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Foreword

bypreparedwasItXXXXX.onISObyandXXXXXonCCITTbyapprovedwasSpecificationThis
ThisCCITT/SGVIII.andISO-IEC/JTC1/SC2/WG9of(JBIG)GroupExpertsImageBi-levelJointthe

bi-levelofencodingprogressivetheforstandardaestablishto1988informedwasgroupexperts
images.

afordatacompressedthesendingfirstbyimagecompressedatransmitssystemencodingprogressiveA
additionaltransmittingbyneededasitenhancingthenandimagetheofversionreduced-resolution

methodcodingadefinesSpecificationThistransmitted.alreadythatonbuildswhichdata,compressed
andmodessequentialsingle-progressionandsequential,progressive-compatibleprogressive,having

topossiblefoundbeenhasItrenditions.low-resolutionneededanyobtaintomethodasuggests
ofcodinglosslesstheforalgorithmsresolution-reductionandcodingdefinedtheuseeffectively

images.bi-levelaswellasimagescolorandgreyscale

Specification.thisofpartintegralanformnotdothusandinformativeareFtoAAnnexes
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overviewandIntroduction (informative)

characteristicsGeneralI.1

anis,(thatimagebi-levelaofencodingcompressionlosslessformethodadefinesSpecificationThis
usedbealsocanmethoddefinedThecolors).twoonlyhasimage,black-and-whitealikethat,image

imageoverrobustisitcharacteristics,imagetoadaptiveBeingimages.colorandgreyscalecodingfor
1.5to1.1frombeenhaveratioscompressionobservedcharacters,printedofimagesscannedOntype.
indescribedcomplex)lessis(whichalgorithmencodingMMRthebyachievedthoseasgreatastimes

characters,printedofimagesgeneratedcomputerOn(G4).T.6and(G3)T.4RecommendationsCCITT
renderedgreyscalewithimagesOngreat.astimes5asmuchasbeenhaveratioscompressionobserved

great.astimes30to2frombeenhaveratioscompressionobserveddithering,orhalftoningby

isRecommendations,T.6andT.4CCITTthelikeit,thatmeanswhichbit-preserving,ismethodThe
original.thetoidenticalisimagedecodedfinalthethatanddistortionless

hasalsomethodThe "progressive" low-aimage,codedprogressivelyadecodingWhencapability.
resolutionofdoublingssubsequentwithfirstavailablemadeisimageoriginaltheofrenditionresolution
resolutionlowertohigherthefromperformedisreductionresolutionthatNotedecoded.isdatamoreas

lowest-resolutionThelayers.resolutionhighertolowerthefromperformedisdecodingwhilelayers,
sequentialsingle-progressionaInimage.codedsequentiallyaissequenceprogressiveainsentimage

sent.imageonlytheisthisapplication,coding

andesigntopossibleisitthemwiththatisOnebenefits.distincttwohaveencodingsProgressive
differentwidelywithdevicesoutputserveefficientlycanthatdatabasecommononewithapplication

thetoreconstructionforrequiredfileimagecompressedtheofportionthatOnlycapabilities.resolution
additionalifAlso,decoded.andsentbetohasdeviceoutputparticulartheofcapabilityresolution

theonlyscreen,CRTaonalreadyimageanofcopypaperasay,fordesired,isenhancementresolution
sent.betohasinformationresolution-enhancingneeded

browsingimagesuperiorsubjectivelyprovidecantheythatisencodingsprogressiveofbenefitotherThe
low-resolutionAlinks.communicationmedium-rateandlow-rateusingapplicationanforCRT)a(on

asenhancementresolutionmuchasbyfollowedthenandrapidly,displayedandtransmittedisrendition
Progressiveavailable.alreadyimagetheonbuildsenhancementresolutionofstageEachdesired.

inwhichup,builtbeingisitasimagetherecognizequicklytouseraforeasieritmakecanencoding
image.theoftransmissiontheinterrupttousertheallowsturn

Let D thebyprovidedlayers)differential(calledresolutionindoublingsofnumberthedenote
Letcoding.progressive ID verticalandhorizontalitsletandimageresolutionhighestthedenote

bepixelsindimensions XD and YD Let. RD imagetheofresolutionsamplingthedenote ID .

parameterstheonrestrictionsnoalmostimposesSpecificationThis RD , XD , YD or, D assuchChoices.
resolutionthefor(dots-per-inch)dpi200or400 RD resolutionsofhierarchyainresultlayertoptheof

Choosingstandards.facsimilecurrentwithcommensurate RD progressiveagivesdpi300or600as
thisofwritingtheofasavailableresolutionsprinterlaserthewithcompatiblemorehierarchy

Specification.

thatanticipatedisIt D dpi.25to10roughlyisresolutionlowestthethatsochosenbetypicallywill
low-suchnonethelessbutlegible,notareresolutionasuchtoreducedwhenimagesbi-levelTypical

islayoutPageicons.generatedautomaticallyasfunctionandusefulquitestillarerenditionsresolution
isresolutionhigheratbeforeseenbeenhavethatpagesparticularofrecognitionandapparentusually

possible.often

numbertherestrictnotdoesSpecificationthisabove,mentionedAs D canItdoublings.resolutionof
facsimile.hardcopyinexample,forcase,theisasutility,noofiscodingprogressiveif0tosetbe

somewhat),itincreasesusuallyfactin(andMMRoveradvantagecompressionJBIG’sretainssoDoing
Single-progressionalgorithm.thesimplifyingandbufferinganyforneedtheeliminatingwhile

Imagescoding.MMRofthosetoidenticalapplicationspotentialhascodingJBIGsequential
ofcapabledecodersbyreadablebewillencodersequentialsingle-progressionabycompressed

iii
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willimageencodedprogressivelyaofversionresolutionlowesttheonlyalthoughdecoding,progressive
decoder.sequentialsingle-progressionabydecodablebe

codingbyimagescolorandgreyscaleofcodinglosslesstheforSpecificationthisusetopossibleisIt
ofcodingthetoapproachThisimage.bi-levelaitselfwereeachthoughasindependentlybit-planes

specificationencodingphotographicthetoalternativeanasusedbecanimagescolorandgreyscale
JBIGthatshownhaveresultsexperimentalPreliminarymode.losslessitsin(JPEG)ISO/IEC—10918

bits-per-pixel.6toupimagesgreyscaleformodelosslessitsinJPEGoveradvantagecompressionahas
ThisJPEG.andJBIGbothforsimilarbeenhaveresultscompressionthebits-per-pixel8to6For

recommendationnomakesbutplane,bitonethanmorewithimagesforprovisionmakesSpecification
forthatfoundbeenhasitExperimentally,bit-planes.tointensitiescolororgreyscalemaptohowon

weighted-simpleviamappingatosuperiorisintensityofGray-codingviamappingaimagesgreyscale
intensity.ofcodingbinary

orderingdataandStripesI.2

codingimageofformtraditionalmorethefromcodingprogressivedistinguishtonecessaryisitWhen
offormolderthisbottom,totopandrighttoleftfromresolutionfullatcodedisimagethewhichin

astoreferredbewillcoding "sequential." codingprogressiveovercodingsequentialofadvantageThe
next-to-theatbufferpagearequiredoescodingProgressiverequired.isbuffer(frame)pagenothatis

images.resolutionhighercodinginusedareimagesresolutionlowerbecauseresolutionhighest

namedbecanthisandlayerresolutionlowestaonlywithdatastreamJBIGacreatetopossibleisIt
referencewithoutcodedisimagefull-resolutionacoding,suchIncoding.sequentialsingle-progression

parameterThelayers.resolutiondifferentialanyto D Itzero.toequalsetisI.1)clausein(mentioned
actuallyislayerresolutionlowesttheimage,anofencodingprogressiveainthatnotedbeshould
single-usingencodedisimagefull-resolutionaIfcoding.sequentialsingle-progressioninencoded

progressively.imagethedecodetopossiblebenotwillitcoding,sequentialprogression

betosaidismodesequentialprogressive-compatibletheinCoding "compatible" theincodingwith
carrymodeeitherin(decoder)reador(encoder)createddatastreamsthebecausemodeprogressive

progressive-toprogressivefromswitchawithchangesthatAllinformation.sametheexactly
thebycreatedaredatacompressedtheofpartswhichinordertheisencodingsequentialcompatible

decodingsequentialprogressive-compatibletoprogressivefromswitchawithchangesthatAllencoder.
decoder.thebyusedarepartsthesewhichinordertheis

partsThesecompression.beforepartssmallerintoimageanbreakingbyachievediscompatibilityThis
resolutionitsofeachinimagethedividingbycreatedare "layers" calledbandshorizontalinto "stripes."

arequiredoescodingsequentialProgressive-compatible "stripe" pageathansmaller(muchbuffer
layer.resolutioneachofcodingentropyadaptivetheforusedmemoryadditionalsomeandbuffer)

layer,perstripesthreelayers,resolutionthreearetherewhendecompositionasuchshowsI-1Figure
stripes.ninethethroughsequencetowaysdefinedshowsI-1Tableplane.bitoneonlyand
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1

0

d=2d=1d=0
dpi25 dpi50 dpi100

s=2

s=1

s=0

planebit1andstripes,3layers,3ofcasespecialtheinDecomposition—I-1Figure

orderingsdatabi-levelPossible—I-1Table________________________________________
SEQHITOLO orderExample________________________________________

00 6,7,83,4,50,1,2
10 2,5,81,4,70,3,6
01 0,1,23,4,56,7,8
11 8,5,27,4,16,3,0________________________________________




























thebycarriedisthatdistinctionprogressive-versus-sequentialthetoadditioninthatNotice SEQ bit,
thebycarriedisthatdistinctionresolution-orderaalsoisthere HITOLO highfromworkEncodersbit.

instripestheencodenaturallymostsoanddownwardresolution HITOLO buildmustDecodersorder.
anWhenorder.oppositetheinstripesprocessnaturallymostsoandresolutionlowfromimagetheup

othertheoronedecoder,atodirectlydatacodedprogressivelysendsthatencoderanusesapplication
appropriate(withdatabasethedatabase,aincludesapplicationanWhenorder.theinverttobuffermust

setting(includingordertheinvertandbuffertousedbecansetup) HITOLO removingtherebycorrectly)
decoder.andencoderthefromrequirementthis

numberTheimage.entiretheofthatthansmallermuchtypicallyisthatsizeverticalahasstripeA L 0

example,anAsparameter.freeanotherislayerlowesttheatstripeperlinesof L 0 sochosenbemight
numberthemade,ischoiceasuchIfmm.8aboutisstripeathat S aofimageaninstripesof

35.aboutbewillpaperofsheetbusiness-letter-sized

Tableorderings.stripedefinedtwelvearethereI-2,Figureinasplane,bitonethanmoreisthereWhen
thebefore,Asthem.listsI-2 HITOLO theanddistinction,resolution-orderthecarriesbit SEQ bit

theWhendistinction.progressive-versus-sequentialthecarries ILEAVE theindicatesit1,isbit
theWhenplanes.bitmultipleofinterleaving SMID indicatesit1,isbit s isstripe,theoverindexthe,

6.2.4.subclauseof11Tableinclearlymoreshownasmiddlethein
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07

08
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s=0

s=1

s=2

p=1

p=0

dpi100dpi50dpi25
d=0 d=1 d=2

planesbit2andstripes,3layers,3ofcasespecialtheinDecomposition—I-2Figure

orderingsdatamulti-planePossible—I-2Table____________________________________________________________________________________________________________
SMIDILEAVESEQHITOLO orderExample____________________________________________________________________________________________________________

0000 15,16,17)09,10,11(03,04,0512,13,14)06,07,08(00,01,02
0100 15,16,17)(12,13,1409,10,11)(06,07,0803,04,05)(00,01,02
1100 14,17)13,16(12,1508,11)07,10(06,0902,05)01,04(00,03
0010 05,11,17)(02,08,1404,10,16)(01,07,1303,09,15)(00,06,12
1010 05,11,17)04,10,16(03,09,1502,08,14)01,07,13(00,06,12
0110 14,17)08,11(02,0513,16)07,10(01,0412,15)06,09(00,03
0001 03,04,05)09,10,11(15,16,1700,01,02)06,07,08(12,13,14
0101 03,04,05)(00,01,0209,10,11)(06,07,0815,16,17)(12,13,14
1101 02,05)01,04(00,0308,11)07,10(06,0914,17)13,16(12,15
0011 17,11,05)(14,08,0216,10,04)(13,07,0115,09,03)(12,06,00
1011 17,11,05)16,10,04(15,09,0314,08,02)13,07,01(12,06,00
0111 02,05)08,11(14,1701,04)07,10(13,1600,03)06,09(12,15____________________________________________________________________________________________________________












































































































variablesnewtwoThe ILEAVE and SMID variablesearliertwotheplus HITOLO and SEQ itmake
fourthesetheforcombinationspossiblesixteentheofFourorders.theseoftwelveallindextopossible

isorderstripeplane,oneonlyisthereIfthem.withassociatedorderingstripenohavevariablesbinary
ondependentnot ILEAVE and SMID ignored.arevaluestheirand

datacompressedThe Cs ,d ,p stripefor s layerresolutionof d bit-planeof p stripeofindependentis
aschangesthatAllordering. HITOLO, SEQ, ILEAVE and, SMID datathewhichinordertheisvary

earlier.notedfeaturecompatibilitytheisThisdatastream.aontoconcatenatedis

theandplanebitoneonlyisthereassumewillclauseintroductorythisofremainderthesimplicity,For
subscript p fromdroppedbewillplanebitdenoting Cs ,d ,p .

blocksfunctionalEncoderI.3

onlycodingsequentialsingle-progression(InI-3.FigureinshownasdecomposedbecanencoderAn
used.)bewouldEncoderLowest-Resolution-Layerthe

vi



11544ISO/IEC

and

Encoder
Layer

Differential

C0,0 C, 1,0 C....., S-1,0

C0,D C, 1,D C....., S-1,D

C0,D-1 C, 1,D-1 C....., S-1,D-1

Encoder
Layer

Differential
and

Reduction
Resolution

I0.......
ID ID-1 ID-2

Encoder
Layer

Resolution
LowestReduction

Resolution

encoderofDecomposition—I-3Figure

arethereconceptuallyAlthough D someI-3,Figureinshownasencodersdifferential-layer
encoder.differential-layerphysicaloneuserecursivelytochoosemayimplementations

encoderlayerDifferentialI.3.1

theofdescriptionaonlyhencefunction,inidenticalisI-3Figureofblocksdifferential-layertheofEach
involved.layersresolutiontwoonlyaretheredescriptionasuchForneeded.islayeroneatoperation

theastoreferredbewillimageincomingtheclause,thisofremaindertheinsimplicityFor "high-
resolution" theasimage,outgoingtheandimage "low-resolution" thethatthoughNoteimage. "high"
and "low" thegeneralinnotareI-3Figureinblockdifferential-layerparticularanyofimagesresolution

system.entiretheofimagesresolutionlowestandhighest

inshownassub-blocksintodecomposedbeitselfcanI-3Figureofblockencodingdifferential-layerA
afor4clauseintablesthetoRefersystems.allinusedbeneedsub-blocksallNotI-4.Figure

names.signalofdefinition

vii
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Prediction
(Differential)

Typical

Is,d

ATMOVE

Reduction
Resolution

LNTP

DPVALUE

Template
Model

Templates
Adaptive

TPVALUE

Cs,d

Is,d-1

Encoder
Arithmetic
Adaptive

Prediction
ministic
Deter-

encoderlayerDifferential—I-4Figure

introductorythisindiscussedbetootherssomeandfigurethisofblocksprocessingtheforAcronyms
I-3.Tableingivenareclause

blocksprocessingforAcronyms—I-3Table________________________________________
MeaningAcronym________________________________________

AAD Adaptive Arithmetic Decoder
AAE Adaptive Arithmetic Encoder
AT Adaptive Templates
DP Deterministic Prediction
MT Model Templates
RR Resolution Reduction
TPB Typical P (rediction Bottom)
TPD Typical P (rediction Differential)________________________________________




































ReductionResolutionI.3.1.1

high-resolutionaacceptsblockThisreduction.resolutionperformsblock(RR)resolution-reductionThe
ashalfandrowsmanyashalfpossible,asnearlyaswith,imagelow-resolutionacreatesandimage

original.theascolumnsmany

toisdimensioneachintwooffactorabyimagegivenaofresolutionthereducetowayobviousAn
createsbutsimple,isSubsamplingcolumn.othereveryandrowothereverytakingbyitsubsample

bi-level.isimageinputthewhenespeciallyquality,subjectivepoorofimages

deletesfrequentlyitbecausepoorissubsamplingdrawings,lineandtextcontainingimagesbi-levelFor
greyscale,rendertoditheringorderedorhalftoningcontainthatimagesbi-levelForlines.thin

poweraisperiodditheringtheifespeciallypreserved,wellnotisgreynessbecausepoorissubsampling
case.thefrequentlyisastwo,of

carefullybeenhasmethodparticularThismethod.reductionresolutionasuggestsSpecificationThis
greyscale,ditheredart,linetext,forresultsexcellentachievetofoundandtested,extensivelydesigned,

greyscale.error-diffusedandgreyscale,halftoned

viii
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PredictionTypicalDifferential-LayerI.3.1.2

ispurposeprimaryitsbutgain,codingsomeprovidesblock(TP)predictiontypicaldifferential-layerThe
athatfindsitwhenandcolorsolidofregionsforlooksTPDifferential-layerimplementations.speedto

donenormallyprocessingtheofnoneregion,asuchiniscodingforpixelhigh-resolutioncurrentgiven
usuallyTPdifferential-layerimages,line-artortextOnneeded.isblocksAAEandMT,AT,DP,thein

greyscale,renderingimagesbi-levelOnpixels.theof95%overcodingavoidtopossibleitmakes
smaller.significantlyaresavingsprocessing

PredictionDeterministicI.3.1.3

testofsettheOngain.codingprovidetoisblock(DP)deterministic-predictiontheofpurposeThe
thoughtisgainasuchandgain,7%aprovideditSpecificationthisofdevelopmenttheinusedimages

typical.beto

sometimesitalgorithm,reductionresolutionparticularabyresolutioninreducedareimagesWhen
thefrominferableiscodedbetopixelhigh-resolutioncurrentparticularaofvaluethethathappens

imagelow-resolutiontheinpixelstheallis,thatdecoder,andencoderthebothtoknownalreadypixels
pixel.currentthetosense)rastera(inrelatedcausallyarethatimagehigh-resolutiontheinthoseand

anyflagsblockDPThepredictable.deterministicallybetosaidispixelcurrenttheoccurs,thisWhen
coder.arithmeticthebycodingtheirinhibitsandpixelssuch

imagelow-resolutiontheinpixelssurroundingparticularofvaluesThealgorithm.driventableaisDP
isitwhenand,determinicityforchecktotableaintoindextousedareimagehigh-resolutioncausaland

resolutionparticulartheondependenthighlyaretablesDPprediction.deterministictheobtainpresent,
isitifdecoderatotablesDPdownloadtoencoderanformadeisProvisionused.methodreduction
toneeddecodersDP,defaultrequiresapplicationanIfalgorithm.reductionresolutionprivateausing

resolutionsuggestedtheifHence,sent.beneedtablesDPnoandtablesDPdefaultthehavealways
sent.beeverneedtableDPnoused,isalgorithmreduction

TemplatesModelI.3.1.4

arithmetictheprovidesblock(MT)model-templatesthecoded,betopixelhigh-resolutioneachFor
oflevels)(binarycolorsthebydeterminedisintegerThiscontext.thecalledintegeranwithcoder

low-availablealreadytheinpixelsparticularbyimage,high-resolutioncausaltheinpixelsparticular
coded.beingpixeltheofphasespatialthebyandimage,resolution " phaseSpatial " thedescribes

pixel.low-resolutioncorrespondingitstorespectwithpixelhigh-resolutiontheoforientation

symboltheofprobabilityconditionaltheofestimateancontexteachformaintainscoderarithmeticThe
accuratebothisestimateprobabilitythiswhenachievedisgaincodinggreatestThecontext.thatgiven

theofvaluesthewhenthatsovaluepredictivegoodhavetemplatesgoodThus1.or0tocloseand
predictable.highlyiscodedbetopixeltheofvaluetheknown,aretemplatetheinpixels

TemplatesAdaptiveI.3.1.5

offactoraasmuchas(sometimesgaincodingsubstantialprovidesblock(AT)adaptive-templatesThe
onandimagetheinperiodicityforlooksAThalftoning.withgreyscalerenderingimagesontwo)
isperiodicitythisbypixelcurrenttheprecedingpixelthethatsotemplatethechangesitfinding

value.predictiveexcellenthaspixelaSuchtemplate.theintoincorporated

bysymbolically(indicatedsequencecontrolaoccurs,onewhenandinfrequent,arechangesSuch
ATMOVE processinganydonotneeddecodersHence,datastream.outputthetoaddedisI-4)Figurein

AT.forsettingcorrecttheforsearchto

ix
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EncoderArithmeticAdaptiveI.3.1.6

andTPtheofoutputsthenotesItcoder.entropyanisblock(AAE)adaptive-arithmetic-encoderThe
thenotesthenitis,itAssumingpixel.givenacodetonecessaryevenisitifdeterminetoblocksDP

currentthethatprobabilityconditionaltheestimatetoestimatorprobabilityinternalitsusesandcontext
conditionalthethatsocontextthefrompredictablehighlyispixeltheOftencolor.givenabewillpixel

realized.becangaincodingentropylargeaand1or0tocloseveryisprobability

balanceAproblem.statisticalnontrivialaiscontextstheofeachforestimatesprobabilityMaintaining
adaptingofneedconflictingtheandestimatesaccurateextremelyobtainingbetweenstruckbemust

statistics.underlyingchangingtoquickly

encoderLowest-resolution-layerI.3.2

differential-layerthethansimplerconceptuallyisItencoder.lowest-resolution-layerashowsI-5Figure
afor4clauseintablesthetoReferapplicable.notareblocksDPandRRthebecauseencoder

systems.)allinusedbetoneedsub-blocksall(Notnames.signalofdefinition

Theprocessing.speedtointendedprimarilyisTPdifferential-layerlikeTPLowest-resolution-layer
asskiptopossiblenotisitandhowever,different,quiteareTPofversionstwotheforusedalgorithms

OnTP.differential-layerwithisitasTPlowest-resolution-layerwithpixelsofpercentageahigh
pixels.theof40%aboutskippingallowsTPlowest-resolution-layerart,lineandtextwithimages

TPVALUE

(Bottom)
Prediction

Typical

ATMOVE

Templates
Adaptive

SLNTP

Templates
Model

Encoder
Arithmetic
Adaptive

Is,0

Cs,0

encoderLowest-resolution-layer—I-5Figure

blocksfunctionalDecoderI.4

thanratherdecodingshowbutI-5andI-4,I-3,FigurestoanalogousareI-8andI-7,I-6,Figures
4clauseintablesthetoReferdecoder.theinappearnotdoblocksATandRRthethatNoteencoding.

