Nic o tym nie wiemy,

aby zgtoszone rozwigzanie byto na tyle odmienne od
przetomowego polskiego osiagniecia, aby wystarczyto
poprzestanie na tym, e jego autor dr Jarostaw DUDA,
wybitny polski naukowiec z Uniwersytetu Jagielloriskiego w
Krakowie

zostat jedynie wskazany w stanie techniki.

Nic tez nie wiemy o tym, aby dr Jarostaw DUDA udzielit zgody
Microsoft Corporation na zgtoszenie do ochrony jego
rozwigzania.

Warto odwiedzi¢ strone 28, akapit [096] ....

LEPER THE FATEMNT COOGFERATION TREATY (P T}

LI TR DERRTETE I CRUCECE T g ok
1110 Tnecrmad ional Publication Munsher

WO HZ263438 Al

FCT

1517 Imbcematienal Patewl Uil ication:
FNEEAL Zoa 1 2uleni] g O Az A
LR M | E T T Jole S S Sl |

1217 lotcrmad itenal Applivistien 5w nler:
[l S B TR Lt
1211 Indyrmedinnnld Filimp, Tede:
ISl Mz leas i
1230 Filing Lampmaey; Lrgzlisd
1263 Tublivadinn Lonyuage: Cuizlish
1311 Prinrids Deylac
[ 350 il 12 e My M by [
1710 Applivann: MICKGSOFr FECHNOLOGY  LI-
CEMEING, LLA L 570 S 2me Wi eqealn Wrn, Modmond,
Waglinzagn WE0s 1 Twa 105
172 Inenbors: GLARDPIN e e ek B S TIETRCISHST LL-CT -

ROLEMEY LICL RSN, LLG . ke Zherosh e, Red-

anmud, Woslimton AE0E2A500 R GOPALAKRED -
SAM, Sl larsan., SGICRCIA BT CTECTIR GGG Y L ]-
ConSiInG, LLC, Chee liceel Wiy, Redigad 0 osl-
g IS LS LRI R Sl eslabar ear
e WICROSTT TROCTIRGL QG LIRS0 LT
(e Sewenl? Won, Bedoreel, Woslneetan sS4 300
[T L [ TR NTTIT | Al L 1 R N [ T O TR
oI G LG, G Slicsosol | W, Bad anond, toashinge-
1y TEIER A L )

Apentz SW ALY, Casswnlra Todal - Mhcosai e molu-
o Lwengwes, LLC, D vhareso i Vo, Bedmond. toosl-
G SRR s

Thesapmin il Shbes o ey sofeen oo ol whed Boe etern
sl o g et feen oo, Al AGL AL A
AL AT AL a2 BA GE BG B DS DR DY, Dy, BZ,
Ca CH O S Co CR.CL £F o 1) DR DMW THY
BT T Y D A . B Y € Y D 1 B Y I R O 1
IR J0U 20 I Ikl DR IS Bk IF 5E Rl kI Kk EF

1I54) THle: CEATLRERS O RANGE A% MAETRIC S1UMBER SYSTCA EROODING ARD DELOID G

TS|
Palaler vid

sl s 63 ]
i Il oy vmglel 500

41

|~Fabcbu iy
by bd?

(1P IR S DR RV 1
Lanka al: e«

S

w0 2020/263438 A1 I IR0 0 AR A

FILr. 6 iy
BTN RO
Nl i 117
-:.||||'||| s N ekl deln
P ™en 4 #ul et it I e 12202
lwller 28] [bnller 22
uprpl _
AL e 1
IR nh

conrig onde ol
A
{‘ ]
un -l alale
i =i

fr ol oy e Ui Pl sLans
|'||_l:'|;'||:-|||l_-. rogde - der e enn ‘Q:.'l"'||-:"'\l ey (12

1571 Ahstoactz hons alae we e g omancine b sysica CRANS ok ied deeeding; ans descnbeed lemean Some ol e
mmeniiens bl e lerdvare ooplonsaiiiong el AR Jdesidiog i 0 gsnies aporaiae o b ploses, b vink umose
szl erzerce ol BAS S Jecod iz A Bl st s i Ene ue s B azocdinesdecod ae Diee e oz an Ciss o soe
T G S hies feres s Carssgple, BAR S cpcoduez-decadig cineadam o seisslimz i de Gt sombe aidsh ghe monmber
al s e = nvaedp nljosting = ashod sl goa Pasme oty sfoegme asis e chlicwe ol Fazoeens af sombeals, aciez g b
dallzeow wsiae protetbe by neende s oz i G ol -k Inc2mzme ks Son bl Feagmecals c s ovaoels, acebior sclecoscly Pos dnae
2z vk g Ve sk ol o 18 AR S choooder ena Jecaecub=1e -lizean g Jon JilTe ol teib s of oy niels Doy Sige s, sl
LUTERLH LR Do [ESR 1L LY R CRL gt BT AT RNy TR} el v hi ol f“l.'llld'lll." el I'III.'III|..'|I'1'II'I.'I| velhwien |'i?'|1.l.'ll'lli..'-lll.'l3'.

T TR T H T T T


AAKKK
Pływające pole tekstowe
Nic o tym nie wiemy, 
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FEATURES OF RANGE ASYMMETRIC NUMRBER SYS5TEM ENCOMHMNG AND

DECODI NG
BaCKGROLND
LY Weith the emergence ol media steamminge owen e Intemet anl athes digial

nelvedn ks, dipital processmy ol media has beeoane commomplace. Encineses use
compression wrprocess madia etfioienly while sull mainaming gualiee. Oneg eoal of
meliA ¢ ompres<ion 1y to represent s media sienal m g owe that prosades mascamn siangl
quality Ten i wiven aomoo ol Tics, Slated dilTecemls, this zoal e aeprosent L media
sizal witl the Leasl Bits Tor agiven level of yualioe Orher voals such as Liminioe
computatianal complexity, improving resilienss to fransmission ermors. and liitmge
averdl T delay dhue e encodme‘irnsmissicndlecoding apply in some scenarios

LU | Weleclia compression tvpically includes one or more staszes of pradiction,
frequency transtormation. and quanozation. followed by enmopy coding. Corresponding
rcdia decornpression topical Ty includes entropy decoding Ballowed by ang or more stages
al i erse quamiFaiont, inserse fiegueney nansoomanion, and medhcnon Tooseneal
entropy, cocling convortg inpar symbal s tooancodedd daca hasvine o lower B, by

g pontimg redundaney 1o the tnput symbrols feow | exploiting a patoern o many mput
swenboly having common wylues, and tew mpot symbaols bgving rarg valoes)  Entrope
decodimg convvols enceiled dali Gy culpat syeobaals, which correspood o U o
svmbols There are many vananans of entrope codimgsdecading, which ottar different
traclyctts im terms of compression etfigieney (reductiom in biteate ] snl conpoiatinal
comiplesity Tor graunple, Homan cocinge-decoling 15 ¢ompatationally simple b D
pocw compression efficiency for some distributions of walues of input semboals. Chn the
other hand, arithmetic coding 'decoding usually vas moch boter compression officioncy. ar
the ot ol mgch Fagher compmaional conplein

|03 Aserometnie number systen CANE P eodingfdecoding pratentially alle s
hugh comprassion ctficeney {comparaldle 1o anthmetic codineSlecodime ) and [aw
computatongl compleary (eomparable te Hotfman codime decasding)  Inopanicular, rangs:
ANMS (CRAMST) codigidecodione can wonk weell when syombads baee ovany prsssible s alues
arue alphatel) bot cenaim values Dauch as ceaep are very conunwn. BAMa
gncodingidecoding also permis imterlzaving of cutpur from muliple B a NS znceders into
aosmnule st bitstregm b encodedl da, with mulnple RANS decoders being ugahla 1

decode symbeds o e balsiean concaorem]y, which can spreed up the ANS
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enroding eceding process
LS| Crimgrdering the importanee ol entrppy codimgalecosding o 1he overall
efticiency of media compresacn and decompression. entropy codi ng decoding has
attractad signifizand ateentien in rescarch and devclopment Alhough previous BAMS
sucplingilecehing approachies pros ide spal predbarmanse [on mamse seenanias, thens is
1A Lin iopaercemen i e of the Computalicnal eliciency ad adajlivensss al
[ A4S encodi ne/decoding.

SUMMARY
[05) I sunnany, the detaided deseaiplioat presents umonalicns o ranee
asyInoenic awmnlen seslom (CRANST) eodling and decodimg. Some o e Jincs anions
ralate to hardware implementanens of BANS decoding 1hat creanize operations o (wn
phases. which can improve the compurational ettcicnee of BARNS decoding Orther
wns ation aelale e adapeing RANS encodinggdecoding i dilleren! distibwlions, or
patrerns of walues for ssmbals - For ecample, RANS encoddinee decoding can adapt by
switching a defaclt symbal width 4the wumber of bits per symbol), adjusting sembol width
o it Fragsmnent-bv-trapment basis tor ditferent fragmenes of svmbaols (sehery o Fragment can
nclude o vanable number of = mbals and s anakle amount of encoded dasa). switching
betwsen ditterent stanc probability models ona Fragmenc-bs -Fragment basis ter differan
Trawmenty o svmbals, andsor selectively Fushing (or retaining the sidle o 4 RARS
decodler om o a lragment-bo-Iawnent hiasis B differenn fiapments of svimbaols Tomany
cases. such mnovations can improve compression efficiency while also prov idinge
computatianglly cficiens performang g
LLLILAT | Acronling 1 4 e et oF innovations lescnbed boreing s computer system
melodes an eocoded data hollee and 2 EARY decoder. The eoncosded data bollen 15
caontieured 1o store encoded Jata Tor at least pan of 4 Bitstream. The RANS decoder is
ntisured 1 portorm aperaiions in moliple phases wsing specisl-pomqase harlware In
partigular, the BANS degoder is configargd 1 perform apersions inos fivse phie and
seceidd hase, The vperations elude, as parl of o 73 phase. selectis ely updatmng e
1he KAMNS decoder using probabilts imtommaten For an owcput symbol tromn 3 presicus
meratism The aperating tunher inghude, oy part of 8 <ocomd phase, selectively menging o
pertion of the emcorded ana foe o mpit bulTer intse 1he siate al the RARS decoler, and
selectivelv peneranng an ourpul svmbol tor a current steration using the state of the RANS
decoder  In this wav, the RANMS decoder can decode 1he cncoded dataina

cannprtatismally sflicient nmomner wsmg the special-ponose lardwae
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(7 Acgorling 1 secomd seof innevations described] hereing & compurer
svslen inchoiles a B ANS encoder sl an enceshed dada lnfler The RANS encealer ik
confizured 10 encade inpul 3y mbals. 1hereby penecating encaded data for at least pan of 2
batstrcam. | panicular. for che cacoding, the RAMS encoder is conflgured to portomm
aperataeng that inclncle selectme o symbol widdhe Cronn amisne muiple availalle seutaol
widihis, conlivoring the BAMS encoder e prerlorm RANS encoding al the selecled s,omlad
weidih. and pedarming the RARS encoding oo the selecied symbal width, As pan of the
contiauration of the BARS encider, thee B NS encodier s confomnmed tooselect a set of prg-
delimed Tookup Lables havine probabilil il manon for e seleeled serobal widlh, In
this way. e RANS encoder can adapn s ditferent sembal widiis e inpul sembols of
different sireams dor adapt to ditterent probabilety distnbutions for imput symbals of
diffeeremt streams ). podential v impresing compresseon eFfcieney The encoded dara baotter
15 eenfizurec) 10 store, for oo, the encoded daca for the at least pan of the hitstream
[E] For correspancing decoding, a compurer systen includes an encaded data
budTer ancdd & BAMS decoder, The encoded data budtir is configured 1o receive amd slore
ensolled dara fea an leas pant ol & busiream The BANS clecoder s configured o decode
the cncoded data for the ac least part of che licsiream. therebye penertone autput sembols
Lo particular, Tor the decoding, the BANS decoder s conlipared o pertorm operatiens that
melode gelegring a symbapl weadeh from amane muliple acmilable symbol widihy,
comlimuming e RANS decoden te perlorm RANS decvding al the seleeled symbil wadlb,
and prerforming the B3~ deonding artha selecrad symbal width A< parr of the
gontisration of the RARS decoder, the RANS decoder s conbionomed to select a set of prg-
cdelimed Tk tables havinw prshalbabiny imfernmion for onepoe symbaals aof the selecied
sembol width T thos wave the RANS decoder can adapi oo ditferent s ombol widths for
output svmbols of ditferean sireams (or adapt @@ ditforent probabalioe distributions for
aupral swnlols ol didTerene streams], which can allow the BARNS decoder 1o henefit om
o ed conpression ellcieney.

LG | Accordine 20 thoel set of innay ations descnbed hercin, a compur2r sysem
meludes 4 RARS encader and an encoded data hufter The B & NS encogder s confoganel
o encorde inpon ekl s, ety ceneraling encoded dala Ton al leasl pan ol 2 bitstean.
[y v Licwla, Fen e eneoding, the RANS encoder is comlouned o perlerm operaliens thal
mclude detzrmining whather or not staez of a B AMNS decoder s 12 be Aushed and res
mitialired tor decoding of 1he engaaled deata for the s least puet of the: bitstream, settiny .

soitlas elenienn el iodicates than deciaren, and perlormange RARS eocoding., Tothis sy,
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the RAMS enginler can decide. on a Fragment-by -frasment bases, whoether s RANS decoder
will Ca) Mosh ool ve-imitilieee i stale Tea clecoding o asoeen Dagmenl, ar () combinne o
use the state from decoding of 1he pees tows fragment. w hich can improse campresasn
ctficiency  The encoded data botfer 15 configored to store, tor aueput. the cneoded data far
the al least pact o the Bosream. A header e the at least pant ol the hicsneam inclacles 1he
sonlas elenenl Ll iodic anes whelher oo mor the state al the RAMS decoder is o he
Tushed and re=inicalized Tor decading e the encoded data Tor the at least parn ol 1he
birstream

[D1a] Fon comespomdnieg decisdingg, o comnpoter systen e ludes s encoded data
bufTer aod o RANE decuder. The enceded data bulTer is comdizored 1o receee aod sluee
encoded data for at least part of a bitstream. A header i the at beast part of the hitsirzam
melodes o syntas clement thar indicates whether or not seaks oF the BRANS decoder is ro be
flushe:l and re-initialized for decoding of the encoded data for fhe an least pat ofhe
batstrean. The KANRS decader is configurad to decode the encoded data Tor the at leas
part off the: sz, thereby penerating owlpot symbals. In paticular. Tor the decoding.
the RaMS decealer i comBwred v prerforme aperamons that inclode reading the svatax
elernent, detenmin ne (based al least in par on the sentas elemonty sehether or not the state
ol the RANS decoder s tor bz Nushed and re-itialized for decodimg of the encoded daca
tor tha at least part of the bitsiregm, and poerbrming RANS decoding of (he encisded dare
[y ahis war, e BRANE decoder san decide, on a frazmenl-by-laomen basis, wlhelbe 1w
B> dacoder will (a) tlush and re=ininahre i< siae For decoding of 4 givean fragment. or
(b camnimme tose the siate Frpm decoling of the proveny tragment, which can allow 1he
AN devocder 1o Tiened 1 Trom inproved campression el iciency

LLLRY| According s a fowth e of infovaions described herein, a computer
svstem includes a A3 eneoder and an eneosded data Buffer The BARS cncoder is
aanliseired 1 encoade inpon sy herel generating encoded dara fon a0 least pant of o
batstcesn, Jopanticolac, for the encoding. the BEANS encoder 15 conlizoned o perloam
operanens that incluge selectine, tor the encoded data for the at least pace of the Bitstream.
ones pF mulgiple gvemlahle static proshabilicy madels setinag g <enes clemeni that indhcaees
the selecred slane probalalile oode], conliauniiee e EANE encoden o pealinm RANS
enciling ualinz lhe selecied slane prababilily oedel, and perlmming RANS encoding
using 1he selactad static probabilim, model. In chs way. 1he RANS encoder can quick]y
andd etficionnly gdapt to differemt probabilioe distabounons B inpot svonbaly om s Frasongent-

bryv-Teagmenn basis, potenbially oy ioe compresson ellicienes. The vocoded daa
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buttier is condiguamed roostore, for gutput, the cncosded lata For the at least part of the
baisiresin A heacler incthe st least ot ol e itsteam anchocles the seota element thial
indicates the selected state probamlity mode] Fer the encoded data for the a1 least part of
the bitstream.

[z Fow comespemchine decesline, a camnpuier Systenn ineludes an encenlesd daca
bulTer aod & FAMNE decoder. The encoded daly bulTer is coodizured Lo receive and Slore
gncoded dala lor AL least parl of @ bistream. A header i the an least part of the bicstrzam
wluodes A symeas clenaent thar imdicates g selection of g statig proshabiline masdel | for the
encoled data ea e al least pact ol tie Balsbream. Looo amoone ioliple availalble stalie
predrabilily models, The RANS decoder is conlizored Lo deconle the encoaded daca Bor the
at least part of the bitstream, thereby genzraiing outpul srmbals. In parscular. For the
devoding, (he RAMS docinler vy conbigiered 19 perkormn opeerationy thit inclode regcding rthe
aunray element. selecting {hased an leasn in pam on the sentas element b one of the multiple
asailable stans probabilete models, contiswng the RAMNS decoder to perform 1A NS
decoding wsing the selected staie probabibty maodel, aod perferming BAMNS decoding of
the encanled dara wsinee the selecies] siane prolabalin: model  byohissas e Kass
decoder can gquuekls and efticient]y adapt oo detferear probalilics. distribuonens for ouput
setnbals v A Mraemient=by =fragment basis, which can allow the RARS decoder o benelit
trom impropeed compression ¢Fciengy

[13] Acordiog iy a (U sel of mweralioms descohed heaein, @ connputer sysiend
mcludes a RARS encodar and an 2ncoded data hutfer. The R NS ancodar s confipurad
0 encode impud svmibaly thereby venerating engoded data tor at lewst pan of 2 bigsirggm
M partigulan . Ton the engoding, the RANS encoder s comfred to pecform operatgns that
include determining an adjustment w sembol width for the encodad daca For the at leqst
part of the hitsarcam sctiing a syntax clement that indicates the adjustrment (o symhel
widih, confipaning the RANS encoder 1o perform RANS encoding at 1he adjusted symlwl
widil, and perlnming the Baby encodine ot the adjusied syobed sk, Tooias ey, Lhe
A ancoder can quickly and etticiendy adapt to ditterent symbael widehs For oput
sembols om a Frgonene-by -frapment basis, potomially improsing compression afficiency,
The encoded data buller 16 condieoned Lo suoee, Tow ool e eocoded data i the al Teasl
parl ol the bitstiearm A beaden i Ui al leasl pant ol e balsleeam e ludes the symax
glernent 1har indicates the adpsiment 1o sy mbel width for the encoded data for ithe al least
prrt ol che: hitsimewm

LE]] For comespomding decosding, o cemnpoter systen ineludes o envoded data
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buttir and s RANS decoder The engaaled data botter is conbigoned o receive amd shory
eucoiled data Tea al least pant ol a baisiresnn & header incthe at Beast pan ol the hiltsheam
includes a svnldy element that ondicates an adjustrment w sy mbal width for the encaded
data for the al least par ot 1he bitstrcam. The RAMS decoder 15 configured to decode the
ensolled dara e the an leas pare el the barsiresnn, ther sl sensaing snipud svmbols [
pauticulan, ew the decesding, the RAMS decoder s comlipmed o e lorm ape alins at
mclude reading tee sy ncas element. detgrmming (ased at ledst in part o che svntas
itlurment] the: gdstmont b sembol width, confignnnge the BRANS decoder o pertorm
FANE devoding al the wdjusted syl widih, aond pealeamone e RARS decoadinog o the
acdjusted symbed widlle Iooahis way. e RANS decuder can guick by aod efficiem s adap
o dilferznt sembol widths for cutput sembols on a fragme nt-e-fragment basis, which can
allopa the BoA NS leooder o benetic From impraneed compres sion cfficicney
[M15] The anngs anens descriled herein include. bt are not limited w 1he
et ancns covered by 1he clavms and table of features at the end of the apphication. The
respeckineg imereatians can e implementcd ws panl oF 8 e thod, as pan of 3 campuoter
svitem confianed woopefenm the methad ) on as pac ol conmpute-readable media st e
compurer-oy coutabhle tnsiuctiens for Causime ane ar More procassors in a compular sy siem
i prerdorm the method. The vanous mnos Alicns can be wsed i combandoen oF separately.
Thig sammany 1y prosvided e introduce s selection of concepts inoa simplitigd form that aee
Tunher descnbed belowe i U detailed deseryame. This suommare s oot lended Lo
wdennry key featwres or essennial teares of the clanmed subjest mawsr. noris i inended
4 b psedd g loemit thee gepe of the claimed subject matter The forcoaine and her
abiects. Neatues aml acdvamiaees of (he imvemion will Become mgas apparent {igam the
following detniled descnption, which procesds with reference to the accompanying fieures
and iNMustraces a number of examples. Examples mav also be capable ot ether and
different apphications, and sse detls ooy be modiBed movarioms respecis all withot
deprartang Fvnn the spirit and seop ol the disclosed o, anons.

BRIEF DESCRIFIIOM OF THE DEAWINGS
[14) The tollmwany drgwings iThsiegte somye feaomes of the discTosed
1T AL G
L | FIC 1 oo deasran illosbiating o exaiple compuler soslem an o which sowe
deszribed examples can he implemented.
[mif) FICES 2uownd Zhoare dinprame ilustrating ccample network environments i

which soane deacnled exangples can be nplemened
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[M19) FICes 3 amd 4 are diggrams illustranng ancecample mwcdia ong oder =y stem
il an esample medii decinler sestem, espects elyan slich sorme deseribed] exanples
can be implamented
[ 2] FICS. % and & are diagrams illustranng an cxample RARS encodor svstom
andl an esample BANS decoler sysmem, vespectively i which snie deseribed ecamples
can e nnpleinenled
[21] FIGS. Ta and 7hoare Mo eharts illustraonne example sechnigoes tor RARS
endoeling and RANS decoching, respoecrivel aorording gy some ccampley e ribod
Berein
[022X] FOOL 3 is o discam illustranng phases of example Two-phase AN
decoding according to some xamples desenbed herein.
[M23) FICes -2l wre Aowchants illhastrating evamnple technioues tor tao-phase
AN decoding according to some examples descibed hersin.
[1d] FIGS. Tk and 10k are Nosecharts Hustratmg example technigques tor
s lrc himd sy mbol width during RANS encoding and RARS decoding, respectively,
accending 1o s eamples described herein
[U25] FIGE. 112 and | Ik are Nosecharts iHastrating osample techniques for
contralling selective Moshing:re-mitali zaton of BARS decodzr state ona laementbe -
tragmoend basig durina B AMS yngoding and KA NS decoding, respectiviely, scconling b
st s Hes descailed bhesein,
[nZa] Fi(rs 128 and |1 Zb are Novecharts iustranng example techniques for
st hing static prodabibity mgcdels on o trapment-by-fracment basis doaring RANS
envgding anyd RARS decoding, respeciively, according iy soame examples descrilgd
herein
(027 FICS. 130 and |3k are Novcharts ilustranng cxample teehmques for
actjiesting ssnbal walth ones raoment-hy -Eragment bevsis doninyg BRSNS encoding and
FeANE devoding, espectis ely, aceondione wr some examHes descnbed herein.
[U2E] FIG. 14 is a dedaranm illustranong an exampla bicsoreans, accarding o sorme
ereamples desiniboed heren,
[029) FLCS. Taa- 15k are coale Tislinws illusleatiog an examyple decoden misdule
accending Lo seme exdmples descobed heein.

NETAILED DESCRIPTIOMN
[30) The distarlyd degeriptian prosents novaton: in range qsemmelne namber

weslen {“RARSET) codinge and deconling. Seonne ol e innoy anions elale s haodwace
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mmplementations gf B3NS decoding thag ereaniz: operations in 1w phases, which can
npnen e e comnpuitational elficiency of RARS decocling Chbier 1o abions 1elale Lo
acapong RARKS sacodinp decoding for diftferen dhstributions or patemns af s alues tor
svmbals  [For cxample. RANS cneading/decoding can adapt B+ switching a detauli
svonbal sl Cehe noenbes ol s per ssmbodp O, o diTerenn i n s of syl s,
PANE envoding decoding, can adapt By adjostanng sl widith can a lraeeeen -l -
Trapmemt basis, switchine betwesn ditferent static probabil i moedezls on g fragment-by -
tragmuend hawig, ancdéor <eloctively Mishing (or rergoina ) the seare oF 3 BARS decasder onog
JEI':'I_gIIlUIII-]J}'-ll'l-i'l.g[[h'.‘l'll Bt Jormany cases, such Do aliems o i Hom e ConHEssi
elticiency while alwe o iding compatatiomally eicient pertrmance.,

[131] In 1he examplas dzscribed heremn. identical retzrence numbers in dilterent
fiomres inclicaee an identcal component, modale, oropertion Yore generallv, vameany
alrernany es to the examples described herein are posaible For example. some of the
methads descnbed herain can be altered by chaneing the ardering of the method acts
deseribed, by spliting, repeating, aramitting cenain mwthod acts. cte. The variows wspects
al the hschssed ieclmology can e used i corobmation en separanely Some of the
mings ancns deseribed heron address one or more of the problams nooed in the
backsround. Tvpcalls. a piven wchmguetos] does nor solve all such problems Wis
b umlerstocd that ather cxamples may be aibzed amd thar stroctarmal, Togesl, sofowsre,
Badweane, and eleeloical chaoges may e made winhoul deps ling To e seope sl Lhe
disclostire The folloawine description is. therefore. nod to be 1aken in a limited sense.

Rather, (he syope of the prosent incention ig detined by the appended clums and rably: of

Tt ey
[ Fxample Compuer Sy stems
[032] FIC. 1 ilMustraes a gonerahized example of & suitall o computer svstom

CLOE) an which several of the descibed innoncations ey be implemented The mniseations
desiihed heein velane e BANS envoling andfon RANS decoding Aside o i use m
IAME ancoding and:or RAMNS decodine, (he computer svestem { 1HR s not intended 10
stsrgest any limicatiam g% 1 seope of wae o fimctionglin. a5 the innereatons may by
migplenenied i diverse coanpuler syslems, includinge special-porpoee conpulen svsiens
adapred Lo cperalions in RANS encodiog and’or RARNE decixliog,

[33] Wich reference 1o FICE 1. the compuisr system (1 O0] icludas oma or more
prowessing cores (IO Ty of 3 central processing unit CCPL7 and local, on-chip

meway (LB The processing coreds) (000 Ty ol the CPL execote computer -
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eoiontable instnctions The number of processine coreCsp OG0 T sy dependdy en
vplementatunn and can e, fon ecample, dor & The local mennas TR ey Tie valanle
MMy (& Fesnsirs, cache, RAKD, non-valanle memare (2. ROM. EEPROML tlash
momony, otc ) o some combination of the two, acccssible by the respecte ¢ processing
canelsp LI oy Fon solbwme-laned implememanons ol RANS encodingdlecoding,
the Local memeny (LLED can slore softwane { TR0 wa the fvrmo al coanpule -execolalile
mstruetens Fer eperations pertormed by 1he respectn e processing core(sk 1146 1150,
nmplementing trdy for ame or morg innesvations B BRANS encoding andéor BA NS
decoding  Allernani ely, esr P -ace cleraned el emenlalions, of RAMS
encudingidecoding o hanbeace-acceleraled roplermentmens of BANS
encodingidecading, the local memory (118% can store software {1%40], 10 the torm of
gompiter-segutable instrocriens tor aperatins perfarmed by 1he respochive -5 nsg
corelsH{ Ty . 1T} Bor one o more drivers or oaher settware layers, o amplamen tools for
one & More ey aoons for AN 2ncodimg, andsor RANS decoding.

