swilched from one server 402 to another server 402
between sections of the game or application to keep the user running on the
lowest-cost server 402 that meets the game or application’s needs. Note that
the RAID arrays 405, which will be far faster than a single disk, will be
avaitable to even low-performance servers 402, that will have the benefit of
the faster disk transfer rates. So, the average cost per server 402 across ali of
the games being 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,lwi|i 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 motherbcard without a disk or peripheral interfaces other than
5 network interface, and in time, may be integrated down io a single chip with
just a fast network interface to the SAN 403. Also, RAID Arrays 405 likely wilt
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-controlied server room

environment. If a server 402 fails, it can be readily repaired or replaced at the
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hosting service 210. In contrast, a PC or game console in the home or office
must be a sturdy, standaione appliance that has' to be able to survive
reasonabie wear and tear from being banged or dropped, requires a housing,
has at least one disk drive, has to survive adverse environment conditions
(e.g., being crammed into an overheated AV cabinet with other gear), requires
a service warranty, has to be packaged and shipped, and is sold by a retailer
who will likely collect a retail margin. Further, a PC or game console must be
configured to meet the peak performance of the most computationally-
intensive anticipated game or application to be used at some point in the
future, even though lower performance games or application (or sections of
games or applications) may be played most of the time. And, if the PC or
console fails, it is an expensive and time-consuming process {(adversely
impacting the manufacturer, user and software developer) to get it repaired.
[0334] Thus, given that the system shown in Figure 4a provides an
experience to the user comparable to that of a local computing resource, for a
user in the home, office or school {o experience a given level of computing
capability, it is much less expensive to provide that computing capability
through the architecture shown in Figure 4a.

[0335] ELIMINATING THE NEED TO UPGRADE

[0336] Further, users no longer have to worry about upgrading PCs
and/or consoles to play new games or handle higher performance new
applications. Any game or applications on the hosting service 210, regardiess
of what type of server 402 is required for that game or applications, is
available to the user, and all games and applications run nearly instantly (i.e.,
loading rapidly from the RAID Asrays 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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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 hosting service
210, the user is likely to find that games and applications 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 game or application is made
available on the service 210 that is utilizing computing technology (e.g., &
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 appiications a year later. Since the computing
resource that is playing the game or running the application is invisible fo the
user (i.e., from the user’s perspective the user is simply selecting a game or
-appiicatioh that begins running nearly irzstarztly——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 oniine server for backup, but local
backups are typically Qopied to another iocal disk (or other non-volatiie
storage device) which has to be stored somewnhere safe and organized, and
backups to online services are often iimited because of the siow upstream
speed available through typical low-cost Intermnet 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 wili be lost, and a

technician at the server center housing the failed disk will be notified, and then
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will replace the disk, which then will be automatically updated so that the
RAID array is once again failure tolerant. Further, since all of the disk drives
are near one another and with fast iocal networks between them through the
SAN 403 it is not difficult in a server center to arrange for alt of the disk
systems to be backed up on a regular basis to secondary storage, which can
be either stored at the server center or relocated offsite. From the point of
view of the users of hosting service 210, their data is simply secure all the
time, and they never have to think about backups.

j0338] ACCESS TO DEMOS

[0340] Users frequently want to try out games or applications before
buying them. As described previously, there are prior art means by which to
demo (the verb form of “demo” means to try out a demonstration version,
which is also called a “demo”, but as a noun) games and applications, but
each of them suffers from limitations and/or inconveniences. Using the
hosting service 210, it is easy and convenient for users to try out demas.
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 demoe, and it will just run fixe
any other game or application. Whether the demo requires a very high
performance server 402, or a low performance server 402, and no matier
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 wili be able to control exactly what demo the user is
permitted fo try out and for how long, and of course, the demo can include
user interface elements that offer the user an cpportunity 1o 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 demaos repeated {particularly game

demos, which may be fun to piay repeatediy). The hosting service 210 can
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employ varicus techniques to limit demo use for a given user. The most
straightforward approach is to establish a user 1D for each user and limit the
number of times a given user ID is allowed to play a demo. A user, however,
may set up multiple user [Ds, especially if they are free. One technique for
addressing this problem is to limit the number of times a given client 415 is
allowed to play a demo. If the client is a standalone device, then the device
will have a serial number, and the hosting service 210 can limit the number of
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 haosting service 210 and stored on the PC and used to limit
demo usage, but given that PCs can be reprogrammed by users, and fhe
serial number erased or changed, another aption 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 seria
numbers, etc.) and limit demo usage to it. Given that the MAC addresses of
network adapters can be changed, however, this is not a fooiproof method.
Another approach is to limit the number of times a demo can be played to a
given IP address. Although [P addresses may be periodically reassigned by
cabie 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 smali number of demo uses can typically be establishad for a given
home. Also, there may be muitiple devices at a home behind a NAT router
sharing the same [P 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. Bui, in the end, a combination of all of the previcusly mentioned
approaches is the best way fo limit the number of demos on PCs. Although