Lowest-Resolution-theonlycodingsequentialsingle-progressionInnames.signalofdefinitionafor
beneedI-8andI-7Figuresinsub-blocksallNotused.bewouldI-6FigureofblockLayer-Decoder

systems.allinused
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Differential

ID-1

Resolution
Lowest

C0,0 C, 1,0 C....., S-1,0

C0,D-1 C, 1,D-1 C....., S-1,D-1

C0,D C, 1,D C....., S-1,D

I0

Decoder
Layer

Differential

ID-2.......

Decoder
Layer

ID

Decoder
Layer

decoderofDecomposition—I-6Figure

(Differential)

ATMOVE

DPVALUE

TPVALUE

Is,d-1

Cs,d

Is,d
Adaptive

Arithmetic
Decoder

Model
Templates

Deter-
ministic

Prediction

LNTP

Typical
Prediction

decoderlayerDifferential—I-7Figure

Is,0
Cs,0

ATMOVE

Typical
Prediction
(Bottom)

Adaptive
Arithmetic
Decoder

TPVALUE

Model
Templates

SLNTP

decoderLowest-resolution-layer—I-8Figure
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T.82RECOMMENDATIONCCITT

11544STANDARDINTERNATIONAL

COMPRESSIONIMAGEBI-LEVELPROGRESSIVE

Scope1

bit-planesimagecodingformethodcompression(lossless)bit-preservingadefinesSpecificationThis
images.black-white)including(two-tone,bi-levelforsuitableparticularlyisand

referencesNormative2

areliteraturetechnicalthetoandstandardstoreferencesInformativereferences.normativenoareThere
F.Annexinlisted

Definitions3

apply.definitionsfollowingtheSpecification,thisofpurposestheFor

coderarithmeticadaptive bydatacompressingadaptivelyformechanismA
andpredicttocharacteristicsdataobservedusing

symbols.datafuturecode

(AT)templatesadaptive movingbymodifiedbecanwhichtemplatesModel
toimageanofprocessingtheduringpixelATan

image.theinpatternsobservedofadvantagetake

lagAT beingpixelthebetweenpixelsindistanceThe
pixel.ATtheandencoded

pixelAT isthattemplatemodeltheinpixelspecialA
duringlocationitschangeadaptivelytoallowed

image.anofprocessingthe

bit-plane (orarrayAn "plane" symbolsbi-levelof)
particularachoosingbyimageanfromconstructed

pixel.eachfrombit

interleavingbit-plane moreortwotogethermixingforusedmethodA
stream.singleaintodataofbit-planes

byte data.ofbitsEight

stuffingbyte distinguishingunambiguouslyformechanismA
theindicatingbytesescapepredefinedbetween
thetoidenticalbytesandsegmentmarkeraofstart

compressedainoccurnaturallywhichbyteescape
datastream.

context ofpatternspecificthetocorrespondingintegerAn
isthatneeded)(ifphasespatialandtemplatethe

theofstatetheofindextheidentifytoused
thecodingforusedbetocoderarithmeticadaptive

pixel.current

(DP)predictiondeterministic nottherefore(andpredictingexactlyformethodA
ausingbyimageaninpixelsindividualcoding)

alongimagesametheofversionresolutionlower
ofmethodtheofknowledgespecificverywith

used.reductionresolution

1
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encoder/decoderlayerdifferential differential-encoding/decodingformechanismA
images.layer

imagedifferential-layer describediswhichresolutiongivenaatimageAn
lower-resolutionainpixelstoreferencemakingby

image.

coderentropy data.compressingformethodlosslessAny

byteescape informationthatsignifyingdatastreamainbyteA
meaning.marker-codespecialhasfollowto

pixelhigh-resolution theofimageresolutionhigherthefrompixelA
discussion.underlayersresolutiontwo

(typicalnotline LNTP) predictiontypicalduringoccurswhichconditionA
awithassociatedpixelstheofmoreoronewhen

predictedbewouldlinelow-resolutiongiven
incorrectly.

imagelowest-resolution-layer describediswhichresolutiongivenaatimageAn
images.resolutionloweranytoreferencewithout

pixellow-resolution twotheofimageresolutionlowerthefrompixelA
discussion.underlayersresolution

marker markeraandbyteescapeanofcombinationA
information.controlintroducesthatbyte

bytemarker thatbyteescapeanfollowingimmediatelybyteA
beinginformationcontroloftypethedefines

introduced.

segmentmarker additionalanyandmarkeraofcombinationThe
information.controlassociatedofbytes

templatemodel oflocationthedescribingpatterngeometricA
tousedisItcoded.betopixelatorelativepixels

characteristics.imagelocalmodel

pixel iswhichimageanofelementpictureOne
elements.suchofarrayrectangularabydescribed

behaviorprogressive ifbehaviorprogressiveshowstechniquecodingA
layerresolutionlowestaascodedfirstisimagean

inincreasedsuccessivelyisthenandimage
images.layerdifferentialofmeansbyresolution

codingprogressive imagethewhichinimageancodingofmethodA
entirethethenandstripes,intosegmentedbemay
layerresolutionlowestaascodedfirstisimage

inincreasedsuccessivelyisthenandimage
images.layerdifferentialofmeansbyresolution

reordering,datastripe/layerbycompatible,isThis
coding.sequentialprogressive-compatiblewith

codingsequentialprogressive-compatible imagethewhichinimageancodingofmethodA
stripesimagethestripes,intoseqmentedbemay

thestripeeachwithinandsequence,incodedare
progressively.resolutionfulltocodedisimage

reorderingdatastripe/layerbycompatible,isThis
coding.progressivewith

(datacodedstripeprotected PSCD) beenhaswhichdatastreamimagecompressedA
betweendistinguishtobytesstuffingbymodified

specialsignalwhichbytesescapepredefined
theofpartanotare(whichsegmentsmarker
thetoidenticalbytesanddatastream)compressed

2
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theinnaturallyoccurwhichbyteescape
datastream.compressed

(RR)methodreductionresolution awithimageantransformingformethodA
thedescribingimageanintoresolutionparticular

resolution.lowerawithbutsubject,same

behaviorsequential ifbehaviorsequentialshowstechniquecodingA
completelyaretopthenearimagetheofportions

beenhavebelowportionsbeforedescribed
all.atdescribed

codingsequentialsingle-progression imagethethatsuchimageancodingofmethodA
bylinelayer,resolutionsingleaincodedfullyis

withoutbottom,totopandrighttoleftfromline,
isThisimages.resolutionloweranytoreference

andcodingprogressivewithcompatible
theifcodingsequentialprogressive-compatible

zero.islayersdifferentialofnumber

phasespatial imagedifferential-layerainpixelaofattributeAn
thetorespectwithorientationitsdescribesthat

it.withassociatedpixellow-resolution

resolutionspatial ofregionadescribetousedpixelsofnumberThe
size.spatialfixedofimagean

stripe whichimageanofregionsizeverticalfixedA
thatofwidthhorizontalentiretheencompasses

image.

pixeltarget processed.betopixelA

(TP)predictiontypical nottherefore(andpredictingexactlyformethodA
exploitingbyimageaninpixelsofblockscoding)

color.solidofregionslarge

abbreviationsandSymbols4

Acronyms4.1

Acronyms—1Table________________________________
MeaningAcronym________________________________

templatesadaptiveAT
predictiondeterministicDP
symbolprobablelessLPS

bitsignificantleastLSB
symbolprobablemoreMPS

bitsignificantmostMSB
reductionresolutionRR

predictiontypicalTP________________________________



































3



11544ISO/IEC

constantsSymbolic4.2

constantsSymbolic—2Table_____________________________________________________
Value_____________________________________________________
HexadecimalISOMeaningConstant_____________________________________________________

ABORT 0x0400/04abort
ATMOVE 0x0600/06movementAT
COMMENT 0x0700/07commentprivate
ESC 0xff15/15escape
NEWLEN 0x0500/05lengthnew
RESERVE 0x0100/01reserve
SDNORM 0x0200/02enddatastripenormal
SDRST 0x0300/03enddatastripeatreset
STUFF 0x0000/00stuff_____________________________________________________







































































indicatorsandoperators,symbols,Mathematical4.3

indicatorsandoperators,symbols,Mathematical—3Table_____________________________________________________
MeaningNotation_____________________________________________________

Cs ,d stripefordatacoded s layerand d
D layersdifferentialofnumber
DL transmittedbetolayerinitial
h pixelhigh-resolution
Id layeratimage d
l pixellow-resolution

Lc commentprivateofbytesinlength
Ld layeratstripeperlines d
MX pixelATforallowedoffsethorizontalmaximum
MY pixelATforallowedoffsetverticalmaximum
p probability
P bit-planesofnumber
Rd layeratresolution d
S stripesofnumber
Xd layeratsizeimagehorizontal d
yAT madebetoisswitchATanwhichinline
Yd layeratsizeimagevertical d
τX pixelATtheofoffsethorizontal
τY pixelATtheofoffsetvertical

>> shiftrightbinary
<< shiftleftbinary

& ANDlogical
NOTlogical!

+ ORexclusive
 .  integer(smallestfunctionceiling ≥ argument)

indicatorhexadecimal0x_____________________________________________________











































































































4



11544ISO/IEC

namesmnemonicwithVariables4.4

namesmnemonicwithVariables—4Table_______________________________________________
MeaningVariable_______________________________________________

A registersizeinterval
BIE entityimagebi-level
BIH headerimagebi-level
BID dataimagebi-level
BUFFER buffer
C registercode
CE exchangeconditional
CHIGH bytestwohighregister,code
CLOW bytestwolowregister,code
CT counterbit
CX context
DPLAST lastDP
DPON enabledDP
DPPRIV privateDP
DPTABLE tableDP
DPVALUE valueDP
HITOLO lowtohigh
ILEAVE bit-planesmultipleinterleave
LNTP typicalnotline
LPIX pixellow-resolution
LRLTWO templatetwo-linelowest-resolution-layer
LSZ intervalcodingonsizeLPS
MPS symbolprobablemore
NLPS LPSifnext
NMPS MPSifnext
PIX pixel
PSCD datacodedstripeprotected
SC counterbytes)0xff(ofstack
SCD datacodedstripe
SDE entitydatastripe
SEQ sequential
SLNTP same LNTP
SMID middleinisstripeoverindex
SWTCH switch
ST state
TPBON enabledTPlowest-resolution-layer
TPDON enabledTPdifferential-layer
TPVALUE valueTP
VLENGTH lengthvariable_______________________________________________


















































































































































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Conventions5

symbolsandconventionsdiagramFlow5.1

symbolThebottom.theatexitedandtoptheatenteredarediagramsflowAll "<<" binaryadenotes
symboltheandbitsorderlowoffillzerowithshiftleft ">>" fillzerowithshiftrightbinaryadenotes

bothForbits.orderhighof "<<" and ">>" theandshiftedbeingquantitytheislefttheonquantitythe
byindicatedisnumberstwoofANDlogicalbinaryTheamount.shifttheisrighttheonquantity "&".

graphicsTemplate5.2

imagehigh-resolutionainpixelsofrelationshipthegraphicallyshowtonecessarybefrequentlywillIt
asuchshowinggraphicthree-dimensionalais1Figureimage.low-resolutionainpixelsto

usedare2FigureinthatlikedrawingsdimensionaltwoSpecificationthisoftexttheInrelationship.
two-theinthatNoteequivalent.three-dimensionaltheirthancompactmorearetheysinceinstead

high-correspondingthethatandcirclesasshownarepixelslow-resolutiongraphicdimensional
circles.low-resolutionthebyhiddenpartiallysquares,asshownarepixelsresolution

h00 h01 h02 h03

h10 h11 h12 h13

h20 h21 h22 h23

h30 h31 h32 h33

l00 l01

l10 l11

............................................

............................................

............

............................................

graphicthree-dimensionalinpixelslow-resolutionandHigh—1Figure

6
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h30 h31 h32 h33

h20 h21 h22 h23

h10 h11 h12 h13

h00 h01 h02 h03

l00 l01

l10 l11

graphictwo-dimensionalinpixelslow-resolutionandHigh—2Figure

phaseSpatial5.3

A " phasespatial " Thislowest.thethanotherlayerresolutionanyinpixelswithassociatedbecan
"phase" withassociatedpixelresolutionlowerthetorespectwithpixeltheoforientationthedescribes

itpixel,low-resolutionsingleawithassociatedpixelsfourtheofpixelhandleftuppertheisitIfit.
havetosaidbeshall " 0phase " haveshallpixelrightuppertheSimilarly,. " 1,phase " leftlowerthe

haveshallpixel " 2,phase " haveshallpixelrightlowertheand " 3phase " 3).Figure(see

2 3

0 1

pixelshigh-resolutionforphasespossibleFour—3Figure

graphicsstructureData5.4

sub-fields.intofieldsofdecompositiontheillustratinggraphicscontain6.2subclauseoftablesThe
graphicstheseofeachofrowlastTheearlier.transmittedbeshallsub-fieldsleftmostTypographically

ofentryAnbit.singleadenotes1/8ofentryAnbytes.insizesfieldgives "Varies" thewhenusedis
beingimageparticulartheorchosen,parameterschosen,optionsupondependsandvariableissizefield

coded.

Requirements6

rulesGeneral6.1

assignmentColor6.1.1

theindicateshallbit1abi-level,isimagetheWhen1.or0eitherisplanepixeleachofbitEach
theplane,bitonethanmoreisthereIfcolor.backgroundtheindicateshallbit0aandcolorforeground

Specification.thisbydefinednotisbit-planestocolorandintensityofmapping

ofaspectsallforinconsequentialiscolorforegroundtherepresents0or1Whether—NOTE
reductionresolutionThismethod.reductionresolutiondescribedtheexceptSpecificationthis

colors.backgroundandforegroundbetweenasymmetryslightahasmethod

7
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conventionsEdge6.1.2

iterateallalgorithmscodingandprediction,deterministicprediction,typicalreduction,resolutionThe
Thebottom.totopandrighttoleftfromis,thatorder,scanrasterusualtheinimagethethrough

relationshipspatialfixedinpixelssomeofcolorsthereferencewillpixeltargetcurrentaforprocessing
Forimage.actualtheinlienotmayreferencesneighbortheseedges,imageAtpixel.targetthatto

follows:asbeshallreferencesoff-imagesatisfytorulestheimages,low-resolutionandhighboth

theofrightandleft,top,thetolietoassumedbeshallborder(0)coloredbackgroundA—
image.actual

pixelbynecessaryasfarasdownwardextendedbeshallimagetheofbottomThe—
image.theoflinelastactualthereplicating

used:beshallrulesfollowingtheboundaries,stripeacrosspixelsreferencinginFurthermore,

pixel,theofvalueactualthereturnshallonecurrenttheabovestripeainreferencepixelA—
imagetheforbackground-border-rulethecasewhichinimage,theaboveispixeltheunless

applied.beshalltop

thereplicatingpixelbysatisfiedbeshallonecurrentthebelowstripeainreferencepixelA—
theifevenusedbenotshallvaluesactualparticular,Instripe.currenttheoflinelast

image.thewithinstillisreference

forasimage,low-resolutiontheforconsequenceofonlyisrulelatterThis—NOTE
Also,below.linetheinpixelshigh-resolutiontoreferencesanybenevercantheredecodability

low-resolutionevenreferencenevertohappensalgorithmreductionresolutiondescribedthe
below.linetheinpixels

alignmentByte6.1.3

6.2,subclauseindescribedbetoconventionsmarkerandheadertheofBecause—NOTE
datastream.ainalignedbytealwaysaresegmentsmarker

organizationData6.2

decompositionImage6.2.1

entityimagebi-levelaasknownisSpecificationthisindescribedstructuredatalevelhighestThe
(BIE givenA). BIE dataThebit-planes.andlayersresolutionmoreoronefordatacontainmay

be,necessarilynotneedbutmay,bit-planesandresolutionsavailableitsallinimagegivenadescribing
onethanmoreincontained BIE.

multipleA—NOTE BIE madefirstareimageswhenneededisimageanofdescription
abenotmayormaythereandprecisionbit-planeorresolutionintermediateorlowatavailable

precision.orresolutionhighertoenhancementforrequest

(headerandentityimageBi-level6.2.2 BIE and BIH decomposition)

(entityimagebi-levela5,TableinshownAs BIE (headerimagebi-levelacompriseshall) BIH and)
(dataimagebi-level BID).

8
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ofDecomposition—5Table BIE________________
BIE________________

BIDBIH________________
VariesVaries________________














8.and7,6,Tablesinshownfieldsthecompriseshallheaderimagebi-levelThe

ofDecomposition—6Table BIH__________________________________________________________________________
BIH__________________________________________________________________________

DL PD - XD YD L 0 MX MY OptionsOrder DPTABLE__________________________________________________________________________
1728or011114441111__________________________________________________________________________






















































byteOrderofDecomposition—7Table__________________________________________________________
Order__________________________________________________________

MSB ... LSB__________________________________________________________
---- SMIDILEAVESEQHITOLO__________________________________________________________

1/81/81/81/81/81/81/81/8__________________________________________________________









































byteOptionsofDecomposition—8Table___________________________________________________________________________
Options___________________________________________________________________________

MSB ... LSB___________________________________________________________________________
- DPLASTDPPRIVDPONTPBONTPDONVLENGTHLRLTWO___________________________________________________________________________

1/81/81/81/81/81/81/81/8___________________________________________________________________________









































theofbytefirstThe BIH specifyshall DL thisinspecifiedbetolayerresolutionlowestthe, BIE.
theupbuildingallowwilltransmitteddatathecasewhichinzerobewillnumberthisfrequently,Most

alreadyhasspecificationpreviousaifnonzerobewillItit.aboutknowledgeprioranywithoutimage
layertoimagethedefined DL − bytesecondThespecified.betoisinformationincrementalonlyand1

specifies D thisindescribedlayerresolutionfinalthe, BIE.

specifyshallbytethirdThe P bi-level,isimagetheIfbit-planes.ofnumberthe, P 1.beshall

0.aswrittenbealwaysshallItfill.isbytefourthThe

specifyfieldsfour-bytesubsequentthreeThe XD , YD and, L 0 horizontaltherespectively,arewhich,
perlinesofnumbertheandresolution,highestatdimensionverticaltheresolution,highestatdimension

words,otherInfirst.bytesignificantmostcodedareintegersthreeTheseresolution.lowestatstripe
XD 256ofsumtheis 3 inbytefifththetimes BIH 256, 2 sevenththetimes256byte,sixththetimes

byte.eighththeandbyte,

specifyshallbyteseighteenthandseventeenthThe MX and MY verticalandhorizontalmaximumthe,
6.7.3.clauseinfurtherdiscussedareparametersThesepixel.ATtheforallowedoffsets

theofbytenineteenthThe BIH parametersbinarythecarryshall HITOLO, SEQ, ILEAVE and,
SMID formtoconcatenatedisdatastripewhichinorderthespecifytogetherwhich, BID detailMore.

bealwaysshallandfillarebytethisofbitssignificantmostfourThe6.2.4.subclauseinprovidedis
0.aswritten

theofbytetwentiethThe BIH bealwaysshallandfillisbitsignificantmostItsoptions.specifyshall
aslines3or2haveshalllayerresolutionlowestthecodingforusedtemplateThe0.aswritten

LRLTWO theIf6.7.1).clause(see0or1is VLENGTH nobeshallthere0,isbit NEWLEN marker
If6.2.6.2).clause(seesegments VLENGTH benotmayormaythere1,is NEWLEN segmentsmarker

9
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Thepresent. TPDON, TPBON and, DPON respectively,enabletodesiredisitwhen1arebits
TheDP.andTP,lowest-resolution-layerTP,differential-layer DPPRIV and DPLAST onlyarebits

ifmeaningful DPON If1.equals DPON and1is DPPRIV Ifused.betoistableDPprivatea1,is
DPLAST reused.betoisusedlasttableDPtheOtherwiseloaded.betoistableDPprivatethe0,is

The DPTABLE offield BIH ifpresentbeonlyshall DPON 1,equals DPPRIV and1,equals DPLAST
6.6.clauseindefinedareinterpretationandsizeIts0.equals

variablesThe DL , D , P , XD , YD , L 0, MX , MY , HITOLO, SEQ, ILEAVE, SMID, LRLTWO,
VLENGTH, TPDON, TPBON, DPON, DPPRIV and, DPLAST applicationsSomeparameters.freeare

parameterstheseonlimitstheshows9Tablethem.ofallorsomeforchoicestherestrictmaystandards
ainthemforallowedsizesfieldtheornaturesimplicittheireitherbysetas BIH.

parametersfreeonlimitsAbsolute—9Table___________________________________
MaximumMinimumParameter___________________________________

DL 0 D
DD L 255

P 2551
XD 42949672951
YD 42949672951
L 0 42949672951
MX 1270
MY 2550

HITOLO 10
SEQ 10

ILEAVE 10
SMID 10
LRLTWO 10
VLENGTH 10
TPDON 10
TPBON 10
DPON 10
DPPRIV 10
DPLAST 10___________________________________




































































































SpecificationthisofportionsnormativetheindescribedascreateddatastreamanyisdatastreamJBIGA
ofcommunityapossibleaslargeascreatingofintereststheIn9.Tableofrangetheinparameterswith

suggestsAAnnexdata,decodableexchangeandhardwaresharetopossibleisitwhichforapplications
parameterchoosetoencouragedareapplicationsDifferentparameters.freetheseforsupportminimum

so.dotopossibleisitwheneversupportminimumofrangessuggestedthewithinvalues
allsupporttowishmayapplicationsofrangebroadawithcompatiblebetodesiringImplementations

ranges.suggestedthewithinchoicesparameterfree

layerresolutionondependentparametersforIteration6.2.3

by(indexedlayersloweratdimensionsimageThe d forrecursivelydefinedbeshall) D ≥ d ≥ theby1
iterations

Xd −1 = Xd ⁄ 2 (1)

Yd −1 = Yd ⁄2  (2)

where  .  toequalorthangreaterintegersmallestthewords,otherinor,function,ceilingthedenotes
argument.the

10
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1For ≤ d ≤ D layeratstripeperlinesofnumberthe d bydefinedbeshall

Ld = 2×Ld −1 . (3)

benecessarilywilltherelayersallAt

S = Y 0 ⁄ L 0 (4)

layeranyinstripelastthecases,manyInstripes. d thanfewerhavewill Ld lines.