[034) The computer sysbem 700 fureher includes ane o mare processing cors
CL200 0 1 2 er a wriphaes uocessing woit CGPLTE ) aml Tocal, on-chipp inemany (128 The
processaie coees C12000 I of the GRU exeowne compuoter-eascaiable instrocoions (o,
Tor shader rowtmes For media codine'decoding operations). Thea number of processing
gorclsH 124 1 2wy depends on implementanon amd can by, Tor geample, & ae 1280 The
lewal neaneery {1230 may be solalile memoee (e g ceoasles, cache, RARY, nen-solalile
memey (2.0 RO EEPROML ash memony, ete 1L o7 some combimanon of the te,
Aveegsible by the respective progessing cored 514120 2x1 kor GPL-gecelerated
mplenmentations gl B3NS encodinw’ilecisling, the local menary 11283 can store soflaare,
i the form of computer-execuable instructions tor eperaions performed by the respactive
processing corcds 1 (1200 120 implementing tools tor one o more imnes atens tor BAa™5
engoding anifior BANS deginlin

[U35) The cimpuler sestem 100 also ancludes caze o noce modules (1500 L5x)
of special-purpess codes hardveare (.. an applicaten-speci fic intewsrated corcuil
ARSI T o onher imicgrated cirouety along with locall on-chip memore (138 In seme
esdrple tnplementalicas, e odouler s pOb3E L e pinchude ooe o mese RAMS decoder
nredules, o leedes misdule feonlizued by proside encoded data Lo tpal Tullers G Lhe
raspecrive FAMYS decoder modules). and a d=coder array module configured 10 manaee tha
FANS devoder masdulel:) FIG & shosass an exampple RANS decodier 483400 aned gesnciated

bulTers, whicl ace part of a RANS decoder anslem 1260) FIGAH. 15a- L5k show code
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listimas (1501-151 1) bor gn esample [BANS decoder moodole The nuodulefs b4 130 13y
can imstewd or additienally ) mchcle coe o mene BANS encocder mocdules, an ontpul
miedule (eonfizured 1o interleay e vutput From the respective RANS encoder modules, and
an cncoder array madule configured 10 manage the RARS enceder module(sy,. FlG. 3
shovgs an example RANS encoder {5320 arl associaied bullers which are pan ol a RANS
decoder s slem {300) The local remore [138) iy be s olalile roenwny (e g regisles,
cache. RAasiy non=wvolal le mzmuor, (e, ROM. EEFROM, Mash memor, etc ). or some
combination ot the o, gocessible: by the respective masduleds) 10300 15

[036] M leme neeaally , the wenn S presesson” niay 1eler cenedcally weam desiee
Hhal caln pruocess counpoler-es eeutiolle insiroelivae @od may e lude @ miciuscessoer,
ricrocontroller. programmable logic dev ice, digital sigmal processor. and or other
compitational deyvice A processor may be o prossessing corg of & CPL ather seneral -
purpaae unit. of GFLD A processor mas alao e a specific-purponss processor implementad
using, for example. an ASIC or a feld-prosrammable wate array (O FPOAT)

[037) The term ~conted Togic™ may reler tod conteoller e, more gencrally. ong or
e processors, aprerable e mocess compuier-executable nsnocton g, derenmnioe
autoomes, and generte outputs, Dependinge on implamentation. conirsl lowc can be
mplemented by sollware execotable on a S by selisare comrolling spaeial=puarpose
hardweare (0o q OGP or other araphics hardbwsre s, or by gpecral-pompeose hardwang (v o
Ao AR

[3F] Wich reference 1o FICE 1. the computer system (1007 includas sharad
memcry (] which may be volanle memors (0o RANE non-calatile memone (o
RO FEPRECH Mash miemaay e 3oor seme comlimation of the b, accessible Ty the
processing corefa). The memary 4 1400 stores softwaare ¢80 amplementing oools forone
or more innovatioms for BRAMNS cncoding andor BARS deceding.

[N39) The comnpeuier swstem U100 g hles ong o maore netseark olapeers 4 151]
As used heeen, e leom nebaock adaplen indicales any pelsn boionle Lace cand (M1},
netes ok incertace. netw ork weface contrallar, or netveork interfoce desice. The network
gdapter s O 5101 enable communicatiam onvcer wonetwatk tooano her computimg entiee 440 .
server, alher connputer Syt The netwark can be o lelephone nelwank, wide el
nelvin b, local aren nelweak, stinawe a1ed nebwoa b, i isther nelwea k. The nelaork
adaprerds) 0151 cam support wired connecticms and'or wirgless connesions, for g wides
area netaArk:, Tocal-amen nogwork, persomal-ares netwerk or other network The netwarlk:

adapterf 51 (L0 cimven v manon such i compulen-eaecotable instooeiong, eoneoded

In
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maclia, 4ar asthyr cdara inoa mochalagzd data signal over neevork comnection(se A& malidated
dula signal s signal that bk one n nase al os charmcienisies selon chomael o such
manner a3 1o encode information 1n the signal By way of example. and not hmicatian. he
nctecark conncctions can use an clectrical, optical. RF. ar other camier.

LLELH | Acarmera input 4 12 pacceps vicdeos inpot i andlow o sl feam Gron g
wviden camea, wlneh caplores malural videa Ao dudue inpot accepls aodicmpul o analogs
ur digital Tormn Mrem g mecrophone (132, which captures audis.

(1) The gosmputer sestem U000 optonal Ty inglicles s motion sensoriracker
mipul (53] for o moteay sensonfeae ke, wlhich can wack the nevvemmeots ol @ wser ol
ubnects areund e uaer. Fuor esample. e molionn senaoriiracher allows @ oser (e plaver
ot'a wama}t to imteract with the computer svstem {37 throvgh 3 naweal wser inlerface
tEing gesiures and spsken commands The mofon sensortracker Can incarHrate weshr:
recoufition. facial recounition and: o vorce meeounicion

[042] Aczame controller inpul £134) accepts control siaals fram one or more
game controllers, owver @ wiped comnes i o wirelcss cormection, The control signals can
mlicare wsen s roem one g more doectional pads, o, mapgers amlon one o
e jossioks of 3same controllar, The contral sienals con also indecate wzor inputs from
il |.L'ILIL'|'I|.'I-?I.'d uar lLJLIE.'l'I".‘:E.'I'ﬁE‘I], w2 NaCape. deceleroneter. i."'IJ'I'-__-'LI]-H.I' Fale sen=ar, magnglomegler
andl.'or other conerel prometer of 5 game control ler

[043] The compruler system 100y opteoalle imclades oomedia plase (155 amd
widen input {1360 The media plavar (133 can Hlav 127% 15 Blo-ray disks, other disk
muclia amdir caher Formate of mecin The sides input (1561 can sceept input viden im
analog cn digital form qe o Fraonn g calde g, TITAI o on aher inputy - & maghics
engine fnon shoea n ) can preside texaure dara for graphics in a computer-represented

CIv Irone it

LLEE]] A vt cutpon 4 37 praneicles widess corpar f display devige The wides
autprul C157y caue T an LIELD cmalpul oo anher vepe ol oulpul Ao awdice vulpol (157

prove ides audiao autput (ang or more speakers.

[145) The stowawe (1o may he remaoneable o nin-remnovable, and inclodes
macrenic media sucl as rnaanens disks, masnelic apes on casselles p oplical disk media
and/oo any eiher media seboch can he osed we stone iodooooa iy and wlnch can e aceeased
within the computer sestem (18], The storaes {1600 stores instmactions for the sothsare
CLEO amplemoenting omg o more imnevaniens tor BAMS encoding smlior RAMS dociling

LE| Tlee compuler svatem 100 way have addigimal leaines  For exanple. the
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compiter syseem CT00Y imehudes one o maore other inpon desiges ancdfor ome: or mory cahaer
ol esaces The other o des icegs) maw e ke s device sichas abes Boand,
mieuse. per. or racklall. @ scanning des ice, or anather device that prosides input ta the
computer system (100 The ather cutput deviesi sy may be a printer. CD-wrter. or
andsthien elesice than prosides ounpn Cooro the coanpnier sysrem { [90}

[047) Ao inlerconnection mechamsm (ot shawenn) socl as a s, conlicller. o
neleark nercomects e components of the compuieer sy soem (100 Ty pecally . operating
segtem e (noc shoveny prosides 5o pperating environmoent Bor other softasme
eatculing oy the comnpuler syalem { 100) and cosndinanes activitics of e componenls el
e connfrules anslem 4 100

LEH]| The computer svstem (100 of FH. s 3 phyesical computer svestemn, 4
virtual maching ¢an inglude somponents sroanired as showonm FIG |

[n49] The verm “application ™ or “procram” may reter moafivare such as any
user-mode instrctions to provide functionality. The sofiwane of the appheanon (o
pragram) can urther include instroctions For an operaing system ande device drivers
The soliware can be stoned imassociated memony The sollwaee may be, B exanple,
firmeeeare While i g contemplated char an appropriotely proeramumad wensral -purpose
compurer o compliing deyice may be osed toescecule soch suliveare. s s
contympaied that hard-wirgll cirguiery ar cugtony harhwsre (oo oan ARIC ) mwy by wged in
place el o in coanbioatioo with, saltwae stoelions, Thos, exaoples deseribed heremn
are nor lingted 10 ame specitic combination of hardware and sofivare.

[5) [ he qerm gomputgr-readable medmm™ reters o any maediom that
participates i providing date(e o mstocisns 1 hat miy e eewl beeoa mogesson anid
accessed within a computing emvironment. A compurer-readable mediom mas ke many
tomms, including but mon Timnited to non-volatile media and + elatile medin. Son-volatile
meclio iclogle, fon ecample opnical or magnetic disks and sther persistent menwmy
Wolale media inclode dvnamic vandom access memeony (CBEAMT) Coanmon formes off
compurer-readable media include, for example. o solad siace drive, atlash drive, a hard
disk . any pther masnetic mediom, a CD-RO& . Dhigaea]l Vorsanle Dhisg O TWT™y any orther
aptical mediom, FAM, pocrammable read-cnly ieanory *PROBM ), erasable
prerzaieahble read-only memsay CEPRO | a USD memwcny stick, any cnlier meos,
chip or cartndge. or aney ochar medium fromn which a compurer can read. The tetm
seomputer-resdable memone” specificallyv escludes transitemy propsaineg sienals, carner

wiree s, Al wase Tomma oo other onansible oo wansilooy weedia that may neve theless be

|3
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redclable byvoa computer The ferm ~camier waee may reber fean clecirmagnetic was e
rmustlulated i amplinode sn Deypnency i comeey 1 sial

LK The innoy anens can e desenbed 1 the zeneral contest of conmputer-
cuooutalle instructions bomg excouted m A computer sy stem on A tareet real ot virtual
preesscn  The compuier-ececniable iosimctions cant inchigle imstoeions execuahle on
Prowetsing sores ol a genenal- purpose processor 1o prosceds Tuncooalivy deseribed herein,
mstructens xecutabls W control a GPL o spectal- porpose hardwaneg o provide
tungrismalite descibed herging instroctions exogargble on procegsing cores of s CPL e
prepeade Tooetiomalicy deseribod herem, and/or matoclioms exevonalile e ppocessioe cones
ula special-porpose processoc o e de Tooelooaraline described hecemn. In soane
mmplementabions, computer-executable imstiuctions can ke omganized in program modul 25,
Cronerad Ty, procrann maghules inglode roartines, prosarams, libraries, ohjects, clivises,
components, data souctures, efc that perferm parmicular tsks o implement particular
abstract daa types. The tuncoionahe, of the program medules mav e combinad or splic
belvecen pragram modules ws desircd in vanous cmbodiments  Computer-csecuatalle

st cien s fea acam rcedules miay be execived within g local or distailioed camipute
&4, stom.

[52] Moameros examples are described inchis disclosure. and are presented fur
tlostrarive purpases onby Thy deseribesd commples sre net, snd arg nor intendesy) o be,
liomalingz o iy sense. The peseot]y dischisied oo anions ace widely applicalile Lo
numernl s conEsts, a5 is readly apparend rrom the disclosure. Ome of omdinan skill intha
art will recommire (hai the discloged innovations may by practiced with vanions
muslificationyg wl alterations, such as straciuril, laeical, solasare, and electiical
medlifications  Although panicular Eeatures of the disclosed innes anens may be deseriled
with reference 10 onc or ot particnlar cxamples. it should be undersicod that such
Testunesy are mol Timntec] 1w i he anes g mgre parionlan ecamnples winh relerence o
which they are desciibed, unless esmessly specilied otheawase, Che present disclosue is
nzicher 4 hiteral deseription of all esamples nor a listine of features of the beeantion 1har
must b present in gl ccamples

[053) Wohieny an sndioal nomiber (swcl as “Lesl,” “secomd,” “thind™ aod soon) s
used ds an adjecyve beliae o tenu, hal ondinal nomiber is wield iunless expesaly apecilied
nherwise) merely 1o indizaz a particular teatore. such as to disompeish than pamiowar
teutume From et her fearang thae s deseribed by the samye term or be wosimilartform The

mrere usize U e cadinal swonbers s, “secomed,” 0l ™ aud so o does ol imdicale

13
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any phvsical orler or legabion, amy ordenny ingine, or any ranking in impasrriange, gqeality .
o ol Tocaddiiom, the mere osage ol snchual monhers does ol deline o nrmencal
linat to the Features wentitied syith the ondinal numbers.

[054) YWhen mtrodweing elememis, the anticles “a,” ~an,” “the” and “said” are
miendedd oroean thar there e one o meae o e elements The @ “coanmisinge,”
mwcludang,” and “havine” are inlended Lo be inchusioe and mean hat theee mav e
ashlivenal 2lemenes other than the Listed eletnenls,

[NE5) Yo hon A simule device, component, mnodule or stroctees g deseribed
muliaple dewices, conpooen s, mesdules, on steoclwees et o ol ey coopezale |
nstead be osed inplace o the sinele device, component. nodole or siruciure.
Functiomalicy 1hat 15 described as baing poszzssad by a singlz device may instead be
porsessed by multiple devices, whether or net they cooperate Similarly, wehere multply
des ices, components, modules. or soactures arg describecd herein. whether or non they
cooperake. o sunzle device, companent. module. o structure may instead be used n place
ol the mulipl: devices, camponenes, msxdules, or structares. Funcianalite that is
described as being posgessed T mnliple desices mae instead be passessedld byoa single
desice. Ingeneral. & compurer sy zeen or dey ice can be local or distabuoted, andd can
mclude ams combination of special-purpese hardware and‘or hardw arg with sollware
nmplementin the Funcignaline dese nbed hergin

[D56] Funthen, Whee leehnagues and waels descobed beoean ane ol lomined Lo the
specific examHes descnibed herzin, Rather. the respective techmques and 100ls may he
wlilvred independently and separgtehy from asther technigues snd gaols desenbed hergin
[M57) Device components, mollales, on sougieres thal are in comrrmunication with
gach onher nead not e an continuous communication with ach other, unless axpresslv
speeified othermwise O the contrare. such devices. compancnts. modulcs. or stiructures
nel only fraresint o gache grher as necessany e desirable, and may actal v reteain from
exnshanEie dana nuosl al e wme o example, 2 device i commmonicaticnr will anoue
dasice via the Internot mishe not transmic data (o the aother dey ice for weeks at a time. In
godaditon, devices, compaments, modhles, e simuctores that arg im comononcation wich each
emlier iy cocoanunicale diveetly on directly thaasugh coe oo oome inteniediaries.

[05E] As useld bereiog the tenm “send” denaeles oy v al cone s g anlvroalion
trom one device, component. modudz, or sirucoura to another device. compoment. mindule.
ar stragtire The eeem reegres denostes any way of geting intormatiom at one devicg,

comnpooe. module, o slructoe oo anasther desice. compemenl, module, or slouclure.

4
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The devices, companenty, mecdules, or strpcmres an be part of the same compuier sysien
o cdilTerent compuiler svsterns Inlormatioa can be peeises] by value (2 o s panameten of
a messnzee of tunction call) o passad by reference {eu. in a butter). Depending on
context. infarmation can be commmunicated dircetly or be comees od through one or mome
miemetiare desices, components, modnles, o simeimres As used e, the wenn
“eonnedled” demates an operable coamnuooication ik etwesn deices, Somponents,
mdules, or structres. wlicl can e pan of the same computzr syosc2m or didTzrene
compitter sestiems The gperahle connmunication link can ke q wired or airclesy netaqrk
camnee oo, wlhich can b dircclor pass theouplo ooe on meae ontermedianes (e ol o
el rh .

(5] A descrpbion of an examplz with several features does nol 1mply thar all or
even any o sich features are reooired - Chothe contrny, aovanety ot oplional features arg
descriled 1o ilusrare the wide variets of possible examples of the innm aions described
herein  Loless atherwise spacitied explicitly, no featirs |5 essennal or required.

LT | Further. althowdh process steps and stages may be deseribed inoa segueniial
cwcder, sueh prowvesses may he condmned o work in dilTereot aalers, Deseripion ol a
speaific scquencs oF order does non nacessanly indecate @ requiremant chat the stepssrages
b performed i chat order. Seeps o stapes may be peclomzd o ans order practical
Further, samy stens o skapes may be performeaed simdaneousty despine beina degsenibed or
wiplied as veeurrioge non-simullimecusly. Deseriprion of a prekess a5 meluding nuolliple
stes or srages does not imply cthat all, oreven any, of the steps or stagas are essential or
reqpuired ey sdher geamples may onnit somy o all of the deseribed stepy or stapes
Linless arherarse spec Ned explicithy, ms step or stage 5 essenlial or reoquired Similinly,
althowazh o product mas be described a3 includine multiple aspects. quahtias, or
charactenstics. that docs mod macan that all of them are esscmial o required. YVarious other
eviniples neay it sonee e all of the aspecrs, oqualities, or charoiern stes

|61 MLy oo the wechoioues amd wools deseriled heein are Ulastcated windy
reterenes woa media codersdecodor sestemn such as a video coderddlecoder gestem. audic
casleridecoder swstem. e tevturg coder'des nder sestem - Alterngtively . the technigues gnd
ool desoribed lereni can be implemanted na data coderddecoden seslem [ use o
cosdine deronding lext dala o slher dala, senerally.

LU | An enwmerated st of ems does nommply thacamy or all of the izms are
muteally ceglsive, unless eepressiv specibied atherwise Dikeaise, snoenumyrated Lise of

ilems dewes an ool Lhist aos on all ol e iems aee comprehensiye o any catewony. onlesa

|5
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eoppressly e tied otherwise

|3 Fow thes sake al presentation, the sletaled descrpmion mses oy Tike
~elererming” and Csalect” 16 descibe comnputer operations i 4 computer svestern. 1 hese
tcrms dende aperations porfermed by one o more processars or other components inthe
caamptler systenn, A shoold men Tee comlised winh acs perlonmed Ty a boarman heimz The
actual coanprules cpperanens correspondioge e hese ermes san depending o

i pleme nmdnen.

[ Fuample: emwork Envinonmenty

[D6d] FIGE. 20 and 2b st coample nelaork convuenmments (2000 2027 1hal
iclude media encodecs 220 and media decodess (2701 The encodecs {2 20) and
decoders (270 are connected over & metw otk 250 using an approprate commilinication
profocol - The netwerk {25071 cancimglade the Inegmer andfor another compurer network
[Mas] In 1he netwerk envirenmenr 200 shown in FIG 2a. each real-time
commumcation 1TC 1 toel (210 includes roth an encodear 42 200 and a decoder (270}
for bidirectianal communication. A wiven eneoder (3207 can prodwce oulpuoe Compliant
with a meelia conle Tommat on exiensicn of a mecha codec fommar, with a corcespoading
decoder (2707 acoeptin: encoded ¢ata from the encoder £2220% The bidirectuonal
commumeation can be pan of & conlzremne call or other Dwospany s muli-pany
gommunicaion scenario Although the netwssrk enviremment (2001 FIG 2y includes
Peeck 1eal-Tiome commmuwricabisen Wols 12100 e network covvnasnooeant { 201 ) can answead
mclude thres or more raal-time communicanan tonls (2103 chat panicwe in multiparty
COAMT AL

LLETT] A pesgl-tine cormmumication ool (2000 s coniwored @ manaoe encoding e
an enoonder (220} FM 5 shows an example encoder <y stemn (30K that can be included in
the real-time comaumication tead (2108 Altemate oy, the real-time commuomication tool
(210 e anepher encisler svstene A& real-oime commramication gl 12100 = alye
cinlieored W omanace decodling by g decodes (270 FLIGL 3 show s an esample decode
svstern { A which can be cneluded in the real-tome commund anen tool (2107
Altermatively, the mepl-tmne communicatiam tonl (2107 ses anenher decaodler system

[ 067 ) I the nebwea b eovieamnent 4 20Z2] shevan o FIGL Zhy anceocasdig ool (212
includes an encoder (220} i is comlizued woencode media i delicers wmulaple

plas lack tools (2140 which include decoders {270} The umdirectional comumuniZanon
izan b pronvited for g somcgillance svstem, web monitonng sestem, remol: deskop

conlerencing presenlation. nameplay bigadoast, or ollier scenariao i whicl media is

1y
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ensocled anid sent from ene locarn to o or more other locations for playvhack  Althingh
the netwenk enviranment (2027 0 FIG 20 imehindes tan playhack sssls {213y, the netaaa k
efs ranneent (2023 can inchide more or tewer plavback tools (214). In seneral, a plavback
tool (214105 comBigured ro communicate wich the encoding weel (212 to determine a
stveann o envonles media B the plashback ool 204 oreceive The plavback ool (214
vi cenlivaeed woeceive the stieean boller e received encoded data for an apyosspian
period. and beein decoding and plasy back.

[ ) FICe 3 showes anoenmple emeasder wysten 3007 that canc b included imthe
encodimg ool (2127 Al cly, e encodig sl (212 wees anouhen socoder systen
The evcinling el (2123 can also imcdude secver-ide conreller louie e managioe
connections with ome or more plavback tools (21 1k FHZ 4 shows an example decoder
swytem (A, which can be ingluded in the plavback ool 1214} Alemanively | the

plas Back tool €214 1 uzes anether decoder sestemn Ao plasback tool €214 ean also include
client-side contraller lewic For managn ng connections with the encading tool §212).

[1 Example hedia Encader Sy siems.

LU | IG5 s a blisck iawam e an escampie encoder sesem 3040y in
conjunction with which scme described oxamploes mas be implomented  The encoder
sieslen { S0P can b g neralspurpese sncoding ool capablz of opecating L any of
multipple engodimg modes soch as o aw-latensy cncodding modee B resl-timae
cirmrmuncanion, @ lamscodine mede, and a lughes -Jateoney encoaling e doc prodwcing
media for Havback from a filz or stream. o it zan be 3 special-pumose 2nending ool
Adaprs] For one such engimling mode The encoder system [300) can by adaphed for
engding g a paricular fvpe of conrent (e @ | carmeri videss contenl, sereen contenl, tesiare
content Bor wraphics). The encoder systemn {300 can ke implemented as part of an
operating system module, as part of an application librane. as part of 1 Sandalenc
applicann, ugtng G banduwne, and-on sings special-puarmsse hicdwarg Cheeaall the
ensulen sy alea { 3000 s conlivmed o eeceive input Q3 Do a source aod poodoce
encoded data m 4 bitgtroam §34%3) as cutput to a channel. Far esample. the souree can be a
viden camera o For naaral videsd, sergen capiure modale (For sereen content), graphics
enuine (Ien tewtunef, o noenshone (o audisp.

(070 Tlee encoder s sleam {300 p nocludes oone on mcae predicisn modoles (3109,
one o more resedual coding modules {53200, one ot moete residual reconsirucion modol s
C330), ane e morg butters 4355), ome ar muorg gntrops coders 3400, ancd oo multplosagr

(3501 The encoder s slem (300 F can melode sstbeer mosdules (ool steosn p il ace
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comPrgred 1y pertormn pre-priccssing operatons (¢ o, for color space conversion, sub-
samiling, elc ] contral sperations e o recerany, Feedback Toon medales, providinge
contral swenals b modules to set and change coding paramerars duning ehcodinw. setng
svntas olements than indicate decisions made dunng cncoding. s that a correspondimg,
decoler can make comsistent decisionsy, filiecmg eperanon s sa siher opeatiens

[ 1) The predictiver mwrdulets ;4 3100 ace conlivared we predicl @ curres unit of
media teo. Trame. Blovk. vbject, sethusing prestousls reconstrctzd media content. which
1y <t in the burFeris e 3350 In weneral | for vigdeo or imaee comtond, 8 Block s anmx n
anvameeieod ol sampHe salues, and a Liamne is an ananeemenl of Blochs 1 one o e
eorlur planes, Fug aodio conrtenn i Plock e lame is a0 sevies of sampple values, For lesore
content. 4 set o sample values mav represent texture values For points of a graphics object.
Tor example, For videer onrent, the presdicion modaleds) (3 10 can be contizred o
pertorm operations for modion compensation relatse o presiously encoded. recomstructed
prctures finter-piciure predictient. Oc, as ancther example. Por vides conent o Dinage
cantend, the prediction madulelsy £ 3100 can be comfiwared t perlform aperatioms For ira
spatial prediction cn g Block copy siciiom winthin & prowme finta-pictine peechceion .
Ln some ty pes of encodor syvstem 03000, the predicion moduleta} 43100 are arrameed
ditterently. For example, Tor andio eoment, 1the prediction nuoduled sy 03 1o can be
contiseired 1 pertorm aperationg tor lincar proedigrien Inather opey of encodier system
(R0, haeee e oo poediction nwodules).

[n=2] In FIs 5. the pradiction mcduleds) (3100 ate confizurad o produce a
presdiction (3 15) For the corrent pnid ot moedie The gncoder system {3005 s condigured to
detgrmine dilFerences etween the coerent wmit o msli Dean the anpact (3051 and itk
prediction (313 This provides values of the resclual (318 For lossy coding. the values
ot the residual 3187 are processcd by the residual coding moduole 5] (3200 and residual
vecongiricion moaduleCas (3301 Fin Togsless coding, the resicoal cocing mapluled sy 13207
and residual recemstiuclion module(=1 (3300 can be by passed

|07 3] The resiclual codine madulelsd 4326 are contivured to cheode the alues of
the resicnagl 318 Typicallv, the rgsidoal coding, modidefs 3200 g hades 3 fregueney
nand oo o scealesfuanlicen A Deguency lansdoene 15 conligured w coameén | apul-
deanain values nle Drequeney -dennaan 1.2, spectial. Wanslonn ) values  Too block-hased
codding. the rrequency transformer can apply a discrers cosine tfransiorm (12307773 an
it wpproximation thereol, or another type of Ferweard Block transbsrm e blocks of

restdual values (oo samyple values i e predicien (3213} s noll ), prodocioge Blacks of

I8
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trequency transform cogfticionts The scalerguamtizer is configured o scale and quantizg
the tansliam coelloienis Aliemalively | e resicdual coding masdbilefs) (G207 can imehinde
a scaleruantizer but mor a freguency oanstormer. in which case valwes of the residual

{3 18) arc dircctly szaled quantized.

L] | The vesklnal vecongirwe oo recsdalels p 350 are conlisured w recemnsing
witlues of e residual (3T8), which veprcally prodoces i appeeeaneion ol e s aloes ol
the residual (318 Ty pically, the residual reconstrocion modoleds (3207 includs a
sealurinversy gquantizer gnd an inverse Freency regnsformet  Thy scalerfinegrs
quatiitiger s comlammed ar el e se sealing and inserse quanmtizalion o 1w
quantized pansikum coelTicients, When the wanslirm slaze has nol Been skapped. an
nmerse frequency transtommer is contigured o perform an werse frequency iransform.
provduging reconstruciel residoal valoes or sample values 1 the transtfomm siage has been
skipped. the s erse frequency cransform is alzo skipped. In this caze. the scalerfinyerse
quantizer can e confieured (o perform oneerse scaling and i erse quantization cn
resdual values [or swmple value data). producing reconsorasted s alues

|7 5) The encoler ssiem 30 F s condi@ured oo comnbioe e reconsimwied
vilues of the residual (318) and the predicoen (3133 to produce an approsimale or exact
reconsiruction of the eriatnal content Tem the mpal (3051 The reconstrocrion s stered in
the: budleris) (335 for wse in subseguent prodigtin eperations 1In lossy conmprossion,
st rlvromaticns 3% Tosl Do e fopot {2053 1 he sesidoal codiog msdulels) {32063 aod
rasidual reconstrction madulel sh (5300 are byprassed {For [nssless compression). the
valiugs of the resichieal (318 can b combined with the prediction 03 15) 1E residoal wvalhoges
Favas mot bessre e onled simmaled ) 1he enconler svsiem { W can be confrgured 1o mse the
walues of the predictien (315 as 1he reconstruction.