there may be no foolproof way that a determined and fechnically adept user
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can be limited in the number of demos played repeatedly, creating a large
number of barriers can create a sufficient deterrent such that it's not worth the
trouble most PC users to abuse the demo system, and rather they use the
demos as they were intended to try out new games and applications.

[0342] BENEFITS TO SCHOOLS, BUSINESSES AND OTHER INSTITUTIONS
[0343] Significant benefits accrue particularly to businesses, schools
and other institutions that utilize the system shown in Figure 4a. Busingsses
and schools have substantial costs associated with installing, maintaining and
upgrading PCs, particularly when it comes to PCs for running high-
performance applications, such a Maya. As stated previously, PCs are
generally utilized only a fraction of the hours of the week, and as in the home,
the cost of PC with a given ievel of performance capability is far higher in an
office or school environment than in a server center environment.

[0344] In the case of larger businesses or schools (e.g., large
universities), it may be practical for the IT departments of such entities 1o set
up server centers and maintain computers that are remotely accessed via
LAN-grade connections. A number of solutions exist for remote access of
computers over a LAN or through a private high bandwidth connection
hetwaen offices. For example, with Microsoft's Windows Terminal Server, or
through virtual network computing applications fike VNG, from RealVNC, Lid.,
or through thin client means from Sun Microsystems, users can gain remote
access 10 PCs or servers, with & range of guality in graphics response time
and user experience. Further, such self-managed server centers are typically
dedicated for a singie business or school and as such, are unable to take
advantage of the cverlap 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 experiise 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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large percentage of schools and businesses have the same Internet
connections (e.g., DSL, cable modems) as homes.

[0345] Yet such organizations may still have the need for very high-
performance computing, either on a reguiar basis or on a periodic basis. For
example, a small architectural firm may have only a small number of
architects, with relatively modest computing needs when doing design work,
but it may require very high-performance 3D computing periodically (e.g.,
when creating a 3D fly-through of a new architectural design for a client). The
system shown in Figure 4a is extremely well suited for such organizations.
The organizations need nothing more than the same sort of network
connection that are offered to homes (e.g., DSL, cable modems} and are
typically very inexpensive. They can either utilize inexpensive PCs as the
client 415 or dispense with PCs aliogether and utilize inexpensive dedicated
devices which simply implement the control signal logic 413 and low-latency
video decompression 412, These features are particularly attractive for
schools that may have probiems 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 (aj 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 fo provide resources for backing up or otherwise maintaining the
high performance computing resources.

[0347] ELIMINATION OF PIRACY
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[0348] in addition, games, applications, interactive movies, ete, can no
longer be pirated as they are today. Because game is executed at the service
center, users are not provided with access to the underlying 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 videc gaming is not made available. The re-sale of used
games is also not possible.

[0349] For game developers, there are fewer market discontiinuities 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, jow-
iatency streaming interactive video {which impiicitly includes audio togethér
with the video as well, as used herein). Prior art systems that have provided
streaming video through the Internet only have enabied 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 fatency, and it is possible to select among linear video
feeds. And, as stated praviously, the nature of some video games allow them
io 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 fo specialized
network environments, and even in such environments, prior art techniques

introduce substantial burdens on the networks. The technology described

137



herein opens the door for the wide range of applications possible with low-
latency streaming interactive video thfough the internet, particularly those
enabled through consumer-grade Internet connections. '
[0352] Indeed, with client devices as smali as client 465 of Figure 4c
sufficient to provide an enhanced user experience with an effectively arbitrary
amount of computing power, arbitrary amount of fast storage, and extremely
fast netwarking amongst powerful servers, it enables a new era of computing.
Further, because the bandwidth requirements do not grow as the computing
power of the system grows (i.e., because the bandwidth requirements are
only tied to display resolution, quality and frame rate), once broadband
Internet connectivity is ubiquitous {e.g., through widespread low-iatency
wireless coverage), reliable, and of sufficiently high bandwidth to mest 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 appiications.

[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 videc 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 jooped back indefinitely as the
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application requires it. This enables a wide range of application possibilities
never avaiiable before.