(DataImageBi-level6.2.4 BID decomposition)

datacodedThe Cs ,r ,p stripegivenadefining s resolutionat r planebitand p aincontainedbeshall
orentitydatastripe SDE The. BID ofconcatenationaofconsistshall SDE markerfloatingand’s

10.Tableinshownassegments

ofDecomposition—10Table BID_______________________________________________________________________________________________
BID_______________________________________________________________________________________________

FloatingFloatingFloating
Segments(s)Marker SDE s ,r ,p Segments(s)Marker SDE s ,r ,p

... Segments(s)Marker SDE s ,r ,p_______________________________________________________________________________________________
VariesVariesVariesVaries ... VariesVaries_______________________________________________________________________________________________










































theoforderingThe SDE ondepends’s HITOLO, SEQ, ILEAVE and, SMID beshallnestingIndex.
variablesthreetheofcombinationssixtheOnly11.Tablebydefinedas SEQ, ILEAVE and, SMID

theoverloopsTheoccur.nevershallcombinationstworemainingTheallowed.are11Tableinshown
variablesdummy s and p to1fromrespectivelyare S and P − If0.to1 HITOLO dummythe0,is

variable d fromrangeshall DL to D fromrangeshallitOtherwise. D to DL .

inencodingsstripeofOrdering—11Table BID________________________________________________
Loops________________________________________________

SMIDILEAVESEQ InnerMiddleOuter________________________________________________
000 sdp
010 spd
110 psd
001 dps
101 dsp
011 pds________________________________________________









































































I-2.TableseeexampletutorialaFor

(EntityDataStripe6.2.5 SDE decomposition)

each12,TableinshownAs SDE anbyterminatedbeshall ESC aneitherandbyte SNORM anorbyte
SDRST byte.

theofStructure—12Table SDE_________________________________
SDE_________________________________
SDNORMESCPSCD or SDRST_________________________________

11Varies_________________________________
















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bewillbyteterminatingtheNormally SDNORM isbyteterminatingtheinsteadIf. SDRST the, "state"
orencodingtopriorresetbeshalllayerresolutionparticularthatandbit-planeparticularthatfor

withstatetheResettinglayer.andplanethatofstripenextthedecoding SDRST initializingrequires
itstopixelATthenecessary)(ifresettingimage,theoftoptheatasestimatorsprobabilityadaptivethe

initializingandlocation,default LNTP y −1 thatrequiresalsoItlayer.resolutionlowesttheinwhen1to
modelandprediction,typicalprediction,deterministicreduction,resolutionincludingfunctionsall
6.1.2.clauseindefinedasis,thatimage,theoftoptheatwhendotheyasstripenextthestarttemplates

withstatetheResetting—NOTE SDRST sodoingasunnecessarilydonebenotshould
lower-resolutioninbordersstripeatartifactsintroducemayandefficiencycompressiondegrades

images.

(datacodedstripeProtected PSCD ofbytestheasdefinedis) SDE twotheremovingafterremainthat
(datacodedstripecreateshalldecoderAbytes.terminating SCD thefrom) PSCD allreplacingby

anofoccurrences ESC abyfollowedbyte STUFF singleawithbyte ESC shallencoderAnbyte.
create PSCD from SCD anofoccurrencesallreplacingby ESC anwithbyte ESC abyfollowedbyte
STUFF ofuseThebyte. SCD 6.8.clauseindescribedis PSCD thedefininginusedis SDE rather
than SCD theinlocatedunambiguouslybecanstripeonefordatathatso BID.

An ESC andbyte ABORT theterminateprematurelytousedbemaybyte BID 13.Tableinshownas

aterminateprematurelytocodeMarker—13Table BID._______________
ABORTESC_______________

11_______________











wouldproblemaencounteringencoderanthislikemechanismaWithout—NOTE "hang" its
notwoulditasdecodertherestarttowaynobewouldThereindefinitely.decoderassociated

data.ofamountannouncedthereceivedhaditafteruntilreset

segmentsmarkerFloating6.2.6

anwithinoccurnotshallTheyinformation.controlprovidesegmentsmarkerFloating SDE mayThey.
betweenoccur SDE firstthebeforeor’s SDE segments:markerfloatingthreeareThere. ATMOVE,

NEWLEN and, COMMENT.

movement(AT)Adaptive-Template6.2.6.1

thewithchangedbemaypixelATtheoflocationThe ATMOVE 14.Tableinshownsegmentmarker

theofStructure—14Table ATMOVE segmentmarkerfloating_________________________________
ATMOVEESC yAT τX τY_________________________________

11411_________________________________























definebytesixthandfifth,fourth,third,The yAT seventhThechanges.templatethewhichatlinethe,
definebyteseighthand τX and τY lineThepixel.ATnewtheforoffsetsverticalandhorizontalthe,

yAT 256ofsumtheasdecodedbeshall 3 256byte,thirdthetimes 2 thetimes256byte,fourththetimes
byte.sixththeandbyte,fifth

givenawhichforplanebitandlayerresolutionThe ATMOVE beshalleffectivebetoissegmentmarker
firsttheofthat SDE fornumberinglineThesegment.markerthefollowto yAT eachfor0atrestarts

stripe,aoflineinitialtheoneffectivebetoischangeaexample,forif,thatsostripe yAT 0.equals

12
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variablestheandpixelstemplateadaptiveofdiscussionFurther yAT , τX and, τY 6.7.3.clauseinappears

lengthimageRedefining6.2.6.2

If VLENGTH lengththechangetopermissibleisit1,is YD markernew-lengthawithimagetheof
15.Tableinshownassegment

dimensionverticalnewaindicatetosegmentMarker—15Table ______________________
NEWLENESC YD______________________

411______________________















anyinappearshallsegmentmarkerlengthnewoneonlymostAt BIE mustsegmentmarkeraSuch.
indescribedcompletelybetolayerresolutionfirsttheforstripelastthebecomewillwhatbeforeappear

segment,markerlengthnewtheWithindatastream.the YD fieldbytefouritsintopackedbeshall
infieldbytefouritsintopackedisitasexactly BIH newThe. YD thethangreaterbenevershall

original.

ancodingbegintopossibleisitthatsodefinedbeenhasmarkerlengthnewThe—NOTE
dimensionoriginalthecasethisInlength.unknownofimage YD servesheadertheintoplaced

be.possiblymightimagethethatlengthmaximumtheofindicationanas

segmentmarkerComment6.2.6.3

An ESC abyfollowedbyte COMMENT integerfour-byteaandbyte Lc markercommentabeginshall
16.Tableinshownassegment

segmentmarkerComment—16Table _______________________
COMMENTESC Lc_______________________

411_______________________















numberThe Lc 256ofsumthetoequalbeshall 3 256byte,thirdthetimes 2 256byte,fourththetimes
commentprivatetheonlyoflengththegiveshallnumberThisbyte.sixththeandbyte,fifththetimes

markercommenttheoflengthtotalthewords,otherInsegment.markercommenttheofportion
beshallsegment Lc + bytes.6

bytemarkerReserved6.2.7

An ESC abyfollowedbyte RESERVE ismarkerthisofusepossibleOnemarkerreservedaisbyte
anyformarkerthisuseshallSpecificationthisofextensionsfutureNo6.8.2.8.subclauseindescribed

markerreservedThedesired.purposeprivateanyforitemploymaydecodersorEncoderspurpose.
datastream.publicaonappearnevershall

reductionResolution6.3

indescribedalgorithmreductionresolutionthetomatchedistablepredictiondeterministicdefaultThe
eithercasethatinbutalgorithm,reductionresolutionalternativeanusetopermissibleisItclause.this

bemusttablepredictiondeterministicmatchedaordisabledbemustpredictiondeterministic
theofpartasdecoderthetodownloaded BIH.

Thebit-planes.allandlayersresolutionallforidenticalisalgorithmreductionresolutionThe
layerresolutionatimagethecreatetoprocessing d − layerresolutionatimageanfrom1 d describedis

here.

13
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If Xd or Yd layernewareductionresolutionofpurposesforeven,notis d bycreatedbeshallimage
theofreplicationpixelaorsiderighttheat(0)colorbackgroundofcolumnaeithernecessaryasadding

clause,thisofremaindertheforHencebottom.theatlinelast Xd and Yd even.assumedare

twobytwotheseofeachandpixels,ofblockstwobytwointoupdividedbecanimageoriginalThe
low-resolutionTheseimage.reduced-resolutiontheinpixellow-resolutiononetomapshallsuperpixels

Theorder.scanrasternormaltheinbottomtotopandrighttoleftfromdeterminedbeshallpixels
17.Tableand4FigurebydefinedasbeshallSpecificationthisofrulereductionresolutionsuggested

(informative).BAnnexinexplainedismappingparticularthisbehindreasoningThe

2 1 0

5 4 3

8 7 6

9

11 10

?

pixellow-resolutionaofcolorthedeterminetousedPixels—4Figure

awithcircleThe "?" determined.betoiswhichofcolorthepixellow-resolutiontherepresentsitwithin
thismakinginusedpixelstocorrespondthemwithinnumberswithsquaresandcirclesThe

determination.

theinbitonedefiningpixelnumberedeachwithindex,andefinepixelsnumberedtheofcolorsThe
labeledpixelTheindex. "0" additionaleachandindextheofbitsignificantleastthedetermines

theontakespixelaWhennumber.itstocorrespondingindextheofbitthedeterminespixelnumbered
valuetheontakeshallindextheinbitcorrespondingitscolor,foreground "1." theindex,thisGiven

labeledpixeltheofcolor "?" Forright.toleftfromindexediswhich17,Tablebydefinedbeshall
respectively.0,0,0,1,0,0,0,1,are7through0indicestocorrespondingpixelstheofcolorstheexample,

Forimage.thewithinbenotmay4Figureofpixelsnumberedtheofsomeimage,anofedgestheAt
used.beshall6.1.2clauseofrulesedgegeneraltheindex,andefiningofpurposethe

beshallimageresolutionhightheofpixelmostupper-leftthereduction,resolutionbeginningWhen
4.Figurein4pixelwithaligned

14
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colorlow-resolutiondeterminetoMap—17Table_____________________________________________________________________________________________________
ColorIndex_____________________________________________________________________________________________________

[0,63] 1111111111111111111111110011001111111111111111110111001100010001
[64,127] 1111111111111111111111110011011111111111111111110111011100000001
[128,191] 1111111111111111111111110111110111111111111111111111111100110111
[192,255] 1111111111111111011111011111111111111111111111111111111100110111
[256,319] 1111111111111111111111110011111111111111111111010011011100000001
[320,383] 1111111101111111011111110111111101111111111111110111111100110111
[384,447] 1111111111111111011111111101111111111111111101111111111100110101
[448,511] 1111111111111111111111111111111111111111111111111111111111111111
[512,575] 1111111101110001001000110001000100111011000001010010001100000001
[576,639] 1111111111111110010100110000000001111111001110110111010100000001
[640,703] 1111111111111111101101110000100111111111011111110100000100000001
[704,767] 1111111111111111011110011001001111111011011111110101001100000000
[768,831] 1111111101110101000100110011000111111111011100110000000000000001
[832,895] 1111111111111100001000010000000111101110101101110100000100000000
[896,959] 1111111111110101011010110001000111111111011101011001001100000000

[960,1023] 1111111111111011111111111011011111111011111111111111011111101001
[1024,1087] 1111111101110111000000010001000100111111000000010010001100000001
[1088,1151] 1111111111111110010100110000000001111111011010110111010100000001
[1152,1215] 1111111111111111001101110010100111111111011111110110000100000001
[1216,1279] 1111111111111111011111011001001001111011001111110111001100000000
[1280,1343] 1111111101111111000110110010111111111110011110110000000000000001
[1344,1407] 0111111101111110001101110000100111111110001101110100000100000000
[1408,1471] 1111111111111111011011110001101111111111011111111101001000000000
[1472,1535] 0111111101111011011111110010011101110111011111110111010100000000
[1536,1599] 1001001101000001000000010001000100001001000000010000001100000001
[1600,1663] 1111011110000000010100010000000001010101001000010111010100000001
[1664,1727] 1111111111111011000000000000000100010011011010110100000100000001
[1728,1791] 1111111110110111010000010000000001110011000000010101000100000000
[1792,1855] 1011111100011110000010010010011110000001011000010000000000000001
[1856,1919] 0111111100010000000000000000100001010110000000010100000000000000
[1920,1983] 1111111100111111000000010000001101110111001000011000000000000000
[1984,2047] 1111111111111011110100110000000010110011111100111101000001101000
[2048,2111] 1111111101111111001101110011001111111111001101110000001100000001
[2112,2175] 1111111111111111011110110001000111111111011111110111011100000001
[2176,2239] 1111111111111101111111110011111111111111011111111111011100000001
[2240,2303] 0111111111111111111111011111111111111111111111111111011100010010
[2304,2367] 1111111111111111011111110011111111111111011111010001001000000001
[2368,2431] 1111111101111111001111110011111101111111111111110110001000000000
[2432,2495] 1111111101111111111111110111111111111111111101111111111100010000
[2496,2559] 1111111111111111111111111111111111111111111111111111111111111111
[2560,2623] 1111111101110111001000110001000100011011000000010010001100000001
[2624,2687] 1111111110111110010000010000000001110111001010110111010100000001
[2688,2751] 1111111101111101001100110000100101111111010110111100000100000001
[2752,2815] 1111111111111111101100011010100111111011001101110101000100000000
[2816,2879] 1111111101110101000000110010000110110111011100010000000000000001
[2880,2943] 1111111101111101000000010000000001101111000101110100000000000000
[2944,3007] 1111111101010001101010110000000111111111011101011100000100000000
[3008,3071] 1111111111111011111111111011101111111011111111111101001111101000
[3072,3135] 0111111101010011000000010011000100011011000000010010001100000001
[3136,3199] 1111111110110110010100010000000001111111001010010111010100000001
[3200,3263] 1111111101111111001110110000101011111111011110111110000000000001
[3264,3327] 0111111111111111011101011000100011111011011111110111000100000000
[3328,3391] 1111111101111111000010010011111111110110011000010000000000000001
[3392,3455] 0111111101111110000100110000100001111111000101110100000000000000
[3456,3519] 0111111101111111001011110010101111111111011101111000000000000000
[3520,3583] 0111111100111011011111110010101101110111011111110111000100000000
[3584,3647] 0000000101000001000000010001000100001001000000010000001100000001
[3648,3711] 0101001110000000010100010000000001010101001000010111010100000001
[3712,3775] 0001001100000001000000000000100100000001010010010100000100000001
[3776,3839] 0111111100010011010000011000000001010011000000000101000100000000
[3840,3903] 0001001100000001000000010010000110000000011000010000000000000001
[3904,3967] 0001001100000000000000000000000001000000000000000100000000000000
[3968,4031] 0111111101010001000000010000000100010011000000001000000000000000
[4032,4095] 0111011100110001010101000000000101110011000000000101000000000000_____________________________________________________________________________________________________
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predictiontypicalDifferential-layer6.4

thewithdisabledorenabledbeshallTPDifferential-layer TPDON offieldoptionstheinbit BIH itIf.
(disabledis TPDON outputsimplyshalldecoderorencoderanbothinblockTPDthe0),= TPVALUE =

beingispredictionnothatblockdecodingorencodingarithmeticthetoindicatetopixels,allfor2
pseudo-pixelthedisabled,isTPdifferential-layerwhenAlso,made. LNTP norencodedneitherbeshall

subclausesitsandclausethisofremaindertheindiscussionThecoder.arithmeticthebydecoded
(enabledisTPdifferential-layerassumes TPDON 1).=

stripe,currenttheinactuallynotiseffectsedgeofbecausethatpixelatomadeisreferenceWhenever
6.1.2.clauseofrulesedgegeneralthebydeterminedbeshallpixelthisofvaluethe

encoderaninProcessing6.4.1

thebymarkednotpixelseightThe8-neighborhood.andefines5Figure "?" toadjacentimmediatelyare
8-neighborhood.itsareandit

?

8-neighborhoodofDefinition—5Figure

ispixellow-resolutiongivenA " typicalnot " sametheare8-neighborhooditsinpixelstheallanditif
commonthisfromdiffersitwithassociatedpixelshigh-resolutionfourtheofmoreoronebutcolor,

islinelow-resolutiongivenAcolor. " typicalnot " (LNTP anycontainsitif) " typicalnot " flowApixels.
determinetoprocessingfordiagram LNTP FigurethisIn6.Figureinshownis LPIX low-adenotes

pixel.resolution

extremelybutpossible,aresensethisintypicalnotarethatpixelsresolutionLow—NOTE
rare.

16
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LNTP 0=
x 0=

Yes

No

Yes

fourtheofanyDo
thatpixelshigh-resolution

LPIX havewithcorresponds
fromdifferentcolora LPIX ?

theinpixelstheallDo
of8-neighborhood LPIX

?coloritshave

Read LPIX

x=(Xd ?/2)-1
No

Yes

No

x = x+1 LNTP 1=

determinetoProcessing—6Figure LNTP

thisinshownAlsoline.low-resolutionassociatedanandpairlinehigh-resolutionashows7Figure
valuethecodingforusedlocationvirtualtheisfigure LNTP.

...
LNTP

pixelsordinarytorelationshipinpseudo-pixelofLocation—7Figure

valuethefigurethisbysuggestedAs LNTP coderarithmeticthebycodedbeshallpseudo-pixeltheof
pseudo-pixel,thiscodingIncoded.arepairlinetheinpixelshigh-resolutionregulartheofanybefore

TPVALUE and DPVALUE contextThe2.bealwaysshall CX sametheiscodingforusedbeshallthat
inshownaspixelsbysurroundedand3phasewithpixelordinaryacodingforusedisthatcontext

figurethisIn8.Figure "F" andforegrounddenotes "B" background.denotes

17
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?