[0 4] The entropy coderts) {3407 arc contigured o #ntropy code the cutput fraom
the resicoal coctin mochalef 57 42 20 4e o g ied iranesboen coetFroiems) a5 well as side
mbvrmatioon teom e predicaon nodale) s Q300 (0, paamersrs indicating hivw
prediction has becn pedformad b and athar side intfermation io = parameters ndicatinge
decesiamss madde during sneodimey The entropye codend 5] 03400 can Be conbiaargd 14
detenmine paamelers hal cepresenl quanlized wansloom coelTezients, sile miinmatic,
ele The ennopy coder{a) (3300 can Te comlioured s paedicl v alugs oo paramate s based
on contexiual information, then encode difterences hetveeen 1he actual valuss and
predicted values Foranput sembolg chat represent che valugs to b encoded, the ontrgae

cosderis pf 30} v be coodiemed loopenfornm entepe codinz 1o s aricws was & Ty pical

|ty
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eatropy coding reghnicugs imglude Exponennal-Colemb coding, Colemb-Rice coding,
cannlexd-ailaptive Dnary athmetic coding "CADRAC alilTesential coding, Phal T
codhing, rom length coding. Lempel-Ziv ("L27) coding. dicoonar cading. RANS encodiny
and other variations of ARS coding, and combinations af the aheve. The cntropy codon s
(3o can be conliswred vy nse dilferenn cochng rechiiques for diferent Linds ol data aml
e apply muolaple wehingoes o coanbinations D pan leulin, the emtispye coden(s) (3400
mclude ane or morg BANS encoders. Examples of BEARS encoders are deseribed below
with refereney wp FIG % The muhipleser 03507 14 comtiared g torman the engoded darg
Ien cuntprul a5 pant o the Ditstean (395)

LU | v preiualinnz oy il e mesacion ad the ope of compression desired.
modules of an ncoder svstem [MHB can be added. smitted. spht inle muliple modules,
gombined with other modoles, amlior replaced with Bke mishiles Inoalemative
efnloadiments, encoder svstems with ditterent modules and.or vaher configuranons of
miedules pertorm one ar mare of the techniques descnbed herzin. Speafic ambodimants
ol encoder svstemy tepically wse a vanalan o supplemented sersien o the encoder
svilen by The relationships sl betvwsen modoles within the encoder sesem  36047)
wdlicate pencral Hows of mbormation in the encoder sy steon: achar relationzhips are not
sl tor e sahe of sompl ity

[T Ancemeled dats botter dnar shosen ) iy conbaoared 1o store the encacded daa
en ihe Balsbream {3835 Uor oulpar. Ineencial, e sneoded data containg, aceodiog b
seniay of am elemantany coded madia hitsrream, sy pas 2lements for various [ayvers of
batstrgam synkge Mledis metadaty canoalsa he stored ain the encoded data botter &
channel ncoader (ool shisn ] can be confrgored o implement ane cr more mesia svsbem
mdltiplesing protocals or transpot proacal s, in s hich case the channel encoder can be
contigured 1o add sentas 2lements a3 pant of the syrias of the protocolis]. The channel
engoder gan be confraored f provide gatpl o channel | which wepresents storaoe, a
EONIIUIIC AN oms Conoection, an another claomome] o e el

L. Evample hedia Decoder Sy aozms.

[74) FICe 915 a blisck digeram of an ovample degoder <sstem 44830 in
caanjuoctioon a it which some deseiibed ecaooples man be noplermented  The decoale

s leart {4 can be a general-pupese decoding ool capable ol opecaling inoans of
mulrple decoding modas suzh as a lowalaency decoding mode foT rzal-time
communication and i hisher-laeney desoding masdy For media plavback Erom g fily or

strean, cm il can e @ apecial-purpose decoding wol adopred foc one such decodinge mode

20
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The clecaler system (0] ¢an by implemented as part of an operating system mcedule, gx
pant ol am apyeicanin lilnary s pant ol a standalone apgdicais, osime GPU Dirdweare,
an<lior usine special -purpose hardware,

[ Coded data is received From a channel, which can reprosent storage. a
eaarnrramicaniong corneciion, e another channel for codecd da as inpa 3 channel
decoder foon shoavo) can ppovess the eoded datd Tom e chanoel. For esample. the
channel decoder can be comdiparad o emplement cne or nore media sestem
demuliplesime protwcaals or iesmspon prastocols m o which cage the ¢hannel lecoder can be
conli weured 1 pacse senlax elememts added os pan ool Lhoe sYILLEN ol Lhoe pwemasenol{s).

[DB1] Ao encoded Jata budTer (nss shosen) is contizoced 1w store encoded data dal
15 2uiput Fromn the channel decoder. The encoded data contams, according to the symias of
an clementare cocley] mecha bitstream, synegs clements ot vanioas lesels of bitsiream
sentas. The encoded daa botter can also be confisured 1w store media metadaa, In
wenaral. the encoded data butter i configurad to temporan |y store encoded <data until such
encoded data s wwed by the decoder = stom (0ER A that point, eneoded data s
namslerred Fean the encoded daa bulTer 1o the decoder systern (4007 As lecoding
continues, new coded data 15 addad o cthe encocded data Bufer, andd the obdest coded daca
reimaning i the encoded data bufTer 5 ransteroed 1o the deeader sysem (00,

[s2) I'he devoder sestem {400} s contiauamed] to regeive cnceded laca in g
stz 1405 ) and peduce weeonsbrocted media as ooquil {4935 The decoder svatem
(206 includas a demuliplexer (410, ome or more 2ntropy decoders (200, one o7 TioTe
resdual reconstroction mcdales (430, ong or more prodicton modaley {4400, and ne or
mine [l lers (4351 The deceder syseen (4000 can imcTule ather rocdoles a0 slosny 1t
are configured e pertorm centrol aperanans fe.o.. receiving feedback from modules.
provciding comtrol signals 1o modul2s 10 set and change decoding paramaters dunng
decoding), Pltering aperalionms, post-procsssany operaliong 42 o or color spage

ciany Sraiom, up-sammling, ele ) on onher opealions.

[UB3] The encoded data baffer i conlipoaned to rececs aad store encoded ¢lata m
thi bitsirggm (H5Y and maky the recgived eneoded dacg available oo he demulopleser
(HLdy The demolipleser 3100 iy conligured o parse eoeoded dala Dean e bk
G5 P and praes ide 3l e Lhe appegoiae ennepy decode{s) (200 The ennops decoderia g
(32607 are contigured aoe zntropy deznde the encodad data, producing cutpot sy mbals for
praramtters The parameters cun represent data e by provided wo the residil

recorsloaction madoleds b (A3 e guantiesd ansfonn coellicientsp, side mliamatien Lo
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b prowvicledd 1o thye presliction mgduledsy (34340 (e @ | paramctens indicating how predichien
bt breene pen fowmenl ), ar athenr sale il ntion (e @ | pariomeiens imdicating decisioans we e
made dunng encodinph. The entropy decodertsy (4200 can ba confipurad to pradict «alues
ot parameters bascd on contextual information. decode ditterences bebacen the actual
walues and mediced valies, and comline the diTerences aml predicred salues Thos, 1he
enteope decoader(s) {4207 can be condioned Lo reconsirwcy pacimele s that ieqnesent
quantied cransiorm coelTicenls and side information The entropy deeod2if 146201 can
b confiunmsd o pertorm eneropy decodimg inovamons weays . Typical entropy discoding
techomgues include Cxpemenial -Cooleanl decading, Golmol-Rioee decoadioe, copyiest-
adaporee bonare anithmetic decoding, HodTman deveding, cun lenglh decesdione. Lempel-£is
(L2 v decoding, dictionany decoding, RANS decading and other vanations of ARY
deoding, aml combinatimy et the abesve The snoropy decoderis=) (4200 can by comfigiered
1 use different decoding techniques fer cditferent kinds of dan and w apply muliple
techimgues in combination  In particular, the entrepy decoderd s) 33401 mclude one or morz
RANMS decoders  Examples o RANS decoders are descrbaed below with reference o FlG.
4]

[UB4] The resiclual veconstraction meodulef s} J430% are contixured 10 recansiract
vilues of the pesidual (433 which epically pooduces an approsamation of Qe original
valigs of the resiclieal (432 For gwample, the residosl recomgtruction mochale{s) {3430}
iclude o scaleviicese quanlicer and an iovese tequencs vanslinnwe The
soalerinverse quantiFer is comtigured (o perform imvarse scaling and merse quantization
an gquantized franstorm cogthicients Whoen the fransbam staoe has mist been skipped, an
mverse reouency bansionmer s comPwered e prerforne s insersg Ty fransiorm,
producing recanstructad residual values or sample v alues  The inverse regquency
transform can be an imverse AT, an intceer approximation thercofl. or another ops of
mverss freouency tanstonm TF the franstorn siage has Teen skipppad, the invese
Iequency banslon is alse skipped. Doudng case, the sealesimoerse quamize can be
confiwured 1o pecform invorae scalinge and ins orse quantizamen on residwal values (or
sample valug daea), producing reconstrugted valugs For kssless Jecmpression, the
vespdual recomslome oo o dulels p 4 3300 can be b passed.

[085] The predicticn wedaledsh {4900 ace conligueed v predicl a correm unil of
media {=.a.. frame. block. oljecr, sechusmpe previously reconstructsd media content. which
1y stored in the bufferise {435y For gvample, tor video comtent, che prodictim mocideg s

{40) can e condizueed v peclonm aperations s molkan congpe nsation welative o

a7
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previonesly engirledmeconsirpcted pretures (mter-pretare predicrion O, as aneher
evarmple, dor sides content ar nage comtent, the pnadicion masloledsy (4403 can he
confizured 1o pecforon operations for inma spatial predicoen o inma block copy prediction
within s picture finera-picture predicton . i some tvpes of decoder sysoem (400, the
prediction rmckdulersp 4330 are arransed differemly Tocexample, Gnoawdics cenien, the
prediction eedduler s {440 can be conligured o per s spreratioats for lined prediclion
lwnher popes of decoder sy stem {9496, therz are noe pradiction modoleds).

[ In FICe A, the pergalictiom masduleds) (4400 gre confianargd o produoy =
prediction (3343 Tar the coneanl anin ol media, The decader sysbem {4003 0 conligmed wo
cormbine the reconstoacted valoes of the residoal {432 Fand e prediclion (442710 prsduce
an approximate or exact recenstruction of the media contznt | he recensituction 15 siored
i the buatter 51 (435 for ase in subseoquent prociction pperations 1F residoal walues b
v heen encoded:signaled. the dacoder svarem (400) can he confiuared roouse the values
of the prediciion {442 as the reconstruction

[087) [ pending cn amplementation and the tvpe of decompression desired.
rsliles ol Lhe ecixler systeme (4007 can e alded, oroaned, splic i moiple mcedules,
combined with other modol s, and or replaced with like medules, In alternat €
gmbodimencs, decoder svstenrs with diftergnt modules andsoor vther conliguranons of
misdules pertorm g or megrg of the twechnigues deseabel beegin Specibfic embodimeng
al’ degoder svslems by pically wse asacialisn sa sopplemented vesien o e decode
sustem (R e relationships shown hervseen modules within the decoder syvstem {24060
nlicaty general Aoy of inFornetion in the degoler svstem: other relatignships are nat
shgwenn For The sake GF stmipliciiy

Ly ANE Encodimy ‘Dacoding, in Ceneral.

[ Asvmmetns pumber system A NS eodingidecading potentially otfers
b compression eflciency ol low conmmutational somnplexity Inpartclar, ranage ANS
CRANST ) codiieedecoadioe can wan ko well wlien sembols Bas e many possible valoes
tlarpe alphabet) buc comain valwes ace vae commaen. RAMS encoding decoding alse
permis interlggving OF oo from mualtiple RARS oncoders ineee g sinwle swatpue bitstrogm
al encoded data, willomolliple RANYS decoders beimg osable o decode semlads Do e
talstream comcurrently, wlnch can speed up the RANS encealioe decodine pacess

[FY] A FAMY encoder ancodes g sembod 5 by modifyimz an inpoe scate
provdugimes snoopdated state « The state € can be gepressed as a0 sinedle nanoral nombier

The weain coding lunetion Lo RANS encoeding can be exmessed as.
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Clse sy — Floomiz Bl <iin | omeelis, Fsy - oy,
wehiere [Towr (it y s a i fiom Lthal acceps a veal mormber i impnd anel ety the wegiesd
wteser less than or equal 16 the input. onel{a. br) is & function 1hat zeses the remamder of a
divided by b and =~ nindicates a 1efr shati by 1 biis - The valuc n indicates 2 nunber of
banes el o reesent probabilnies of values for the syambeds anotbe ranee 000 Zn-10 The
value 1 depemds oo nplementalion Tor example, n1s 180 The value s eepesenls b
Tacoor for the sumboal s aecording 1o a spread Tunetion. In genecal. e spresd function
tracke the Frocpagmey oF the mespectve valies possahle tor the: symbaol s s wob-ranwgags
withion the vaoeee 0.0 20-10 A mene probable aloe foe te symbeel £ has o laroer sula-ramgee
and larzer salue of B, and o Less probable valoe Tur the sembool s bas o smaller sub-ranee
and smal ler value of ks, For example. it the mmgz s 17 53535, s can bz 14381 fora
valig ggrerring 25 g o 1ha im0 For aovalug pccuming O 25% a0 of the i, 555 For g
walue aecurring Mo of the time, and <o on. The sum of the probabalinies i5 [00° o
Similarly. Far a ranpe represanteed with n itz the sum of the s alues of 1515 2n. The value
C8 represents 81 HTae1 Por the svmabea s, owe e the 21T s s e sum of sub-ranges From
IThap o G- 1 med imchilinee 15
LT A JAMS decoder decodes a syimbal 3 Fram an onput staee . prodocene the
sembal 5 and an opdated swle £ The state % can be enpressed as a single natucal number.
T min lecasding tunction tor RANS decoding can be eupresge] 2w

Dix) (5 G * - nd | {x & maskl - cs),
where .~ = nindicates a nght shilt by nobits, for g value mas defined aheve, and & indicares
A hitwisge AL gperatin Thy value misk s anon-bat valog 2n-10 Thus, mask melodes o
[-bars Db decodme incien, the opcaied value of the site s given Ty fs * v eon)
—fx & mazk) - s, The value of the symbaol 58 found such thar ez <= mod(x 2n- es—1.
[0 The coding function Cis. sy incteascs the value of 1he statc . If f5 105 laree.
the value of Toonds f Fs 1emds to ke senadler, amd the resudinyg igrease i the valpg ¢ 1he
stale x leods Lo De scoaller, €0 e onber band, ol G5 as seoall, e s alue of (lewadx £ 05) wnds
(b lareer, and the resultine inarease i the saloe of the stte < tends to be lareer. Thos,
tor mors common valugs oF symbaols, the ingreass inostate s wosmaller Inoany case, m
precend e slale = T cpcer oo wa hates en bolTer holds i, bils ace seleclively shirled
aut sxl Lhe stale x a5 culpul encoded daw
LIk | Comeerszly, the decading function 1% decreases the value of the state .
Mt s nroe, the walag of By ® s 20 ng eyt be Larger aned thy resualting decresse in the

value ¢ 1he slare % tends 1o e saaller  Omdie other haod, i s s soadl, the alue ol (s *
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2 e remdy g b smaller, sl thy resulning decrease im the walug of the siae < tends o
be lnger Thies, Do imore connmmen valies al svinbols, e decrsase 1o siate s sl ler
L any case. 10 prevent the state < from underflosang {snce a RAMNS decoder ty pucal v
docs nol include state for all encoded sembaols at the start of decoding ). bt arc seleotively
shilted i the state s as ot encoded dara
[093) Cow tmplementatins i which encealed dala tooseamed Doan @i encode
sicslenn (imelud e one or maore RANS encoders) W a decoder sysoem GDnelwding o or
rmasre B AMNS cecolersy, the casling function s <p can be ombyliled 1 lowg thet
selectively slalls coceded dana oul al e stane s as cupor. Siilacdy, the decoding
Tunelicw D) can he embedded in lowe thal selectn 2l abid s encoded dala anlo the stae s
as mpt.
[M94) For ecample, the coling fungrion O s and Jogic thio selectively shites
encoded data oul of The stace « can be represented as follows
while more_sembols do
while % o wpper_threshol d[s] dao
vertle M il § iaslis, by
x = ey, b}
el while
wv=00% %)
end wlule

The ourer while looy connues s long as there are more skmbal s ioenconde { e,
misre_symbols g et Fora gieven svmba g 40 be eneoded, the BANS gngisder pertormy
aperating That nelude pperatioms of an mner while oo and cosling function s« The
AN encoder selectively outpuns encoded data foown the siate x in chunhs of Toe2ih bits
so lomg as the state % 15 greater tham upper threshold(s]. The value log2il) indicates a
number ol bigs o encoded ok dstate o e auipur Tae scample, Bao 24T s & o oueput &
bvre an a e, and T 2560 The valoe ol opper_Uwestoald [ 5] 15 Qe wpper Tical of an
wnter al wichan which che state s of the RANS cncoder shoulkl tall in arder 16 cncade the
sembal < 14 he sk < e higher than the opper Tieie of the imereal, hies aee shifred oo oF
the slane = ool Ove seate o Lalls willim e e al. The Tooelion weitge e oulpul §oeedix,
b 3 onpruls loweZik ) bals prasduced by mced{a, by owlneh aoe the Joo2 D leasi-sagni icao bils
ot the state . Tha stara v 05 then adjosted by shifring lep20hd his oun ot the state s,
agcamding to Hoor, b)) When thee gtace < s Tegs than el to thee upper lomit asf thye

mlerval (thal s x = upper_duesheld] 5] Ue okl s e encoded osinge the coding
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tungrigm Cla, w0 producing an ppdated stae =
[Ma5) Fow comvesperiching decesling the decoding Docton D) sl Towgee thel
selectively shitts encoded datn inte the state x can be represented as follaws.
while mare cncoded data do

(5 %) THAp

use{s)

while x - lower threshold duo

w=h ¥ —nyw_imp
e while
end while

| e outer while loop contimues 52 long as thers s more 2neoded data to decade 1 e,
misre gngasled daga s ey Fora wiven symbe 5 10 e decoded. the RANS decisder
pertorms operaions that include the deceling function TN, <1, 2 funcnen to use the
seirbal 5, an:d operations of an inner while loop. The svmbol £ s decodad wsimp the
coding function Dt which also produces s updated state <. The symbal 5 0y used (as
mlicated by the wsedsy Cunctiony, Then, the RANS decoder selecively inputs encoaled
data i chunks of o0k bite into cthe stane 5. 20 lony as the siate < 02 less than
loser Lhreshold. The valwe Lo 200 indicares a nomber of bits o 2neodd daca §stae) w
beinput For ccample, loeXiby g % wyinput s by ars ting, anl bis 2500 The valoe of
bisworrt Whionsboold 15 10w Lossees Tionaat ool ann arier s al weinhaoe s locly ohe stane of Uie RANES
decoder should tall in order to dzonde the mest symbol 5. 1F the stare « 15 lovser than the
bisseer limit of (he interegl, by gre shifteed intg the stae antil the s1ate ~ Falls within the
migrval  Specitically the siate x g shifeead e logZ0 0 bavs and o valie newe_npon = addesd
i, aceoriline b x —new _inpur The value new _npat has loe2(hy hits
[ For additional explanation of BANS cneoding and RASNS docading. sec,
e o CEMERES A sy mrneiric Bumeral Sysiems Fonevopes Oisdinge Combianing Speed of
uttosan Coding wieh Comupression Rate of Avithmete Codiz,” 249 ppo 200 and B a
etal. "The Use ol Asvoometric Somaral Sy stoms as an Accuate Replacement For
Huffman Cisfing” [ERF. pp 05-69 (201 %)
Y. Lxample RAMS Locoders and RANS Decalers.
(097 Previows RAMNS encadimye/decisding appaoactes provide ool penlooance
1 many seenanns. o there 15 room for impres 2ment inoterms of computational efficiency
tor harlware implementations of RANS decisling smod wdaprivencss of B AMS

encolimzidecoding. This seclion desciibes novalive lEatures of RANS eoncoders and

N
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ANS devoders The Festures inclile, boc are mo limired w1y, the Belloeing

[95) TraveHivie impHementation o BAMNS deciling A RANS decialen can be
unplemented in hardware using a two-phase struciurs, In one phase fphase 03 NS
decoder state 15 selectively updated. potentially consunming oncodod data. In the ather
phase prhase [ new encoled dara s selecnsely merged ne the RAMNS decoxler s, an
an culput svobacd] iy selecively menerated. The e phase slructoe offeas gl Hirsughpul
fora wiven amonnt ¢l area and powsr. Alse, comparzd orather RANS decoding
nmplementatmy, 1he cwo-phase soctore canopermil hisher glock rares Alwp, th two-
plise siractune peomits stinuliancous (eimeaccent pdecodig ol muliple data socams (e
Pk calid s0eams)

(] Configurablz symbal width, A BASS #ncoder and RAMS decoder can
have a defanlt symbasl widih that is conligurable For gcample, the defaole symbasl wicdth
for svmibods of a steam can be set ta ¢l bis, where d 15 between 2 and & Thiz allos s the
saime RANS encader and BANS decoder to be used for vanious ty pes of sembaols

RLAELLT Swinchable stwtic probalilite madels, A RANS ecncoder and RakS decoder
can swaich bepaeen moltiple stane profvabaliog models  This can allow e RAaN5
encoderilecodsr to adapt guekly @ chanees i probalalics dusiribonens of sy mbols, The
statie probab iy models can e represened i lookup tabdes or ather - plugeabl2”
straghirgs A selecred siang probabaliny model gan b gsipnaled with g sontas clement inos
bilstocann, which conswnes few bis Aoonodeate nunber ol predabilily medels (e o 8
[, o 327 can provide gond comprassion Ticiency without consuming o much storaps
OF ML FESHITC RS

[min1) Selectively flushing BA™NS decode staie 3 RAMS decouler can selectively
flush srate hetween fragmems duning decoding, 1 cormpressien efficiency is helped. the
tinal state atfter decoding of ome fragment can bo wscd a3 the imitial stalc for decoding of
the mesd Frastment  Chn the sothen bamad 38 compresston efficiency 15 Teier when decinling
Few il oees L Lrazmaend stants will a oew mital stale, the slae of e BARS decaoder can be
Hushe:d and reanicialized. The decision about whether to fush RARNS decader state can be
stgnd e with woesentae clement in g basirgaim, which consames B hies

() Adjustioee svdhol widih eneeen lacmenls, a4 RANS encader and RANY
deciler can selectis ely adjost the symbol widel el somlels Mo ltaznent e il e
svmbols of @ stream all have the same default svmbol width. sembals inoone fragment of
the sercam maenye heeee amy lovas walogs dless than s threshold] Tnothis cgsg, the BAMNS

encilerfdecoder cin adjust (naniess 1 e symbol aidth e e ssobols in al Dagmenl.

L2
-3
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therehy improving compression etticieney . The adjpustmoent roosymbal widih can be
stiznled using a syntas element i the busirean, which consumes Tew hils
[ T3] The foregeing inmoyative teatures can be used in combination or separately.
A Example Confipurations of BAMS Encoders/Decodors.
[ FIC 3 shamas an evample RANS encealer svsiern (300 10 which somme
deseribed exdmples cun be implemenled. The RAME encoder syslem {502 includes o
sinzle FANS encoder (3200, but in practice a BANS encoder system {3060 can include
multiple mstances of RAMNS encoder 45240 The mastules shasen in FIG S amy
mgelenwenied willy dedicaled, spocial-purpose compuling bardwaa e (enedee Leszac, badlens,
elo 1 ot can alernans el be implemenled inosollsace with venersl-pucposs compuling
hardware,
[m1ns) In general, the RANS sncoder {520} 15 contigune] ro aceent a stream of
it sembals, encedde the inpun svmbols, and oogpon encndedl daca as put of a hitarream
L some example mmplementabiens, the mpol svmbols have an indicated symboal widih. and
the eneoeled data s arranged as boigs, Tupicalbe the sotal number 3UES oulpo s Tesy
than the mtal oomber ol Ties mpan, pros idimne coropession
LIELIET| The wnput s mbeol botter {3100 s confieaned to store input seimbols for
gncoding  The inputl sy mbals has e a svmbaol widih Cnomber of bits per semboly, The
it symhols can reprosent paramoeters tor quantzed trangtorm coetticienes from meslia
fenn, wided, inwaees, awdio, wxsione B oaphies ), paramelers oo other residoal data Do
media. or ather data. In peneral. RARS encoding'decnding 12nds to provids good
gompression gtgienes Tor prediction residusl wvahuey, tor which sy mbals hacing a valye of
wer e sl coannnon, sy milnals beying waloes Slose e aee less common, and
senbiols has ing values urther Frem zero are @ven more rare
(D107 The imput buffer (2227 m the RAMNS encoder 45260115 configured to store an
mprul vl CAE2Y which s prosicdesd Famn the dupad semmbel Tulter 1510 Chie on g
vevistens (3240 i e RANS encoder (3207 wre comliamned e stone siate informalicas The
IAME ancader (5207 15 contivared 1o eacade the inpor s, nbol {53121 using stace
mbormation seored 1 the registenis) (5247 &5 needed. the RANMS engocder £5 200 wrings
endoded data w the culpul bodTes (320), shilling the enceded daa ool ol stale ol Lo
i Lhe aenislen{sh (5240 The colpot huller (3267 is comliued o stsne i portion {327 ol
encoded data. For exampla. the cutpur baffer (5247 is configured to store a bete of
cendocled dara

[D108] The encoded data bulTe {330} is condizued Lo slore e portisn {32 Thol

28
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envodded dara, which is provided by the gotpot baffer (5261 The engigled data bokter
C340) can shore i ltple powtione ol enceabed ata, il the emcoded data 4532 s e nded
1 the muloplexer 4550 The mulopleser (33001 configured @ muloplex the encoded
data ¢ 342} from the encoded data bufter {5300 with other intormation 4o, contiguration
pnformeanion 1323, iminal s inlEnmanon (2% and Jaa lean aahen insiances ok RAMNS
eneade s)

[Ty I soimz example implementations, the BAa™5S encader (5200 has 4w anablz2
sembal wicth For ewgmple, the RAMS cmeiler (5207 hag an input paranngtor 1t
indicates o delaull symbol width Fea dnput ssroabals prosaded Tooom the apun vl budlo
(RO Twprically, the pot pavanmener is sel when e RANS encoder (320) s onlialieed.
This allaws the RARS encoder (3200 te sodteh beowesn different detauln svmbol widths
tor differem encoding sessiens  Tor cxample, the detach symbol sideh can be aovalog in
the rarze oF 2 bits e 9 hits Alternatively, the defaulo sy abaoal wodth can have some other
value (e 1 bir, [0 bits, 12 birs, or mere hits) boaleernabe 2 example implementations.
the Tnput paranieter thiat imdicaees the delault semba] width can e changed during
encolling [ enhier aligamative example implemnenmnos, the RANS encoder (320) alwavs
encodes tnput gvmbels havine a sinele, pre-defined sy mbol width,

LIRLT I soimz exanmple implementations, the BA™5S encader (5200 can chanee
gontisuration parameters beeween Fragments oF inpur syrbolsfomcided daia A frasment
can imelude a s analle number of npul symibols and vaiable amcnml of cnceded dala, The
B.a™5 aneoder £5200) 15 confiaured 1o 520 boundaries beewesn fragmenrs Fased on varions
tactors Primanly, the RAMS engaaler (5207 1y comtiourgd (@ change confroumhign
pararmelen s when doing so mprsves commession efficiency The FANS engader (5320]
can also ke confeeurad o e a boundar, between fragments at an existing boundare in
media content (o g., picture. frame, codme unit, obpcen) or to impros ¢ resiliones tx data
Hogs [lve allonwing Tyster recomery From o kngaven inital siaie)