[0354] Another key architectural feature js 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
iniernet users (and indeed of the world's population) o 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.

[G355] in one embodiment, the various functional modules illustrated
herein and the associaied 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 implemenied on a
programmabie digital signal processor (“DSP"} such as a Texas instruments’
TMS320x architecture (e.g., a TMS320C6000, TMS320C5000, . . . eic).
Various different DSPs may be used while still complying with these
underlying principles.

[6357] 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-purpese processor to perform certain steps.

Various elements which are not relevant to these underlying principies such
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as computer memory, hard drive, input devices, have been ieft out of the
figures to avoid obscuring the pertinent aspects.

[0358] Elements of the disclosed subject matter may aisc be provided
as a machine-readable medium for storing the machine-executable
instructions. The machine-readable medium may include, bui is not limited to,
flash memory, optical disks, CD-ROMs, DVD ROMs, RAMs, EPROMs,
EEPROMs, magnetic or optical cards, propagation media or other type of
machine-readabie 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} 1o a
requesting computer (e.g., a client) by way of data signals embodied in a
carrier wave or other propagation medium via a communication iink (e.g., a
modem or network connection). '

[G359] It should also be understood that elements of the disclosed
subject matter may alsc be provided as a computer program product which
may inciude a machine-readable medium having stored thereon instructions
which may be used to program a computer (e.g., a processor or other
electronic device) 1o perform a sequence of operations. Aliernatively, the
operations may be performed by a combination of hardware and software.
The machine-readabie medium may include, but is not limited to, floppy
diskettes, optical disks, CD-ROMs, and magneto-optical disks, ROMs, RAMs,
EPROMs, EEPROMs, magnet or opiical cards, propagation media or other
type of media/machine-readable medium suitable for storing electronic
instructions. For example, elementis of the disclosed subject matter may be
downioaded as a computer pregram product, wherein the program may be
transferred from a remote computer or electronic device 1o a requesting
process by way of data signals embodied in a carrier wave or other

propagation medium via a communication fink (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

iilustrative rather than a restrictive sense.
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CLAIMS:

1. A server center for hosting low-latency streaming interactive video,
comprising:

a plurality of servers that run one or more twitch video games or applications;

an inbound routing network that receives packet streams from client devices
via a first network interface and routes the packet streams to one or more of the
servers, the packet streams including user control input to at least one of the one or
more twitch video games or applications, one or more of the servers being operable
to compute video data response to the user control input, the client devices being
located a remote distance beyond a premises where any one of the plurality of
servers is located;

a compression unit coupled to receive the video data from the one or more of
the servers and output low-latency compressed streaming interactive video
therefrom; and

an output routing network operable to route the low-latency compressed
streaming interactive video to each of the client devices over a corresponding
communication channel via a second network interface coupled to the Internet,

wherein the low-tatency compressed streaming interactive video is
compressed with a latency sufficiently low such that at least one user interacting with
the at least one of the one or more twitch video games perceives that responses are
as instantaneous as if the af least one of the one or more twitch video games or

applications were executing on a client device local to the at least one user.
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2. The server center of claim 1 wherein the low-latency compressed streaming

interactive video is compressed with a finite latency of 100ms or less.

3. The server center of claim 1 wherein the low-latency compressed streaming

interactive video is compressed with a finite latency of 80ms or less.

4. The server center of claim 1 wherein the client devices each have a
processing capability that is inadequate to locally execute the at least one of the one

or more twitch video games or applications.

5. The server center of claim 1 wherein the client device comprises a device

operable to connect to the Internet.

6. The server center of claim 1 wherein one or more of the servers includes a

graphics processing unit.

7. The server center of claim 1 wherein the plurality of servers are distributed

geographically.

8. The server center of claim 1 wherein one or more of the servers are

configured with identical performance characteristics.

9. The server center of claim 1 wherein one or more of the servers are

configured with different performance characteristics.
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10. The server center of claim 4 wherein the processing capability is adequate
to forward keyboard / controller input to the Internet and decode and decompress

the low-latency compressed streaming interactive video.

11. The server center of claim 1 further comprising mass storage shared by the

plurality of servers.

12. The server center of claim 11 wherein the mass storage stores the one or

more fwitch video games or applications.

13. The server center of claim 1 wherein the output routing network is also
operable to route uncompressed audio associated with the one or more iwiich video

games or applications to each of the client devices over the Internet.

14. The server center of claim 1 wherein the corresponding communications

channel comprises a routing path over the Internet.

15. The server center of claim 1 wherein the piurality of servers are

cooperatively arranged in a parallel processing configuration.
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