BB

B B

FF

FFF

F

pixelpseudodifferential-layer-TPthecodingforcontextReused—8Figure

codingforcontextaasreuseforchosenwascontextparticularThis—NOTE LNTP itbecause
smallisitwithinforegroundcodingofprobabilitytheimagesmostforandinfrequently,occurs

thatprobabilitytheisas LNTP codingofalternativeobviousmoreTheone.equals LNTP in
2.ofpoweraoverjusttocontextsofnumbertotaltheincreasesunfortunatelycontextownits

signaloutputtheproducetoprocessingrequiredtheshows9Figure TPVALUE ifwords,In. LNTP
pixelhigh-resolutionawithassociatedpixellow-resolutiontheand0equals PIX ascolorsametheis

then8-neighborhood,itsinpixelstheofall TPVALUE 2toequalsetisitOtherwisecolor.thatequals
made.benotcanpredictionathatindicateto

Yes No
?0=LNTP

TPVALUE theequals
ofcolor LPIX

TPVALUE 2=

Yes

NotheinpixelstheallDo
of8-neighborhood LPIX

color?itshave

determinetoProcessing—9Figure TPVALUE

decoderainProcessing6.4.2

pseudo-pixelTPthepair,linehigh-resolutioneachofbeginningtheAt LNTP (seedecodedbeshall
decodingIn7).Figure LNTP inputsthe, TPVALUE and DPVALUE and2beshall CX asbeshall

6.4.1.clauseindescribed

pixelhigh-resolutiongivenadecodingIn PIX, TPVALUE encoder.aninasgeneratedbeshall

18
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predictiontypicalLowest-resolution-layer6.5

thewithdisabledorenabledbecanlayerlowest-resolutiontheinTP TPBON offieldoptionstheinbit
BIH (disabledisitIf. TPBON outputsimplyshalldecoderandencoderanbothinblockTPBthe0),=
TPVALUE nothatblocksdecodingandencodingthetoindicatingtherebypixelsallfor2toequal

pseudo-pixelthedisabled,isTPlowest-resolution-layerwhenAlso,made.beingisprediction SLNTP
thisofremaindertheindiscussionThecoder.arithmeticthebydecodednorencodedneitherbeshall

(enabledisTPlowest-resolution-layerassumessubclause 1=TPBON ).

processingEncoder6.5.1

Let y thenabove,linethefromlocationpixelanyatdiffersitIfline.currentthedenote LNTP y shall
lineand1equal y Otherwise,non-typical.betosaidis LNTP y whetherdeterminingIn0.equalshall

asassumed,beshallimagetheaboveimmediatelylinethenon-typical,isimageanoflinefirstverythe
color.backgroundthebetousual,

arelinesallalmostWhereas—NOTE "typical" aonlyTP,differential-layerofsensethein
arefractionmodest "typical" TP.lowest-resolution-layerofsensethein

Define

SLNTP y = !(LNTP y + LNTP y −1 (5))

symbolthewhere + Innegation.logicaldenotes!symboltheandoperationexclusive-orthedenotes
words, SLNTP y ifonlyandif1bewill LNTP y assametheis LNTP y −1 image,anoflinetoptheFor.
LNTP y −1 1.toequalsetbeshall

tovalueinequalpseudo-pixelaenabled,isTPlowest-resolution-layerWhen SLNTP incodedbeshall
lineofpixelsanybeforeshownlocationvirtualthe y 10).Figure(seecodedare

...........SLNTP

pixelsordinarytorelationshipinpseudo-pixelofLocation—10Figure

When SLNTP if11Figureinshowncontexttheincodedbeshallitcoded,is LRLTWO thatand0is
if12Figureinshown LRLTWO figurethisIn6.7.1).clause(see1is "F" andforegrounddenotes "B"

codingWhenbackground.denotes SLNTP, TPVALUE words,otherIn2.equalalwaysshall SLNTP
encoded.arithmeticallybealwaysmustandTPwithpredictedbenevercan
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B F

B B

B B

?

F

FFF

template)(three-linepixelpseudolowest-resolution-layer-TPthecodingforcontextReused—11Figure

F ?

B

B

BB

FB

F F F

template)(two-linepixelpseudolowest-resolution-layer-TPthecodingforcontextReused—12Figure

inchangesencodingArithmetically—NOTE LNTP arithmeticallythanefficientmoreis
encoding LNTP TP,lowest-resolution-layerIn. LNTP or1valuetheeitherontakenotdoes

efficiency.highwithcodedentropybenotcanandprobability,highwith0valuethe

If LNTP y asabovepixeltheandpixelcurrentthetocommonvaluetheoutputshallblockTPBthe0,is
TPVALUE made.becanpredictionnothatindicateto2outputshallitOtherwise.

processingDecoder6.5.2

If TPBON indicatorsamenesstheone,is SLNTP y decodingIn10).Figure(seedecodedbeshall
SLNTP, TPVALUE and2beshall CX appropriate.as12or11Figureinasbeshall

recreateshalldecoderThe LNTP y by

LNTP y = !(SLNTP y + LNTP y −1 (6))

withinitializedbeshalliterationthisencoder,theinAs LNTP immediatelylinethefor1toequalset
image.realtheoflinetoptheabove

If LNTP y asonecurrenttheaboveimmediatelypixeltheofvaluetheoutputshallTPBblockthe0,is
TPPVALUE made.becanpredictionnoindicateto2outputshallitOtherwise,.

(DP)predictionDeterministic6.6

thewithdisabledorenabledbeshallDP DPON offieldoptionstheinbit BIH disabledisDPIf.
(DPON outputsimplyshalldecoderorencoderanbothinblockDPthe0),= DPVALUE allfor2=

(enabledisDPassumessubclausesitsandclausethisofremaindertheindiscussionThepixels. DPON
1).=

clausethisindescribedtablesDPthethatassumedbeshallitimageanencodingwhenusedisDPIf
indescribedassignaledbeenhastablesDPprivateofusetheunlesspredictionsmaketousedwere

6.2.clause
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pixelsassociatedofDefinition6.6.1

thatlabelingtheshows13FigurealgorithmpredictiondeterministicthedescribingofpurposestheFor
images.high-resolutionandlow-resolutionthebothfrompixelsneededtorefertousedbewill

stripe,currenttheinactuallynotiseffectsedgeofbecausethatpixelatomadeisreferenceWhenever
6.1.2.clauseofrulesedgegeneralthebydeterminedbeshallpixelthisofvaluethe

10

32

654

987

121110

DPbyusedpixelsofLabeling—13Figure

tablesDPDefault6.6.2

orneighboring,The "reference" spatialparticulareachforpredictionsmaketousedarewhichpixels,
setdifferentaphasesspatialpossiblefourtheofeachforthatNote18.Tableinlistedasbeshallphase
arethatthosearephasepossibleeachforusedpixelsThepredictions.DPmakingforusedispixelsof

spatialparticularthetimetheatdecoderaandencoderanbothtoknownareand13Figureinlabeled
referenceofcombinationsmanyhowindicatingnumberaistablethisinAlsocoded.betoisphase

follow.thatrulesDPtheusingwhenhit)(orpredictionDPainresultactuallypixels

phasespatialeachforpixelsDP—18Table__________________________________________________________________________
withhitsofNumberReferenceTarget

reductionresolutiondefaultPixelsPixelPhase__________________________________________________________________________
80 0,1,2,3,4,5,6,7 20
91 0,1,2,3,4,5,6,7,8 108
112 0,1,2,3,4,5,6,7,8,9,10 526
123 0,1,2,3,4,5,6,7,8,9,10,11 1044__________________________________________________________________________








































TableinindicatedthosethanotherphasesfourtheofanyforpixelsanyusenotshalltablesDPPrivate
willtheypatternspixelreferenceofnumberThe18. "hit" numbersthefromdifferentbegeneralinwill

algorithm.reductionresolutiondefaultthefor18Tableinlisted

aretablesfourThesealgorithm.reductionresolutiondefaulttheforDPdefine22and21,20,19,Tables
determiningforrespectivelyusedbeto DPVALUE The3.and2,1,0,phasesspatialfourtheofeachin

except17Tablereductionresolutiontheintoindextheaswaysametheincreatedistabletheintoindex
4.Figurethanrather13Figureingivennumberspixelthebydefinedasbeshallsignificancebitthethat

givetablestheseinentriesThe DPVALUE A2.or1,0,allareand "2" possiblenotisitthatindicates
Aprediction.deterministicamaketo "0" DPaistherethatindicates "hit" pixeltargetthethatand

A(0).backgroundbemust "1" DPaistherethatindicates "hit" bemustpixeltargetthethatand
index.increasingwithrighttoleftfromreadareentriesthe17TableinAs(1).foreground
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0phasespatialpredictingfortableDP—19Table___________________________________________________________________________________________________
Index DPVALUE___________________________________________________________________________________________________
[0,63] 2222222222222222222222220222222222222222222222222222222202222222

[64,127] 2222222222222222222222220022222222222222222222222222222202222222
[128,191] 2222222202022222222222220202022222222222002222222222222202222222
[192,255] 2222222222222222222222220202002222222221222222222222222200222222___________________________________________________________________________________________________
























1phasespatialpredictingfortableDP—20Table___________________________________________________________________________________________________
Index DPVALUE___________________________________________________________________________________________________
[0,63] 2211111100222222222222220222222222000000222222222222222222222222

[64,127] 2211222122222222221111110222222221111111222222222222222222222222
[128,191] 2222222220222222222222000022222222222222022222222222222202222222
[192,255] 2222221222220022222222121122222222222102222222222211111102222222
[256,319] 2222222100000022222222222000022222222222002202222222222220222222
[320,383] 2222222122221122222222212222222222222221112222222222222220222222
[384,447] 2222222220220002222222222020200222222222220000222222222220020022
[448,511] 2222222222220002222222222121220222222221002200222222222222000022___________________________________________________________________________________________________







































2phasespatialpredictingfortableDP—21Table_____________________________________________________________________________________________________
Index DPVALUE_____________________________________________________________________________________________________
[0,63] 1122222202222222122222220222222222222222222222221222222222222222

[64,127] 2222222222221122112222220222222212222222022222222222222222222222
[128,191] 2211122210222222211222220022222211111111002002221111111100202222
[192,255] 2211222222220022222022202222222221222222002222221122222202222222
[256,319] 2222221222000022222222202000022222222222200200222122222220222222
[320,383] 2222222222002222221221222200002222112122220202222221111120220222
[384,447] 2222221220202202222222222220202222222212220000222222220020020022
[448,511] 2221222122002220222222212222220222222212000020222222220022202022
[512,575] 2220200022122122222200002221212211222222022222222211112202222222
[576,639] 2222222222002112222222222200222222000000022222222222222200000000
[640,703] 2221222202222222221121222200002222121222202222222122112220222222
[704,767] 2222222222002212222222000200002221111222000222222222202220222222
[768,831] 2222222122222202222222122222202222222200222220222211112222020222
[832,895] 2222222222002200222222222202220222222220002012222222222222000022
[896,959] 2222222222202220222222212222222222222221222222022222222222202222

[960,1023] 2222222222002220222222222020222022222221220022022222222222222222
[1024,1087] 2222222222222222211111110222222211111111222222221111111122222222
[1088,1151] 2222200222222222212222220222222222222222022222221111111122222222
[1152,1215] 2222111122002202222222121222222222221121222222021111111100222222
[1216,1279] 2222222122000022221012222222022222201202222222222122222202222222
[1280,1343] 2222221200202222222222222220200222211111110202222211211120222222
[1344,1407] 2222221222222202222222122222202222222212220000222222221122020022
[1408,1471] 2222212122222222222222212122210222222221222222122221121122002022
[1472,1535] 2222222122000002222222212222220022220222221111222222222222121122
[1536,1599] 2212112222220222221211112022222221222222022222221111111100000000
[1600,1663] 2221212222220022221111112002022221121222222222222222222200222222
[1664,1727] 2222221122220022222221222200002222221121220200222211111120220022
[1728,1791] 2222221022222202222221111112222222211122220022222211111120020222
[1792,1855] 2222222122222200222222112222220222222212221220222222222222200022
[1856,1919] 2222221122000000222222112200000022222222221212222222222222222022
[1920,1983] 2222222222222222222222212222222022222221222222202222221122222202
[1984,2047] 2222222222222220222222222222222222222221222222202222222122222200_____________________________________________________________________________________________________
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3phasespatialpredictingfortableDP—22Table_____________________________________________________________________________________________________
Index DPVALUE_____________________________________________________________________________________________________
[0,63] 2222222222222222222222222222222222222222222222222222222222222222

[64,127] 2222221222222202222222222222222222222222222222222222222222222222
[128,191] 2122222220222222122222220222222222222222222222222222222222222222
[192,255] 2222002222221122220000202211112112222222022222222222222222222222
[256,319] 2211112222000022211111112000000021111111200000002222222222222222
[320,383] 2211222222002222222112222220022222220222222212222112222220022222
[384,447] 2121212120202020222121222220202222111122220000222111111120000000
[448,511] 2212222222022222222222022222221211112122000020222220200022212111
[512,575] 2220020022211211221212112202020022222222222222221222222202222222
[576,639] 2211222122002220221111112200000011111111000000001111111100000000
[640,703] 1212102202020122222202222222122221222222202222222222222222222222
[704,767] 2211222122002220121110110200010012222222022222222111111120000000
[768,831] 2222221222222202222221222222202222222000222221112222222222222222
[832,895] 2211220122002210221222112202220011212111002020002211111122000000
[896,959] 2221222122202220222222222222222222222202222222122221220222202212

[960,1023] 2211222122002220212122212020222022112212220022022222222122222220
[1024,1087] 1222222202222222122222220222222222222222222222222222222222222222
[1088,1151] 2222000222221112122222220222222212222222022222222222222222222222
[1152,1215] 2200222222112222220000202211112122222212222222022222222222222222
[1216,1279] 2210102222010122222020222221212222002202221122121222222202222222
[1280,1343] 1121112200200022222020002221211122022222221222222122122220220222
[1344,1407] 2222222222222222222221222222202222111122220000222200002222111122
[1408,1471] 2222122222220222222222022222221222221122222200222212212222022022
[1472,1535] 2200000222111112222222122222220222222222222222222221222222202222
[1536,1599] 2222222222222222212222222022222212222222022222222222222222222222
[1600,1663] 2212122222020222212222222022222222222222222222221111111100000000
[1664,1727] 2222002222221122221012222201022222002202221122122122222220222222
[1728,1791] 2222222122222220222102222220122222122222220222222022222221222222
[1792,1855] 2222221222222202222222222222222222212122222020222220000022211111
[1856,1919] 2211002222001122220000222211112222222212222222022222211122222000
[1920,1983] 2222222222222222222222222222222222222222222222222222222222222222
[1984,2047] 2222222122222220222222222222222222222222222222222222221222222202
[2048,2111] 2122222220222222222222222222222222222222222222221222222202222222
[2112,2175] 2222000222221112212222222022222222222222222222222222222222222222
[2176,2239] 1210122202010222220222222212222222022000221221112212111122020000
[2240,2303] 2200222222112222221210222202012222222222222222222122222220222222
[2304,2367] 2222220222222212222221022222201222202200222122112222222222222222
[2368,2431] 2222222222222222222222222222222222212122222020222200200022112111
[2432,2495] 2222212122222020222222222222222222222212222222022221222222202222
[2496,2559] 2222222222222222222222212222222022222212222222022222222222222222
[2560,2623] 2212122222020222220022222211222221222222202222222200002222111122
[2624,2687] 2222211122222000222211112222000020222222212222222222222222222222
[2688,2751] 2200002222111122222222222222222222121222220202222222002222221122
[2752,2815] 2222221122222200222222222222222222210222222012222211121122000200
[2816,2879] 2222222122222220222222122222220222222222222222222221212222202022
[2880,2943] 2222222222222222222222212222222022220012222211022222221122222200
[2944,3007] 2222222222222222222222212222222022222221222222202222221222222202
[3008,3071] 2222222222222222222222222222222222222221222222202222222122222220
[3072,3135] 1222222202222222211111112000000011111111000000001111111100000000
[3136,3199] 2222122222220222202222222122222222222222222222221111111100000000
[3200,3263] 2222112122220020121011110201000022221121222200202211111122000000
[3264,3327] 2222222122222220220221222212202222121222220202222122222220222222
[3328,3391] 2222111222220002222222212222222011212111002020002211111122000000
[3392,3455] 2222222222222222222222122222220222222212222222022221221122202200
[3456,3519] 2222112122220020212221212022202022221101222200102222121122220200
[3520,3583] 2222222122222220222222222222222222002122221120222200002222111122
[3584,3647] 2202212222122022221211112202000020222222212222222222222222222222
[3648,3711] 2211222222002222222121112220200020121222210202222211111122000000
[3712,3775] 2222221122222200222222222222222222212211222022002211221122002200
[3776,3839] 2222222222222222111111110000000022221122222200222221211122202000
[3840,3903] 2222222222222222222222212222222022002212221122022222221122222200
[3904,3967] 2222222222222222222222222222222222020202221212122222221122222200
[3968,4031] 2222222222222222222222222222222222222222222222222222222122222220
[4032,4095] 2222222222222222222222222222222222222222222222222222222222222222_____________________________________________________________________________________________________
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formattableDP6.6.3

If DPON 1,= DPPRIV and1= DPLAST theintoencodedbeshalltableDPprivatethe0,=
DPTABLE offield BIH The6.2).clause(see DPTABLE theparallelingbydefinedbeshallfield

Inalgorithm.reductionresolutiondefaulttheforDPdefinethatabovetablesfourtheofstructure
thatsoentrytableeachtoallocatedbitstwowithtablesfourtheofconcatenationabeshallitparticular,

packshalltablestheinentriesuppermostandleftmostTypographicallybyte.oneintopackentriesfour
theinbytesearlierandbytesinbitsorderhigherinto DPTABLE maketopossiblenotisitWhenfield.
field.two-bittheintocodedbeshall2prediction,DPa

fieldtwo-bittheofbitsignificantmostthethatsograntedispermissionThis—NOTE
made.benotcanpredictionDPathatindicationanitselfbybecomes

0,phasesspatialinpixelsrespectivelypredictingforpixelsreference12and11,9,8,arethereBecause
the3,and2,1, DPTABLE bewillfield

1728 = 2×(256+512+2048+4096) ⁄ (7)8

length.inbytes

templatesadaptiveandtemplatesModel6.7

theseinpixelstheofvaluesThecoded.betopixelaaroundneighborhoodadefinetemplatesModel
arithmeticseparateawithcontext,adefinelayers,differentialinphasespatialplusneighborhoods,
geometricaistemplateaAlthough6.8).clause(seecontextdifferenteachforusedadaptercoding

atoalignedistemplatethewhenvaluesontaketosaidaretemplateainpixelsthepixels,ofpattern
image.theofpartparticular

layerresolutionLowest6.7.1

whenlayerresolutionlowesttheencodingwhenusedbeshallwhichtemplatetheshows14Figure
LRLTWO 0.is

A

?

XXX

XXXX

XX

layerresolutionlowestfortemplatemodelThree-line—14Figure

abydenotedpixelThe "?" Thetemplate.theofpartnotisandcodedbetopixelthetocorresponds
bydenotedpixels "X" bydenotedpixeltheandtemplate,theinpixelsordinarytocorrespond "A" ais

ancalledisthattemplatetheinpixelspecial "adaptive" or "AT" itsthatinspecialispixelThispixel.
afor6.7.3clauseSeeimage.anencodingofprocesstheduringchangetoallowedisposition

Thepixels.ATofdescription "A" pixel.ATtheoflocationinitialtheindicates

modeltheinpixelEachcontext.aformtocombinedbeshalltemplatetheinpixelstheofvaluesThe
thealthoughcontext,theinbitspecificatocorrespondshallpixel)adaptivethe(includingtemplate

pixels10arethereBecauseorder.anyincontexttheinbitstoassignedbemaytemplatetheinpixels
values.different1024ontakecanlayerresolutionlowestthewithassociatedcontextstemplate,thisin

pixeltheencodingforusedbetoisadaptercoderarithmeticwhichidentifytousedbeshallcontextThis
6.8.clauseindescribedascoded,beto

24



11544ISO/IEC

If LRLTWO 15.Figureinshownthatbeshallmodel-templatelowest-resolution-layerthe1,is

XX

X

?

A

X X

X X X X

layerresolutionlowestfortemplatemodelTwo-line—15Figure

labelstheofmeaningThe "X", "A" and, "?" before.asis

withfastersomewhatbewilllayerresolutionlowesttheinspeedexecutionSoftware—NOTE
istemplatetwo-linetheusinginpenaltyThetemplate.linethreethethantemplatetwo-linethe

efficiency.compressioninloss5%aabout

bydictated(as15or14FiguresoftemplatestheinpixelstheofanyWhenever LRLTWO outsidelie)
used.beshall6.1.2clauseofrulesedgegeneralthestripe,orimagetheofboundariesthe

layerDifferential6.7.2

thatNoticeimages.differential-layerencodingwhenusedbeshallthattemplatestheshows16Figure
theinpixelstoaswellasimageresolutionlowernexttheinpixelstoreferencescontaintemplatesthese

symbolsThephases.differentfordifferentistemplatemodelthethatandencoded,beingimage "?",
"X" and, "A" clause.previoustheinasmeaningsamethehave
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.................

...........................

..............................................

...........................

.......................................

...........................

A

?

X X

X X

XX

X

X

A X

?

X X

X X

1Phase

XX

X

X

A X

?

2Phase 3Phase

X

X X

XX

X X

X

A

?

X

0Phase

X X

X X

X

XX

XX

. .................................

.................

...........

codingdifferential-layerfortemplatesModel—16Figure

lowest-thefordescribedwaswhattosimilarwayaintemplatesthesefromformedbeshallContexts
addition,Incontext.thetobitonecontributeshalltemplateainpixelEachtemplate.resolution-layer

thedescribetocontextthetoaddedbeshallbitsadditionaltwoimages,differential-layerencodingwhen
phasethedescribetousedbemaybitsparticularanybefore,Asencoded.beingpixeltheofphase

remainshallcontexttheinbitstoinformationphaseandpixelsofassignmentthealthoughinformation,
andtemplatesdifferential-layertheinpixels10arethereBecauseimage.anencodingwhilefixed

whilecontextspossibledifferent4096arethereinformation,phasedescribetousedarebits2because
isadaptercoderarithmeticwhichidentifytousedbeshallcontextThisimages.differentialprocessing

coded.betopixeltheencodingforusedbeto
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pixelstemplateAdaptive6.7.3

beshalltemplatemodelthelayer,lowest-resolutiontheaswellaslayersdifferentialthecodingIn
clause.thisindescribedwayrestrictedtheinchangetoallowed

islocationdefault)(orinitialItspixel.ATthecalledbeshallchangetoallowedisthatpixelsingleThe
byindicated "A" three-awithcodinglowest-resolution-layerrespectively,for,16and15,14,Figuresin

Incoding.differential-layerandtemplate,two-lineawithcodinglowest-resolution-layertemplate,line
inshownfieldtheinanywheretolayersallforindependentlymovedbecanpixelATthegeneral,

17.Figure

.

.

.