LULER] I some exanple noplernemanon s, ag stoav i P10 A, the RANS encode
£E207 18 contivured to access lookup wbles that store probabil s infoanmaocn For diffenant
static prechabi Ty malels for ditterent syombad wolthes, during BANS encoding - Memione
(R3O0 s conligoned Lo slore e Locdkoyp talbdes Ly socme @xcanple mgplenenialons, nemeny
(330035 conligueed Lo sloce lochup Lables L 1o dillerent slanic predsbilils models. L
gach svmbol width possible. The B AMNS encoder (5200 1 configured 6o us2 a sembaol
vadih 432 1 pancd skatic probabilivy mosdel seleceer £5323 s indices o the lookup ahles, and

v cenlizueed o receive prodabilivy nlianatdon (332) inoeelooe Alevatis ely, memonry
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(5300 gin by confisured to sHare pkup tables for more or fewer ste probabalite models
fe o, wosimele static probatalie nodely, o the RANS encoder (3205 can be conligones] o
use a denarmos probabilite model. Instead of using lookop @bles. a probaldlity model can
be represemicd in some other way dc.o . a formula or equatten. which may use loss storade
bt T slomeer than lewkup operaienss o e exannples shosenan FIG S fwah modviple
stalic puohabading moadels), the RARES eocider (3207 is comluored o sienal, ax panl el
conlewration nlormarion {328y & svntas element that indicares which siaoc probabilins
rmasdel 15 sed doming encading and dogoding When the RANS encoder {5208 switchoyey
cormlieumralion panainclers botween Lragmenls, the RANE encode {3206) coan swieh statc
predrabilily miwdels Brom frasment wo fraeosenl This allosss the RANS eacosler (3207
sue e, imopid-stream. to a static probabalios model that pros ides more 20 zient
gompre=sion given the beal proabalingy distriboion of valogs oF inpur sy miboly

[z I aome example implementations, the ANE encader (5200 is conlieuned
e adjust sy mbel width, celati e ta the detaule sombel width, for RANS encoding. This
alloaws the BANS encoder ¢ 3200 o dec resse symbaol width used for RARS
ensolingilecachme il e inpur symbods beimg encoled all base s aloes helow ceain
threshald values, Ferosample f the detaonle sembel widoh e 8 bits For input svmbels

B 11z i loees o che ramee o 00 255 bot all of the impue =, mbols bave valuss [ess than
4 1he sembol width wged For compressiom cancbe & i (heguse 2= 64, For s ranpe oF
O, 630 [ geneal, o 2 delaol symbel widih 4 ovaloes can e checked asainst Uiresholds
2da1, 2d-2, 2d=3, and sooon to detzrming whather sumbal widih can be decreased. In some
ercample implementatioms, the adjugtment o sembaol widih can be A -1 -2 ar -3
Alternatively ather values Tor the adpostioene o symlvol widil cam be osed The RANS
encoder (5207 i3 contiewred to signal, a5 pat of contiuwemion informanen {328, a sentas
clemaent that indicates an adjustment oo symbel width used dunng cneeding and decoding
When the RANS encocer {320 suertches comBuuranion pangnieters belveeen Fraements, the
Fea™NE envoden 5207 can switch the adiostooenl o sy okl wadtb tooom Tiaginent Lo
fropmeond. This allowes the RAMNS encodor ¢3207 e awitch, ioomid-stream. o o sy mbaol
wadih that provides more cfficient compresseon wiven 1h local values of mpan symbisls, In
alternaty e exangple mplemenlations, he BANE encoder 3200 does il swalely between
dillerenm symbal widtls

[ 13] In somz esample implementations, the Ka™5 ancoder {5200 i< conligured
el whether o comesponding RAMNS decader will Fush its seate for s new tragmoent or

use e Tusal state from decoding e presious Dawment as the inial e B e new

a0
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tragmoent The RANS encoder (5320 iy further comfiared gy, when the TRANS decoder
stale 04 Tshed, dete rime awd sigeal o al sate infoematis {520 Bn the new Damnenl
L pracoce, the intal state sntermaten (329 can be signaled as the First pormons of the
cncoded data ¢ 542) tor the now fragment. Forexampls, the infial soace informatiom 4 529)
S ncludes Toan byies of encecled dari (5420 or Sone onher ameann of encexcled dana (542

The RAMS eneoder (520] 15 eonligured e sienal. as pal of comlicuratisa indvcmalicn
CA2ET, oo elemenl thal indicates whether BANS decoder staneg should be Mushed lera
new fragmend Thye RANS encoder $53%0) canosianal the semtas glement per trawmen
This allise s the BRANS cocisder 15200 wrselecively setun RAMS decoder slale oo ush

1D decodes state, depemding ca wlicl opticn premides onre eificient compressicen. Even il
the relainad RAMS decodar stalz s not idzal, usimg 1t saves signaling of ininal siate
mfprmation (5200 for the new racment  Tncalternativg ccample implenwnrations, the
RAMNE encoder {5270] alwin s flushes RARNS dececler stane betwaen frazments  Inoonher
alternans e example implementalions. the |£ANS encodar {3246) 2lwavs refains RANS

15 decoder stale betaecen Fragmenty,
LLLRE]] FIC oshinas an evample RAMNS decealer svsiern (600 10 which somme
desaribed evamples can be impleanented. The RAMS dacoder sy stemn (060 includes o
sinzle FANS devoder (0300, but in practice a R ANS decoder system (60600 can include
multiple mgtances of Ba NS decoder diatby The mastules shasen in FIG ooy

20 wmplenwenied with dedicaled, special-parpose compuling bacdwa e (decoder Leszae, buflors.
etc | bt can aliernanyely bhe implemanted in softeare with general=purpnse compriting
hardweare
[M115) ln geneal, the RARS decoder (030 s condizuned] o receive encoce] data
as part of a tetseam. decode ourpol symbaols and wenerme o soraam of oot sembalz In

2% some csampe implemeniations, the cncoded datais amanged as byice. and the cutpur
svrnboaly Tave an tndicared syl widthe Typically he eral vommber of bits gauipt s
apealer than the wwal momber of bils anpoat, providing decompression
LIRLT The dermuolipleser J610) s canfigared (o damul tipley the encoded data
(61 2] trovm the input barstream, alonw wath demuyloplessing sther information (v o

AU esmnlieucalioon mleomation 814 il slate inlonmaten (00, aod daa foe ot
matances s RAMY decodia) The demwluplexe (21847 15 conlieaed o poovide the
encoded data (0123 1o the encoded data hutfer (620, which 15 configured 1o store the
erndoelecd data S8 121 aml prasvicl ar, sg negaloed e the BANMS decoder (620} The gngisded

data bulTer (6200 can steae nwlliple portens (2.0, byles) ol enceded dala. uotil the

3l
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respective portions 40221 are proveded roothe RAMS deginler (030)

M7 The imput nudTer (632) s conliwored By stme o peation al encoded data
provided by the encocled daka butter (520)  For example, the mput buffer {6321 15
contigured 10 store 8 bvte of encoded data The RARS deceder (6300 15 contigured to read
a portiem el encoded data oo the dopid budTer (032 ag neededd . shiltling the portan of
ensoled data mla slale maliamanen, One oo rooee 1euiste s (a4 0 the BRANS decodes
(B30 are comligured e store Lhe stace inturmation The RARNS decoder (G50 5

coan Fiarirec] t leconde wneourpuat symbol wsing stang mformanon stored inthe resiston<)
(b3 The RANS decealer (0300 can penJowm decading wsimy a teo-phise stoeiace, as
deseribeed i e nesl section, o some caher appreswch The ourpo Tutter (B3] in 1he

A M decoder 46407 15 configured 1o store an cutput sy mbol 14038, wlich s subssquent
proveiled v the swmbol yector butter (050

[MT18] The semboal vector butter (630) is confiared o store catpur s mbels
wenerated inthe decoding. The owtput svmbals have a sombol width (number of bits per
svmbolt, The autpal sembols can represent paramaters By quantized gansiorm
casilicients nean medi (e e video, toages, aoclio, wesawre o geaglics), pacameters 0o
ol resiclual data frome media. or other ¢lata.

(1Y) I soimez example implementations, the BAM5S decoder (6360 has 4 v anable
sembaol wicth For example, the RARMS deciler (6307 hag an input paramngtor 1hat
idicates o delaull symbol width lia sulpul serobols genecaed By e RANS decoder
(A3 Py rcally, the imput parametzr is s2t when 1the BAMNS decoder (G500 15 mtialized.
Thig allisws the BARS ecader [A0) e switch betaeen different detault svmbol wilths
fon diflerem lecoding sessions  Tor example the detach symbool ot can be aovalog in
the rarze oF 2 bits e 9 hits Alternatively, the defaulo sy abaoal wodth can have some other
walug ic.z.. 1hit, 10 hits. 12 hies, ormers Bis)  Inaltematee ¢ cxample inplementations.
the i prarameter thiat indicaces 1he delault sembel sacdthe coan Be chanwed dining
decoding [ clhier alleanalive example impleneenianoms, the RANES decode (6200
alveava dlocodes autput sembols b e a sinele. pre-datined symbol woigdth,

[0 24 In some geample implementations, the BANS degoder 160480 canchansg
eaanlieoralion paranelers betw e Lacmenls ol oulpon sy bl sfenceded data, A Dacmen|
cant imnelude a s aniable nomber of votpul symbols and vaiable amiunl of encoded Jala
The RARMNYS decoder (6307 15 comfigured to determine hoamdaries betweeen tragments hasad
an infrmation sianaled in the bitstream (e g, conng of bt of encaded dae im the

respeciiy e ftazmenta, preaence of sla | oodes on onher e kes 3 the bitsaeam)

iz
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[m121) In sorne example implementanins, as shovvn in F1G G0 the RANS decoder
CO301 1 conlNguned o aceess looknp tables that siore protsabiliee mfoamatin G ahifferen
static probalilite model s, For ditfarent 3 mbel widths, during RANS decoding. Memaore
(0-40] 15 contigored to store (e lookup @ables  [nosome example implemendations, momamy
(o4t s conlisured o siore lesshane iables fon 10 lilTerem siatic probahilise models, Gn
2ac] sy mbal widlhe possible, The FANS decoalen (0b0) 15 conlisnred me wse a sembal
welcdih f03 1y and statie probalilioy model selecror (033 a5 indices 1o the loohwp ables, and
1 configorgd 4 receive prahahiling intormation (a2 inretom . Alrernatively, memony
(o) can e -::ﬁuﬁgu:cd Loy stee Bsishoupy lables Gist mioce on Iewer il probabiloye moodels
(o i sioeele stanie probatnlite nuodel) o e BAME decoder {2303 cam be conlizored Lo
use a dvnamg probabilite model.  Instead of using lookup tables. & probakility model can
b reprosemied in some prther ey 4w torma b or egpuaiisn, which may uge Less stor
biut he cloweer than lookup operabens? o che examples shoven in FIGO0 o Gaarth muhiple
static probalilitey models). the RARS decoler 1630 is confipured o recense. as pan of
conliauration nlrmation (614% a sentay olemend tha indicates which saie probabilit
mnlel 16 wmed chning decading Shen the FANS decoulen (030 s it hes condiginaticon
porameters betwaen Frapments, tha IRAMS decoder 10300 can switch static prokability
rdels from Traement o frawment. This ol lows the RARS decoder (0300 o swimeh. i
mid-gtresm, w a g1ane probabilny model that provides more etficient compreggion piven
the Lowcal pretaalilaly dianhobsay ol salues al il seodls,

[n1z2z] In some example implementations, the a5 dacoder (630 15 configured
H adjust sembal welth, relanve v 2 detaale sembol sealth, for BRARS decoling Thiy
allopns the Fo ™S decoder (5200 1 lecrsaee svinhbol vadih wsed for RANS decadding i51he
autpt sembiols Beany decodedd all have walues Belovw cemain threshald alues. as explained
ahorc  |mosome example implemenmianens. the adpustiment to svmbal width can be A -1, -
2o -3 Alerretively aother valdues Tor the sdjustmene oosymibal width can be pgel The
Pea™NE devoden 405307 15 condigored W receive, ag part ol canlicocanion inlvamateim {&13), a
sy olameont that indecates an adpustiment to sembaol width vsed doring decodinge. When
the RAMS deciwler (6300 switchgs configumation parame bers botween fragmenes, the RANS
decolen (03U) can swilel the adiuslone o sl width Urean fraoment Lo fragment This
allepacs e BANE decoder (00 Lo svaleh, i nud-stein, s a sy ool adih it pros ides
maore efficiant compression given the lozal values of iput svmbols, [0 altematine
romple implementatioms, the BARS decoder (0300 oes moc switgh hetween dlittergnt

svitbol wadils.
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[M123) In sorne cxample implementations, the RAMNS decoder 466307 15 conlisored
My clecule whether 1o Tush s stale Teaoaonew Cragment on use the Tinal =iaie rom decolimg
the presious frapment as the ininal state tor the nes fragment. The RANS decoder (530]
15 further comfigured o, when the R &MS decoder state 15 flushed, reccive initial state
mlormation 1o o) for the nesa Mragemenl Tocpracice, e o hal siane ot {6 16 can
bre sienaled as the s pociems of the ewcoded dana (G120 0o the newe Dagmment. Fi
goanmple. the imitial state ifonmation @1 a1 includes Tear byetes of encoded data 06123 or
some sther amoent s encoded dara 4a612) The B AMNS decocder (60300 15 conFaored 1o
PECCIL L B pall t':lll'i."l.':llllrl.::'hlll':'l.li.l:'}]] mfernalion (14, a svotas clemenl thal whethe BAMNS
deciles atate should be Ooshed Tor g nes Bacment. The RAME decoder (030} can reces e
the svnta< =lement per fragmeant. | his alleawvs the B A NS decoder 103 F to selectin ey
retin RANS decoder stage or Hush decisler state Tncaltemanve example implenwniations,
the RANS decoder (G301 alwavs flushes RANS decnder sinre herween Fraements. In other
alternans e example implementalions. the 1L ANS decodar {036) 2w avs retains RANS
decoder stale belaecen Fragmenty,

F Generaliced BRAaNS Cocoding: Decodimg Teclhinigues
[1Z24] FIGE. 7o and 7h show an esample technigue 700 tor RAMS cncodinge and
gadnple tchnigue £ 7308 ter BRARS decoding. respectively. The example techmue (7007
tor RANS encoding can ke performed, tor ecample, by smoencoding tool that implementy a
RANE envoder as deseribed wille releaence 1w FIG 5 oon anhier BANS cncoder. The
gxample tachniqua {730 for FARS decoding can he pertomzd. for examplz. by a
degoding ol that mplements g RANY decoder ay desenbed wath reterence o FIG & gr
afher RAMNS decosder
[MI25] With reterence e FI0L Ta, the encexling tool encodes {7201 mpat svmbaols
using a RANS cncodor. thereby wenerating cneoded data for at beast part of o bitstream.
Twpically the ot symbols ane Tor resilual darn e media Te o viden, imaug, andio,
tewtune [ capbicspbul aliesmalivelv the snpat syobeds can e Jor sorone cllien vepre ol
data The RANS enceder smplements ane or more of 1he innasations descnbed horgin,
For evample, the RANS engoder implenwnts aperanions as desenbed wath reterenoe m
PG Mo, PG Dl DLG0 12, anddon PIGEL P340 Alenaisely, he RAMS et odes
migelenents siher ander additiooal operalioms o FGANS encodioe
[n12q] The encoding tool ourputs (7300 1he enceded data for the an leaso rat of the
batstream The encoded dbata can inchude syntax ¢lements that indicaie combigurunon

pauareten s, os descohed s reterence we FICL 11a, FICGL 1240 amdica FIG. | 3a
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Alternatively, the encoded dara canoinglude svneas clements thag imlicate asther amlfor
ackilitsal conlisralion paameters
[127] The example technique { 74 can be performed as a mathod by an encoding
(ool A compuicr sestem that includes a RARS cncoder and encoded data butter can be
caanlieured W peclorm the esample iechmioque {700 Ome in more connprier-eadahle
media can base slored thereon compoter-executahle mstoclens Ion cansinge toe i mere
processers, when prosrammed thereby, 1w perform the esample wolmigue {7660). Funher.
anes 4r more coampierer-readable media may have stored thereon encoded data prasdused by
the canmple leelmigque {700).
[012E] With retecence we FI0L T the decuding ool recers es {700) encoded dara
tor at least pan of & bustream. 'he 2ncoded data can be stered. for example, in an
enoiled dara batter that s condieored woostone the encoded dara Thee encasdad data can
include gemas elements that indicarte confieuranen paramerers, a5 dascriled with
reterence o FIG. b, FLG. 126, andfor FIG 13b Aliernai ely. the encoded data can
mclude symas cleneenls that indicate other andfor addinonal confidaration parametrs.
[za) The decoling wssl decishes 47700 the eocoded cdara in ihe o leas) pa ol the
batatream waine & RAMS decoder. therebs gonorating oulput sembols, Tepcally . the
aupul sembools are for residoal data Tor media (e v ideo, imawe. andio, tesoors For
argthics) buc alternatively the oueput sy mbasls can be e some (ther tepe of data The
FAME devoder nonplernents e o mece ol thoe mmes atsns descnibed beiein Foc esaingple,
the RAMS decoder implements nperations as describad with reference 10 FIOS, Ya-td,
FIG Hil, FIGe Tk FIG 120, ambor FIG 13 Altemativels, the BARS decoder
mplenmients ealier andior addinioral operanions Gor BARMS decidling
[ian] The evample technique {750 can be performed as o method by a cdecoding
(ool A compuicr sestom that includes an encodod daa Buffer and a Bk 5 decoder can be
aanliseired 1 pertorm the esainple iechmioue 4730 Chie oo more connpirer-readalle
media can base sloced thereon compurer-executable mstocliens o cansioge voe o more
praceszars, when programmed thereby, to perform the coample oehmgue (73G), Funhar.
one 0 morg computer-réadable media may bave stored thereaen encoded data erpanized
Ien decoding accendnge Lo the example leclmgue (750)

L Examples i RANE Decodimy willi a Two-plise Snucime.
(131 This section describes tooe thase impplementations of KA™MS decoding thar
are computationally sinvple and Bast Inospecial-porpose hardwang, the twes- phase

wipleneniatons can be 1eahzed i compact conlizualions of compenents o lern ol
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compression gtticieney, the rwap-phase implementicms benefin From the compressign
elliciency ol RANS encoding Do particnlan, when irplermenied with Dement-adapive
selection of stalic probabilits models and acjustable symbol widihs, the beo-phase
mplementations of B3NS decoding provcide exccllent ov crall perfommance in many
SCEHATIGES
[0132] [IC & shesas phases of an exaople teeo-phase stoocluee (8007 Tin RANS
decoding accerdme w some xsamples descnbed henein. In the approach shownin F1G. 8.
BANMS devocding cperamianyg are cdivicled imteo b phasaes Inoone phase phase 00, 8 RANS
decoder censumes input encoded dalta. I Lhe cuher phiose (phase T, e RANE decodie
senErates oulpol syobeds  Doosome example icoplecnentanions, ach phase i pens inoa
separatz <lock evele  Inalternative example nvplementations. the two phases happen in
the simee clokk ovele The phases shoavnom the cwo-phase siroctome § B arg Towical
phases  Decodding operaticns ar2 ieraively pertormed in phase 7 proacessing, then phases 1
processiiy, then phase O processing. then phase | processing, and o on.
[0133) The oweput Buffer CH 107 15 conliawred o store an autpul sembaol Fram
prec o ieratn, iF there s a walil eanput semmbol Do the ppesiows imeration The
ragistor (E20) s contiwmred 10 store smte antermation. which s showen s RANS state L as
phase & beains T some 2xample implementatons, the decoder state s a 32-bal value
Alfermmtive by, the decoder <iare canheve some other number of hirs
[D134] I phase O the EARMS decoder seleclivels opdales the RAMNES decoder anale,
pedennal v consuming ancoded daa in the K AaRS decodar stae, The BA NS daonder
determines whether there vsoan outpet symbaol frome the proviows ateratn fvalud oakpug
swrnbacl pine the snipt bl Ter {8 10y 1E s 1hie FANS decoder determines (8300 faraard
probability informanen for the cotpur symbol {2 . using one or more lookopoalkles) and
updates (24007 the RARS decoder stais using the ferward probkabilioy infermation Thus. it
(e eyt Troffen (8107 stomes o ot vkl Fam s presaony iteratin 4 valul onnpol
soribal b, e B ANS decoder siate 15 updated vsmy the Tovaeand prodalilily alfomamatson o
thar outpadt sy mbal, proghocine ZAaMS site M0 Chhervase dng e alid cutpar sembol ),
BAMS devoduer state 15 umehanged inophise O Othat s, RANS stare POs sgr to RARS siate
PEY Jocpaenicolac o e slale x (ihat s, RANS stae P s opdated i phase O, Lhe new
stale x fthat 15, RAME aate PO) G caloulated wsiowe operaticais equasalent w he Tollowing,
which are explained in section 3

vt H (x vrnp & omask) - es

Anexanple ol sueh operalions is explained josection VEAL This consmnes encisdad daa
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Ay the eneasted data ig shittecl gt oF the st Inosome iterations, howsever, the [ARMS
decodler state 15 med npalatel, and encoled data s ool conesome:d
|U135] After phaze O procesang,. the repister (8201 stores 1he selecnively upelatec
kAMS Jecoder state, which is designated B ANMS state M0
[13n) As ol prhivie | processing, the RARS decoaler selectiyely menges (8o0)
a perliom (e, et pol encoded dala Doan Whe input bolTer {2530F ot the FRAMNS decoaler
slate. LM1he BAMNS decoder state (shown 45 BARS stae PO as plase 1 beoins) s below a
throshald gt the RARS lecoder shirts the RA NS decoder siare snd adds the portiaom
al encoded dala oo e supol boler (850 Onherwase, e BAME decoder siane i
o hared anprhase | iihal i, FAANS slate T i oser s BoANS state PO). Thus, an scane
iterations. no ensoded data is marged imio the KA MY dzeoder s1ate. In anv case. alter
phase I processing cthe ressger (8200 stores the RAMS decoder stare 1 shown as RAMS
state Pl az phaze | ends).
(137 In some example implmentaben. the RARS decoder state is a 32-bi1 value,
and the 3Z-bicvalue 1+ compared toow threshald, For ecample the threshold s 2230 16 the
RAMNS devouler stare 15 Tess tham the theeshedd, the BANS decodsr stare 1§ shilled we the le
b 8 bats. and a by te of encoded data s added to the RARS decoclor stake. That 1. the siare
w1d updated usinge eperations sowiyvalenr b the tollow i

w=x 0w o+ encoded _dats by
Anexangple ol soeh operalions is explained josection YL
[IN133] Aocording 10 the example rwo=phase stuctre (8O0} showven i FICG 8§, at
sl 4 portion aF gmegcded data oadded to the BRARS decader stae per ifergtion ot
phase T prpcessing 1 portion of engidled dota g added g 1he RAMNS decidler site. o
new, pofion of enceded daa can be rend inee the anput budfer fe.o.. 25 pat of phase 0
prosessing in the nexi iteratient. To merge multiple portions of cneoded data into the
FoANS devoder state, 1the pontigng are acddel i soccessive irerationg B0 phase | processing,
until the RA MY decoalen stale s oee e less ian the tlneshalld, @1 owhache poinl o oews
autpt sembol can e wenorated
[139) Sullas part of phase 1 processimg, the RANS decoder selecimve !y gonerates
an vulpur svobac] Do e BAMNS decoder stane, The BA RS decoder detennines whellie
the RAMNS decoder slale (RANS slale 1, alver the seleclive merzen ol sncoded data) is
surfizient to genaracz anoourpud symbol - 1f =00 the B A NS decoder derzrmines 1moerse
probahilite imformation (oo, osing ong or more Rsskop tblest anld senerites anoaatput

seibal, The BANY decoder ey aluales some secimin ol e stale al e BANS deciader.,
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which inclicates redling prishabiliies tor ditferont values oF thye cutpur ssmbol i oreer g
[l the cantpd sembaal O the oihe Tand, 0 the RARE decisler siate (R AMS siaie P
after the selects e mereer of encoded data) s nol sutficient to wenerals an output symboal,
no output sembal 15 generated  Thus. o some derations. no autput svmbals are gonerated.
[1a0) W liemn et nnput sermbool 15 penevated, e ouepn symlol s stored o e
autpul badife CEIO ) Processing condmues incancnlier teeation of phése O mocessing,
LIER] Orverall, the sequence of RAMNS decoding operanoens with the twoe-phase
st ey 1% difteremt than proor approaches inosgveral respects 3Wth thee fwas-phase
stractare, wpul encoded daly s comsonmed ata looved oo 1o 2 al omost one hele al a
tiome b, wlinle addinenal @ncoded data s peeded inthe FANMS decoder state. Al seleclive
merging operahions 1o meres at most one by k2 of encoded data are intzrleaved with
aperdtimg W selectively generaie 2l most one ctpur ssmbol angd aperations o oselectvely
update 1he RAMNS decoder srate The staees for selective updating RAMNES dacoder state,
selective merging encoded data inw KANS decoder state, and selectiy ely peneranng an
autpul sembol are descrete, predictable, and structured. which makes theme well-suited For
Barlwane inpHementalicns

i} Evamples of RAMS Decoding vath Two-Phase Straciore
LIEM| FIC, wa shows an esample techmgue 09000 for BAMNS decoding with 4 paos
phase strugre The evumple weechnigque (880 can be perfommel, For cxample, by «
decoding ool that mnplemeonts @ BANES decoder as descoibed walb ielevoee Lo TIG. 4o
nher BAMNYS decoder. a5 pam of the decodime stage (7700 shownin FHG 7h [Tnoanye case,
the RaMs degaiwler 1= comtigured for pertorm arigay operatipenyg for RANS decoding with
a Da-rhase siroctore The e pliases are Togical phases, whose operions can be
pertormed in different clock cvcles or in the same clock ovele FICGE 90-9d shovw deail
of operatiens that can ke performed tor operanons shown more generally i FIG. Ya
LLEE K] The dessding sl con initialiee thie B A3™NS decode by orgicdima ome groimore
sontax eleinents o a headen Doc ac least pact o a s sam fe., Do a asoen b aod
confiuring 1he KAMNS decodor baseel at least oo paut on the sentas ¢lomenns), For
ereamphe, the syt clementis) can inchude wosentas clemend that indicates gan adjosoman
o syanbes] weidth Ton e encoded dala Ton the a1 [east pare ol e Bosneanm, ioowhich case
the decodioge gl condizmes 1he RANS decoden t perliorm RANS decoding al e
adjusted svmhal width  Che as ancdhar example, the synay elzment{s] can include a
selection of & =g probabilie mlel from smonye mulople weaibable staic probabilie:

mdels, i which case he decodioe wrd comlmues e RANS decoder v pecdoom RA™MS
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desroding vwsing the selected stanc probabiliee model Or s another example. the syt
elemeni(s) can inchisle a sentax elenent thal imdicates whether or nob the siare of The
IAMNS decoder 15 to e flushed and re-minalized for decoding of 1he encoded data far the
at least part of the bitstream, mowhich case the B A™S decoder selzetively Hushes and
reloacdy 1he siate ol the RANS decealer Toorelisul ihe stare o the RANS decouler 1he
PANE devonder can relieve imlial slane inlanmatien lea e al leasl panl el the bilsleean
and load an mitial state, gs e State o the RAMS decoder. baseed a0 lzast i pars vn inioal
state barmation  Algrnanvely, thye decodimg el can confiaoare the RANS decoderin
anlicr wans, In sonie example inmplemenlations, U RAMNE decaden is ioiialized as et ol
ileralicuia ul processing will o fvoo-pliase stoclore, wilh copaliguscusn operations
happening 11 ene or boch of the phases tor some iterations  Altematively. the B4 ss
desroder ¢an by mnitialized with separate operations. before erationys of prosessing with (he
Vo= [Ihiase sardciune hewn.
[U144] As pan of 4 tirst phase {pphase 00 some exampzles desenbed hereia), the
BAMS decoder selectively updaces (910 he slate of the RAMS decoder wsing probabiline
mlermation o an cntpnt ssnbol Tean a previons i amn. In seane example
vnplementancns, as showen in FIGL %h the JEAMNS decoder determimes 0912 whethar an
aupul sembol oo the pres iows deration was penerated [ soo the BAMNS decoder
determings (1) probabiliy intformation for the oot sembaol from thy prescoues
ilezalicny, and adpusts (9163 the slare ol e RANS decoder vsing e pabahilily
mrormation.  Adjusting 1he state of the BAMS decodar consumes atr least scime of the state
at the Rabs degaler Cand heney congumaes same of the encades) daiar For example, 1he
prsdralriliny imlommatin wses) doring phase 3 mecessing = forsward prolsabaline informalisn
The RAMNY decoder can determine the probabilits infermanon tor the cutpur symbal om
the previous ieration by porforming Tookup operations im one 7 more leckup tablcs 1¢.u.
wsingg & sy lual skl gonlfon selecel datic mobabilos model as mdesces oo dhe Tookop
lled 50 e a0 s other wav, When e stale ol the RARS decoder s oplaved o 1he
first phasc. a s alwe for the state < s caleulated wsing opemtions equesalent ta the
tillowiner, wehich are ceplaimed in seetion V-

s Bt s & onask) - ex
Reciicar W LN desciibes one example of sucl operations. In tha example, ihe poolabilils
mrormation ror the outpoe symbed Frome the preyicus iteratiom includes a sub-tange siza
tuedd Fand o comaluatve sub-range threshold fod et Tosacdjost the st s of the RAMS

decoder, the BAMNS decodler pealinms adjosinenls eauis alenl La.
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w— fwal_F - oo[upper] U os[lower] - teal ot
whiere « represents the siae of the RARS decode alten the aljosting, supyrer] repesents
an upper portion of the state of the KANS decoder betore the adjusting, and x| loweer|
repescnts & lower portion of 1he state of the RARS decodor betore the adjusting.
[1a5) O the oibeer D, 0 he BARNS decacler derermmimes tbal no coopun syl
Ty Le peess o ieeration was zeneraled (hal 15, o valid cnpol seiondul was wenealed ),
the RANS decoder skips the adjusong the state of the RANS decoder  Tnohis case. the
state ot the BAMS docaslber i onchanaed (o w RARNS stare PO st to RAMS stgie PLn
Tl 3.
[0 14a] Alterwativelv. the BAME decoder peclucms other spreratione o selectively
update (<180 the state of the RAMS decoder uzing probabilice information tor an autput
svmbol trism & pros ioms iberatm
[m147] As pan of 4 second phase {phase | in some examples described herein, the
AMNS decoder selectively merges {9201 2 portien {eu. i) of encoded daca om an
il ulfer into the stabe oF the RANMS decoder. The input budfer can e conliarad
stome e bt w0 the encodesd data an a nms or some other aman of enconled dara
[ 148] I some example implamentancns, ag stown in F1G. 3 the IRANS decodor
determines (422 1 whethar the sae el the RAMNS decoder satisiies a threshold, For
rcamphe, thee R ANY ecoader compares the geare oF the B ANS decoder 1 the threshisld
Thee slawe of the RANRS decoder satsles e thowshedd o the stane of the RANS decaden 15
less than tha threshnold.
LLEE L] It the <tate ot (the BAaM s lecisler sabigties the {hreshold, the BAM % decowder
comlanes (D241 10 portian of the encoded data aml the stice 0F the FRANS decoder Tos
evample. the RAMS decodar shitts the siare of the RANE decoder by a viven number of
bits. and adds the portion of the encoded data, which has the geeon number ot hits. [n
sorne £ He inplenemtations, the sime s o the RAMNS decoder s tacked g 0 324t
vitlue, and e stale s 15 updaled vsing sspreranioos egquivalen Lo e Rllons i,

o B+ eneodeel dam bete.

Sectom ¥ sDadesenbes g gegmpple of such eperannns
[H150) O nhe olbeer D, U7 Whe slane ol the B A RS decoder dows ol satisly the
thieshisld, e RANS decoder shaps corubaning the pacliom ol The encoded dala and Lhe
state of the RAMNS decoder  [nvihis case, neeinpat encoded data is marged into the sate of
the RAMS deginler for the corrent igerafion

[ist] Allermativelv. the BAME decoder peclooms other spreralions o selectively
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merge CUE00 A portion of the engaled data from the inpaat kadfer into the staee of the DA NS
clecile
[152] As pan of the second phase. the RARS decader al so selecii el generates
(930]) an output symbal For a curment iteration using the state of the RARS decoder. For
S esarnple, the soput svmbal s Gor resicdual davi Gor mechia Alernansely, the e

seribl 1% [ soane oulien bpe ol data.
[153] I soimez example implamentaiens, as shoen in F1G. Sk the RAMNS decoder
estermines (932 ) whother the siare of the BAMNS devoder melodes sufficient infomaarnian 1
aenerand e ouipon syembed for e currend e aen.

[J [D154] Iz, e RANS deconler derermianes ($34} inverae probahilice inlisnnacion.
For example. the B4 NS decoder performs lookwp operations 1n ane or mare [ookwp ables.
The BAMNS decosder then Fincs (%300 the caatput svmbol far thy currene itgraticn asimg the
s erse probability information and the sate of the RANS decoder. For example. the
AMNS decoder determings a sub-ranee of the state of the RANS decoder 1hat 13 associated

[5  with the autpul sembol Bethe corrent ieration Secton ¥ deseribes an evample of
sICT cpee AL
[IS5] Onothe otbver hand. if b staee of the 1RANS docoder does not inslude
sutfTic e informalicn 1o generare an oolpod svmbal for tee corrent iogramen. the BANS
decoder skips Bmcing the catpat svmbol for the current itgration Inothis case, ng satput

20 serobol 15 peoeraled Foa the cunaent ileralion.,
L] Alternativelv. the 4 M5 decoder performs achar operations to selzciiyvely
aengrate [UA0) gn qutput svmbal for the cumment ierbion using 1he seate of the RANS
clerilen
[MIS7] With raterence v FI0GL 9, the RANS decodler checks {240 whather 1o

2% continue and. it so. continwes processing in the Arst phasc  Inohiz way, the RAMS docoder
nevalively pertonms mosesging Bor the Niest phace o processing Jor the secomd phase
Thos, e RAMNS decoder cepeans the selecins & wpdanne (9100, selects e merging 15920),
andl selectin e gonorating (YF0F N uccessiva i2ransens. antil 1hore ars mo mare cutpur
sembals s decade inoche encadded daga Tor the at Teast part of the hicstrean

au LU ] A pact ol the Tostphase, the RAMS decoder can perlormm onhéer opecalions,
{aneel slepen). Tow example, e RANS decoden can selecis @by ore-Til e anput bofien Jom
the encoded data baffer, addimg g new portion (2.2.. hvte) of encoded data. 0. as anather
romple, thee RAMS lecader can selecnively writs the cunput sembol trom the prosvions

ilezalicnn 1 o gvleol vecwn bulTer,
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[M159) In sorne cxample implementaions, the Ra™S decoder 15 implemenied with
special-puan ke lirdsware The sprectal-ppopeese hans e soclodes the inpon ol Ter, an
oufput bulfer, and  state rezister The output bufter is configured wstore the output
svabal From the provieus teration, it ans. unil replacemeont with the autpod s, mbal For
the cunrent deration, iCany The siare rewisten 15 configuced oosiore a oy aloe than represens
the slane of the BAMS decoder. The special-pucpaoss hardwa e [ ther ineludes Tooie
Pecupled 1 the ouiprol bufTer and wo the state resestery canlizured W prtorm the selecline
updatima 900 operatiang, Towie dgoupled By thee seare register anid the inpot bofters
eormlimred 1w peclonm e selective mersing (920) apeasns, aud lowie {eoupled Lo e
stale register and e cutpol budler) confizoced W perdinm the selective weneating (930)
operabicns  Altermativelv. the KA NS decoder can be implamented using cher
CLAMTpOn LNl

F. Examples of RANS Facoding Trecoding with Adapiive 5ymbol Widihs
LIALL In some prevecas approaches, a RAMS encodar and RANYS decoder process
svmbols having a single. pre-detined svmba] widlth Spch a RAMS cncoder and B AMNS
decodler are wnabls wrpoeess symbols Das iose diTerem symbal s
[lal] This section descnbes examples of a AMNS encoder and RAMS docagdor
welth 4 configurable sy mbol widch, Inopartecalar, in seme examplz implemenations. an
b parameter it d hardwoare-hages] BARS enceder or hardaoang-based BAabS decisler
dicates o svombed wadih e use o an cocedingesdecoding seasion Taving a comligmahle
svmbol width allows 1the FoAMYS encodertdzender towaark with sembaols having any semlbaol
wadih within g runue of dhitferemt symbaal saidehs
LLRE | [ 1 shwes s example techmigoe (TO00) for B ANS encoding with
acdaprs e sembaol wicth, The example techmeue | 1000 can be performed. for example, by
an cncoding tool tha implomenis a BARS cncodor as desenhed with retorones to FIG. S
o cher FRAMNS encoler g part of the encodima, seaoe (7207 showen in T 7a
LLLE %] Tostan, as pacl ol encoding mnpol svinbols usine g EANS encade, Lhe
encodone ool selects (10101 o s ombel width from amane muolople acailakbe svymbaol
widihs For evample, the moliple avalable sembol widihs inclhode 1 2 b, 5 hies, 4
bals, 5 ik, & bts, 7T hils, 8 s S bals, B bis, 1Bk, aod 12 bins Alernanively, Lhe
muliple available syl wadde melwds cllier and o addiuomal scombol widihs
LILE] The encoding (ool comfipures { 10:200 the B A™S encoder 10 perform H 45
enoding b thee selegred sombol wiilth Tnopanionlar the ongocding rool selects w set ot pre-

delimed Tookup Lables havine probabilile inlea manaon for e selecled sonbal width For
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ecamples, the et of pro-defimed Tookep tables inclhcdes ong or meme pre-detined lpokup
tileles witl Bsvweanad prashialaliny inloermetion e the selected syl wilth aml ooe or mene
pre-detined lookop m@mlles sith s erse prababil ity informanon Fer the selected sy mbol
widih. The sot of pre-defined lookup tables can moorporate & static probaliline medel, for
ensolled dara. selecied Siomm armomg roadipe ayailalde sie prolataline moodels e
dillerent g2t ol pe-delied ko ables, Allenativels | e ppe-delined loskop lables
can inelode probabilite indormation tor only @ sinele statie prebabilion modz! 3o 1he
selecied symbaol wadth e thee RARS cocoder vanoose A dynamig probabalite moce] Bar th
sclected sembal widil.

[ las] The encuoding wssl perlorms (L0307 the PSS enceading at lhe selecied
svmbaol width. As part of the RAMS encoding. the encodinge tool can seleco 2ly datermmine
mitial stake nFprmation for o RAMNS decader e o for g tragmend]  In this case, the
encoded data culput s the RANS encocler includes the initial siace information.

LELT FIG. 100 shows an example techmaque {TU5G) For RANS decoding with
adaptecc symbol width, The esample echigque 110307 can e perlormed. for cample.
a lecoding roal that implenens a BARS decodder as descinheld will aeference wo FIG 6 or
olhor RAMNS decogder. as pan of the dacodine stawe (7700 shown in FHG 7h

[ 1467 o stan, a5 pan ol decoding 2ncoded Jdala osine a RANS decodzr. the
decoding wpol selects (10607 A syanhal wilth from amcmp multple available symbal
widilis, [or ceample, e molnple asadable sonbol wadihs include 1 hat, 2 bals, 5 b, 4
bits. 3 hits. & is, 7 hats, B bids, @ hats, e bies, ] s, and 12 Bis alternatively. the
multipple available symbasl widihs inclhde gther andaer sdditional symbaol wiadihy

LLAE T The desoding e comfigeees 4 1020 the FA™NS decoder 1) perfonm BRASNS
decoding ot the selected sy mbol width  1n panicular. e decocling bool selects a ser nf pre-
defined lookup tables having probalzibioy intermanon for outpor syobels of the scloocd
svrnbal wilth - T example, the sen el pre-detimed Tookop talles tnchudes ong or more me-
deliomed lewshoupr Lalles wilbe forward poobabalies inloomaion Ga the selectied semboal widih
and one or more pre-detined leckap tables wath ineerse probalilioe mFermation fore the
selected sembol widih, The set of pre-detfined Rsskup tables can maorporate g soatis
profabilaly mdel, fen enconded dula, selecied oo anooe owlliple avalable stale
pradrabilily merdels s dilTeent et of pre-defined lookop alles, Alieinasely, e pre-
defined Laakupr tables can includs probabaline infoarmation for omly A single sianc
prodbabiline maddel For the selectod symbaol width, or the: BARS decisder can wye s denamic

prefabilaty ol Joo the selected 5 mbol widl
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[M149) The desroding ] pertorms (TOB00 the RANS decisling at the selegted
svrnbol woclth - The RAKS decocdhng con inclocde vperations that e o tao-phase shoctoe,
as described with reference 10 FIOE. wa-9d  Alernais elv, the RANS decoding can wse
olher operatiomns that implement RA NS decodme. As pan of the R AMS decoding, the
decoding ool can receive ininal st information Tor the RAMS deciocler (e 2 Itn a
Pagiennp aod set the RAMNS decoder slale according, In s case, the encoded dala
received by the BARS decoder inelwdes the iicial seaoe iforma Lo

[1 0| For the: cxamples deseribed wath reforence 1 FIOS  [haand 1ok, a header
i Lhe balsleean can ioclude @ syvoas clemenl that indesales e seleced svndsol widih,
Drepending un which Feaoures of Mwmem-adapisve RAMS sacocding are used. 1he header
1 the bitstreany can also inzlude 42 a sy ntas 2lement thal indicates whethar or not state of
the RAMS deginler 14 e by foshed re-imtalized for decoaling Th)a svntas elenent that
indlicates an adjusoment e the selecred sy mbal seideh, ) a synoas elament thar indicates a
selection of a static probab ity model, and-or (d) one o more olher sentax elements that

mdlicate contiguration parameters.,

I Coamples o Selecin el Flushing FANS Decocler Siae Between
Fragmams.,
[z 1] When a BANS decoder finishes sengratng vatpar smbels From encaded

dlrba for @ Frasooent, the state of the RANS decodyr mea stll contain ugebul segie
mlormanivon. Thal wsefol stale iolorroalion i Lyl e BAME decader Qushes aond ro-
mirializes tha A RS decodar stale for decoding of anodhar fragment

(72 Ihis section descnbes wanous sspegts of seleghive Aushing of RARNS
desonder stare betaaen acmemts & RAMNS encoder can decide whether RARS decasies
state shouled be rerinedd o Hushedsre-ininalized tor decoding of 2 new fragmem For
cuample. for & tragment {or the frst p sembols of the Fragment. where pois a number such
g L3 510 e |5 1hae depends on implementinion], the BRAMS encocder can evaluate
ciampression elTicieney with Uie RANS decoder state relamed s ersus Sormpéssion
efticiency wath RANS decoder stane Nushedfre-mtialized. To doine so. e BRANS cneodor
can goeoant B the cevethesd cov o sipnaling <tare information i the B ANS decoder st
s Tushedire-ininalbesd  Alleosativelv. the BAMNE encader can perlinm other opecalions, o
decide whether RAMNS decader atale should be cetained v Qushedae-initialiced L
decoding of 2 naw Fragmant

[ 3) The BANS encoder se1s o symins clennent that indicates whethor RANS

decoler state ea a Dagmenl should Be retained o Mushed te-minalized  [noaome example
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mmplementationyg, the synrgs element s a -k flag in oo header tor the Fricement 18 the
Pa™dS decoder state 15 Moshel reaninalivecd, the BRANMS encvaler alss detenmimes qsl
siznals state information for the frazment. [n some example implementations, the scate
mbormation 13 signaled as the first tow byvies dcoo . o yvres) of eneoded data tor the
Pagmemt Thos, retaioing RANS cecoder stare Do a presvions Dagmen| sases encinled
dala
[ 174] A FAMS decoder necerves and parses the semas element thal mdicates
whether RAMS degiuler skate For g frapment shonlil e retsmaal or Aoshed/re-imiialized 1
RANE decoder stale 35 1etianed, the BRANS decesder wses e Toal RANS decader stale
Troma the pres v fravement s the ionnial RARKS decoder siare Do the new Duwment
Utherwise, the BA MY decoder tlushes (sets to zereh the B A NS decoder state and re-
mitializes i1 by logcding stage intormatin sienaled Bor the new fragmoent fe o, s par of
encoded data for the fragment

G Examples of RANS Encoding recadding with Selective Flushing of LAMS

[ vder Slate Betwson Fragments.

|17 5) FIC | 1a shosses an exampe echmiygoe O T00Y Tor RANS encoding with
soloctive ushing of BANS decoder stace bretwoon Tragments. The oxample technique
CLEOT can be pertermed, Tor esample, by an encoding wol than implements a BANG
engocler ay deseribecd with reference o FIG 5 or other BRAab A encasder, ax pan aof thy

-

ensodimg staee (200 sl e PG 7,

(N1 7q) I'ostar, as part of encoding input sembaols using a B Aa™5 gncoder, the
engoeling ol dytomanines 110y whethor o not stacg of s BANS degoder g g by Hoshed
Al re-imiialiced Tor decilings of enceoled data Ton gt least pant o the bisiream 1in T1G
I'la. for a frawment). The encodine wol sets 711200 a senax elemen that indicares
whether or non 1he state of the RARS deceder is to be Qushed re-ininalized for decoding of
the encasled diata fom the an Tease part of che Hsiremm

LU The encoding wss cliecks 11530 whethen the RANS decoden slale 1w be
flughel renicialized. I a0, the cncading tool detzrmines ¢ 132 mical scate intormation
tor thi eneasled datw tor the s legs part of the bicsiream Do this gase, the birstream
mwcludes (e as parl ol the encoded Jata) the malial staee mlinmaton. Fea example, the
mitial stale mlormation 15 8 X2-bil value  Clherwase. e bilsleeam lack s inilial slare
mrormation for the encodad data for cthe ar lzaso part of the hisoream The encading oon|
performs {E10} RARNS cncoding

[DI178] The encoding ws: can repeal the Lechnigue (11937 en a Dagmenl-by, -
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trawmoent basis  In FIG | Ha. thy engoding ssl checks {1142} wehether 190 cononue For che
nesd frasgment ad s determimes (FERR whether ar mod state ol a BRANS decislen 15 1o
be tlushed re-initialized tor decading of encecled data Far the next fragment. i this case.
cach ot the fragments inshudes vs oawn header having a sentas clement than indicares
whether oo mol he stae of the RAKNS decisler is o be Mushelve-imnalizel o decoding o
encoled data [ea i lamoenl

[ 17Y] FIC. 11k shotes an example rechimgus £ 11305 tor BANS deceding with
selective tlushing of EAMS lecader stacg: beeween ragmentys The cosmpple teehmigoe
(LLRO) can be perlenoned, T example, by o decoding wool that nnplemnems a RANE
deciler as descriled with reference 1o FIG G ur uther RARKS decialer, as pan of the
decoding stage (770 shown 1 Fa 7h

LAk Too star, as prt ot decoling encoded darg usine o RANS ilecoder, the
decoding ool reads (TH0 A svntis element The svntax element inclicates w hethar o not
state of a RANY decader is to be Mushedire-ininahzel tor decoding of the encoded data
ir at lewst part of the bitstream (m FRG. 1170 For s fragimaent ),

LLLER] Basedl an least in pant om the sentas element, the decodime ool deemnnes
C1 1700 whethar ar wol the state of the RAMS decodor s o ke flushed: re-intialized Cor
decoding o 1he encoded data Tor che an least parn ol the Bitstream.

(2] he devoding el chegky 40 T8 wehether the BAaSS decislor seate ag i be
Mushed temitialized. 10, the deciding oal ieteves (11827 tnlial slale loamanivon Lo
the encoded data for tha ac least part of cha Hisirearm. lushes the scate of the RARS
desvoeler, and logeds 01 1347 gn initial scatg, a5 the state of (he BARS degisder, based at lewst
i et gan The imieal state inlGommation T thes cise, the Tisteearn inglodes ge o s 2art ol
the encedled datn) the inatial s1ane informatien for the encoded data forhe at least pam of
the bitstrcam. For example, the inetial statc imtormatien isa 32-FHewaloe, Oihenvisc, the
batsirgsn Lok initial state imlommaticm B the encocded dara fin the at Teast ot el 1he
balstoean.

[1B3] The decoding ool performs ¢ 1901 RANS decodme of 1he encoded data for
the a1 least part o thie bitstream. The Ba™S decoding can ime hade operanons rhet e o
PeciFphase shoctue, as desceibed wilbe ielerence 1o FIGS Da-tkl {In some exunple
iipleneniatens, e Juat o byles of encoded dana o a lagmem caon be used Lo ce-3ll
Ba™5 dacoder siate dsrapes 1182, 1T84Y. 85 Four erations through phase | processing
when there s no erowgch B ANS decoler state g penemate smooutpot sembaol 3

Aleroitively, e BAaME decoding can wae other operalions tial inprlement RaN5
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desroding
LLAEE]] The deculing wwsl cin repeal the techoigoe (1 T50) ona Dasgmeni-by -
frapment basis. In FLG 1 1B the decodimy toal checks 411927 whether to cantinue for the
ncst fragmont and. if o reads 01 1600 8 svnay clemeont for the nest tragment. i this case.,
each ol the feaoments imchudes s onsn beader Bas ing a svas elenenn il indicates
whiether ar ool he slae ol the RARS decider is o be NMushedae-imnialiced lea decoding sl
gncoded data lor thae Maement.
[ IEE) For the: cxamples deseribed wath reforence 1 FIOS T laand Tk a header
i L bnlstecarn meludes e syl element thal idicales sehethen ool e state ol e
BAMNE devoder s we e Jluabeddre-initalieed T devoding o the eovoded dan fur the o
legst part of the hitstreame Depending on which Fzaiures of fragment-adaptive RAMS
envodingiteogding are used, 1the header m the atsrream can als=g inchole (ad aosyntax
glement 1hat indicares an adjusomant e the selecred sembol width, Mo senas element
that incheates a selection ol a state probaba ity model from amang mulople avalable static
prabalilivy madels, andfor do) ane or marg other seacasy clements than indicate:
AN TTAELr AN PIHT AN .

H. Evamples of Swtchine Beos con hulti ple Static robabalite haoglels tor

Fragmenls.

[t In sorne provicas spprsaches, 8 RANS encoder and B ANS degoder osing 4
singhe slalic prebabilicy model anasmgle dymwamie pobabalary medel. Wheo a single
static prrobal i maodel 15 used, compression efficianey sulters it the distmhution of valwes
tor svmibels devimtes Froom the cxpogtod distribotion redlecte] inothe simal e static
pradealriliny el Llsing a dymamig prsbalalivy maslel helps compression elficiency even
if the disibunen of salues for smbols desiates from an expected duaribution. bur
updating the dvnamic probabibty madzl can be computationally costly. cspecially for
Fardveare implementaiions ol BANS degodinge
LULEN Thus sectvn descaibes s aious aspecls ol swilchimy soas probataliy
medels for fraemaonts of sembals durone RAMS cncodingsdecoding. A RAMS oncoda2r and
BAMS devoduer st valies B mulople sians profabalioe models Ditterenn <ot
prefaalailaly ocedels can ditler o lennns of e receed disiahuolion o values of seinbals - Lo
simne X0 He Jnpleientana, valoes fon stale poehabilivy misdels oe orvancced a5 one
or oz [nokup tabkles, indesed by idendifier of siatiz probabilie model. Alternativaly. a
stati prreashabiTiny maslel can by represented inosonmee sther ase (oo bormali or

eqjudtiin}. A atatie probabding model can be a piece-wise hnea approsimati o 4 corve
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tom a connulative: probabalite funcoon For values ofF symbals The curve monotnically
mwresses  For snne static peshabalivy nanlels, the corve 15 Matier For other siaiic
probability models. the cur e is steeper For common values (e | zero. low values).
LSectiom ¥l desonbes cxamples of stacic probahility maodels.

LLLEL] A RANS encouler selects cme ol the stane protataling meslels woose in a
Pagienn el sy obaels, saonaling asentas elenent than sndicates the selected st
probability meodel, L =ome 2xample implementanens, there are 10 static probabil i
masdels mned 1he selegigal st probabiliee mocded s gipnaled warhes 3-hir feced lenprh
walur  Alleroalivelv, the RAMNS encader and RARY decoaler can use mooe on [ewer slane
prclalilily ooedels.

(1Y) In gzneral. thz symbels of & lragmant are encoded ‘decoded usmg the same
static prohabilioy maalel The TRANS encoder selecis one of the stang probihilioe masdel =
deprending on the distribunon of values for e sembols of the frament,. The selection
process depends on implementation. For example, the RANS ancoder can evaluate » mput
svmboly Cwhere v s 10 100 200 100 o some ather number 2 inpur sembals] w3 determing
which staie profsalioe inodel prosides the bighest compession eliciency Tn e v i
svimbols, and whit the relates e benefit of switching o thar scatie probabalioey medel soould
b, I semttclune tooa new statie prebabilion moed2! imcelves staning a new Nagment. the
RANS envocder gonsilers the signalim sscerhead hesder bytesy Eor the switch (Althoogh
the RANS eoeoder could potenlially ssitch Gaovers shonl fragmeins of scudwls, e
overhead costs would be highoy The RARS encodar can deowde whather the improvemane
m compression cthicency tor g switch i anpther stang probabalioe musdel { B angtheer
frawmemt} justiles the orverhead cost of swalching Fracrments  Inahis way, the RAMNS
encoder ean conzider which satic prebabilicn. madlels oo wse when detemmining wherg to
mtroduce Fragment bowndancs. with associated soitches instatic probalilin: models.
[Mran) Conmparesd foopsing aosingle siatic poladiling medel | swirching egween
muliple stalie pohabidin: meadels can help BEANS encodigsdecodione handle steeaims ol
gt svmbols chiat hanea different probabilite disobotions (o more 2eros Thin e pectaed:
toeweer semos than exvpectedt Althoush stmng values for moltiphs stane prohahibioy maodels
e e expensive 0 eam s ol skinane, slalic pohabilivy models can be swilched vsige
siniple and sflciem senaling, Sendinz a sooas element o aelect ene of e wwlnple
static probabi line models nses less bitrae than sending a new static probahihty model, and
it is gimpler (and tastery than walsing s dynemis probabilioy maded

[. Evamples i RANE Cocoxingy Trecasdiog: with Switching Sualic Probabilie
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blodels Beraegn Fragmenis
LLEER]] FIG 120 showses o exampee echmigoe (12007 Tor BANS encoding with
sweirchimge of stanie prebabilicy medels retween Draements. The exsample techougue {12003
can be performed, for exampls, by an encodimg toal that implemenes a RANS cncoder as
descriled with reference 1w FIG 5 or other RARS encocler, ax pant o the ensoding save
(7200 sbowen o TICG. Ta.
(142 Tostan, a5 pan ol encoding mput sembols wsing a BANS encader, the
erndroeling ol selects (12107, for engasled data for at least pamt of 8 bigirgam, ong of
muluaple avadable slane probabalily iodels. Fon esample. the mplaple acmlable sane
predrabilily micsdels include sbatic prodrahilive medels Dor which residual dala valoes ae
sigresseely more [ikely 1o be zero, The soatic probatalite models are pre-detined, and a
aiven skatic probabilioy model does noc sy nimacal v chanee diring eneodingsdecoding
The static probability models can be represented in v alues of pne<lelin2d lookup tibles
with probalilicy intormation for the stane probability models, respecis ely. Alternatively .
the static probabilivy madels can be represented mosome other way.
(13| Weliem 11 selects the stane probataloy model, the encodime ool can conside
any of vanous factors, Far esample. the eacoding tool can sclect the static probalhilicy
el based ar least in part on 2y alualien of probabilion distribuoen of valugs o the tnpat
sembily O, ogs anenher ecample, the cncoding tool can gelect the seatic probabiliee model
bravied al least an pact en sslimatiin el wlnch of the nolliple o alable sunic pobabiliv
maodel s results i lowest bitrace For the enceded data For the at least pan of the bitstream.
Chr, gs ancqher ereample, the gncoding tool can select the stanice probabiliee nuodeel based ar
least i part om engodim witl eagh the mulople asailable static prokeliliee neadels o
azaess which one résults in leswwe s bitrate foorahe encesled data for the at least part of the
bitstream.  Alternate cly, the cneading (o2l can szleet the stans probabilite model in seme
aher wity
LULE] The encoding wss sees (12200 a svotas elenenl thar imdicates e selecied
atatic probabd s model. For exampla. the ssoias element s an a-bat salue, which
mddicates ong o Znostatig prohabiliny models
(05| The encoding wxsl comlavares 412300 the EANS ewcoder oouse e selecled
stalic prohalbility meade Then. e encoding wol pealormis § 1232 RANE encoding using,
the seleced stanc probabilite model.
|94 The enyocding s can repeat the feghmiequog 412007 0n a0 Frasemnent-by-

Pagiem basis. In FIO0 24, the encenlionz tiss] checks £ 1240 whetben 1w continue foc the
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nect drgament gl i s selecrs £ 12 100, For the nesr tragmaent, sne of the maliple

v atlalde stabie probabaliee inodels b this cose, sach of the Tagments ncludes s amm
header having a svnlas element that indicates 2 selected stane probabilitye model tor that
fragmend.