MX,0 ... ?1,02,0

MX,1 ... -2,1-1,10,11,12,1 ... -MX,1

MX,MY
... 2,MY 1,MY 0,MY -1,MY -2,MY

... -MX,MY

restrictedaremovementsATwhichtoField—17Figure

permissible(Hencetemplate.theinpixelsregularanyoverlapnotshalllocationATnewtheHowever,
andcoding,lowest-resolution-layerthree-linecoding,lowest-resolution-layertwo-lineformovements

different.)slightlyarecodingdifferential-layer

thanmoreisthereIfsimultaneously.phasesfourallforeffectiveismovementATdifferential-layerA
independent.areeachinmovementsthelayer,differentialone

parametersThe MX and MY suggestedandlimitsAbsolute17.Figureinrectangletheofsizethedefine
A-1.and9Tablesinasaresupportminimum

ofmovementverticalsupporttohardwareforgeneral,incostly,moreisitBecause—NOTE
forsupportminimumsuggestedthepixel,ATthe MY pixelATthatsozerotorestrictedis

coded.beinglinecurrentthetorestrictedislocationdefaultthebutanywheretomovement

bychangetheofdecodertheinformshallitpixel,ATtheoflocationthechangetowishesencoderanIf
coding τX , τY and, yAT intocodednumbersThe14.Tableinindicatedas τX and τY be,shall

The17.Figureinshownaspixeltargetthefromoffsetsverticalandhorizontaltherespectively,
numbernegativepossibly τX intocodednumberTheform.2’s-complementinencodedbeshall yAT

Themade.beshallchangethewhichofbeginningtheatlinehigh-resolutiontheofnumberthebeshall
stripe.eachoftoptheat0withrestartshallusednumberingline

itmovedoncehavingafterlocationdefault)(orinitialitstobackpixelATthemovetopermissibleisIt
bycodedbealwaysshallpixelATtheforlocationdefaultTheaway. τX = and0 τY = thethanrather0

coordinates.YandXtrue

lowest-fordifferentarecoordinatestruethebecauseconvenientisconventionThis—NOTE
toencoderanforpossibleitmakesalsoItcoding.differential-layerandcodingresolution-layer

settingbymovementsATanybeneverwilltherethatdecoderainform MX and MY equalboth
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0.to

pixelATanwhenofdeterminationsmakingfortechniquesimplecomputationallyadescribesCAnnex
moved.beshoulditwhereanddesirableischange

codingArithmetic6.8

subclauseIncoder.compressionarithmeticadaptiveanisSpecificationthisinusedcoderentropyThe
aretheythatsensetheinonlynormativeare24Tableanddiagramsflowthesubclauses,itsalland6.8
andinformationbackgroundAllduplicate.mustimplementationsalternativethatoutputandefining

informative.is6.8subclauseofsubclausestheindiscussion

beclausethisindescribedoperationscodingarithmeticthethatintendedisIt—NOTE
shouldHowever,ISO/IEC—10918-1.indescribedoperationscodingarithmeticthetoidentical

thisindescribedprocedurethedescriptions,theindifferenceunintentionalanybethere
used.beshallSpecification

streambyteaproduceshallencoderarithmeticthelayer,resolutioneachofstripeeachFor SCD It.
beingstripetheinpixeleachforvalueoneprovidingthemofeachinputs,asstreamsfourhaveshall

pixelabeshallinputsfourthese18FigureinshownAscoded. PIX valuecontexta, CX TPa,
indication TPVALUE indicationDPaand, DPVALUE.

PIX
CX

TPVALUE
DPVALUE

SCD

Encoder
Arithmetic

outputsandinputsEncoder—18Figure

orTPlowest-resolution-layerifbutimage,thefrompixelajustgenerallyiscodedbetopixelThe
pseudo-pixel,abeoccasionallywillitenabled,isTPdifferential-layer LNTP or(differential-layer)

SLNTP inputsThe(lowest-resolution-layer). CX, TPVALUE and, DPVALUE asgeneratedare
6.6.and6.56.4,6.7,clausesindescribed

streambyteareadshalldecoderarithmeticthelayerresolutioneachofstripeeachFor SCD shownAs.
streamsinputsper-pixelthewithalongstreamthis19Figurein CX, TPVALUE and, DPVALUE shall

streamtherecreatetoprocessedbe PIX.

CX
TPVALUE
DPVALUE

PIXSCD

Decoder
Arithmetic

outputsandinputsDecoder—19Figure

inputsThe CX, TPVALUE and, DPVALUE encoder.theinusedthosetoidenticalare

procedures.sampledescribingbydecoderandencodertheforrequirementsthespecifytosimplestisIt
exist.proceduresequivalentManytable.aanddiagramsflowbydefinedareproceduressampleThe

forsuitablemoreareSomeothers.overadvantagessimplicityormemory-usage,speed,havewillSome
washerechoiceTheimplementation.softwareforsuitablemoreothersandimplementationhardware

proceduresdecodingorencodingAnyconciseness.andsimplicitygreatestoffavorinweighted
thebeshallequivalenceoutputThisused.bemayproceduressampletheasoutputssametheproducing

only requirement.

28



11544ISO/IEC

(informative)conceptscodingarithmeticFundamental6.8.1

subdivisionInterval6.8.1.1

inputanConceptually,coding.arithmeticforbasistheissubdivisionintervalprobabilityRecursive
numberrealaintomappedissymbolsofsequence x onbracketsquareawhere[0.0,1.0)intervaltheon

Whatdisallowed.beingitdenotesbracketcurvedaandallowedbeingequalitydenotesendintervalan
ofexpansionbinarytheissymbolsofsequenceoriginaltheofinsteadstoredortransmittedis x .

coded.beto0,1,0,0sequenceinitialanthroughdivisionintervalsuchofexampleanshows20Figure

A(0101)

A(0100)

A(011)

A(010)

A(00)

coded:betoSymbols 0 1 0 0

0.000

1.000

A(01)

A(1)

A(0)

.......

.........

........................ ........................... .

.........................

............

.......................................

subdivisionInterval—20Figure

whichon[0.0,1.0)ofportionThe x knownissymbolsofsequenceinitialancodingafterlietoknownis
twointodividedisintervalcodingcurrenttheinputbinaryeachForinterval.codingcurrenttheas
newTheoccurrences.valuesymbolofprobabilitiesrelativethetoproportionalsizeswithsub-intervals

anInoccurred.actuallythatvaluesymbolthewithassociatedthatbecomesintervalcodingcurrent
aandsizeitsgivingvariableainmaintainedisintervalcodingcurrenttheofknowledgeencoder,

pointingvariablethefromobtainedisstreamoutputThebound).(lowerbaseitsgivingvariablesecond
base.theto

probablelesstheforsub-intervalthesub-intervals,twointointervalcurrenttheofpartitioningtheIn
whenTherefore,(MPS).symbolprobablemoretheforsub-intervaltheaboveorderedis(LPS)symbol

thatrequiresconventioncodingThisbase.thetoaddedissub-intervalMPSthecoded,isLPSthe
LPStheofsizetheConsequently,1.or0thanratherLPS,orMPSeitherasrecognizedbesymbols

symbol.thatcodetoorderinknownbemustsymboleachforMPStheofsensetheandinterval

decodingtheinterval,codingcurrenttheinnumberrealatopointsalwaysstreamcodetheSince
string.codethebytopointedissub-intervalwhichdecision,eachfordetermining,ofmatteraisprocess

timeEachencoder.theinasprocesssub-divisionintervalsametheusingrecursively,donealsoisThis
stream.codethetoaddedencodertheintervalanysubtractsdecoderthedecoded,isdecisiona

theofbasethetorelativeintervalcurrenttheintopointeraisdecodertheinstreamcodetheTherefore,
interval.current

codeintegerofconcatenationthanratherfractionsbinaryofadditioninvolvesprocesscodingtheSince
perbitonethanlessmuchofcostaatcodedbeoftencandecisionsbinaryprobablemorethewords,

decision.
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approximationsandconventionsCoding6.8.1.2

registerAarithmetic.integerprecisionfixedusingoperationscodingtheseperformtopossibleisIt A
[0x8000,0x10000]rangetheinliealwaystonormalizedintervalcodingcurrenttheofsizethecontains

anwhere "0x" symbolacodingofresultaasWheneverinteger.hexadecimaladenotesprefix A
0x8000.toequalorthangreaterisituntilrecursivelydoubledisit0x8000,belowfallstemporarily

termedaredoublingsSuch "renormalizations."

register,secondA C registerThestream.codetheofbitstrailingthecontains, C eachdoubledalsois
time A keep(toPeriodicallydoubled.is C highthefromremovedisdataofbyteaoverflowing)from

theofbitsorder C bemustcarry-overPossiblebuffer.stringcodeexternalaninplacedandregister
output.tocommittedisbufferthisofcontentsthebeforeresolved

intervalanForsubdivision.intervaltheinusedisapproximationarithmeticsimpleA A currentaand
estimate p arequirewouldsub-intervalLPStheofcalculationpreciseaprobability,LPStheof
multiplication p ×A approximationtheInstead,.

p ×A ∼∼ p ×A
__

= LSZ (8)

ofdensityprobabilitytheoveraverageandenotesoverscorethewhereusedis A and LSZ storedais
BecauseLPS.theforintervalapproximatedtheofsizethetoequalquantity A rangetheinkeptis

replacing[0x8000,0x10000], A error.angreattoointroducenotdoesaveragestatisticalitsby
Empirically, A toproportionalinverselydensityprobabilityahavetofoundis A.

subintervalMPStheofvaluethecoded,isLPStheWhenever A-LSZ andregistercodethetoaddedis
valuethetoreducedisintervalcodingthe LSZ coded,isMPStheWheneversubinterval.LPStheof

toreducedisintervaltheandunchangedleftisregistercodethe A-LSZ If. A in0x8000belowfalls
bothrenormalizingbyrangeproperthetorestoredisitoperations,theseperforming A and C.

sometimescanprocesssubdivisionintervaltheinapproximationtheabove,sketchedprocesstheWith
ofvaluetheexample,forIf,sub-interval.MPSthethanlargersub-intervalLPSthemake LSZ is

0,33 × and0x10000 A 1/3givesscalingapproximatethe0x8000,ofvalueallowedminimumtheatis
subdividedisintervaltheinversion,sizethisavoidToLPS.theto2/3andMPSthetointervaltheof

thewheneverexchangedareassignmentsintervalLPSandMPSthebutapproximation,simplethisusing
MPS/LPSThisinterval.MPSthethanlargerisintervalLPS " exchangeconditional " occuronlycan

needed.bewillrenormalizationawhen

newadetermineswhichinvokedisprocessestimationprobabilityaoccurs,renormalizationaWhenever
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coded.beingcurrentlycontexttheforestimateprobability

Encoder6.8.2

diagramflowEncoder6.8.2.1

Yes

DPVALUE ≠ ?2
or

TPVALUE ≠ 2

Call INITENC

Call ENCODE

No

No
?stripeFinished

Call FLUSH

Yes

Read DPVALUETPVALUE,CX,PIX,

—21Figure ENCODER diagramflow

typicallynotarethatPixelslayer.resolutioneachofstripeeachforexecutedisdiagramflowThis
procedurethewithcodedarepredictabledeterministicallynotareandpredictable ENCODE The.

procedureinitialization INITENC procedureterminationtheandentry,oncalledis FLUSH exit.on,

conventionsregistercodeEncoder6.8.2.2

23.TableinshownstructureregistertheassumeclausethisingivendiagramsflowThe

structureregisterEncoder—23Table___________________________________________________________
lsbmsb___________________________________________________________

C register xxxxxxxxxxxxxxxx,bbbbbsss,0000cbbb,___________________________________________________________
A register aaaaaaaaaaaaaaaa,0000000a,00000000,___________________________________________________________















The "a" theandvalueintervalcurrenttheinbitsfractionalthearebits "x" inbitsfractionalthearebits
Theregister.codethe "s" carry-over,constraintoneedediswhichofoneleastatbits,spacerarebits

theand "b" thefromremovedaredataofbytescompletedthewhichfrompositionsbittheindicatebits
C Theregister. "c" henceandpresentconceptuallyisbitregisterAseventeenthThebit.carryaisbit

initializingcase,thisIndesired.isimplementationbit16aifavoidedbeeasilycanitbuthere,shown
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orhardwareunderlyingtheinunderflowaslongasproperlyworks0x10000ofinstead0x0000to
fromsubtractingonas0x0000fromsubtractingonbits16orderlowsametheproducessoftware

usual.theisbehaviorSuch0x10000.

othermanyarethereespecially,Hereimplementation.possibleoneillustrateconventionsregisterThese
possibilities.

tablesestimationProbability6.8.2.3

contexttheofvaluepossibleeachFor CX valueone-bitastoredisthere MPS[CX] seven-bitaand
value ST[CX] thatwithassociatedestimateprobabilityadaptivethecapturecompletelytogetherwhich,

byindexedarraysFourcontext.particular ST[CX] 24.Tableinshownare
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tableestimationProbability—24Table
_________________________________________________________________________________

SWTCHNMPSNLPSLSZSTSWTCHNMPSNLPSLSZST_________________________________________________________________________________
058550x01a4571110x5a1d0
059560x01605802140x25861
060570x01255903160x11142
061580x00f66004180x080b3
062590x00cb6105200x03d84
063610x00ab6206230x01da5
032610x008f6307250x00e56
165650x5b126408280x006f7
066800x4d046509300x00368
067810x412c66010330x001a9
068820x37d867011350x000d10
069830x2fe86801290x000611
070840x293c69013100x000312
071860x237970013120x000113
072870x1edf71115150x5a7f14
073870x1aa972016360x3f2515
074720x174e73017380x2cf216
075720x142474018390x207c17
076740x119c75019400x17b918
077740x0f6b76020420x118219
078750x0d5177021430x0cef20
079770x0bb678022450x09a121
048770x0a4079023460x072f22
181800x583280024480x055c23
082880x4d1c81025490x040624
083890x438e82026510x030325
084900x3bdd83027520x024026
085910x34ee84028540x01b127
086920x2eae85029560x014428
087930x299a86030570x00f529
071860x251687031590x00b730
189880x557088032600x008a31
090950x4ca989033620x006832
091960x44d990034630x004e33
092970x3e2291035320x003b34
093990x38249209330x002c35
094990x32b493137370x5ae136
086930x2e1794038640x484c37
196950x56a895039650x3a0d38
0971010x4f4696040670x2ef139
0981020x47e597041680x261f40
0991030x41cf98042690x1f3341
01001040x3c3d99043700x19a842
093990x375e100044720x151843
01021050x5231101045730x117744
01031060x4c0f102046740x0e7445
01041070x4639103047750x0bfb46
0991030x415e104048770x09f847
11061050x5627105049780x086148
01071080x50e7106050790x070649
01031090x4b85107051480x05cd50
01091100x5597108052500x04de51
01071110x504f109053500x040f52
11111100x5a10110054510x036353
01091120x5522111055520x02d454
11111120x59eb112056530x025c55

057540x01f856_________________________________________________________________________________
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colorThe MPS forcolorlikelymost(estimated)theis PIX. LSZ canwhichsize,intervalLPStheis
onlyasmadebeneedinterpretationsuchnoalthough8,equationviaprobabilityatointerpretedbe

LSZ calculations.subsequententersever

arraysThe NLPS and NMPS observationanforstateprobability-estimationnexttherespectively,give,
bygivenmovementTheMPS.theandLPStheof NMPS theobservingtoadditioninifoccursonly

bygivenmovementtheWhenoccurs.alsorenormalizationaMPS, NLPS anbealsowillthereoccurs,
ofinversion MPS[CX] if SWTCH[CX] 1.is

are.theywaytheare24Tableinentriesthewhyexplains(informative)DAnnex

ENCODEprocedurethefordiagramFlow6.8.2.4

YesNo

Call CODELPS Call CODEMPS

PIX=MPS[CX] ?

procedurethefordiagramFlow—22Figure ENCODE

symbolcurrenttheIf PIX routinetheprobable,mostbetothoughtcurrentlyvaluetheequals
CODEMPS Otherwise,called.is CODELPS called.is
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procedurethefordiagramFlow6.8.2.5 CODELPS

Yes

No

Yes
A<LSZ[ST[CX]] ?

A = A-LSZ[ST[CX]]

ST[CX] = NLPS[ST[CX]]
Call RENORME

C = C+A
A = LSZ[ST[CX]]

No

MPS[CX] 1-= MPS[CX]

SWTCH[ST[CX]] ?=1

procedurethefordiagramFlow—23Figure CODELPS

The CODELPS sub-intervalMPStheofadditiontheofconsistsnormallyprocedure A−LSZ [ST [CX ]]
sub-intervalthetointervaltheofscalingaandstreamcodetheto LSZ[ST[CX]] alwaysisIt.

Ifrenormalization.abyfollowed SWTCH[ST[CX]] 1,is MPS[CX] inverted.is

conditionalthesub-interval,MPSthethanlargerissub-intervalLPSthethateventtheinHowever,
coded.issub-intervalMPStheandoccursexchangeMPS/LPS
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procedurethefordiagramFlow6.8.2.6 CODEMPS

Yes

No

A = A-LSZ[ST[CX]]

Yes

No

A< ?0x8000

A<LSZ[ST[CX]] ?

A = LSZ[ST[CX]]
C = C+A

ST[CX] = NMPS[ST[CX]]
Call RENORME

procedurethefordiagramFlow—24Figure CODEMPS

The CODEMPS However,sub-interval.MPSthetointervaltheofsizethereducesnormallyprocedure
LPStheandoccursexchangeconditionalthesub-interval,MPSthethanlargerissub-intervalLPStheif

renormalizationaunlessoccurcannotinversionsizeintervalthisthatNoteinstead.codedissub-interval
symbol.theofcodingtheafterrequiredis

procedurethefordiagramFlow6.8.2.7 RENORME

A = A<<1
C = C<<1
CT = CT-1

CT ?=0

Call BYTEOUT

Yes

No

A< ?0x8000
Yes

No

procedurethefordiagramFlow—25Figure RENORME
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registerintervaltheBoth A registercodetheand C shiftsofnumberThetime.aatbitoneshifted,are
countertheincountedis CT whenand, CT isdatacompressedofbyteazero,todowncountedis

fromremoved C proceduretheby BYTEOUT untilcontinuesRenormalization. A thanlesslongernois
0x8000.

procedurethefordiagramFlow6.8.2.8 BYTEOUT

C = C&0x7ffff
CT 8=

Write BUFFER
0xffWrite SC times
SC 0=

BUFFER = TEMP

BUFFER = BUFFER+1
Write BUFFER

0x00Write SC times
SC 0=

BUFFER = TEMP&0xff

TEMP ?=0xff

TEMP = C>>19

?TEMP>0xff
Yes

SC = SC+1

Yes No

No

procedurethefordiagramFlow—26Figure BYTEOUT

procedureThe BYTEOUT fromcalledis RENORME variableThe. TEMP thatvariabletemporaryais
theoftoptheatbytetheholds C variableTheindication.carryaplusoutputbetoisthatregister

BUFFER counterThe0xff.tounequalwasthatoutputtentativerecentmosttheholds SC theholds
inbytethesincebeenhavetherebytes0xffofnumber BUFFER output.tentativelywas

bitsoutputthealignsbits19byregistercodetheofshiftThe "b" ofbitsorderlowthewith TEMP.
thetoaddedbemustcarrytheso,Ifoccurred.hascarry-overaifdeterminesthentestfirstThe

inbyteoutputtentative BUFFER bytesoutputstackedAnyoutput.tocommittedfinallyisitbefore
byteoutputtentativenewtheFinallyoutput.thenarecarry)thebyzerosto(converted BUFFER setis

toequal TEMP carry.anyless

countstacktheso,If0xff.isitifseetocheckedisbyteoutputtheoccurred,nothascarryaIf SC is
beenhascarrythenot,Ifresolved.iscarrytheuntildelayedbemustoutputtheasincremented,

output.bemaybytes0xffstackedanyandresolved,

counterthethatprobabilityThe—NOTE SC integergivenareachwill n asrapidlyofffalls
2-8n ofvaluespracticeinthatso SC image.ancodinginseenrarelyare4or3beyond

principleinHowever, SC fileoutputtheinbytesofnumbertheaslargeasbecomecan SCD.
whileprocessedbenotcanimageinputtheresolved,iscarryWhenever SC bytes0xffor0x00

Sinceoutput.are SC principleinalsocanhaltthislarge,quiteprincipleinbecomecan
long.quitebecome

finitelytousedbecanmarkerreservedtheimplementation,particularaforimportantisitIf
markerreservedtheinserttoiswayOneimage.inputtheofprocessingtheofhaltanybound

whenever SC decrementthenand8,saynumber,smallsomereaches SC ainThen8.by
0xffeighteitherbyreplacedismarkerstheseofeachencoderthewithinsteppostprocessing
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asencoderthebydonebemustpostprocessingThisappropriate.asbytes0x00eightorbytes
marker.reservedtheofapplicationansuchaboutanythingknowtoexpectedisdecoderno

withworksonlybytemarkerreservedtheofuseaSuch PSCD fromcreateddynamicallydata
SCD generated.isitasdata

allowtoisendsamethistomarkerreservedtheusetowaysecondA SC toupbuildto
ifbutvalues,largearbitrarily SC eventuallyiscarrywhen8,saynumber,somethanlargeris

whattoindicatetobyte0xffor0x00anbyfollowedmarkerreservedtheoutputtoresolved,
actualtheofbytes,fournextthesay,in,encodinganthenandresolvedwascarry SC value.