[T FIC 121 shawees an esammple techoioue § 12530y Gor BANS decinling seith
sl LC oz ol slanie pacdaability mdels between fraemenls, The example techowgue (1 250)
can be pertormed, lor ssamplz, by a deeoding ool thal implements a BANS decoder as
deseribed with refereneg 1 FIGo ooor other BAab S decoder s par of the decorling stapse
(7700 sbwowen o TIGG. T,

[0 19E] T sl as el ol decoding encoded dald vaing 4 BEANE decoder. the
decoding 100l reads ¢ 1240401 4 syntax elemant chat indicates a selzction of & static
prodabiliey mcel | for encenled data for ar least pant of & bigsirgam, From amang, muliiple
available sians prolabilite models. For example. the syoas element i an n-tat value,
which indiwcates ane of 2n stalic probability models.

[0199) Boased] wl least in pan i the wontas element, te decoder tool selecrs (1 Z270].
Fen thie enconledd dena Jor the an least part ol the Bitsneam, sme of the nilople s alable
atatic probabd s maodels. For example, the soulteple o ailalde siabe probabilos models
mclude staoe prubability muodels Tor which residual daty values are sueesssevely more
likely to by zerg The stacic probabiliee modely are pre-defoned, and g a@icen gratic
prealilaly el dewes pon dynamacally change ducing encoalinzddecoding, The siaie
profabiliny modzls can he represented m L alues of presdefined lonkup mhles wich
probabilie imformation tor the state probabelite models, respechvely Alernaivey, the
stalic prohalaliny maalels can e semesenred nscie ather way

[D200] The decoding wol confivares £1250) the RAaMS encoder 1o 0se the selected
static probabiliny mode Then. the decoding tool perfomsz 11282y RANS decading of the
engoded dara wsing 1he selected siatic probaliling model The BRANS decodimy can inclode
aperatang hat use a bao-plase stioclure, oy deseniled sl eleence w FIGS -t
Altornativel. . the RAMNS decodine can wse othaer operations that implemaent 1£AMS
denling

LLLIR] The decoding wssl can repeal e lechnigqoe (L2500 on a L acmenl-ty, -
Iagneemt Lasis. b FIG 120, the decoding wewd cleechs {12907 wluaher e cimtinue (o the
next fragment and. if <o peads (126071 3 svnias elament that indicates a selacoon of & static
probabiliee madel For the nese Freement Tncthis cwse, cach of the Frasments inclioles s

et beader bivvang a sonlas element that indicates a selectom ol a stane poobdatalily nodel

S0
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tom 1hat tragmyem

[ 2% anel 120 a heade

LLEL L Fow thes exennples described wath relerence 1 FIGS
i the batsoream mcludes the svntas elemnent that indicates the selected static probaba ity
rodel tor the encodod data for the a0 least part of the bisircarm, Depending on which
Featnes ol namnem-ulapive BANS encoding/lecodinge aee vsedd, the eaden i ibe
balstresun can also mclode (ada svotas elenent tha indicates whether oo oot stale ol He
Fa™S decoder 15 1 e Toshed re=tnitaluced Tor deewding, (b1 a svmas element that
mddicates snoadjosirment e the selecal symbal wacdth, aneloor G pang or nucme ather sonkas
clonents Uil indicale eomnlimuration pacanete s

] Examples iof Adjusting Sembol Widths o Didlerent Frawments.
(23] When a dafault sembol widih iz 5=t for sembals of & sirzam, valwes of
svmbols vany within the stream Toma senes OF values may be moch less thin the hishest
possille yalue tor the stream {eonsidering the dafauh s ombol widthy
[204] This section desenbes arious aspects of adpustment of s, mbssl wdeh
during R &S encodingdecoding. A BARS encoder and B AMNS decoder can adjust
swrrtbal weachh Crelais e wea default ssmbol widitho oo a Taemem-hy-1asmenn Beasis, which
can impros o compression officiency becange hisher values cochich are possilde with the
delault sy mbal wideh but not with the adjosted s mbel st nesd net be considened ler
sith-ranaes i prohabalivy valoes or B AMS decoder stamg
[0205] The RANS cuvoden decides wheiher wradjosl e symlael widids B oa
frapmemt. In general. tha B ANS encodzr can deoide to adjust (decraase) the svmbol width
tor a Frasement atier evaliating the symbaols of the Frasment For ecample b the defaolt
swrnbol width s & Fats d50 thad the range of rossille valoes s 255 T the highes
value amuome the sombels of the frasment is 0. the svmbol width can be decrease by 2
bits {32 that the range of values tor the svmbaols s 0. 631 More @gencrally. for a defanh
svrnbal wilth oo adjpestmentn » e RAMS encoler gian Fiomed the Laroest salue of ¥ such
that 2d-z 15 preale than the aehest valoe annonws e symbeds of the Taemnem,
[ 2ia] The RAMYS ancodor slenals the adjustment o sy onbal width For the
trawment  Far example g <vntas lement inog header tor the fragmend indicates tha
adjustoment e svmbal widtb Toe the fragmenl Ly soome &xcame ngplememtalions, e
svias elemen s o 2-0il calue which caon indicae an adjustoenl of 0 bing, -1 o, -2 B,
or =3 hits relative toa defanl symbaol wvidch, Altemativels. the adjusiment can have some
aher ranae inbits . The RANS encasler adjwsts symbasl seidth aceordingly comtioures the

RAMNE envoder [tn RANE encoding al the fadpusied) symibol widih, and perliams RANS

s
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envoding ar thee ddjasial symbasl widih
[T The FANS decoales recenes the sentioo glement thil imliciles 1he
acdjustiment to symbol width The RANS decoder then adjusts the default svmbaal wadth
aceordingly . comfipures the RANS decader For RANS decoding, ar the (adjusted) svmbal
widil, arul perlfonms BAa™NS decoding au whe adynseeld syembaol widih.

k. Cxtmples o RAMS CocodineDecisdiue witly Adjostable Syombed Widlh

Belween Eragments
[ FICk 13n <howy smoecamply technigue ©0300) tor BANS eng oding waigh
adjustoment of svinbol widlhs hetween Dawmenls, The exaople wechotgue § 1360 can be
perturmed, i esample. byoan encoding fool that inplements 2 RANES eacader as
deszribed with referenee 10 FIG & or othzr RAMS encoder, as part of the encoding stage
T2 shown inTIG Ta

[In9] Tuostan, as wut of encoding mput sembaols uging a Rass encoder, the
encoding tool determines {13107 an adjustiment oo svmbol wodth for enceded data for at
legst part of a bitstream. For example, the encoding faol identiles 2 highest oo sy
the i syenhasls ard, depending om the Tighest salues amemg e i syasls,
determing: the adjustmoeont o svmbaol widih,
LI LT The encading tool sers (13200 8 »wnas element tat imdecaces the
Adjustmnent i svonbol weidlthe For cxample, the sentas clement s an n-bi valug, which
idicates o deceease e anamound i 1he cange of 0 Lo 20-1 bils e the syl wideh,
LR The encoding (ool checks £ 1350 whether ssnbal wadth s oo he adpusiad
Aand, b g, wcjosts (13320 che symbol width - The engocding il contfipmes [ 15340 the
FoANS encocder 1o perfoom Ra™S encoding al the adsied syl width Tor excample.
the encesdlitie ol s2lecrs 4 sen of pre-detinad ookup tables has ing probabalite informa mon
tor the adjusted svmbal widih and‘or porforms ather operations to contigure the R ANS
engoder The encisding o] then pecliprmes {1342 RANES encasling an the adjusied svemil]
widih.
[Z12] The encoding ool can repeat the teehnigoe §1300) @0 a traement-be -
trawment hasis, In FIG g, the encodima essl chegks {13449} whether 1 cononu; for the
nesl fraanent Ao, i s devennines (P EEE, Tea Ui nes l Urdsment, an adjustnent 1
skl weidUe foe the emcosded dana Uon al frazmend T s case, each ol he friaznents
mcludes 1ts coen header havimg a svmiay element that inchoates an adiustiment to semlol
widih B the eneoded dara for thag fruement Inosme ecanple: implemenegtions, s defale

sottthal v ia sen Fen a Pinatietmy, and an adiwsted s mbol wad b applies oo a wseon
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tragmoent, therehy narrowinyg etteciive svmbol width For that Fragrent tor the RARNS
enculerlecode

[0 13] FIG. 130 shows an example techmaque {135G) For RANS decoding with
adjustment of symbal widths betocen Fragments. The esample technique 11550 can be
peformed, Ton o evarmple, Byoa decodin ool that mplenents o RAMNS decender ag desoriled
with elerence o FIG &oon onher RARS decoder, s pant of the decoding staoe (770)
shown inFII. 7b,

[21a) Topgtart, as part of dessonling encoded darg vsime s RANS jlecoder, the
decodimg ool ceads (12000 a syl element that indicales an adjoslooenl e sy bl wadlh
Tow envuded dala o al least part ol s bosweanm. Faeesample, the senlas element i an n-
bt valuz. which indicates a decreass by an amount n the range of w2 2n-1 bits from the
svmbol wicdth Tased ar leicst inopart ancthe synes clement, the decoder too] deiermings
f1370) an adjuzment fo sembol widih for the enended data for the o least part of the
butztrean.

[0215) The decoding Gl checks 41380 whether syvmbol weidth s e be adpsied
andl, il s, aljosts T332 the symbol widih The decoling ool comBmnres | 13H:)p the
A decoder i porform RAMS decodinge at the adwsted sembal sidih, For esample.
the decodimg o] selects 4 set ol presdedinzd lookup tables has ing probabaline mformaton
tor the scljusted sembol wichh amd:ar perfrmes gther operations o comtipure the R AN
decoder The decisdiog o] ey prevloris {13820 BANS decoding an e adjusted sy ol
width. The B ™5 decoding zan inzlude opzrations 1hat use a oan=phase sictire, as
deseriboed with refereney 1 FLGOa ta-d Allernatively, the RAMS decoaling can s other
aperdting that imiplemem RARNS decoding

[0X1a] The decoding wel can repeat the technivue (13507 on o trgement-bs, -
tragment hasis. In FIG. 3k the deeading tood cheeks 41 3944 whether to continue Por the
nes fragment ol i s ready CL3000 8 svneax element thal indicaes ancadyjostien o
seritbal woadth foc e e acroenm. I this case, each of the Damonenls includes s oan
hzader havime o sy clement that indicates an adwstonont ta sembol widih for the
enended data for thae Fragment o saomg ceample implemeneatems, g defaale symbl
widileig sel for o balsleean, and an adjuseed synmol width applies Tor @ wiven lraemenl,
theceby nanewany ellective symhol widdy G e Dasoent foc e RAMNE decode.
(217 For tha examples described with reference 1o FIGS. 154 and 136, a headsr
i the bitstreany g ludes the symtws element that indicates the adjngtment g symbasl widih

Fen 1he encoded dala oo the a Jeast parl ol the Bitaemmn, Depending enn wldeh leatues ol

R
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tragmoent-iulaptive RANS encodine/lecisding are used, the heicler in the Bavsiream can also
miclude {1 @ senta element thal indeates wlether or mal stale ol the RANS decoder s 1
be tlushedreainitialized tor decadine. il a sentas element thal indicar=s a selection of a
static probabiliney model, andsor (e} one or more other svntas elements that indicate
S o ANOn pETANIEIEr .
L. Cximple Onslreanms.

(02 13] FIG. 14 shoves an example bustream £ 14000 tat inelodes multipls
tragmuenay ot encocded dara Specitically, the bissteeam {04007 inclodes o varigble-size
Tagnuents (LHLOY, whiclwne sombered T Dagmenl O e agoment w-1 i FIGL 14

[J [0219] EanTi ool Lhe Tragments { L4101 meludes a header §14206) aod upnional
mbormation. along with ome ot more byvees of encoded data 4 140K The number of byvies
at cngoded dara (1320115 variable, which in ham makes the trasments 410300 hawve
variahle sire
[0220] In zeneral. the header {1426 includes tields for contizuration parameters

I5  and length information Fora Mragment. the hesder (12350 inclodes a Deld (1421 with a
svna elemen imheating an adinsirenn wesvebac] wichib, a eeld CTZ2p winh & sennas

-

elernent nglicatine a selectien of a stane probabibity model. and a tiekd {1423 wath & scate
re=initialization Nae  The length teld 11425y indwcates hoss many by s o encoded data
(143000 are in the paylsad For che Eragment [ the emcocled daa 01300 me ludys mame by gs
20 ahao can be indicaled By ahe leagllo Gield (14230 a leld (1424) withan exna lenglh flag
mdicates the presence of exira length informacon (1424 In some example
mmplementatumy, thae lenoth tigld (14253 15 one byt the imndicated amaonnt g moven by the
lenwth feeld phus | dan aneion inthe range o7 1 257 Ietes), and 1he ectric lengiho dlag is a
one-hir flae. TF the encoded daca (1450} includes more 1han 257 bwres, the @xmra leneth
2% tlag (11210 indicates the prescnee of 2 byte of exora lengih information (11267
[ The acljegrent 1o serbol wichth imcheates an adjustiient o che detaule
serithal woadth ol e symbols ol e Dacmenl Jocsoone esampls baplementations, e
sy olamont that indicares an adyostment to sembal swidth is o 2-Bit value, which
mddicates w valoe i the range of 00 % (for g degrease of O bis, 1 bae 2 bigs, o 3 basg, (P
U ahe svmibaols of e Dacomenl conlann toe s alues abos e cen v threstusd ds pechich 15 a
conmueny scenanier i heds iy comnpressed stieeans will bish quanticatsn g, e RAMNS
gncodersdecodsr can process symbods of 1he stream as if they are narrcaver (have Pewer
bars} than the defadt sembol wadthe For s detaclt ssmbel woidth d aml aneadistmenn 7

seibals ol the fiawment are processed as having a symbisl wadth ol d 2 it T

s
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ercamples, if the detanlt svonbee] walth das o for sembols ot 3 siesam, the ranpe of possible
wilnes s 00 B3 Wan Teast ane somibcd o the Dawment i aosaloe o 32 or meae, 1the
acljustonent 203 0 On the other hand. if the hizhest s alue 15 inthe range 16,31, 1he
adjustment z 13 -1_ and the effestive svmbel width for [AMS encoding decoding s 5. For g
vange of valoes & 510 10 the Tnuhest value s 1o the anee & 15 e aljusiment » s -2,
and Lhe etlevtive syimbod wadthe Ton FAMNS encodingddecading 15 4, i acange ol valoes
.15 Orcherwrse, sinee 1he highest valus 15 less than 8, the adjostionent 2 1s =3, aml the
effectivy sembal wadth for BANS encisdina‘decading is 3 For s range of values 0 7
[0222] The selectivon ol a stalie prshalbidive mesdel indicales e ol mulaple
avalalbde stanic probabilite anodels, Doosone examnple implemenlatione, he s ocas elenen
that indicates a selection ol a statiz probabi i model 12 2 3-esaloe, whizh indwcaies 2ne
at [ stang prshibiliey nusdels The static probabalitics vans inceerng ot the tehemess of
the expectad distribution of values of svmbels around 7 For a first static probabilit
medel, all pezsible values have equal prababulite. For successive statie probabilic
rrsclel s, the expected Meguency of sero-value sembols increases, and probabality Freather
watlues of swnibols decreases  Tor the Tast stane puahalilioy maslel, seooevalne ssombols me
ey procted a be vony common. and probalilioes far most other s alogs of symbols are
enprected o be e
[n223) [he state re-iniialization lae (alsae called s stang thoshing Tan] conrrols ghe
Musling o RANS decoder slane hetw een Dragments, The ag o a Dagroenl indicaies
whether the RANS decoder should Mush (=2t @ zemor and re-intializ2 15 sate tor deeoding
at the symbols of the Frasment Incsame goample implementabamyg, the Haw s s 1-bit
valug [ ahie walue of the Flas s Tothe Givsg B Tovies of the encocdel data { 1133 arg osed
1 load he stane of the RAKS decoder, 10 the value of the flaw is 0 the RAKS decoder
statc at the ond of decoding a fragment is carned over to be the imtial RAMNS decodor statc
Tom hie et Fragmen

AIR Lxample Comtnned laplementaton Ivn BANS Decodinge.
[02Z4] FIGE. 132 |3k ghow code hsting frawmaens (T300-13 101 m a hardware
desenption lanuuawe for g maodel o an example decoder The code hsnneg fragmaenes
CLAOL-L5 LDy anclode code Tea a decoder nuadole, which generally copresponds woa sinule
stuee ol o RANS decvder. The code listinge {1501-15311} Uagienls includs
placehalders For wvanous [ookup tables but, for the sake of bravine. values stored 1in the
Bisskr tables arg non explcitly shown Soch values dopend on implementation Also, tor

the sabe ol baesity, conde 15 e sheva o Do a Teeder masdule (which weoiles s aluss lion an

.i--| .i--|



La

|5

ad

Lo UTHINRE RS POTUSIN0NALE LT

ensodled dara batter rooan inpar boatter) aml decoder_areay miodule $which coordinates
apet il o e mstances ol BAMNS decoder, when auipnt ssnbals e imterleived in
the encoeded data)

[0225) The code listimg fragrent (13017110 FlGo 158 ncludes comments abaoit
aper g e Ganmed i rea thases — phase O and phase |- wodidTerent meschiles The
casdle lastioge Jeamments (1500-15020 0 [FIGE. Tha and |5k then ioelode delintlions ol ingu
pardmelers and cotpur paraneters tor an ustanee ¢ e decoder mcdule The inpot
prramtters and outpur paramoeters inclele sanons parsmgtery used for overad T sontes smd
comliwmralion. In panliculac, the fopot paeameler alpbabel bils indicates @ dofaull senkel
weidih, The dnput parvanmeter oon_Taceet indicanes o taroer oo bee ol ouipot sembels Lo Be
generated. (Hhet mput paramelers and cwlput paramerzrs are used 1o interface with a
tecder misiuly As shovan im the cosde lsting fragment (050200 FIG 15R sill orther impon
parameters and cotpuil parameters are uad to inerface with a dowonarream moedule (2o
indicating an cutput 3 mbel inan cutput butfer and indicaning whether the cutpur sembol
153 val il vulpur semnhislt,

L2 ] Yanong vaciables for e iostanee of the decoder noodule nack
confiuration soitings, which can chanes from fraement to Prawsmant. A8 show i in the
code st Tragment 0 15027 i FIG 13, the s anable 2ab mdicates an adjusted s mbol
widih, which ig later 501 by decressing the detault sembol wicdth Calphabet_hics) by an
adjustrenl indicad by o leld ina beader Tonoa Dagroem. The vadable cunenl g
mdicates & selzcted static probabiline modzl. a5 indicated by a field in a5 header for ihe
tragmend

[M227) The coxt listinge ragment (13020 FDG |5 alse includes placehaslders fon
leokup tables asadl b the decoder medale. Inveneral. each lookop ke is depcted a3 a
il amay. Fora lookup mble, the fivse dimension of the 30 amay is inde<ad by adjusted
svrnbal wichh S effective alphabet bis The second dimension isandesed Ty aoselectsl
stalic prohabading meadel. The Quad dimengaon is indesed by Dil posilicas on 1he adjusied
suembol weaclth, Conerally. ong non-zera s alue 15 stored por bat of the ssmbel wideh

[n223) The Exrkup table ba<e_table storgs values tha corrgspond to sobramsges in
the tange b Lo GR5300 Fan a civen symbol widih 2al and selecled stalic ppohabdin: model
curent g, Ue Lewkup Lable Lbase 1alle]|eab [lounent ¢ stewes the values ln sub-ranpes of
the range. or. allernatively, cumulany e frequancy values For the respeclive sub-ranges.
For veample, forbuse tablg[8][12], a lookop table conostore the ten calogs [Q) 7575

L4270, 25440, 4 1008, 5052, 04250, a5344, 65405, 3. This conrespomds we e mine sula-
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ranges b g FATA TATo b 270, 1277 0o 25440, 2544 ] v 31008, 30009 mp 5352, Sh35S
250, 25T o A3, DRI4S 1 65408 054 G530 The vanahle hase_tahle_sel|
154 20 arcay with prabalibty values tor differen static probalilioe madlels, for a ziven
svmbal width indicated by the variable cab The vamable base table sc12 s a | [raray
with prashalilivy walues for g selecied siaie mobahiliny maclel foment_ ol Ton e wiven
serpbal woadth (eal}, a8 shoso i the eode Tsang Urazment (L3397 ol T10G. 150

[22Y] The leohup table Treg able stores values thae relate o the valoes i
brage_rable Fora wiven symbapl width gaboand selected static probabilicg mosdel current_g,
thee Lowkop talble ey able]eal: | cuzent g swooes values, cach imdicating a dilTeoience
commpared Loa presivos value nrerms of loe 2p- 10 o each positioo poaller positon &.
Alterngtively, the v alues can be considared widths of the respective sub-ranges. For
ercamples, for freg table[®][ 12], o lowrkup 1able can swome the ten values [TS75 GT01, 5582
ARQZ191E 494, 34, 1, 1, 0] This corresponds o the sob-rngee widihs 7375 60701 - 1,
SEREZ O OTOIROT 40 71W1d - 8 dwd - 10039 - 32,1 - Gdoand 1 - 128, for the respectn e
stl-ramges. The vanabhe Freg_@akle sell is e 200armay with values Bar difTerem static
prefaliline mwedels, for & owiven symibol widib imlicatel by the vanable eale The sariahle
frog table o2 028 100 arras wich values for o selected static prebabilioy maodel

pedrrent gl lor the aiven ssmbol width dzabl, as shown i the code Hsting Traement
CLS0s o BIG 1A

[0230] The kkshup Lables U lable, o6 lable, and 1 able slore values o encexded
versions of raciproals of probabilite alues ror differznt static prohabilite modzls, For
difterent symbaol widihs By using valies from the lookop fables o gable, rs_gable, and

i _table in bit sTifl operations on additemdsuliraction operations, the decoder module can
avoid explicit division operations,

0251 In partizular, the leckup table i tahle stomes reciprocal values. for i arse
pradalailine cistvilvungn inforntion, which are wsed whien determining o sorpot svenll
bavied o RAMS decorder state. The variable ol nble sell sa 20 anay with cecipoocal
wilues Tor ditferen scatie probabalite models, fora given ssmbol wadth indscated by the
varighle cab, The varahle rf_gable_sel2 05w 10 aemay with reciprogal walues For gosclecrd
stalic puohabading mondel Ceurremt_gpp, Ton e @nven Sy mhaol weudeh feak), as shova oo in the
cosde lasnioee Jragment (1509 ol F10. 150

[232] The lorkup table rs table stores shift values. associated with inverse
probahilite distrbten information, which e vsgd when determining an surpat svnnbiee

based ¢n RAME decoder slate. The variable os_Lable sell is 2 20 accan with shill vilues
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tom differem static probabiline models, tor a given svonbel walth igdicard by the vanable
ealt The viriahle s _talhile 212 iwa T3 arcay watle sTnfl valies for s selecied sialic
probability model (eurrent_q). for the aiven sombel width feab), as shown m the code
listing fragment 4 13K o FlG 151,

[M233) The likthup table ro_table stomes clTset s aloes, associaned witke mserse
profalailaly distaabolien anloonlion, wlach are used whien deleaminig g eculpol syl
baszd on RANS decoder stare. The sariable o talle sel s a 20 amay with offser values
tor differemt stanic probabilite models, fira wiven seobol walth idicared by he vamnahle
cal, The vacable o table o2 o LD anav wath allser valoes Ten aseleeled sialic
prclalnility el (oorrent_g) e the viven sombael width feals), s shoswn in e code
listing fragment 4 15Ky of Fld | 5,

[M234) Ax showen im the casle lisiing frasment (15031 0f T1G T, the decisder
medlule has mulnple conteol states The mnltiple comrol stmes include anodle contiol
state (DS TATE _IDLE). theee control states 10 which fields of heacler byres are processed
(DSTATE_HIEL DSTATE_HDEI. DSTATE_HDRZE & main processing control srile
(DATATT,_PRCECESSING p i which ihe decouler macile seads input encaded daa and
wrnorales sutpar symbals, and o control state i w ek the decoder module has tnished
processie nput 2ncoded data but s stull pengranng sulpur ssmbols
(ETATE_DRAISING

[0235] The eosde Listioge Tragamend (1503 )l FIGL Faz alse stoses delintlions Lo
varions internal variahles usad by the deender module  For examplz, the variahle phase
iracks the corrent phase - phase O or phase | The variable input_bok stores s bate of
engded data (e 1 soame cases. byte of a0 heacder o g fragmen s The vanalle

input bt full racks whether there iz a bete ininpur_buf The vanable sem_ bt full
tracks whether the autput buffer includes an actual (validy autput s«mbol from the
presciones treraeian The varialle i _remgining fracks bovas i b encoded data rening
1 b decoaded for the ltacmenl The saciables vans_slate_pd and rans_siate pl wack
IAMS decoder state across 1he o phases  Tho vanabde hles tracks whethor eotra langeth
mbormation s proesent For g fragment The vanable Qosh_per traw racks whether the
mitial stale iy ushed aod seloaded oo e Teaomem,

[0236] Tlee cosde i fraganents o 1503, 1504 i FIGE. [5camd [5d ahen shoes
varighles used. during phase | when a portien of encoded daa {From cha inpur huttar
it bt iy selectively moerged intg the BRARS decoder st The variably

w1 leed rans is wsed Lo nack whether BRANS decisder slane will be updoed. The

S8
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variable want_to Feed s s set depending on s comparison of RANS decoder stane 14 6
thiesholl { rans_state_p0- CRIDURAMS TOWER_LIKIT) ol whether there as oy
it encoded data remai ning w be decoded. The variable will_Feed rans depands an the
variable want to Feed tans and whether the input Buffor melodes a byte of encoded data
The sanahle rams_stae with_mpn is et i the RANS decoler stae (ransg_stare_pflalihe
PANE devoden stale will oor e upalited. Tnthas case, e BEANE decoder siare it
unchansed. Ocherwse 10 the RARS decodzr stare s npdated. the vanable
rang_state_with_inpend 1y g0t toinglode the Reser-order thngg: beres of the BRARMNS decoder
stale (s stale pd) and o oew Daee of ceeoded dana, The updated RANE decader slawe is
tracked i rane_stare will_mpol. The variable oes ol _remaiming eachks e amasunt of
mput encoded data remaiming to be decoded.

[M237) The coxte listines ragmenes (LS00 15040 in FIGS 15 and 50 nesct shoa
wariahles vsed. durine phase |, to derarmne whether to loadl the anput buffer with anovher
byvte of enceded data teracked wath need b load. then din_req and din_ready) and check
varios s1all condinions.,

[M23F) The coxle liatinge fragment (1304 a0 FIOG [ad fucher shanss s arialdes sen
during confi paration, baged on valoes Frem a bse of o header The vanalde hdit 2 field
b5 el Erem a tweebil value tnoa byte in te mput budfer. This s alue indwcates an adjustiment
(i the defanht symbal weideh Lalphabet_birgp Bar o fraoment The wamable hdo g feld is
seel U i Jewaa-baal w aluwe i U Baie i e iopot bulTer, This value indicates a selecied
static prrobal i maodel for 1the frapment. The variable eah unclamped indicates an

A justedd svonbol widlth For the trasment, which g basel on the detqult sy mbagl widih
Calphabet _Bitgpamd adposomen dhedr_e Frehly The virialble eals_onclanpedd indicares the
acljusted s mbel width afler clamping oo be ne more than @ bits

[0250) The cosde listing fragmants (1300 1302001n FIGS. 15d and 15¢ nevt shoaw
variables sen when the decoder nodule selegiively generates an otpot symbel msing
miverse probabalily iolonmatien and e BANS decoder sate. Spectically ., e s anahle
e sy andicates & patential cutput sy mbol, and the s arioble svm valid indicates
whether the anepu sonnbal s valul

[0Z40) The vaiables i e iy _base s, and dist_s ae sel based oo thee B ANE
decinder atate (I b varialle ol b, base table values (hase lable sel2) an adjusted
svmbol width (eaby, and offzer valwes i table sel2h Thevanahle cf inis g2 hasad an
the upcated BAMS decoler state tracked as rans_seaee_with_input The arry

base lable sel2 15 a 10 aran windy poabability values foc @ selecied slalic pobahilals
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milel | tora wiven svenbed wilth Thee oy m_table sl 205 o 10 array with cdtset walugy

ltn o selecied st poolalality noadel, Tona viven sembel weilth The s aloes ol

base table cel2 and m_able sel2 are sed tor a selected stane probabalite model

(owrent ql. tor the given symbol width deabl, a3 shown in the code Tisting (1 509) of [,
A [ 5.

[0241] The vaniable inv_ses indicales o semment, oo O Lo 2 associated waille an

autpul sembol The vanable oy base x mdicates a base amount. which zenerally

depenels on the seament The vamable dist_s mdicates smoacdjosted seate valoe base] 2

el o, an cnlry lewshedd upr i Divse Lable sel2 Jon ahe sewmenl and shult s aloe Tooked vpen

LD anorn_lable_sel2 fon 1he sewmenl.

[Z242] The vanable new sem indicalzs a potential owiput symbel. which s set
tsing 1ha wales of the variables ine e iy base sand digt < alome with valogsy
lecked upin i table selZ and ra_sable sl for the seomenn diny_sew) as shown in FIG,
| S "Che array rf table sell s a |0 acvay wath inverse reciprocal «alues for a selected

5 statc probabilioe model, Tord given sembal wadthe The areay rs_ralle sel2 s & 1Doamay
with s wvaloes Doe a selecteld stance poababiloye meodel, for a given syl widilis The
vilues of of table sel? and s table sel2 are sed ter 2 selecoed siane probabiliy model
pedrrent gl Tor the aiven ssmbol width dzabl, as shown m the code Hsting (13097 o FIG.
151 Thye varisbles ifosmcd rsoare <ot by lookop operatcng inoit_rable selZ amd

20 s table sel2; wsog iy s as an iodex The sanalle add ol s sel by ool gy iz
dist % b the value locked up i 1ablz szl The vanalle inv steps is ser by shitiing tha
o 17 hiey ot add_mul b s shatt walog ook ed upoin rs tsble sel2 The vanable new_gsym
15 sen Iy oacdelingz Al value e _sieas oo _bese
[0243] The wariable sem_valid indicares whether a nes ourpot s mbel i< valid.

2% Thewanalle next sym buf tull mmacks whother a vahd symbal bas becn generued. which
deprernly on whether the RAMS decanler siine (tacked winh rans_stae_wdth_mpun) is
apedaler han a theestold amoom B IEH) BANS LOSW LR LIMIT pand whether theie ane
aupt sembeols remaimng b be weneeated tomepuat remaimene 910 As explained belos.
the vamable sym_hut Bl 15 st o che value of nes_svan_botY full Inophasce 14, the

U vaniable sen_wvalid eoset W indicane wehether the e soombacd 6ol hased on
s _bol” Tulls Tooths v, the decoder selecus ely penerales an cutpul el {Lha s, 4
valid ourput symbal ) dapending on 1he B a™% decnder siate  (n some cases. tha valoe of
new svnn 18 Giloulatyd bot dogs not incicate sncoutput sembol )

(44| Tlee variable iew rians sl p | mdicaes an opdaled TRANS decoulen slae,

R1N]
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Based oon rhe BANS decoder sere with s mewe byt selegtively mereed in

G _state_with_inpad ) The waniable new_ontpul_emainims nacks onipul symilnals
remmnning o be generated, which is decramented of 2 s alid output svmbal has een
gencraled.

[2a5) The coxle liatinge fragments 1500, 1507 i FIGS LAMaml 15w shans
vaiahles sel when he decoder nuodole seleclivels opdales RANS decoder siae,
deprending on whether an outpatl sembol has been eenerated. Some of the vanables
depenid onealues looked apoan the areeecs base_gablo_sel2 amd trey_rable_selZ The amay
bae lable sel2 05 a 10 arvan winls poashabilily values foc g selecied slalic pobahilaly
el Ton The uiven seobasl widith, The array freg_vable_sel2 o LDV airay wilh
trequency valwes tor a selected stalic probalility modzl. tor the given svmbel width The
valugs of hasy 1akle sel2 and troy mble =l 2 are sol duming confieuritnn, hassgd on
values in the header. as deseribed below,.

|024a] The vanables twd sew and Pwd semsiart are set kased an the value of the
autpul sembol 4svme) gencrated in phase | of the presious ieration. The variable {wd _sey
mlicates a sepment, Roan o 8 associated with ibe oniput svrobcd - The variable

Poed sowmstart is o base amount, vobech senerally depends on the seement. The variable
Pl base s st boo loohap operanon o che base table (base mble =el2) using Dwd sep
Ay Hn imdes The vanable Pwed taois ger b s lookap operation i the tregquency table

Cheey table sel2) s Pad sezas an index The s anable new ans st nd, wlich
mdicates an updated K A™MS decoder siate, 15 set using tha values of variahlas fed 12
twed_p, and twel ot alons with 16 bits Fram the BARS (ecister state Tromn phage |
(vans_skne_p I [30 Me]p The variables Bad _C Pwd_pooand Peed el are calgoulaad as shovn
i the codle listinee frawment (1507 pin FILr |5

(0247 The cosde listing fragmant (1507110 FIG |52 shows operations performed
when 1he degirler nedule s iminalized (echen the camdde mrse s 9 The coniral stae of
the decander merdule L set 1o DSTATE JDLLE, and Ue plase 5 sel we phase | Sae
varighles frans state pland vans state pl, the analde that tracks remaning betes of
mpait emeddad datater b decodeal Onpeon_renvainime). gnd the vanabls thar racks
veranioe oulpul Svanbols o be venecaled (ool _remaimnep e sen o 00 Ciber vaciahles
micating an vulpot bl whelher e ool scodaol s valid, e adiusled sy mbol
widih. the selected static probabilioy modzl, and «alues of lackup tablzs are similarly
mitialized

[02148] Tlee cosde litionee frazaments 0 150715111 FIG&, Thu- 15k next b Lhe

Ml
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main prowasssing loop For the deceder module (when the variable nest s 1] as tha decoler
rustlule pre B aaprerations Do phase 0o plase T amd as the sdecodes nodnde ramsiione.
from control state ta control state. In particular. the code listing fragments §1507. 15033 in
FIGS 1582 and 130 show operations performed as part of phase O processing 4w hen the
valiable phase 16 0 The decoder mecole checks are error o e eomlitamn amd, ir
decoding has mol slalled. perlonms variows cperalione.

[24Y] I the contral state ol the decader mudule 1= DS TATE PROCESSIMNG or
DETATE_MRAIMNING, the decoder miplde solecrivele apdaies the BRANS decoder srar
[ il wanabde sym bul Cul fndicales an srulput sy ook fwalid culpot symboel pwas
wenarated W1 phase 1o presiows itecien {see FIGS T3e and 15)0 the decoder muodule
se1s the vanallz rams statz piito the valus of the variahle new rans state pl iwhich is sat
ay shonan in THI [5a)] Oehereise {the virable seme bot full indicaies anoutput symbaol
with Aol generaled in phase 1 of the preyious ineration ). the decoder module sets the
variable cans_state pl o the value of the vanable rans stare pl fthat 15, the £ANS
decoder state 15 i hamded belagon phase 1 and phase (B

[250) As ol rhivie 0 processing, the desislen module nesa haodles o,
repardless of control state of the docoder module. as shovn i FIG. 13h, Depending on
the values of e sariables din valid and <din ready Owhich s ser dunmg pres ioos phiase |
prowessing: wee FIG T80y, the decoder midide selectively re-tills the input botter

{npul buly using anciher byt ol cocsoded dana (oo the s anmable dink and mdicales U
it ruffer s full timput buf full =11,

[n251) Sill ay part of phase 3 provessing, the deceder moduls handles st
revardless of comtrl siate of e deceder module, as shown i FIG 15k Thepending on
the values of the sariables svm_walid and som_ready. which are pan of the interface 102
downstream madule (sce FIG. 15a0 and 4in the casc of ssme valid) sct during previous
phase 1 perpcessing Caee DG TAe) the decosder module selectively outpons anontmn
seritbal {pHacetvolder shonww i FICL DTy aod indicates, the sulput bulTer is eogpy

tavm bt full 2= Ok

[n252) This completes th iteration of phase b prscessing A shoaen im che gogle
listing lavoeent {150 o PG L3, Lhe decoder module eaoules the sariable phase. Here,
the vanalde phase 1 changed Joom 0 Ly 1

[W253] The code listing Mragmants (150813511 i FIGY | 5he | Sk shoue oprerati s
performed ay part of phase | processinge (when the vanable phageis 1} The aperationg

perlorned as parl ol phase 1 mecessing depends on the connel slale of the decader
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mivlule, a5 shown inothee case staremaent g depends on ool st

[m254) A sliosan i the casde lesing Tragment (P50R]al TIG 15D a1 the connesl
state of the decoder onodule 5 S TATE LLE, the decoder module s i an idle comrol
statc. The contrel state of the deceder module s changed to DSTATE DR tor
sihrsequen provessing  Yariahles thal nack RANS decode stane (ans_state_ped anl
vang_stale pll e miimalized (sen oosecr). The anmunt al aotpul sembols cemaimng Lo be
wiferated s S0 104 treer amoont (ool aree), which s an inpu pacamerer tor the
mteriacy t the decoder masdule This comnplees the ireratiom of phage | prscgssing Cfor
the comirisl slane DETATE [DLTparol. o shasweny an e coade bslinge Tazment (U501
FIC3 13k, e decoder module wawoles the waable phase, changioge the saciahle phase
trom 1100

[M255) Au showen im the comle listing frasment (15097 of FIG TS0 the centrol
arate of the decoder module iz TYSTATE_RINR, the dacoder mochle processas ihe fital
byvle of o header far a tragment. Assumng the input butfer steres the first byte of 1he
Feader donprat_bod_full s 1, s sel dunng previous phase O processing when the inpul

bl er is re-lleclp the decader mewdule tmalices e armowne s byvies of encealed daa we
bz decoded to zere fnpul remaining -~ 43 and chanees the ¢onool state of the decoder
medule 2 DSTATE HORI Tor sabsegoent processing. The decoder modwle seis the
varighle coment_gowehich imlicares g selected static prohabilitgy mosdel for the fragment,
bravsiesd son Loowr ks ol ahe Gst Bae of the Deader, wilieh are reprosented witl the vanalble
hdril q tield isez FICGE 15d) The decoder moduls sers tha vanahle hdr3, which indizarzs
whether thee hesder inclules sncesctra lenpth field, baged om angther biean the tieg bvte ot
the header  The lecoder moduale ses the variable osh_per Tag which incicates whethe
the stane of the RAKS decoder is tushed ane re-initialized for the tramment (or maintained
trom the prev iows Fragment ). based 2n anather bt in the tirse bete of the headeor. The
degoder medule sets hie vartabile eal which indicaes aneadpusted somilol width Far the
Fragienn, Tased aom s bils of the T Tavle ol the beade, sehich we cepresented with the
hdrd z Beld f22e FEG. 150} and wsed o calcalats cab clamped  Finally, the decoder
masdule sets 1he vanabls inpor_but BTl e zero e imdigate the by imohe inpuan butYer has
been processed  This complewes e ilecation o phase D mocessing (o e sonucd slae
DETATE DA} and, a5 showat o e code Bistiorz lagmen § 15311 0io FIG LSL, e
decoder miodule 1oggles thavanable phasa. chanpeing the vanahle phase from | o
[M254) Ak shoswn im thy casle lgiana brapment (15097 of FIG 1500t the gomtrol

stale ol the decisder module > DETATE_TIDR L, the decoaler mexdule procesaes (e second

(X
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byie of the header Bor the tragment, which imdicates the Tength oF encoded daraincthe
Facment  Axsnning e gt ToolTer stones the Tt byeie of e Teaces {inpod_bal™ Toll s
|, a3 sel duringe previous phase & processing shen the input butar is re-filled ). the decoder
rmadule se1s 1he valucs of lookwp tallcs tor base table scl2, freq table ol 2, o aable sel
v tahle sel2, amd i tahle sel2 hased on ehe selected ste prolatalite noodel { cocrenn_y )
and adjusted syl width eabr (see FIG 130 The decades modole next sens 1he amnoanl
ol byvtes of envod=d data o be decoded finput remaimimey. 10 the varable hdrd mdivales
the: header inghudes anoescieg Temath fredd, the decoder roschules sers the amooni oF bytes of
ensoded datd w be deceded Gmpul comaioine ) e dae s aloe oo e secend yvee el 1l
Besuler Gin inpur_bull, and clanzes Ue control stale of the decoder omndule

¥ I'ATE HLWR.Z tor subsequent progessmge. {Mherwvise (the variable bdri indicates the
heswder dogs non inchide an exieg leneth feld], the desoder module scis the amount of bytey
of encoded data 1o be decoded (input_remaining ] 1o the s alue of the second hvte of 1he
header plus 1, and changes the control state of the decader moduls o
DATATE_PROCESSING fur subsequent processine. The decoder madule also sets the
wantiable g oDl e ceack o iocicane the Tve i the inpun dies bas been processed
Thig complams the Neration of phase 1 precessing (Oor the conemal siae DSTATE HDR )
and. as shovy i the coe lsting raement OS5 T FUG 13K, the decoder modile ol 2,
the vamable phase, changinge the vanahle phase Frome | e 2

[0257] Ak sl i e code laning Trazoent (1509 ol TICL 150 07 e eonlrol
state of the decoder module is X5 TATE HITR.Z, the decoder module processas 1he third
bvie of the header For the trapment, wehich imdicates the extm lenath of enooded data in the
Trawmemt  Axsunning the inpon Tofrer siones the Tst bocte of the header {inpuee_bul”_Tull is
I, &3 581 during previous phase & processing when the inpun butfer is re-filledlp. the decoder
module se1s 1he ameunt of yvies of encoded data to e decoded finput remaiming} using
the value of dhe thited boete of the header ancd the aloe set fon o _remaimimg, when
prewessing the second bvie e the Beader The decoder moduls also changes the cootacl
atate of the decodor module to DS TA TE PROCESSIMNG Dor subsaquent processing. The
decrder maedule <ets the vanable inpua_hut_full 6 7eroogaamlicate the byie inothe inpu
bulTer has heen processed. This coanpleles the ilealien of phise | processing ¢l Lhe
control stale DSTATE _FIDRZ} and, as shoren 1o e code Bistone agmem {15113 i T

[ 5%, 1he dezoder module repples the variahle phase. changimg the variable phase from 1o
il

[025E] As sl i e code lsting Irazoent (L5100 ol FICL 15, i e conliol

N
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state af the decisior module s TTATE_PROCESSIMNG, the decoder masdule sets the skate
ol the RAMS decoaler (rams_siate_ply e an gulated BRAMNS decosler slane
tnewe tans state pll, based on the RANS decoder stare with a nese byle selacnsely
rerged to i, as ceplained with reference 1o FIGS. 130 and 1se, The decader module
updaies e arosmmt ol Ty res of ol eocoded dana remaiming oo be decoded

(ol _eemaimned vsing e v ariable oeve_mpol_cemainoimy, which s sel as shosson o FIEG.
[5¢. The deewder medule also apdaes the amuount of owtpot symbols remaining w be
aengratd Coneput_remaining) oiny the varigble new_oorpa_remdinima, which iy ger sy
sl ion TG Loes Thoe decader mwsdule seleelivelv sews the sacahle anpul bod Tull
£erny, dependiog v wleer tie Tvee of encoded datain e anpuo bufler Bas been mereed
mto the decoder state. The decoder module selectively generates an cutpur svebol (s
tom 1he cumrent rreeation, sceting che vanable sym o new semoand sething the vamable
avm_huf full to ner_sem_buf full, where new_sem and nest_sym_bot” full as ser as
shown inFIG. | 5e

[0259) Socbany A5 there s at legst some cnooded data remaining 1o T decoded. the
caantrol stare ol the deconler module remains RSTATE_PROCCASING Ownothe ather
bzl iF chere 13 o npot encedked data remnainene to be decoded (aowe input remaining is
i, the decoder module peronms wiber operamans 1T there by al least one maers outpo
sembal to by penerated (new_output_remaining 01 the degisder mocdale checks the stang
al the RANS decoder M e slave ol e RAMNE decoden s nist sullicient o comtanuw
decoding dnew tans sm@te Pl == "0 RANS LOWER LIMVITY the decodar mndule
mitiatey @ switch o decoding anpther frasnwnt, changineg the conteal state of thye decoder
mislule 1 DSTATE_HIDED i selectively ushing the siae ol the BAaN5S deceder
fdepending on he value of the sariable Rush_per fraw) Ooherwise {there is an leas one
rmore outpul symihol e b wenerated, and the siate of the RAMS decoder is sufliciont to
gontinue Ydecodingy, the decoder nunlile ¢hanges the connet st of the decoder mgdide
W DSTATE DRAINIMG. W aere e oo mone culpul syobacds e be e ated, e
decoder mcchle ahanues the contral stace of the decoder modole to DS TATE IDLE and
sels g varighle dome to |

[0 Thus compaplenes the alevaliom al phase 1 ppocessioe (hoe e contaol slale
DETATE _PROKCLEASINGY As tloowen 1o the code Disling Dagient§ 1311 i FICE T5), Lhe
decoder miodule 1oggles thavanable phasa. chanpeing the vanahle phase from | o
[m2a1) As shoswn im thy casle lgiany braspment (TS T07of FIG 15 it the gomtrol
stale ol the decisder module 1 DETATE_DEAINIMG. he decoden medule sens ihie slae ol
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the RAMS decinler frams_state_p |1 gee an wplated BAMNS decisder skate

(newe ans_stale 1 hased oo the BANS decoder stale wathes new bvie selectiely

merped intol, 25 explained will reference 10 FIOS. 13c and 152 The decoder module

updates the amount of cutput svmbizls remaining (o be gencrated 1output remaming) wsing

the vimiable newe _onipul_aemainioge, wlhich 16 seas shoswnin FIG [5e The decoler

mdule seleclively cenerales an oolpol s bl {5 p e e corent il@atic, sellimy e

villable sem ooy sy and seiine the sarable svme bod™ W oo nest seme ol ol

wehoere neva_sym o anel neset_sym_ bl Ml as ser ss shossenoim FIGe 15

[0262] e Doare as Lhoe stale ol the RANS deecdler ssullicient o comtinne desoding,

the conntrol slate ol the decisder modole remains DASTATE _DREAINING O the elher

hand. if the siate of the BA NS decoder 15 not sufficiznt to contiue decoding

(ngwe Ty stare pl o= AMODL RANS LOWER T1IT) the deceder mocdule pertormes

onher vperations  1F there i3 ar least one mare ourpun svmbel o be senerated

frese_aulput_remaoing = &k, the decoder medule minates a switch to decading another

Tragmend, changing the control stake a5 the decoder madule s DSTATE_HDEDR and

selectively Mushing the sane of the RaMNS cecoder (dependinge on ihe value a the viniable

flugh per trap) Otherwise fhore are moomore ool sembels to be weneratoed), the

decoder module chanses the control stace of the decoder modole w0 DS TATE IDLE and

wels o ovariahly dame o |

[0263] Thus comapluenes thoe tlewaliom al phase 1 pposcessiog (hoe e cootagel sl

(XTATE DRAINIMNCGY. A5 shown in the code listing fragment (03118 in FiG |56 the

degoder maocule touples the vanable phase, chanming the vanable phase fram | ool

[M2ad) Famally . as shovan in ghe cocde sty frasmment IS 1T im TIG Ak For any

onher walue of ofrl_state, the decoder module chianges the control state of 1he decoder

module 1o DETATE IDLE for subscquent precessing. This completes the icoraton of

phege 1 prrscessing Hor the default comtrol <tted and. as showan i ghe code listing

Pagien (P pin PG EER, Lhe decoder mesdule waedes e s ariable phase, chansing e

viriahle phase tram 1o 0

Wil

Acddifiong] Feanamey

[0285) The Tallossdre table shovsa s additonal Teatmes of somee ol e iroros ations

Jeseiled e

FANS Dncealen £ Deconler ComAwralde o Wenk with kdoluple Symbod Widths

Iy

In g compicter sy=oem, s method comprising:

[y
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encedine inpul symbols wsing a ranes ass mmatod nomber s, seem

(B ANET Yy encoder, therzby wenerating ancoded data tor at lzast part of &
Bitstream, wherein the encasling ingliles

selevting o svinbol wdUe o anwn ol lipls available avoabed
widths,

contiguring the RAMS cnoodor to perferm BEAMS cneading at the
stelecier] symbal widel anchuching selecimw a et ol prealefined looknp ahles
having probalilin mtzermation for the selected svmbal width, and

pertormiing the RAMS cncoding ar the scleoied svymbaol width:
anil

ctpunliong the encesded data Ton the an Tease pare al’ ihe hvineam.

The merhed of claine A1 wherenn the o syemilaols e Boe residoal alata For
mecha, and schergin 1he multiple available sembol widths are zelected from 1he
pronp consismne oF 1 G 2 bits, 3 bhids, 3 buts, 3 bis. G bits, 7 bits. 8 bics, @ bits,
T bits, 1 bats, and 12 bifs

The method of claim A 1. wherein the set of pre-detined lookup tables includzs
cine or o pre-defined lookup lables with forssard probabilite indormateon Far
(he selecied sernbaol wiihhe and cme o moce e<telined Tookop walles winl

verse probalilioy sntoarmation for the selected s onbol width

A4

The rethed of claim AL whecein the et of pre-delined Leshup tables
Incarpaeris a sane probabiliy model. tor the encoded <ata Far 1he at 12ast pan
of the hitstreany, sclected from among multiple available static probabalin

meedels B different sets ol pre-delined Tookng: rahles.

4 _1:

The moethad of laime A 1wcherein the perfirming the BRAMS encoling inchodes
eterimuning innial state inloamation Mo RAMNS deciler | wherein e encoded

data tor the at beast part of the bitstream meludes the ininal state itormation.

The nethaed ol laine A, w hieeedn o beader 0 e gl leasl fidn ol Lhee baalsleean

includes a svincay element that indicazs the selzorad symbol wideh.

The nweehased el claiee AL, lweeedn o beader in 1D al least pan s e balsleean
e [l

woseneE s clement that indigues whether or noc sgare of 2 RARS lecisder
in 16 be NMushedae-inilialized Lo deceding ol U encaded daa i Uwe al leasl

pan of the hitstream;

7T
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a senas element that indicares an adjusiment to the selected sembal
width tor 1ha encoded data for che al least part of tha biistream: andor

wosvnas clement that indicates aoselecnon of 1static probabiliee model,
Cor the encoded data Ga Uhe al leasl pan o0 e bavsbeean, Toom aee vl e

availahle static probaliliny models

49

A Corpurer Sy ST SONLPrIELIS A e AS e e nondwa svilean RANET)
encodber and an encodad daa hutter, the computer svsiem heing configured o
ortomn 1he mgthod of Aane gne of claimy A1 e A7

O ur more computer-readalle media having stored dereon compuler-
cxcritkAb e sty for Cansingt ony g mare processors, when prosrammad

therelve .t perGann e newhiesd el aony ame el cladmes A1 o AT

10

Ol or reeowe cormpuner -reslalde iedia baeig, sted thereon enceded dara

produced Ty the metwsd al any voe of claims Al we A7

411

Ira camnpcter syseemn, s method coonpaising:
receis iy encoded daca Ber ac least part of a bitsoream, and
decoding the eneodad daca For the at least part of the bitstrznm vsing o
range fsvmmetric mymber systom 4 RANST decoder. therehy generating ot
symhaly, wheremn the decoading nucludes.
selacing a svmbal sadth From amone multipl2 aailable svmbol
willths:
comticuring the BARS decoder o pertorm RAMS decading g the
selected symbisl width, sechuding, selectng a set ol pre-defimed Tookwp wables
having probabi it infarmation For owtput symhbaels of the selected symbol wadth,
anl

perlinming the RAMNS decaling at ihe sebecteld wonlwl width

The moethad of claime A 1T acherein the modaply @i lable sembaol widihy arc
selecied (o the woup consisline al” Thil, 2 Bils, 3 his, 4 bing, 5 bals, & i, 7

Bins. % bats, & hies. 10 bats, 1 bats, and |2 bats,

A3

The neethesd ol =i A1, s lieeedn Lo sol ol |.:-I'L'-d-.."ﬁ[lL"d lowshane Lk les focludes
ane ur ke presdetined leokup ables st fore ard probabiline infoomansn e
the s lec e sambol wadthe snd ome o more pre-defined lookup eabley with

e e prehalddine lormation o e selecled syl widll

304

The moechagd oF claime A 1 wherein the et of pre-definged ko rables

11
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INCorperaes a stane probabiliye model. for the encoded ¢lata for the at |2ast pan
of the hitsreany, selected from among multiple available static probabalin
models Bor dikferent sees of pro-defined ko rables
The methad of claime A 1L wherein the perferming the BRANS decoding
inc lles

s pdat ol 2 st phase, seleelivels opdaling stale ol the RARS decoder
using probabalite infommarciom for an cutpue symhol fromea preaviows ieralion;,

w [pamAaF o secomd phase, selectvedy mgreing g portion ot encolod dats,
Lo e Bt parl of the Divatream, 1o 2ol ulfer inwe the sate of the
RAMS deceder: and

as pan of the second phase, sclectnely goncratimg an cutput symbol Fora

current ilgration msing the state of the BA™NS decode

A6

The methed of <laim AL wherein a header m 1he at least pam of the bitstream

i Tiles g sentas element thiat incdicanes the selecte] symbaol wideh

47

Thes moethad oF claime AT aherin o beader m the kst part of the hivsigam
includes

i st element hal indicates whether or our stale o the RAMNSY Jecinder
15 to bz flushed.resinitialized for decoding of the 2ncoded data tor the at [east
[raml 4ok thy barstream:

i nan element hat indicares an adjostment o e selecied sembol
width tior 1he encoded data Far the af leas part of the biistream: andfar

a senmay clement that indicates 3 selectien of a static probabilit, model.
(or the encodec] data Ga the ar least pant o0 the Insieeam, drom armonee molpHe

avallable statie probalalioe model s

3418

A corrapuler syskem canpreing an encas el ata oler ol arange s metnic
mumber svstem £ IANS T lecoder, the compurer sy stem bemng confiearsd m

pertorm the method of ame one of claims A 11w AT

419

iJne or more computzr-readalle media having stored therenn computer-
coccutable nstructions for cansing one oF Tore progessors. when prograrnmd

theveeley, to peerbrm the wethed of any ane GO glaims 2101 ALY

a1

Cine pr more computgr-readable media baving stored thereon encasled data
crwanized [va decouling accending Lo e neethod el s oo el elaios AT w

Al

[Ep
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RANS Lacoder 7 Decoder with Selective Flushine of lrotial State for Frazments

F1

I connpuiter Systemn, a methoed coonpisimg.
encoding inpul svmbols using a ranee asy mmetns pumker sy sen
("R &SNSy encoder, therehy weneraling encoded data Foral lessl pat ol &
Bigstream, inchiding
dutereonmioge whemler or ol slale ol a BAMNS deceden 5 Lo e
Aushed and re-imitialized for decoding of thez encodad daca for the at least patt of
the hitstrewns,
seLlioge o aviax elemenl il imdicates whether on pon e stale of
the RAMNS decoder is o be flushed and re-mitialized For decnding of the
cngoddcd data for the at least part of the hitsircam: and
pertoming BAMS enginling . ancd
awgpLiting the encoedad data for the o Teast part of the bitsiream. wherein
a header in the at least part of the bistoeam inelodes the scontax element 1hat
ingdezaies whether o mo the <egte o thy BRARS decgulor s 45 he: Aashed gnod re-

imlialiesd for decodioe of e encoded data Uor the al least pan Lol e bivkieam

The methad of claim Bl whensin

i ahe svntan element imlicales the siate of 1he RANS decoden is o be
flushed andd re-ioatiali zed for decodioe of the cncoded daca Bor the at least part of
the bitstreanm, the bistream further inchades iniial state information for the:
eocisleld dara for the at least parl al the bicnean, and

il svilas element indicales e state of e RANE decoder is nel e be
Aushed and re-imitialized for decoding of the encodad daca Fo the at least patt of
the hitstreany, 1he bitstregm lacks 1the iminal state inFsrmanion e the encaded

dara Foor e al beast paul ol the hitaneam

The: moechasd f ¢ lmimn B2 whereine the: imnial stag: intormatesm 15 2 32k valne

4

The methed of clainn B 1, wherzin the header is for one of multple fragmenis,
gach ol the mnhiple Nagmenes mcholing s oo hewder Tasing g sentas elemem
thal tndicanes whelhen ca mol e stace of e PGS decoder s 6 be flustied and
re=tninalized for decodinge of 2ncoded data tor thal trawment. and wherzin the
cacisding wsing the RASNS cncoder is perfomaegd on s fraement-hy -Frasment

[rinsLs

R4

Thes merhad of claimn B wherein the eneoding Further inghides:
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B

if the state of the RAKS decoder s to e flushed and re-initialize: tor
decoding of the encoded dara For the ar lzast patt of te bistream, detemmining
inatial srale information e the encoded darg e the st least pan oF the birsiream
The methad of claim Bl whenein the impur symbials are for residual data [or

mecdin

The methed of claimn B 1, wherzin the header in the an lcast part of the Ricsircam
(wrther inchiles.

a sentas element that indicares an adpostment 1o sembaol sidih tor the
ercabed data for the an least parl of the bicsaream. andior

woseneas clement that indigates 3 selegriom of a stafic probabiliee model
Lo e coocoded data Ga Ue al Least pan Lol e bivsbezao, foom amonz moluaple

avallable scalie probabilicy models

s

A COTPURED S8 ST CONLPrIELIe A e asnnnelrie noindhe syilean RANET)
encodber and an encod2 daag butter. the computer svstem D contiplred o

portomn 1the mgthod of ame gne of claimys B w B?