0xffofnumberproperthebymarkerthisreplacetorequiredispostprocessingencoderAgain,
bytes.0x00or

procedurethefordiagramFlow6.8.2.9 INITENC

allFor CX set ST[CX] and MPS[CX]
endtheatvaluestheirto

layerthisofstripeprevioustheof

SC 0=
A 0x10000=

C 0=
CT 11=

allFor CX
ST[CX] 0=
MPS[CX] 0=

ofstripeFirst
orlayerthis

reset?forced

Yes No

procedurethefordiagramFlow—27Figure INITENC

ofvaluespossibleallforstatesprobability-estimationtheimage,theoftoptheatisstripethisIf CX are
lasttheofendtheatvaluestheirtoresetaretheyOtherwise,state).equiprobabletheis,(that0toset

countstackTheresolution.thisatstripe SC registercodetheand C counterThecleared.are CT is
registerintervalcodingThebits).spacer3theplusbyte(a11toset A 0x10000.tosetis

softwareorhardwaretheaslongas0x0000tosetbecanitimplementation,bit16forAlternatively,
mathematicallyinobtainedisas0fromquantitybit16asubtractingonbits16sametheproduces

case.thebealwaysalmostwillThis0x10000.fromsubtracting
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procedurethefordiagramFlow6.8.2.10 FLUSH

Call CLEARBITS
Call FINALWRITES

inbytefirsttheRemove SCD
ofendtheatbytes0x00anyremovedesired,If SCD

procedurethefordiagramFlow—28Figure FLUSH

streamtheintowrittenwasthatbytefirsttheThenfirst.calledaresubproceduresTwo SCD removedis
ofendtheatbytes0x00anyofallorsomedesiredifand SCD tocomingfinallyuntilremovedalsoare

sovariablesauxiliaryupsetwillimplementationshardwareandsoftwareGood0x00.tounequalbytea
forchosenwasheredescribedimplementationTheplace.firsttheinwrittenneverarebytesthesethat

conciseness.andsimplicity

procedurethefordiagramFlow6.8.2.11 CLEARBITS

TEMP = (A-1+C)&0xffff0000

Yes No
TEMP<C ?

C = TEMP+0x8000 C = TEMP

procedurethefordiagramFlow—29Figure CLEARBITS

registercodeThe C [invaluethetosetis C,C+A zeroofnumberpossiblegreatestthewithendsthat-1]
bits.
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procedurethefordiagramFlow6.8.2.12 FINALWRITES

Write BUFFER
0xffWrite SC times

Write BUFFER+1
0x00Write SC times

(Write C>>19)&0xff
(Write C>>11)&0xff

NoYes
C> ?0x7ffffff

C = C<<CT

procedurethefordiagramFlow—30Figure FINALWRITES

frombytestwoandperformedisresolutioncarryfinalThe C written.are

Decoder6.8.3
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diagramflowDecoder6.8.3.1

No

Yes

No

DPVALUE ≠ 2

TPVALUE ≠ 2
Set PIX to
TPVALUE

Set PIX to
DPVALUE

Read SCD

Call INITDEC

No
?stripeFinished

Yes

Read CX, TPVALUE, DPVALUE

Call DECODE

Yes

diagramflowDecoder—31Figure

typicallynotarethatPixelslayer.resolutioneachofstripeeachforexecutedisdiagramflowThis
procedurethebydecodedarepredictabledeterministicallynotareandpredictable DECODE The.

procedureinitialization INITDEC entry.oncalledis

conventionsregistercodeDecoder6.8.3.2

25.TableinshownstructureregistertheassumeclausethisingivendiagramsflowThe

structureregisterDecoder—25Table___________________________________________
lsbmsb___________________________________________

CHIGH register xxxxxxxxxxxxxxxx,___________________________________________
CLOW register 00000000bbbbbbbb,___________________________________________
A register aaaaaaaaaaaaaaaa,a,___________________________________________


















CHIGH and CLOW bit32oneasofthoughtbecan C ofrenormalizationthatinregister, C bitashifts
of15bitfromdatanewof CLOW of0bitto CHIGH usecomparisonsdecodingtheHowever,. CHIGH

theintoinsertedisdataNewalone. "b" ofbits CLOW theencoder,theinAstime.aatbyteone
seventeenth A implementations.inavoidedeasilybutpresent,conceptuallyisbitregister
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tablesestimationProbability6.8.3.3

encoding.inusedthosetoidenticalaredecodinginusedtablesprobability-estimationThe

procedurethefordiagramFlow6.8.3.4 DECODE

Yes No

Yes No

PIX = MPS[CX]

A = A-LSZ[ST[CX]]

CHIGH<A ?

A< ?0x8000

Call MPS_EXCHANGE
Call RENORMD

Call LPS_EXCHANGE
Call RENORMD

procedurethefordiagramFlow—32Figure DECODE

havemayexchangeconditionalMPS/LPSthethatpossibleitisneededisrenormalizationawhenOnly
occurred.
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procedurethefordiagramFlow6.8.3.5 LPS_EXCHANGE

PIX 1-= MPS[CX]
ST[CX] = NMPS[ST[CX]]

PIX = MPS[CX]

A = LSZ[ST[CX]]
CHIGH = CHIGH-A

No
A<LSZ[ST[CX]] ?

Yes

A = LSZ[ST[CX]]
CHIGH = CHIGH-A

ST[CX] = NLPS[ST[CX]]

SWTCH[ST[CX]] ?=1

MPS[CX] 1-= MPS[CX]

No

Yes

procedurethefordiagramFlow—33Figure LPS_EXCHANGE
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procedurethefordiagramFlow6.8.3.6 MPS_EXCHANGE

ST[CX] = NLPS[ST[CX]]

PIX 1-= MPS[CX]

No

Yes

MPS[CX] 1-= MPS[CX]

SWTCH[ST[CX]] ?=1

PIX = MPS[CX]
ST[CX] = NMPS[ST[CX]]

A<LSZ[ST[CX]] ?
Yes No

procedurethefordiagramFlow—34Figure MPS_EXCHANGE

procedurethefordiagramFlow6.8.3.7 RENORMD

No

Yes

CT ?=0

Call BYTEIN

A = A<<1
C = C<<1
CT = CT-1

No

Yes
A< ?0x8000

procedurethefordiagramFlow—35Figure RENORMD

CT theinbitscompressedofnumbertheoftrackkeepswhichcounterais CLOW theofsection C
Whenregister. CT intoinsertedisbytenewazero,is CLOW.

registerintervaltheBoth A registercodetheand C untiltime,aatbitoneshifted,are A longernois
0x8000.thanless
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procedurethefordiagramFlow6.8.3.8 BYTEIN

BUFFER 0=

NobeendataallHas
fromread SCD ?

Yes

C = C+(BUFFER<<8)
CT 8=

frombyteoneRead SCD
Set BUFFER ittoequal

procedurethefordiagramFlow—36Figure BYTEIN

fromreadareBytes SCD 0x00.returningbysatisfiedarereadsfurtherwhichafterexhausts,ituntil
ofbits8uppertheintoinsertedarereadbytesThe CLOW 8.toresetiscounterThe.

procedurethefordiagramFlow6.8.3.9 INITDEC

allFor CX
ST[CX] 0=
MPS[CX] 0=

ofstripeFirst
orlayerthis

reset?forced

Yes No

allFor CX set ST[CX] and MPS[CX]
endtheatvaluestheirto

layerthisofstripeprevioustheof

A 0x10000=
Call BYTEIN

C=C <<8
Call BYTEIN
C = C<<8

Call BYTEIN
C 0=

procedurethefordiagramFlow—37Figure INITDEC

ofvaluespossibleallforstatesprobability-estimationtheimage,theoftoptheatisstripethisIf CX are
Threeresolution.thisatstripelasttheofendtheatvaluestheirtoresetaretheyOtherwise,0.toset

theintoreadarebytes C register.
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examplesdatastreamandmethodsTest7

thisofclausesearlierindescribedalgorithmtheformethodstestdescribesclausenormativeThis
thetesttowaysdocumentwillclausethisandparameterizations,possiblemanyareTheredocument.

implementations.debugginginhelpfulbetothoughtparameterizationssomeofaccuracy

codingArithmetic7.1

bewillItdecoder.andencoderarithmeticthetestingforprovidedissetdatasmallaclausethisIn
theofmanytesttostructuredistestThestripe.aofdatarawtherepresentssetdatathisthatassumed
sothemofallchecktosequencetestshortainimpossibleisitbutpaths,decoderandencoder

correctcompletelyaguaranteenotdoesunfortunatelytestthisofresultsthewithagreement
implementation.

PIX: 0e6a065600000000e7701d1705d8951b1a3f7fff0034170001c48b00000005e0

CX: 00000000000000000000000000000000000000000000ff0000f00f0000000fe0

thedescribessequencefirstTheinputs.fourhas18,Figureseeencoder,The PIX secondtheandinput
correspondingthedescribesone CX variableinputthesimplicity,Forinput. CX onlytakestestthisfor

otherTheencoder/decoder.JBIGtheforontakesitvalues4096thethanrather1,and0valuestwothe
inputstwo TPVALUE and DPVALUE Thedecoder).andencoderthe(for2alwaysbetoassumedare

(outputencoder’s SCD formhexinbelowshownisandbytes)(25bits200ofconsists)

SCD: 912082ff2d003f0000ffc0ffff527fd5fffaa032ea995c6989

inputsthe19,Figureseedecoder,theFor SCD and CX whileabovesequencesthefromgivenare PIX
output.thenowis

firstTheoperation.decoderandencoderarithmetictheoflistsymbolbysymbolaprovides26Table
thetocorrespondstablethisinline INITENC and INITDEC withprocedures BUFFER toinitialized

encoder’sthetocorresponds26TableinlinelastThe0x00. FINALWRITES firstTheprocedure.
(countereventtheiscolumn EC eventbinarytheofvaluetheissecondthe), PIX andencodedbeto

variableinputtheofvaluecorrespondingtheisthirdtheanddecoded CX The. MPS indicatescolumn
ofsensethe MPS theand, CE 6.8.2.5,clauses(seeexchangeconditionalthethatindicatescolumn

eventbinarycurrentthe(decoding)encodingwhenoccurwill6.8.3.4)and6.8.2.6, PIX currentThe.
correspondingitsand24)Table(seestate LPS labeledcolumnstheinshownaresize ST and LSZ.

registertheofvaluethelistedisNext A thethatNote(decoded).encodediseventthebefore A
0x8000.toequalorthangreateralwaysisregister

columnsfivenextThedecoder.andencodertheforcommonwerepointthistoupvariablesThe
(C,CT,SC,BUF,OUT (columns3lasttheandencodertheforonlyare) C,CT,IN Fordecoder.theforare)

(areinputstheencoderthe PIX,CX columningivenisoutputitsand) OUT thedecodertheforwhile,
(areinputs CX,IN isoutputtheand) PIX registertheofvaluesThe. C columnunderlisted C are

encoder,theFor(decoded).encodediseventcurrentthebeforegiven CT whenindicatingcounterais
registerfromoutputforreadyisbytea C. SC encodertheinstackedbytes0xffofnumbertheis

undercolumnThecarry-over.ofresolutionforwaiting BUF variableinbytetheshows BUFFER
theencodertheforFinally,carry-over.afromchangesometimescanbyteThisout.sentbetowaiting

columnunderlistedarebytescode OUT theofcodingtheduringoutputthetosentarebytesThese.
andeventcurrenttheduringoutputalsowerebytestheselisted,isbyteonethanmoreIfevent.current

theclearingbygeneratedwerethey SC counter.

registertheofvaluesthedecoder,theFor C listedaretheyanddecodediseventthebeforegivenare
columnunder C counterdecoder’sThe. CT inputtowhenindicatesandcolumnnexttheinshownis

weretheyiflistedarebytescodethecolumn,lasttheinFinallystream.codethefrombytenextthe
event.currenttheofendtheatregistercodetheintoread
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thebygeneratedoutputtheshowsrow,lastThe FINALWRITES generatesprocedureThisprocedure.
countertheclearingfromtwobytes,0x00additionalfivealso SC theflushingfromthreeand C

bytescodetheinincludednotarebytes0x00finalTheseregister. SCD allremovetooptionthesince,
was28)FigureprocedureFLUSH(seestripeaofstreamcodetheofendthefrombytes0x00the

streamcodetheofendtheat0x00finaltheseofanyleavetoallowableisitthatNotice,exercised.
SCD itsin0x00’sreadsstream,codedtheofendthereachingonnowdecoderThe. C ituntilregister

pixels.of(256)numberdesiredthedecodes

thenowgeneratetoorderIn PSCD the12,Tableseestream,code STUFF insertedbemustbyte(0x00)
eachafter ESC inbyte(0xff) SCD

PSCD: 82912d20ff00003f000000c000ff00ff7fff0052d5fffaa032ea995c6989 .

(datathethatassumptiontheofbecauseFinally, CX,PIX datastripethestripe,aofdatarawtheare)
(entity SDE bytestheappendingbygeneratedbecan) ESC and(0xff) SDNRM (0x02).

SCE: ff0282912d20ff00003f000000c000ff00ff7fff0052d5fffaa032ea995c6989 .
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datatracedecoderandEncoder—26Table________________________________________________________________________________________________________________
DECODERENCODER________________________________________________________________________________________________________________

INCTCOUTBUFSCCTCALSZSTCEMPSCXPIXEC
hexhexhexhexhexhexhex________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6989990000000000
8698999000001100000000100005a1d000001
86989990000011000000000a5e35a1d010002
73b873200000100000978c0b43a2586100003
73b873200000100000978c08eb42586100004
6770e6400000900012f180d25c5a1d000105
5ee1cc800000800025e300f07e2586100116
38c9320000006000ca4a0096185a7f1410107

5c2a1f4400000050019c0720b4fe3f251500118
8b06d5c0000030068d92c0fc945ae13600119
71d74b800000200d2f5be0b5c2484c37011110
63ae97000000101a5eb7c0daec3a0d38011111
63ae97000000101a5eb7c0a0df11142000012
63ae97000000101a5eb7c08fcb11142000013
575d2e00069080003d6f80fd6e080b3000014
575d2e00069080003d6f80f563080b3000015
575d2e00069080003d6f80ed58080b3000016
575d2e00069080003d6f80e54d080b3000017
575d2e00069080003d6f80dd42080b3000018
575d2e00069080003d6f80d537080b3000019
575d2e00069080003d6f80cd2c080b3000020
575d2e00069080003d6f80c521080b3000021
575d2e00069080003d6f80bd16080b3000022
575d2e00069080003d6f80b50b080b3000023
575d2e00069080003d6f80ad00080b3000024
575d2e00069080003d6f80a4f5080b3000025
575d2e00069080003d6f809cea080b3000026
575d2e00069080003d6f8094df080b3000027
575d2e00069080003d6f808cd4080b3000028
575d2e00069080003d6f8084c9080b3000029
4eba5c00069070007adf00f97c03d84000030
4eba5c00069070007adf00f5a403d84000031
4eba5c00069070007adf00f1cc03d84000032

324eba5c00069070007adf00edf403d84000133
66270c8006901022603000f6000cef20000034
66270c8006901022603000e9110cef20000035
66270c8006901022603000dc220cef20000036
66270c8006901022603000cf333a0d38011137
66270c80069690102260300095263a0d38011038
41d5f20008907000978640e8344d0465011139
41d5f200089070009786409b304d0465011140
33abe400089060012f0c809c580cef20000041
33abe400089060012f0c808f690cef20000042
33abe400089060012f0c80827a0cef20000043
2757c800089050025e1900eb1609a121000044
2757c800089050025e1900e17509a121000045
2757c800089050025e1900d7d409a121000046
2757c800089050025e1900ce3309a121000047
2757c800089050025e1900c49209a121000048
2757c800089050025e1900baf109a121000049
2757c800089050025e1900b15009a121000050
2757c800089050025e1900a7af09a121000051
2757c800089050025e19009e0e09a121000052
2757c800089050025e1900946d09a121000053
2757c800089050025e19008acc09a121000054
2757c800089050025e1900812b09a121000055

ea1eaf90000898904004bc3200ef14072f22000156
4628ea0009907000560a00e5e0412c66011157
4628ea0009907000560a00a4b4412c66011158
3c51d40009906000ac1400c71037d867011059

fa1d79500009904002d41e00df60438e82011060
87786fa009903005bbb640871c0bfb46000061
7ef0df40099990200b776c80f64209f847000162
32c3f40005c060006312009f800d5177000063
32c3f40005c06000631200922f0d5177000064
32c3f40005c0600063120084de4ca989111065

a01b0fd00005c040018c4800e0d456a895011066
84da2a0005c0300329d580ad5056a895001067
79b4540005c0200653ab00ad504f4696001168
67a7680005c5c0100cb317409e8c5231101101069
55c37000032080006fb9e0a4624c0f102001170________________________________________________________________________________________________________________


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
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
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26Table (continued)______________________________________________________________________________________________________________
DECODERENCODER______________________________________________________________________________________________________________

INCTCOUTBUFSCCTCALSZSTCEMPSCXPIXEC
hexhexhexhexhexhexhex____________________________________________________________________________________________________________________________________________________________________________________________________________________________

407c800003207000ea7e20981e50e7106101171
30f9000003206001d4fc408e6e5597108101172
13e400000320400753f100e35c0d5177000073
13e400000320400753f100d60b0d5177000074
13e400000320400753f100c8ba0d5177000075
13e400000320400753f100bb690d5177000076
13e400000320400753f100ae180d5177000077
13e400000320400753f100a0c70d5177000078
13e400000320400753f10093760d5177000079

d513e400000320400753f10086250d5177000080
87c80d500320300ea7e200f1a80bb678000081
87c80d500320300ea7e200e5f20bb678000082
87c80d500320300ea7e200da3c0bb678000083
87c80d500320300ea7e200ce860bb678000084
87c80d500320300ea7e200c2d00bb678000085
87c80d500320300ea7e200b71a0bb678000086
87c80d500320300ea7e200ab640bb678000087
87c80d500320300ea7e2009fae0bb678000088
87c80d500320300ea7e20093f80bb678000089
87c80d500320300ea7e20088420bb678000090
7f901aa0032320201d4fc400f9180a4079000191

ff3a29aa000ea06001eb1800a4000d5177000192
7bebbfe00ea0201f482f00d510119c75000093
7bebbfe00eaea0201f482f00c374119c75000194
4671ff000fa070009a64008ce0142474000095
3ce3fe000fa0600134c800f178119c75000096
3ce3fe000fa0600134c800dfdc119c75000097

523ce3fe000fa0600134c800ce40119c75000198
88cdf5200fafa0300a0492008ce0142474000199
5a11a9000a00800060ee00a1201aa9720001100

7f2d51c8000a0050034aab80d5482516870001101
893aa7f00a00300d56ba809458299a860001102
6a3b1fc00a0a001035759980a66832b4930001103
4bff7f000d507000f35300cad03c3d990001104
2c593c000d505003f0f0c0f0f4415e1040001105

ff12bfb8000d504007f7d44082bc46391031001106
7afeffe00d50201fdf5100f20c4b851070001107
612d1fc00d50103fd372e0970a504f1091001108
525a3f800d51800026e5c08d7655221111001109
3968fe000d5160009b9700e15059eb1120001110
21e55c000d515001481aa0b3d659eb1120101111

ff13cab8000d514002903540b3d655221110101112
87957ff00d513005206a80bd68504f1090100113
7187dfe00d51200a4e7820a09e55221111100114
630fbfc00d5ffd5110149cf04096f859eb1121100115
4c3eff000520700073c100f43459eb1120001116
3534de0005206000facb20b3d659eb1120101117
2a69bc0005205001f59640b3d655221110100118

ff18fcf80005204003f70300aa4459eb1121101119
87eedff005203007f81120b3d655221110100120
74073fe00520200ffbf8c0aa4459eb1121100121
680e7fc0052520101ff7f180a0b259eb1121000122
57441f8007f0800078bbe0b3d655221110001123
42b1bf0007f07000fd4e40aa4459eb1121001124
35637e0007f06001fa9c80a0b259eb1121101125
21ee1c0007f05003fe11e0b3d655221110101126

c013dc380007f04007fc23c0bd68504f1090101127
87b87c0007f0300ff84780da324b851070101128
87b87c0007f0300ff847808ead4b851071101129
770bf80007f0201ff8f400970a46391030100130
63fdd00007f0103ffc02208c724b851071100131
57fba00007f1800078044081da504f1091101132
49c5e00007f17000f639e0a09e4b851070100133
38e8a00007f16001f716e0970a504f1091101134
28f9e00007f15003f70520a09e4b851070100135

001750a00007f14007f8ad60970a504f1091101136
85c9e00007f1300ffa3220a09e4b851070100137
70f0a00007f1201fff0760970a504f1091100138
61e1400007f1103ffe0ec08d7655221111100139
4785000007f27000f83b00e15059eb1120101140______________________________________________________________________________________________________________
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26Table (continued)_______________________________________________________________________________________________________________
DECODERENCODER_______________________________________________________________________________________________________________

INCTCOUTBUFSCCTCALSZSTCEMPSCXPIXEC
hexhexhexhexhexhexhex______________________________________________________________________________________________________________________________________________________________________________________________________________________________

4785000007f27000f83b00876559eb1121101141
395ac00007f26001f62540b3d655221110100142
26df000007f25003f82100aa4459eb1121101143

0013b2e00007f24007fa4d20b3d655221110101144
8765c00007f2300ff49a40bd68504f1090100145
7128600007f2201ff6d7a0a09e55221111100146
6250c00007f2103fedaf4096f859eb1121100147
4943000007f37000b6bd00f43459eb1120000148
4943000007f37000b6bd009a4959eb1121000149
3a7a400007f360017585c0b3d655221110001150
291e000007f35002f6e200aa4459eb1121000151

001830e00007f34005f7cf20b3d655221110001152
848b400007f3300bfb74c0aa4459eb1121001153
7916800007f32017f6e980a0b259eb1121101154
6954200007fffffff7f3102ff6abe0b3d655221110100155
56d1c0000bf08000792e40aa4459eb1121101156
439860000bf07000fc67a0b3d655221110101157
3730c0000bf06001f8cf40bd68504f1090100158
20be60000bf05003ff41a0a09e55221111100159

3f117cc0000bf04007fe834096f859eb1121100160
75f307e00bf0201ffa0d00f43459eb1120000161
75f307e00bf0201ffa0d009a4959eb1121000162
63da4fc00bf0103ffc25c0b3d655221110000163
57b49f800bf18000784b80bd68504f1090001164
41c61f000bf17000fe3a20a09e55221111001165
338c3e000bf16001fc744096f859eb1121001166

ff1e30f8000bf14007f1d100f43459eb1120100167
8918dff00bf1300ff6eb20b3d659eb1120001168
76f45fe00bf1201ff913a0b3d659eb1120100169
62ab5fc00bf1103ffd64a0b3d659eb1120000170
5556bf800bf280007ac940b3d655221110000171
4aad7f000bf27000f59280bd68504f1090001172
37b7de000bf26001f8c820a09e55221111000173
26003c000bf25003faffc0aa44504f1090001174

2d10c1d8000bf24008013e20a09e55221111001175
8183b2d00bf23010027c4096f859eb1121001176
660ecb400bf2104009f100f43459eb1120101177
660ecb400c00000bf2104009f1009a4959eb1121101178
5411d680000080001bedc0b3d655221110101179
4823ad000000700037db80bd68504f1090100180
32a43a00000060007d5a20a09e55221111100181
2548740000005000fab44096f859eb1121101182

2012ef480000004001fd0a20b3d655221110101183
85de920000003003fa1440bd68504f1090101184
7bbd240000002007f42880da324b851070100185
65a4a800000000100ffa26a0970a504f1091101186
5271f00003f080007d24a0a09e4b851070101187
44e3e00003f07000fa4940aa3246391030101188
39c7c00003f06001f49280c7f2415e1040100189

8222bd000003f05003f9f78082bc46391031100190
8af4082003f0300fe7de00f20c4b851070100191
7117304003f0201fe48ce0970a504f1091100192
622e608003f0103fc919c08d7655221111100193
48b9820003f17000246700e15059eb1120100194
3086640003f1600059baa0b3d659eb1120000195
210cc80003f15000b37540b3d655221110000196

911219900003f1400166ea80bd68504f1090000197
8433291003f13002cdd500da324b851070000198
8433291003f13002cdd5008ead4b851071000199
7001522003f12005a40f00970a46391030000200
6002a44003fff3f1100b481e00a1a2415e1040000201
5005488002d08000103c00c0883c3d990000202
5005488002d08000103c00844b3c3d990000203
400a910002d07000207800901c375e1000000204
3015220002d0600040f000b17c32b4930000205
202a440002d0500081e000fd902e17940000206
202a440002d0500081e000cf792e17940000207
202a440002d0500081e000a1622e17940000208
1054880002d0400103c000e696299a860000209
1054880002d0400103c000bcfc299a860000210_______________________________________________________________________________________________________________
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26Table (concluded)______________________________________________________________________________________________________________
DECODERENCODER______________________________________________________________________________________________________________

INCTCOUTBUFSCCTCALSZSTCEMPSCXPIXEC
hexhexhexhexhexhexhex____________________________________________________________________________________________________________________________________________________________________________________________________________________________
001054880002d0400103c0009362299a860000211

80a9100002d03002078000d3902516870000212
80a9100002d03002078000ae7a2516870000213
80a9100002d0300207800089642516870000214
7152200002d020040f0000c89c1edf710000215
7152200002d020040f0000a9bd1edf710000216
7152200002d020040f00008ade1edf710000217
62a4400002d010081e0000d7fe1aa9720000218
62a4400002d010081e0000bd551aa9720000219
62a4400002d010081e0000a2ac1aa9720000220
62a4400002d2d010081e000088031aa9720000221
55488000020080003c0000dab4174e730000222
55488000020080003c0000c366174e730000223
55488000020080003c0000ac18174e730000224
55488000020080003c000094ca174e730000225
4a91000002007000780000faf81424740000226
4a91000002007000780000e6d41424740000227
4a91000002007000780000d2b01424740000228
4a91000002007000780000be8c1424740000229
4a91000002007000780000aa681424740001230

0019660000020040040b2200a1201aa9720001231
67f48000020010209c4b80d5482516870000232
67f48000020010209c4b80b0322516870000233
67f4800002020010209c4b808b1c2516870001234
46508000082070008aaf809458299a860000235
3ca1000008206001155f00d57c2516870001236

00166a8000082040048195809458299a860000237
8cd5000008203009032b00d57c2516870001238
673a8000082820102438c5809458299a860001239
423a800009007000fdc580a66832b4930000240
3475000009006001fb8b00e7682e17940000241
3475000009006001fb8b00b9512e17940000242
3475000009006001fb8b008b3a2e17940000243
28ea000009005003f71600ba46299a860000244

0028ea000009005003f7160090ac299a860001245
89e380000900300ff61c80a66832b4930001246
6aa100000900103ff55f00cad03c3d990001247
46df400009017000f920c0f0f4415e1040000248
46df400009017000f920c0af96415e1040000249
3dbe800009016001f24180dc703c3d990001250

001eed400009014007f112c0f0f4415e1040001251
87e7c0000901300ff8184082bc46391031000252
783f20000901201ff7c0e08c72415e1040001253
671bc0000901103ff8e44082bc46391031000254
56a72000090280007958e08c72415e1040001255
43ebc00009027000fc144082bc46391031000256

9190260800000008c72257______________________________________________________________________________________________________________
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algorithmParameterized7.2

thisofclausesearlierindescribedalgorithmtheformethodstestdescribesclausenormativeThis
thetesttowaysdocumentwillclausethisandparameterizations,possiblemanyareTheredocument.

encoderanIfimplementations.debugginginhelpfulbetothoughtparameterizationssomeofaccuracy
forconfigurationanyasbroadasorthanbroaderparameterizationasupporttoclaimsimplementation

countsbytetheexactlygeneratemustimplementationthatthenclause,thisinsuppliedisdatatestwhich
broaderparameterizationasupporttoclaimsimplementationdecoderaIfdata.testthoseforshown

thatthenclause,thisinsuppliedisdatatestwhichforconfigurationanyasbroadasorthan
thesatisfieswhichimplementationencoderanby(generateddatatestthosedecodemustimplementation

describedimageartificialthegenerateexactlyandabove)outlinedrequirementsimplementationencoder
toCAnnexofalgorithmsuggestedtheusingnotbutATsupportingencoderAn7.2.1.clausein

describedbetothosetoidenticalmovementsATforceartificiallyshallmovementpixelATdetermine
allofendthefrombytes0x00possibleallremovetochoosingnotencoderanAlso,here. SDE will

given.countsbytetheduplicatetoorderinsodotopostprocesstemporarilytoneed
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imageArtificial7.2.1

bygeneratedisimageThisimage.generatedartificiallyanusealgorithmfulltheoftestsvariousThe
foreground861965containsandlines1951andpixels/line1960hasIt38.Figureinchartflowthe

pixels.background2961995andpixels

asensenoinisItpossible.asfeaturesmanyasexercisetoassoconstructedbeenhasimageThis
representative.notareitwithresultscompressionandimagetypical
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J 0=
PRSG 1=

I 0=

Yes

Yes

Yes

J < 1951

I < 1960

J = J+1

Write REPEAT[I&7]

0Write

J < 192?
Yes

No

0Write
REPEAT[I 0=&7]

1Write
REPEAT[I 1=&7]

PRSG 0?=&3

(PRSG>> ((+11)&1) PRSG>>15)&1)
SUM (= PRSG ((+&1) PRSG>> +2)&1)

SUM = SUM&1

PRSG (= PRSG<< +1) SUM

NoJ < 1023
or

(I>> 0?=3)&3

Yes

I = I+1

No

No

No

imagetestinggeneratingforProcedure—38Figure
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testssequentialSingle-progression7.2.2

subclause,thisofteststhreeallFor DL = 0, D = 0, P = 1, X 0 = 1960, Y 0 = and1951, MY = The0.
ofvalues HITOLO, SEQ, ILEAVE, SMID, VLENGTH, TPDON, DPON, DPPRIV, DPLAST are

parameters,remainingfourTheimmaterial. L 0, MX , LRLTWO and, TPBON 27.Tableinshownasvary
imageartificialtheisimageinputthewhendatatraceprovidetablethisofcolumnsremainingThe

onejustisthereteststwofirsttheofeachForsubclause.previoustheindescribed SCD theand
havingtest,finalThesize.itsiscountbyteindicated L 0= 16produces128, SCD byteindicatedtheand

ofendthefromremovedarebytes0x00trailingpossibleallcasesallInsizes.theirofsumtheiscount
each SCD 28).Figureand6.8.2.10clause(see

codingsequentialsingle-progressionoftestsforparametersTrace—27Table____________________________________________________________
CodedEncodedTP

TPBON MX LRLTWO L 0 bytespixelspixels____________________________________________________________
316094382396001951000
315887382396001951100
2525573447640376320128081____________________________________________________________
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havingbydisabledeffectivelyisATtests,twofirsttheIn MX onturnstestfinalThezero.toequalset
theandCAnnexindescribedasimplementedwasATTP.lowest-resolution-layeraswellasAT
28Tablefollowed.wasstripenexttheofbeginningtheuntilswitchesATanydefertosuggestion

whichatlineandstripethegivecolumnstwofirstTheAT.debugginginhelpfulinformationprovides
columnthirdtheandzero),withstartsnumberingstripeandline(botheffectivebecomesswitchthe

lagthegives τX counterstheofvaluesthegivecolumns8finalThelocation.pixelATnewthefor
triggered.ismovementATthewhenCAnnexindescribed

codingsequentialsingle-progressionoftestthirdforinformationchangeAT—28Table___________________________________________________________________________
LineStripe τX call c 0 c 3 c 4 c 5 c 6 c 7 c 8___________________________________________________________________________

35342730242224462472245623363900809___________________________________________________________________________















































theinentryThe29.TablebyprovidedisteststhreethesefordataFurther SCD theduplicatescolumn
(datacodedstripeprotectedThe27.Tableofcolumnfinal PSCD datacodedstripethefromobtainedis)

(SCD (0xffwith0xffalignedbyteeachreplacingby) ESC (0x00and) STUFF entitydatastripeThe).
(SDE thefromobtainedis) PSCD (0xffanappendingby ESC (0x02and) SDNORM ofendtheatbyte)
each PSCD theasitinbytesofnumbersamethehasdataimagebinaryThe. SDE finaltheforexcept

theFinally,segment.markermovementATtheofbecauselargerbyteseightisitwheretest BIE 20is
thethansize)header(thelargerbytes BID.

codingsequentialsingle-progressionoftestsforcountsByte—29Table_____________________________________________________________________________
TPBON MX LRLTWO L 0 BIEBIDSDEPSCDSCD__________________________________________________________________________________________________________________________________________________________

3173843173643173643173623160941951000
3171323171123171123171103158871951100
253653253633253625253593252557128081_____________________________________________________________________________



























































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testsequentialprogressive-compatibleandProgressive7.2.3

parametersthetimethisbutimage,artificialtheagainisimageinputthesubclause,thisoftesttheFor
9):Table(seefollowsassetare DL = 0, D = 6, P = 1, X 6 = 1960, Y 6 = 1951, L 0 = 2, MX = 8,

MY = 0, HITOLO (immaterial),0= SEQ (immaterial),0= ILEAVE (immaterial),0= SMID 0=
(immaterial), LRLTWO 0,= VLENGTH (immaterial),0= TPDON 1,= TPBON 1,= DPPRIV and0,=
DPLAST progressive-codingaisparameterizationabovetheAlthough(immaterial).0=

ofvaluetheparameterization, SEQ undergeneratedarecountsbyteidenticalandimmaterialis
againisATmodes.bothtopertainheredatatesttheHence,coding.sequentialprogressive-compatible

theuntildeferreddesirablebetofoundswitchesanywithCAnnexinsuggestedasimplemented
stripe.nexttheofbeginning

bytecodedTheparameters.abovethewithimageartificialthecodingfordatatraceprovides30Table
16allfrombytesofnumbertheofsumtheiscolumnlasttheinshowncount SCD Aslayer.thatof

removed.arebytes0x00possibleallbefore

imageartificialofencodingtheforparametersTrace—30Table__________________________________________________________________________________
CodedEncodedDPTPTPTP

Layer Xd Yd Ld bytespixelspixelspixelsexceptionslines__________________________________________________________________________________
18881728590965893443755207033137128195119606
65584734718128642931201442186649769805
165651860983023022792135181324884904
499447128724654068117162442453
1430119991769123806181221232
3703082452248031461621
113868-93-3231310__________________________________________________________________________________




































































































































twothesetopertinentData5.layerinoneand6layerinoneswitches,templateadaptivetwoareThere
31.Tableinprovidedisswitches

informationchangeAT—31Table___________________________________________________________________________________
LineStripeLayer τX call c 0 c 3 c 4 c 5 c 6 c 7 c 8___________________________________________________________________________________

292422122001203120552014198432438096
1966142614471440225914011323258040105___________________________________________________________________________________

































































16allforcountsbytePer-layer PSCD and SDE ofnumbertotaltheaswellas32,Tableinshownare
theinbytes BID and BIE (datacodedstripeprotectedThe6.2).clause(see PSCD fromobtainedis)

(datacodedstripethe SCD (0xffwith0xffalignedbyteeachreplacingby) ESC (0x00and) STUFF).
(entitydatastripeThe SDE thefromobtainedis) PSCD (0xffanappendingby ESC 0x02anandbyte)

(SDNORM eachofendtheatbyte) PSCD fielddataimagebinarytheFinally,. BID byobtainedis
112allconcatenating SDE twotheandlayer)eachforstripes16withlayers(7’s ATMOVE marker

theandsegments, BIE theappendingbyobtainedis BID bytetwentytheto BIH.
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imageartificialtheforcountsByte—32Table____________________________________________________
Layer BIEBIDSDEPSCDSCD____________________________________________________

1896161895841888176
6593765905655845
1666616634165654
5042501049943
1466143414302
4053733701
1461141130____________________________________________________

279314279294279278279054277873Total____________________________________________________



















































































examplesDatastream7.3

sampleA BIE 2376andwidepixels1728imagebinaryaofcodingsequentialsingle-progressionfor
hexadecimal):(iniszerotosetparametersbinaryallandimageentiretheforstripeonewithtallpixels

0x48|0x090x000xc0|0x000x060x00|0x00|0x01|0x01|0x00|0x00
0x48|0x00|0x00|0x00|0x00|0x090x00|0x00

| PSCD |0xff|0x02|imageentirefor

space.)simpleafromdifferentnoareotherwisebutgroupings,logicalshowbarsvertical(The

sampleA BIE widepixels1728imagebinaryaofencodingsequentialprogressive-compatibleafor
binaryallandimage,reducedtheinstripeperlines64layer,differential1withtallpixels2376and

exceptparameters SEQ hexadecimal):(iniszerotoset

0x48|0x090x000xc0|0x000x060x00|0x00|0x01|0x01|0x00|0x00
0x40|0x00|0x00|0x04|0x00|0x000x00|0x00

| PSCD |0xff|0x02|63)to0linesimage(base0layerand0stripefor
| PSCD |0xff|0x02|127)to0linesimage(diff.1layerand0stripefor
| PSCD |0xff|0x02|127)to64linesimage(base0layerand1stripefor
| PSCD |0xff|0x02|255)to128linesimage(diff.1layerand1stripefor

•
•
•

| PSCD |0xff|0x02|1151)to1088linesimage(base0layerand17stripefor
| PSCD |0xff|0x02|2303)to2176linesimage(diff.1layerand17stripefor
| PSCD |0xff|0x02|1187)to1152linesimage(base0layerand18stripefor
| PSCD |0xff|0x02|2375)to2304linesimage(diff.1layerand18stripefor

inencodedareimagesdifferentialandbasetheoflineswhichindicatecommentsparentheticalThe
stripe.which
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sampleA BIE withtallpixels2376andwidepixels1728imagebinaryaofencodingprogressiveafor
(iniszerotosetparametersbinaryallandimage,reducedtheinstripeperlines64layer,differential1

hexadecimal):

0x48|0x090x000xc0|0x000x060x00|0x00|0x01|0x01|0x00|0x00
0x40|0x00|0x00|0x00|0x00|0x000x00|0x00

| PSCD |0xff|0x02|63)to0linesimage(base0layerand0stripefor
| PSCD |0xff|0x02|127)to64linesimage(base0layerand1stripefor

•
•
•

| PSCD |0xff|0x02|1151)to1088linesimage(base0layerand17stripefor
| PSCD |0xff|0x02|1187)to1152linesimage(base0layerand18stripefor
| PSCD |0xff|0x02|127)to0linesimage(diff.1layerand0stripefor
| PSCD |0xff|0x02|255)to128linesimage(diff.1layerand1stripefor

•
•
•

| PSCD |0xff|0x02|2304)to2176linesimage(diff.1layerand17stripefor
| PSCD |0xff|0x02|2375)to2304linesimage(diff.1layerand18stripefor
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AANNEX

parametersfreeforsupportminimumSuggested

Specification.)thisofpartintegralanformnotdoesannex(This

9.Tableinspecifiedrangesthewithinvaluesanytoparametersfree19theofanysetmayApplications
bemightitthatsogivenbeingareannexthisincontainedsupportminimumonsuggestionsThe

Unlessdata.imagedecodableexchangeandhardwaresharetoapplicationsofrangebroadaforpossible
suggestedtheoutsidevaluesparameterchoosenottoencouragedareapplicationsnecessary,absolutely

ranges.support

forintendedsoftwareandHardwaresupport.decoderofrangesminimumsuggestedlistsA-1Table
sufficientwithprovisionedifthat,suchbeshoulddevicesoutputdifferentofvarietyawithusegeneral
completeAranges.indicatedthewithinchoicesparameterforavailableissupportmemory,external

withbutranges,sametheseoversupportprovideshoulddeviceoutputspecificaincludesthatdecoder
forsupportnobeneedtherethatexceptionsobviousthe

dimensionsimage— XD and YD isthatdeviceoutputparticulartheofcapabilitythebeyond
available,

ofvalues— P andavailable,isthatdeviceoutputparticulartheofcapabilitythebeyond

bydefinedasorderstripeonethanmore— SEQ, ILEAVE and, SMID.

parametersfreeforsupportminimumSuggested—A-1Table _______________________________________
MaximumMinimumParameter_______________________________________

DL 0 D
DD L 6

P 41
XD 51841
YD 81921
L 0 1281 ⁄ 2D for, D >0

YD for, D =0
MX encodersfor8,0

decodersfor16,
MY 00

HITOLO 00
SEQ 10

ILEAVE 10
SMID 10
LRLTWO 10
VLENGTH 10
TPDON 10
TPBON 10
DPON 10
DPPRIV 10
DPLAST 10_______________________________________
















































































































forsupportmaximumtheapplicationssequentialsingle-progressionIn—NOTE D thezero,is
forsupportmaximum L 0 is YD parameterstheforrequiredissupportnoand, HITOLO, SEQ,

TPDON, DPON, DPPRIV and, DPLAST.
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BANNEX

tablereductionresolutiontheofDesign

Specification.)thisofpartintegralanformnotdoesannex(This

FilteringB.1

filteringofusetheviadensityofpreservationtheisalgorithmreductiontheinprincipleunderlyingThe
theinfiltertheofoutputtheoverrideoccasionallytonecessaryisitHowever,equation).difference(a

ditherpreservingandpatterns,periodicpreservinglines,preservingedges,preservingofinterests
termedarerulegeneraltheofoverridesSuchpatterns. "exceptions."