BO

O or more compuotsr-readalle media having stored thercon computer-
cucvutghle st merion s for causingg oy s morg processors, when prosgrammad

ey ebee Lo e Lo the neethesd ol aoee aoe el clagimes B o 37

F1il

AHE r THAERS LormpLifer-resi 1l e 1iEed 'i.iL Ii-!l‘.-'.II'IL'\_ SHIEL TErELN ST HIED Chf1d
0 put lalele media having stored (] led dhat

produceed by the method of anv cne of claims Bl o BT

1N

In g compicter sy=oem, s method compnsing:
reveis ing encodeld dara B ar Jeast pacl vl a Dilsirearn, wherein o healer
in 1he ai least part of the istream includes a sentay element that indicates
whicther or not stale of a range asymmctmic number system (CRA NSy docoder is
ten bae Pushied and ve-imimialivedd Godecading of the encoded cara Ton the al leas
part of the batstream; and
decoding the encoded dacg using the RANS decoder, therehy generating
pichpu symmbsls, inchdina
reaachiones Lhe synnlace clement, and
lrasecd AL legsl i part on the syntas elemznt detenmining whether
or nat the staie of the B A NS decader is o by flushed wnd re-initializod B
decasdioe ol e coocaded data Cor e an beast pasl ol tee bisiosa, aond

performine BAMNS decodine of the encodad dara.
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GBIz

The methal of claim B wherzin

it tha svntay 2lement indicates the starz of the KA M5 decoder 15 to be
flushed sind re-imtalized for deciling of the cncoded data Bor thay ot essr part of
the Titatreac, 1he Busieeam Gurthees sncludes iunal staee snfoowation fon the
encodbed data for the at least part of the hitsirzam: and

it the sentas 2lement indicates th stace of the RAMS deeoder = not to be
Mushed ancl e-maliced or deciliongg of e encoded ata G thie an beast pant of
the bicsoraam, 1he botatream lacks The oniteal state antoermanion For the encodeail

dara for the at least part of the bitsiream

Rl

The methadd of Slaim B2 whersin the initial stme intonmaaen isa 37-bin valoe.

G4

The nwethed o claim BLL wherein e hoeader is oo one ol muodlple agnens,
each of the multiple tawmznts e hadiog i1s own hefder haying a svnas elzment
that indhcales whether or not the state of the B AMY decoder 15 12 be Aushed and
re-mitihized for decoding of encocded darg tor thag tracement, snd whergin the
decodinge using the RANS decocer is performed on o fragmem-by-frasment

kasis

BLS

The rethad of claim BLL wherein e decoding includes, 7 e slane ot dhe
FAMS decoder 15 tobe fleshed and re-imitialized ror decoding of the encoded
wlacit Eoor thee at lewst part ot che: bitsimeam:

renrievany inilial stace ifocmalionn e the encoded Jata Tor the an leas
pan of the bitsteeam. and

loading an ininal state, as ihe state of the RANS decodor. rascd at [east

i Ak o e il siaee idormation

Bl

The moethad of claim B wherein the pedforming the RANS decading inchides:

as [l ol i sl phese, selecivels updaning stare ol the BRARS ecode
wsinp probabality information fer an cutput ssmbel Drom a previous ileration,

as pan of & sceond phase. selectn oy morging a portion of encoded data,
For an Tesst et ol s Ticsteaen, Teean an gt lfTer imne the state o the RANS
decasder., and

as pan of the second phase, selzctively peneratinge an cutpur symbol Fora

coreent igration sine the stagg oF the RANS decoder

The methed of claim B L. wherzin the cutpur symbzlz are for residual data tor

mecing and whercin the header inothe a1 least part s the bitstream frther

T
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mcludes

a seny element thal indizaces an Adpustment to symbol widih for the
crcisied ata for the st least part ot che: bitsimeany, amdoer

a svitax elemen hal indicates a seleclion ol a slanic poobability iwodel,
for the encoded data ror the at least part of the bitstream. from among muolople

available statie probalkilive models

Bl&

A compuier sy stem comprising an encoded daca buffer and a ranze asymmetnc
number system {RANMET decader, the compuoter systen being contigurgd to

peclonm he methad ol any one of claoms DL we G177

Ferss

Cng e mores conputgr-readuble media baving stord thereon compoter-
cxevutable mstuctions [fn eausing one sa more procesoes, whien poocoammed

ezl oo prterm the methed of any ome o Claims=B11 w BI7

aza

Qe oo roowe compurec-ceadalile inedia baving steed dereon enceded dula
orsamzed for dacoding accordine to the method of an one of claims B w
BI7

RANS Encodor / Decoder with Switching Between Static Mrobabiline Maodels

Cl

In @ compurer svarem. a methad compriang:
encoding imput symbols using & ranges asy mmatns mmber system
(RAMNS pencoder, thenelhy generating encoded dara o al least pan ol a
Binziream, including,
colacting. Por the ancoded data ter the ot least pan of the
Fastreanm, one of multple availalHe sate probabilioe models, and
seLlioge 3 svolax elemenl thal imdicates e selected siane
probabalite model:
comtiguring the RAMS encodar io perferim K AMNS encoding using
the selecied static probalilio: maisdel | ancd
prealinmning TUANS encoling usinge the selecied s probabilin
madel: and
outpuiting (he oneodod data for the an Tease part of 1he bisircarm, whercin
w heauler i the an lesest pant aF the Diesteson imglodes dw svimas elemenr that
indicates the selecied static probabiliny moxlel for the encoded dada for the ar

[cast panl of the bitstream

oz

The metheel of claim C1, whersin the svntax elemant is an n-hit value, which
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indicates one of 2 static prebalilic. onoc=ls.

The inethsl o clairme O wherein the input semlaels are Ton pesicoal dara To
muechia, and wherain 1the multiple available st prababdite models melude
slatic probabilis models For which residual data values are successively more

[ihly 1oy baz 7

4

The methed of claimn C1, whenzin the selesting ane of the multiple avalable
stavic prabahiliee rmcwdels is ased an leas o pan on

evaluation of prababulite distribution of values of the npur symbaols,

estnation of which of the wlo ple available stanie probaboline models
resttes i lovacest bitrate B the eneodod data for the gt least par of thy batgrresn:,
Lar

e i with 2aeh the mltiple available st protabaline models
asezss which cne results 0 loveest bitrate Por the encoded data for the at least

[rard 4sf the barstream

Thes merhad oF claim O wherein the header s for one of malnple fragmoenis,
each of e muoliple Uaeomenls melwding is ovon Beaden Dasioe @ sootas elenem
thiatl tcdcines i stanic pesdabilice msedel, e encoded Jala for dhat Tragmem,
selected rrom amaong the multiple available static probability models, and
wherom thy engoding wsing the RAMNS encoiler s performed onog fraement-he -

Erisanent basis

Lt

Thir methasl of claim C1wherein the maltiple wegilable seatic prohability
meodels are e presented iovalues of pre-delined Likkap Labdes wilb probabalinze

imformation for the multple availables statc probability models. respeonvely.

The methad of claimn C1, wherzin the heacler Qwther meludes:

a senay element that indizates whether or nor siate of a RARS decoder
i b b Flushed and re-iniiglize] for deceding of the encoded dara Bor the Jr
leasl pant ol e bilsleean, anl?oo

a seny element that indizaces an adpustment 1o symbol widih for the

cncodded data for the at least part of the hitsmeam

'8

A CoOmpLier shosteny Comprisiing a ramee A5y nmetne nomber system RANET)
crcaster and an encoded dats butfer, the compoter sestem being conbienred o

peclomm he methad al any one of claans CLowe O

Cme: or mone compuaigr-readable media having, stored thereon compuigr-
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exnecuable msirucrions tor causinge one or more procesaors, when programmed

therahv. to parform the method of any ome of claims= 1 to U7

Cl

e or muore computer-readal-le media having stered thereon encoded data

produced T the methad of any vne of clamms O o T,

Cll

In a compurer svsem. a methad comp s
receiving cnooded data Fer ar leaso part ot a hitstream, wherein & header
i he an least ol al the Bisteeam inchdes & svmas element han inlicales a
selaction of 4 atatic prabability meadal, for the eacocled dala For the at least part
af e bicsoreany, Trom ameng muolople asalablz staic probabiliy models: and
ilecaslingg thee crcoded data wsinge s ranue sscnmngtig nember system
CRANET  decoder, thesely geoesaling cwlpul sviokools, meloding.
Fedeling the sy s eletnenl,
selaching one of the multiplz available static prebalyliog medel s
Bascd at legest inopart on the syntax glement
contisuring the RANE decoder to perterm RANS deceding using
the selected static probalvlity model, and
porfarming RAMS decoding of the crgoded data usim the

stelecied sians probabiline mode].

Cl1z

Thie moethed of claime C 1L wherginothe: syntax clement i am ndoir vali, which

idrcintes one ol 2o static probabilice ooedels.

Cld

Thie moethad of claime C 1 whergin he cutpoe sembals are tor residoal dars for
e, gl wherzin e wolliple availlable stalic pobabidiny models melude
stalic probabilty models for which residual data values are successively more
[nkazly 14 by 7omn
The methed of claim C1 L wherzin the decoding the encoded daca using the
EaMs decisler ingldes

o a0l 2 sl phase, seleclivels opdaling stale ol the RANS decoder
using probabalite infommanam for an cutpue syehol fromea praviows ieralion;,

as pan of & sceond phase. selectn 2y morging a portion of encoded data,
Fuor an Teast et o s Tiestresan, Tognn an gt Toafrer im the state o5 1he RANS
decodlar: an

as pan of the second phase, sclectinvely goncratimg an cutput symbol Fora

currcnt icration wsim the staig OF the RANS decoder




Lo UTHINRE RS POTUSIN0NALE LT

Ol

The methad of claim C1 1. wherzin th2 headzar is tor one of mulbiple fragments,
each of tha multiplz fragments including its own header haying a sen@as elzment
that imdicates o selection of 1 smatic probabiliee mcdel, for engoded dae tor thar
l“:agn:lenL Tecmny aowemnz he moliple availahle stale peehabiity models, and

w hierem the decoding wusing the KAMNS decoder is perfommed on a ragmentsbys

Fragrmant basis

6

The methed of claim 1 1. wherzin tha multiplz availahle smatic prohakiliog
mocdely are mopresented incvalues of pre-detined Laakap tabley wath probatalioe

ifemamalicn Lea Lhe mauluple ay ailable slacie probabilile nuodels, sespectely.

The mechasd P claim O whergsin the hegader Fother incbacdes:

i sentas elenen bal indicates whellwen ar mot stale o e RANS decodin
1w o b Mushed and resinitialized for decoding of tee sncoded data For e al
least pant of the bitstream: and‘or

wesvnea element thiat indigates an admsimaent toosymbol widih Bar the

encegled dma bor the ac least part of the bicaream

LR

A Coroputer System comprosinge an eocasded dica balier and a cange asynmetnc
nwmekrer svmtem U TLANS T decoder, e compuater syotem being configursd

perform 1he mathod of ame one of claims CH 10 C17.

o

CZ0

Cine ar more compulr-readalle media hay ing stored thereon computer-
cucautghly Instrugtions for camsine one T morg processors, when programmyid
thorehy, o perbarm the methad of any ome ot clamms O 1w CLY

Che or more compuigr-readalle medid having stored thercon encoded data
corannsed [en decouling acecading Lo e neeihod o0 anee ooe el elaimes U1 o

[

RANS Lnrvader S Decoder witl Selecun e Marrowing of Svinbal Width in Fragments

[l

In g compicter sy=eem, s method comprising
encedioge mipun sembols using @ ranee sy tunelins aumiber wslem
FRAMNE} encoder. thereby peneratung encoded data tor at least part of a
Bizircam, including
tererrrnnmingg e aaljiestiment e symbasl walih fon e encescled ani
tor the ar least part of the istream,
selliner & shiras element that indecares the adjustment oo 3w mbol

wilth,

Thy
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configurioe the RANS encoder ro pertorm RARNS encodinge al the
adjusted svmbaol widih: and
poerfirminyg the RARS cncosding s the adjwsted semibol width,
annd
o tpuiting the encoded data for the an least part of 1he bitsirearn. whetein
a header in the at least part of the bitstream includes ohe svntas elomant 1hat
inclicates thie aljosirment we seonbed swadthe for the ercinled data for the at Teast

pan of the batstream.

D3 | The methad of claim D1, w herein e aswtax elenenl is an o-tal s alue, which
imdecanes 1 decrease b an amwwn in the ranwee of 0 1o 20-1 bitg foom 1he s mbal
width

OF | The meched of claim D2 wherein the symbol weide s sed Por the bitsiream. and
w hierein the adjustmant applies tor one of mulaple tragments of the bitstream.
thorehy narmowing effective svoabol width For thar fragmoend for the TLANS
encodler and a corresponding RAMS deconder,

Od | The methed oU claim O, w heeedn e haqder 15 inene ol ool liple lragimeots,
each ul the muobiple fraemenls includisg s oseon Beader as ine g syotas elemen
that imcheates an adiustment o symbal width ror the ancoded data tor that
Fragment, and wherein the engiling wsing the BRAMS engeder 16 pertormesd on g
Erasanent-bo -TTacment Tisis,

M5 | The moechad o glaim T acherein the encoding inchdes:

identilying a bighest walue sz e o senhols,
depending an the highest valuwe among the inpul symbols, determining
the weljustment 1y symbaol width

3 | The methoed af claim 121, wherein the configunne the BA™S encoder includes
selestine a set of pre-denned lookup tables having probabi g informsation for
the adjusted syl widih

MYF | The moechasd aoF slaim T wchergin the hescler tarther ing loclis

i oot elerenn el indieanes whoelloe or mor sale o 2 BARS decaade
1= o b Mushed and resitialized tor deceding of te sncoded data For Lhe at
[zt ramd 4o the barstreame angdfor

i svita s elenenn hal indeates a seleclum ol a slone poobalaling roodel,

tur the encoded daca tor the at least part of the bistream. from amaonz rmualople
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available scatic probabilioe models

(%

A COMMPLNET 55 ST SONrIsLIe & Gamge a5 nnnenie ol sviiem RANET)
eacodlor and an encadad da butter, the compuior svstom being contipured o

perfomn 1he method of ame one of claims D) e [T

Lred

Une or more compuier-readal-le media having stered thareon camputer-
caocutable nstructions tor Cansing onc of more progessors. when programmed

herelee .t e G Whe merhese! o any one el claims Do 07

(AN

CIne pr more comnpulgr-readable media baving stored thereon engasled data

(rohiees! Ty thie methesd al oy ooe of claies O e 07

(21

In g computer sysoem, & methad compnsing:
recetving encodel data G ar Jeast pacl ol a bilsieeaon, wherein a heade
im 1he al least pare of the bitstream includes & svntay element that indicares an
adjustment to svmbal widih for the encoded data tor the at least pan of the
[Hastream, and
decoding the encodadl dara wsing a ranue 3y mmemns nwmber 5 sem
(R AMS™ v deeoder. therebye wenerating cutput sembols, maloding:
reaading the synta element,
ramed al lesl oy part om the syntax elemenl deleriring he
adjustment to symbal widih:
comfieyring the RARS deceder to pertprm BAMS decisding ai the
acljugted svmbol wadih; and

pedianning the BANS decoding o e adjosted syl widlb.

bz

The inethed ol slaio O, a herean e semax elemenl s an o-bat s alue, wlnel
mdrcates 4 decrease by an amaunt in the ranee of 9 te 20- 1 itz from 1he sy mbal

width

Lrl 3

The methed of claim L2, wherem the symbal width s sen For the bitstream. and
wherein the adjwstment applics Tor one s muliple Fagments of the bitstream.
therghy namowing effeotive svobal wilth For thar fragmoem for the B ANS
Uecasder.

LIE

The wnethsal 4o claiene YT a herein the headen 15 Gaoame of mabiple Tagmens.
each of the muliple fragments including 113 own header hat ing a synas 2l2men
that indwcates an adjusiment to svmbal wiclth tor the 2ncoded dara tor that

fragment, and whergin the decasling osing the BAMS decader i pertormed on g
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frawmen by -frap ment basis.

M=

The inethsl 1o clairme YL a herean the deceding the encealed dara osing the
RAMNS decodor ineludes,

ay pan wf g fivst phase, selectivel opdating state of the BARS decoder
wgines probabiline inkormatiom tor an anrpur symmbal Frony 8 pmesis ieration

s il ol a s phase, selectsely mereing g peslioon al encoded dals,
for al least rar of @ bicstreame from an inpot bufer into the stae of the RARMS
ecister; qand

i pdat ol e secind phase, selectisely seneralinge an culpul svoabol Tin i

cLrn@nT ireranion using the stae of the RAMS decoder.

Dl

The nwethed o claiom DL heredn e eonlizuing e RANS decoden includes
selectinge 4 et ol presdelinzd lookop aldes by ing probabaig: intormstion for

the adjusted symbol width

Ll

The metha] of clainy D01 wherein the header turthee includes:

sy clement that indigares whether or oo saee oF the RANS deginler
ix Lo ke Nushed and re-indlialized by decediee ol e @ncoded daa e e al
leausl paan b e Bilsleean, and: o

a senay element that indizates a selection of A stalic probabilits model.
Foor thes encoded data B the at least part F the bikstecgun, fromn anone multply

v ailable stalie prebalbilioe auslels

Ma

A compuier system comprizing an encisded Lac bodber and o range e mmg i
etk symtenn U RANY T decoder. e conuputen Systemn being conliemed o

pertorm 1he mathod of ane one of claims Lyl | e LT

Lrl e

W ely

One ar more computer-readalle media having stored theroon compuber-
exacurahle msiructions tor causing one oT more procassors, when programmed
therebey, o pertrm the methad oF any o of glaims s 117

Cine ar more commplier-readalle media baving stored tercon eneoded data
praramired for decoding acoomding o the methaod] of s o of ¢laines T o

(B I

0264

b v of the niany possalde ermbicedinients e which e principles ol fhe

disclosed vreentien may Be apphad. ic shoold be receunized that the allusirated

embodiments are only pretarred examplas of the invenoen and should mor b2 taken as

limating 1he seopy ot theameentigm Rather, the scopo of the inventasn s defined by the
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tollowing claamys  We cheretore ¢laim as our inventon all that somes within the seaopse and

spinl ol Mhese claims

&0
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ClLADMVS

[ & connpilen svslenn Comynisng

an encadad dara btter contipured o store encoded data Por al least part of a
atstream;, and

a ramee asvinmenic mmber sviiem CRANST ) decealer eoniimred 1w perlorm
CIPE AL S EL LRSI,

as part ul'a Nrst phase. selectively updanng state o the BAMNS decoder
tsing prithahiline imformation for an oot sembol from a provess igration:

as paul ol a second phisae, selectiselv noggme 4 pocien ol e eneoded daa
Tromm an oo bulTer wne the atace of e TANS decoder, and

as part of 1ha s=cond phase. selectivelv generating an owtpul symbal tor a
current treratiom using the skt of the BARS decoder

2 The computer s sbem of claim 1, wherein the operations fother comprise
winahizing the RANS decoder, wheeem the initalizing the RAMNS decoder includes:

redeling one o more sencd s clements rom a beader for 1he wt least part of the
bitstresn, aml

contiwuein: the KAMNYS decodor based ar leasto i pat on the one o mors svntay
elements.

4 The compurer system of clam 2 whergin the one o marg syntes clements
mclude,

a svnias elemant thar indicates whather or not the state of the B A™S decoder is 10
b Flighad s me-inigiglizeal Bor lecodingg of the encoded duta tor the gt least pan of the
batsirean,

a svmiax element that indicates an adjustiment o s mkaal wadth Tor the encodedd daca
tor the ot least part of the bitstream: andior

oA SR elermenl that incdicates a selection of a st prshalalioy medel T he
encoled data lea the al least pact ol the balslream. Coom amoons moliple available sialic
praobabilit, maodels,

4 The computer system of gclaim 1 whercin the pogpon symbaly arg tor esidual
data lin media, wherein 1he Tnsn phase aod e secomd phase are looical phases, aheeein
the fual phase 2ol the second plase are perliamed i ditlerent clock ey cles or in e same
clock ovele. and wheren the catput sembols arz from @ single data stream ot mulople
cifferend dlata siregmy

S The connpulen ayslem ol claim L wherein the selects 2y apdaling e slae of

Bl
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the RAMNS decinler ing oy
determining whether the coiput syambasl T the o evins Blesalion was senealed,
il s
determining the probabality information Fer the cutput symbaol trom the
[ o e, and
adljusting e siale of e RANS decoder usane (e ppashalddiny sulormanion,
thereby consuming at least some of the state of the RANS decoder: and

cHheracise, shippima the sdjasting the seate of the BRA NS decodeer

f The connpulen sy stemn of clam 5, whereim the probataloe iolormaliem includes a
sule-range s12e Pwd 1 Tor e colpor sombed o e pres s iealion and a comuolative
sib-range threshold twd of tor the owiput svmbal from the pres jows iczracan. and wherein
the adjustine the stage of the RANS decoder inclugdes performiny, wdjostmenrs
miachemanically equivalent fo

= fud [ sjupper| + s[lower] - foal_of
wherein = represents e skale 5 the BRSNS decoder alier the adjusting, <[upper]

v hesenls an uppen e ol the siate al the RARS decocler felone ihe acljusinme, anml
wflowear] represents a lower porion of the state of the RAMNY decoder beFore the adjusone.

7. The computer sy stem of clanm L wherzsin the seleciely maraing the poroon of
the encasded data mclodes

delenmining whether e slare ol Lhe BANE decader salisties a lhoesbold,

1F 50, combning the portion of the encoded data and 1he state of the B3NS
cdesoeler, and

cAlieraise, shippm the combining the partion of the encode] data e the state
the RAMNS decoder

B The computer system of claim 7, wherzin the combining the portion of the
enypledd dara anal the e ol the RANS decinler includesy

shil o the s1ate b the BANS decoder by a given numben ol bals, and

adhiling the porteen ot the encoded data. which has the 2 en aamber of s,

9 The computer system of clam 1 whercin the probabality information vaed
selectivelv uprlione he stale el e RANS decoden i Tepwand pobahilily infoomatien, aod
wherein the seleclivels weneraing e cuipul svwbol K e cuneot ileralisan includes.

datermining whether tha statz of the B ANS decoder includes sutticient intommanon
Hy peneTte the ouepot symbasl for the corrent ieraion:

1l ser, delermining ins ense prolsabilily i lonmatea and Gnding e cotpul svndwl

B2
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tom 1he cumrent ieration wsing the imverse prshability infermeation and the seaae of the
Pa™d% decodder, ard

otherwise. skipping the finding the cutpur symibal Fer the current rteration

19 The computer system of claim %, wherein the Findhing the autput symbal tor the
current eratisa inchigles ceterminime a suh=-rance al the siane of e RARS decoder thal is
assncialed wilte e culpor <ymbcd L Uhe cacrent ileatsn.

F1.The computer sy ostem of clanm 1, owlerzin the operations fwther compnses
roreating the selegcrivel apdating, the selecnegly meraing, and the selecively senerating
1 suceessia e sleraliems, ool there are oo e ssulput s oobols g decode o e coeoded
Jdata o the an least pact ol 1he Bitsiream.

2 The computer svstem of claim 1, wherzin the RAMNY decoder 15 mmplemented
with ypecial-porpose harchware inclhaling

he input hutter,

an outpul butter coafizured o store the aulput sembaoal from the presiows itzranon.
ifany. unil replacement with the codpoe syoobal for the corrent e, il ame,

A S1aLe register comliumned e stace iy aloe thar remesenis the stae ol the RARNS
decoder,

lopie coupled 1o the cutpur bufTer and W the state resister. conlizured mo prtarm
the selectively apdating:

lewie, cosupled Lo Lhee stale semisben aod the anpoal bulTer, condizemed o porloan U
selectively merimng: and

lwie, campleed iy the state redister and the satput botter, conlicored o pertorm the
selectively nenetnling

I} The computer wyatem of claim 1, whergin the operations further include. as
part of the First phasc:

selectively re-Tlling the inpt Bader Toan the enceeded data o e, and o

seleclively wailing the curprul syomaol Toom e pres ions iweraon Lo a syookicd
wecror butter,

[4  Ina compmiter sestem, & methol comprasing

receny inge encoded dala Too an least pact e a bk heeam.

decodingz e encoded dal wsime o anee s oo number seaem (CRANST)
decoder, includimg:

ag part ot g tirst phase. scleoisely apdatmg s of the RANS decodyr

usingz preduahilite inlesanaticn o o oot svimbal Tom a peevieus ileralicn.

B3
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ag part of 7 sl phase selectively mergimg i portion GF the encoded data
Fomn an et bulTer i the siie of e RANS decoder, aml

as part of the second phase. selectively weneranng an outpul svmbal for a
current iteration using 1he state of the RARS decoder.

5 Ooe cn more espnper-1emdable media swoning compier-ewecutille
ST S Tom Clusinge e o s e puocesso s, w e procraninied therets, | e caose a
Fafee s et me number syoseen (O RAMNS Y decoder o perfom operativns comprising.

ay part of 8 Argt phase, selecovely apdating seare of the RRANS dog ocder using
predialilaly i lowmataon (o an autpul sy mihel Toom a previssus ilesalion,

s parl vl g second phase, selecis elv mersing a poctisn ef eacoded dira. Bor ar
legst part of a bitstream. from an input bufter inlo the state of 1he RAMNS decoder;, and

ag part of (he secomd phase, selectively seneratng an ontpot svmbasl for s current

iteration using 1he state of the BANS decoder.

%l
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¢
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