?

l00 l01

l10

h11 h12 h13

h21 h22 h23

h31 h32 h33

pixellow-resolutionaofcolorthedeterminetousedPixels—B-1Figure

ofcolorThepixels.variousthefornamestheinchangeswithbut4FigureofrepeataisB-1Figure
pixeltargetthe "?" pixels,high-resolutioncorrespondingfourtheonlynotusingdecidedis h 22, h 23, h 32,

h 33 pixelsperipherythealsobut, h 11, h 12, h 13, h 21, h 31 pixelslow-resolutioncommittedalreadytheand
l 00, l 01, l 10 ofvaluetheIf. l 00 ofvaluethetoequalnotis h 11 theaffectsvalueindifferencetheir,

ofvaluethefordecisioncurrent l 11 betweenvalueindifferencesSimilarly,. l 10 and h 21 between, l 10

and h 31 between, l 01 and h 12 betweenand, l 01 and h 13 value.currentthefordecisiontheaffectalso
quantitytheSpecifically,

4h 22 + 2(h 23+h 32) + h 33 + (h 11−l 00) + 2(h 21−l 10) + (h 31−l 10) + 2(h 12−l 01) + (h 13−l 01 (B-1))

equivalently,or,

4h 22 + 2(h 12+h 21+h 23+h 32) + (h 11+h 13+h 31+h 33) −3(l 01+l 10) − l 00 (B-2)

expression.theofformlattertheinweightingsthegraphicallyshowsB-2Figureformed.is
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1 2 1

2 4 2

1 2 1

-3

-1 -3

?

weightingsPixels—B-2Figure

theindependent,statisticallyarepixelsthatandlikelyequallyarebackgroundandforegroundAssuming
Pixel4.5.isB.2expressionofvalueexpected l 11 expressionifonlyandif1betodecidedtentativelyis

integer.)bemust(It4.5.thangreaterisB.2

ExceptionsB.2

preservationEdgeB.2.1

edgedefinedTheexceptions.introducingformotivationstheofbasicmosttheisedgesPreserving
whethermatternozig-zagthanratherstraightregionscolorcontinuousofedgesmaketohelpexceptions

Thecolumn.high-resolutionoddorevenanorlinehigh-resolutionoddorevenanonoccursedgethe
thesetomappedarecolorsPixelhexadecimal.inbelowlistedareexceptionsedge132theforcontexts

actualthecontextslistedtheof132allFor4.Figureofmapbit-significancetheviacontextsinteger
rule.generalthebygiventhatfromreversedischosencolor
preservationLineB.2.2

definedTheexceptions.edgethebyandrulegeneralthebypreservedarelineshorizontalandVertical
qualityforimportantareexceptionslineThelines.slantedalonglinkagepreservehelpexceptionsline

below.listedareexceptionsline420Theimages.texton

0x1680x1580x1240x1160x0ee0x0e80x0a60x0880x0220x00a0x0090x003
0x2230x21d0x21c0x2150x20e0x20a0x1c00x1a80x1a20x1940x1860x170
0x2890x2770x2700x2540x2520x24f0x24a0x2360x2350x2310x22e0x22a
0x3220x3180x3120x3110x2ee0x2ed0x2e00x2dd0x2a80x2a40x2940x291
0x3ab0x3940x3880x3770x3760x36e0x36b0x35f0x35b0x3500x3270x323
0x40e0x40a0x3f50x3e00x3dd0x3c90x3c80x3c40x3c20x3c10x3c00x3ad
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0x4890x4770x4700x4540x4530x4520x4510x44f0x44a0x4310x4230x41c
0x4ee0x4e70x4e00x4dd0x4d80x4d10x4ca0x4a40x4a20x4940x4910x48a
0x55f0x52c0x5270x5260x5250x5240x5220x51f0x5180x5140x5120x511
0x5e30x5dc0x5ce0x5c90x5ab0x5a40x58f0x5890x5880x5770x5700x564
0x66f0x66b0x65d0x6570x6520x64f0x64a0x6310x6230x61c0x60e0x5f5
0x6b00x6a70x6970x6960x6940x6910x68f0x6890x6790x6780x6770x670
0x7180x7170x7120x7110x6f00x6e90x6dd0x6cf0x6b80x6b40x6b20x6b1
0x7380x7370x7360x7350x7340x7330x72f0x72c0x7270x7260x7250x722
0x7a60x7990x7920x7880x7770x7760x7640x75f0x75d0x7590x7570x73c
0x7d80x7d20x7d10x7d00x7cb0x7c90x7c80x7c40x7c20x7c10x7b40x7a7
0x8300x8260x8230x8220x80e0x7f50x7f00x7e90x7e80x7dd0x7dc0x7d9
0x8ee0x8e00x8cc0x8c80x8c70x8a40x8900x8890x8880x86d0x8660x84a
0x9680x9640x9580x94f0x94d0x94b0x9470x9250x9240x9220x9160x90f
0xa0e0xa0a0x9c40x9c10x9c00x9b00x9940x9880x9870x9860x9700x969
0xa560xa540xa520xa4f0xa4a0xa350xa320xa310xa2e0xa2a0xa230xa1c
0xae00xadd0xaa70xaa40xa940xa910xa8f0xa890xa880xa770xa740xa70
0xb2e0xb270xb220xb180xb130xb120xb110xaee0xaed0xae80xae40xae2
0xbad0xbac0xbab0xba80xb910xb890xb880xb760xb6e0xb6b0xb5b0xb31
0xbe20xbe00xbdd0xbd00xbc90xbc80xbc40xbc20xbc10xbc00xbb50xbb0
0xc520xc4f0xc4a0xc310xc230xc220xc1c0xc0e0xc0a0xbf50xbe80xbe4
0xca40xc980xc940xc910xc8a0xc890xc880xc770xc700xc6b0xc5c0xc54
0xd110xcee0xce90xce70xce40xce00xcdd0xcd40xcd10xcca0xcac0xca6
0xd310xd2c0xd270xd260xd250xd240xd230xd220xd1f0xd190xd180xd12
0xdb00xdac0xdab0xda60xda40xda20xd910xd8f0xd880xd770xd640xd34
0xe230xe1c0xe0e0xdf50xdf10xde40xde30xde20xddc0xdce0xdca0xdc9
0xe890xe790xe700xe6f0xe6b0xe5f0xe5d0xe570xe520xe4f0xe4a0xe31
0xf120xf110xeef0xee90xee00xecf0xea70xea40xe970xe940xe910xe8f
0xfaf0xfa70xf880xf770xf5f0xf590xf370xf2f0xf270xf220xf180xf17
0xffc0xff60xff50xfed0xfeb0xfe90xfe70xfdd0xfd90xfcb0xfc90xfb1

preservationpatternPeriodicB.2.3

forhowever,needed,areexceptionsSomerule.generalthebypreservedarepatternsperiodicMost
periodic-pattern10Thepatterns.periodicfromandtotransitionofregionsinperformancebetter

below.listedareexceptions

0x5c70x36d0xd550xb550xcaa0xaaa0xc920x6920xa380x638

preservationpatternDitherB.2.4

i.e.,dithering,densityhighveryordensitylowverypreservehelpexceptionsdither-pattern12The
below.listedareTheypixels.foregroundorbackgroundisolated

0xfef0xfd70xf7d0xf7a0x1450x1420xebd0xeba0x0850x0820x0280x010
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CANNEX

changestemplateAdaptive

Specification.)thisofpartintegralanformnotdoesannex(This

GeneralC.1

ofdeterminationsgoodmakesandsimplecomputationallyisannexthisindescribedtechniqueThe
aasmuchassometimesgain,codingsubstantialprovidewillItdesirable.ischangepixelATanwhen

halftoning.containingimagesontwo,offactor

assumesdescriptionThe MY = (Theallowed.ispixelATtheofmovementon-lineonlythatis,that0,
forgeneralizationAsituation.)thisforonlyissupportminimumsuggested MY ≠ thebutobvious,is0

withandtestedbeennothasalgorithmresulting MY substantial.isprocessingencoderrequiredthelarge

greatestthehaspixelsATtheofwhichseetostripeeachofbeginningtheatchecksalgorithmThe
istemplatetheintoconfiguredcurrentlynotpixelATanWheneverpixel.targettheforvaluepredictive
isItdesirable.bemightswitchais,thatonethethanvaluepredictivegreatermuchhavetofound

reason.strongforandinfrequentlymadebeonlyswitchestemplatesuchanythatthoughessential
coderarithmeticthebymaintainedestimatesprobabilitythemade,isswitchtemplateaWhenever

occur.toreadaptationforpassestimesufficientuntilpoorbecome

layersDifferentialC.2

ofarrayAnlayer.differentialainprocessingATfordiagramflowaprovideC-2andC-1Figures
Countervalue.predictivemeasuretousediscounters cn , n = 3or0 ≤n ≤MX ofnumberthecounts,

pixelATcandidateandpixeltargetthebetweencoincidencespolarity n theis0pixelATCandidate.
pixelsCandidatepixel.ATdefault n 3, ≤n ≤MX atpixelsare τX =n and τY = iscoincidencepolarityA0.

foreground.arebothorbackgroundarepixelsbothwheneveroccurredhavetosaid

Thestripe.eachofbeginningtheatonceexecutedisC-2andC-1FiguresofdiagramflowThe
maximumtheline,someofendtheatuntilcountedarecoincidencesandzerotoresetarecounters

isconditionsofnestareached,iscountthisWhen2048.toequalorthangreateriscountpossible
itasleftistemplatetheOtherwise,made.isswitchtemplateasatisfiedarethemofallifandchecked

stripe.theofremaindertheleastatforwas

ifcomputationsavetowayreasonableaisswitchtemplatepossibleaforstripeperoncecheckingOnly
arethereIf35.number,suggestedthethansmallerappreciablynotisimageperstripesofnumberthe

periodicorcontinualimage,perstripeoneonlyisthereifespecially,or,image,perstripesfewajust
needed.bemightstripeeachwithinchecking

changestemplateATnocase,thisInstripe.ainpixels2048benotmaythereresolutionslowveryAt
isdatathepixelsfewtooWithdesirable.probablyisbehaviorSuchalgorithm.thiswithmadebewill

pixel.ATthemovetowhereonguidancereliableprovidenotcanandnoisy

towhenforchoicesreasonabletwoaretheredesirable,isswitchATanthatdeterminedbeenhasitIf
Thisline.nexttheofstarttheateffectiveswitchthemaketoissimplestTheeffective.itmake

prepassaindonebeprocessingATthateitherrequiresbutgain,codinggreatesttheprovidesapproach
thethator SCD anbyitprecedetoablebetoassoencoderanbybufferedbestripegivenafor

ATMOVE aatAlternatively,stripe.thatcodingwhiledesirablefoundisswitchATanifsegmentmarker
theimage),perstripesofnumberreasonableaagain(assumingefficiencycodinginlossslightvery

(beginningtheateffectivemadebecanswitch yAT markerATthecase,thisInstripe.nexttheof0)=
possible.againisencoderthepipeliningandstripethatofbeginningtheuntilappearnotneedsegment
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layerresolutionLowestC.3

theindescribedthattoidenticallyalmostdonebecanlayerresolutionlowesttheinprocessingAT
C.1.FiguretomadebetoneedthatchangesthreeonlyareTherelayers.differentialforaboveclause

conditiontheremoveFirst, DPVALUE replaceSecond,C.1.Figureofmiddletheinblockthefrom2=
conditionthe x ≥MX with MX ≤x <Xd − counterthewhichoversetthechangeappropriatelyLastly,2.

index n varies.

DPVALUE 2=
and

x≥MX ?

No

Yes
y+=y 1 call c= all+1

allFor n coincidence:polaritywith

cn = cn+1

x=Xd- ?1

Call CHECK

y=Ld ?-1
No

Yes

No

Yes

No

Yes

call> ?2048

x+=x 1

TPVALUE 2=

Read PIX, TPVALUE, DPVALUE

and

cn 0,= n=0,3, ... ,MX
call 0=

x 0,= y 0=

?stripeTop

τold 0=τold valueold=

No Yes

ATfordiagramFlow—C-1Figure
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Switch τAT
to τmax

clmax = max{c3, ... cMX}

clmin = min{c3, ... cMX}

τmax = smallest τ that:such

Yes

?satisfiedfollowingtheallAre
call-cmax < (call>>3)

cmax-cold > call-cmax
cmax-cold > (call>>4)

cmax-(call-cold) > call-cmax
cmax-(call-cold) > (call>>4)

cmax-cmin > (call>>2)

τold≠ or0 clmax-clmin>(call>>3)

No

cτ ≥ cλ allfor τ≠λ

cold c= n at =n τold

cmax = max{c0,c3, ... cMX}

cmin = min{c0,c3, ... cMX}

procedurethefordiagramFlow—C-2Figure CHECK

64



11544ISO/IEC

DANNEX

tableprobability-estimationtheofDesign

Specification.)thisofpartintegralanformnotdoesannex(This

estimationBayesianD.1

Let x 0, x 1, ... ontakingvariablesrandombinarydistributed,identicallyindependent,ofsequenceabe
probabilitieswith0and1valuesthe p 1 and p 0=(1−p 1 Let). n 1(k theinonesofnumberthedenote)

sequence x 0, x 1, ... , xk −1 letand n 0(k (Hencesequence.samethatinzeroesofnumberthedenote)
n 0(k )+n 1(k )=k If.) p 1 thethen[0.0,1.0],ondistributionuniformawithvariablerandomaitselfis

estimateBayesian p̂ 1(k of) p 1 observationangiven x 0, x 1, ... , xk −1 bygivenis

p̂ 1(k ) =
n 1(k )+1+n 0(k )+1

n 1(k )+1_______________ . (D-1)

estimateThe

p̂ 1(k ) =
n 1(k )+δ+n 0(k )+δ

n 1(k )+δ_______________ (D-2)

with ∈δ ofdistributionaprioriparticularaforbutestimate,Bayesianaalsois(0,1) p 1 ofinsteadthat
ofvaluesmakes[0,1]onuniformbeing p 1 smallerThe0.5.nearvaluesthanlikelymore1and0near

ofvaluethe δ is.densityprobabilitythis1and0towardskewedmoretheis,

contextsMultipleD.2

codingIncontexts.multipleofenvironmentaninoperatesSpecificationthisofcoderarithmeticThe
PIX (k contextawithsuppliedisit) CX (k probabilitytheofestimateBayesianA). p 1(k that) PIX (k )

byprovidedis1bewill

p̂ 1(k ) =
n 1,CX (k )+δ+n 0,CX (k )+δ

n 1,CX (k )+δ____________________ (D-3)

where δ (0,1),inparameterfreeaagainis n 1,CX (k timesofnumberthedenotes) PIX (i ), i ∈[0,k − has1],
contextthein1been CX and, n 0,CX (k 0.fordefinedsimilarlyis)

assumed,bewillenvironmentcontextsingleaannex,thisofremaindertheinpresentationofeaseFor
theincontextsmultipleforgeneralizabletriviallyaredevelopedbetoformulasandconceptstheallbut

D-2.equationgeneralizesD-3equationwaysame

parameterizationMPS/LPSD.3

LetD-2.equationreparameterizetoconvenientisIt MPS (k morerespectivelyarethereas0or1equal)
sequencetheinzerosorones x 0, x 1, ... , xk −1 . number,equalanarethere(If MPS (k becan)

Then1.)or0eitherasdefined

p̂ 1(k ) = {
1−p̂LPS (k ),

p̂LPS (k ),

if MPS (k )=1
if MPS (k )=0

(D-4)

where

p̂LPS (k ) =
nMPS (k )+δ+nLPS (k )+δ

nLPS (k )+δ___________________ (D-5)

and nLPS (k and) nMPS (k insymbolsprobablelessandprobablemoretherespectively,for,countsare)
x 0, x 1, ... , xk −1 .

65



11544ISO/IEC

forIterations nLPS (k ), nMPS (k and), MPS (k byprovidedare)

nLPS (k +1) = { nLPS (k ),

nLPS (k )+1,

otherwise

if xk ≠MPS (k and) nLPS (k )≠nMPS (k )
(D-6)

nMPS (k +1) = { nMPS (k ),

nMPS (k )+1,

otherwise

if xk =MPS (k or) nLPS (k )=nMPS (k )
(D-7)

and

MPS (k +1) = { MPS (k ),
1−MPS (k ),

otherwise

if xk ≠MPS (k and) nLPS (k )=nMPS (k )
(D-8)

trackingRapidD.4

ofestimateThe p̂LPS itsinassumedasifestimateexcellentanandestimateBayesianaisD-5bygiven
sequencethederivation x 0, x 1, ... incodingarithmeticofapplicationtheinHowever,stationary.is

differentasnaturestatisticalitschangecanandstationarybenotmightinputtheSpecification,this
estimatorprobabilitythethatimportantisitefficiencycodinggoodForcoded.areimageanofportions

ofD-5estimatethewithproblemThestatistics.inputinchangestrack p̂LPS non-stationaryain
becomesitthatisenvironment "stuck." Once nLPS and nMPS takesitnumbers,largetoupbuilthave

changeappreciablytoobservationscontrarymany p̂LPS .

alsoisenvironmentsteady-statetheinestimationnoisy)(notaccuratecourse,oftime,sametheAt
becanestimationsteady-stateaccurateandtrackingrapidbetweencompromiseexcellentAndesired.

clampingbyachieved nLPS drivesD-8D-7,D-6,iterationtheWhen. nLPS thenthreshold,someover
anditboth nMPS affectnotdoesitproportionate,isscalingtheSinceback.scaledproportionatelyare

p̂LPS keephowever,does,It. nLPS and nMPS isstatisticsunderlyingchangingtoresponsethatsosmall
amakingallowsscalingproportionatetriggertothresholdclampingtheofsettingexactTherapid.

largeandtrackingrapidfavorthresholdsSmallaccuracy.estimationandtrackingrapidbetweentradeoff
accuracy.estimationfavorones

burdencomputationalReducingD.5

theofversionclampedtheimitatesestimatorThisestimator.probabilityadefineseffectin24Table
toaswayasuchindoneisimitationthisthough,Importantlydiscussed.justD-8D-7,D-6,iteration

burden.computationalminimize

abydifferingresolutionsverticaldifferenttwoatbutplot,sametheshowD-1BandD-1AFigures
ingraphically,showsplotThis1000.offactor nLPS —nMPS intabularlypresentedisthatdatathespace,

shownstatestheofonetocorrespondseachandplottheinsquarescolorsolid113areThere24.Table
estimateprobabilityahasstatestheseofEach24.Tablein p̂LPS D-5.equationviaitwithassociated

ofvalueThe δ theconvenience,graphicallaterForoptimization.experimentalby.45aschosenwas
(point −δ,−δ arepointthisfromradiatinglinesAllD-1B.andD-1AFiguresincircleaasshownis)

probability.constantoflines
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0.0 2.0 4.0 6.0 8.0 10.0

0.0

5.0

10.0

15.0

20.0

nLPS

nMPS

instatesestimatorProbability—D-1AFigure nLPS —nMPS plottedMaximumspace: nMPS 25=value
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0.0 2.0 4.0 6.0 8.0 10.0
0.0

5000.0

10000.0

15000.0

20000.0

nLPS

nMPS

instatesestimatorProbability—D-1BFigure nLPS —nMPS plottedMaximumspace: nMPS 25000=value
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labeledcolumnThe LSZ (clause8equationusingbyapproximationfirsttoobtainedis24Tablein
intervalcodingThe6.8.1.2). A inverselybeingasapproximatedwellisthatdensityprobabilityahas

toproportional A thatso A
__

is6.8.1.2)(clause8equationin

0,721 × 100000x = (D-9)8930xb

fromdiffer24TableinentriesactuallyThe p̂LPS × furthersomebecausepercentfewaby8930xb
performed.beenhasoptimizationexperimental

ideallyreceived,isMPStheWhen nMPS suchHowever,D-7.equationinas1byincrementedbeshould
F-7)reference(seeInsteadstates.ofnumberlargeunreasonablyantoleadwouldapproachan

Letrenormalization.abeingthereonconditionedisD-1plotindownwardmovement

a = A ⁄ (D-10)100000x

normalizedthedenote A probabilityThesize.register PRN givenisrenormalizationdrivenMPSanof
by

PRN = Pr {(1−p )a < (1⁄2)}
= Pr {a < (1⁄2) ⁄ (1−p )}
= log2(1 ⁄ (1−p (D-11)))

variablerandomthewhere a proportionalinversely[.5,1.0)ondensityahavetoassumedbeenagainhas
to a 1toequalisstatestwoanybetweendistancethecolumnverticalanyIn. ⁄ PRN where PRN asis

withD-11bygiven p toequal p̂LPS exactlyincrementlargeThisstates.twotheofupperthefor
thatfacttheforcompensates nMPS probabilitywithchangedbeingonlyis PRN .

thatinlowergotoimpossiblecourseofisitcolumn,itsofbottomtheatisstatecurrenttheWhen
1bycolumn ⁄ PRN wheremarkingsquareopenanthembelowimmediatelyhavestatessuchD-1plotIn.

drivetolikewouldupdateMPSthe nMPS statethetolinedashedabyconnectedispointdesiredThis.
(atcirclethetowardsradiatealllinesdashedthethatNoteto.movedactually −δ,−δ thethusand)

changesremapping p̂LPS possible.aslittleas

inmovementnominaltheandrenormalizationaalwaysistherereceived,isLPStheWhen nLPS —nMPS

(toisspace nLPS +1,nMPS thesecasesallInD-1.plotinsquaresopenasshownalsoarepointsSuch.)
updatenominaltheWhenremapped.bemustandstateavailableanywithcoincidenotdosquaresopen

is "internal" inareatheto nLPS —nMPS abydoneisremappingthestates,availablethebycoveredspace
a(innearestthetomovementvertical p̂LPS dottedbyshownaremappingsSuchstate.availablesense)

isupdatenominaltheWhenlines. "external," theanddesirableisD.4clauseindescribedasclamping
theAgainpoint.nominaltheofleftthetoonecolumntheinstateavailableantoisremapping

ainpointnominalthetonearestiscolumnthisinchosenpointparticular p̂LPS Externalsense.
D-1.plotinlinesdottedasshownalsoarethislikeremappings

itaroundcircleawithshownisItMPS.anofreceiptonitselfintobackmapsthatstateoneisThere
probabilityassociatedsmallestthehasstateThisD-1B.Figureofscalinglargethewithappearsonlyand

ofreceiptupontotransitiontostatebetternoisthereand0,00002)(approximatelystatestheofanyof
MPS.the

offunctionweakaisthresholdclampingeffectiveThe nMPS henceand p̂LPS ofValues. pLPS 1/2near
foundwasbehaviorThis0.nearvaluesthanabilitytrackinglesshencebutnoiselesswithestimatedare

alsoandSpecificationthisbothforencoderarithmeticcommonadesigningindesirablebeto
morerelativelyofistrackingrapidSpecification,thisofapplicationtheForISO/IEC—10918.

importance.morerelativelyofisqualityestimationISO/IEC—10918inwhereasimportance
ofvaluestheConveniently, pLPS smallermuchareSpecificationthisofapplicationtheinencountered

becomethresholdclampingtheHavingISO/IEC—10918.ofapplicationtheinencounteredthosethan
smallforsmallersomewhat pLPS twotheofeachinbehaviordesiredtheprovidesautomaticallyeffectin

Specifications.different
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EANNEX

Patents

Specification.)thisofpartintegralanformnotdoesannex(This

ofuserequiremaySpecificationthiswithcompliancethatpossibilitythetocalledisattentionuser’sThe
rights.patentbycoveredinventionan

oforclaimtheofvaliditythetorespectwithtakenispositionnoSpecification,thisofpublicationBy
patenttheAnnex,thisinlistedpatenteachforHowever,therewith.connectioninrightspatentany
granttowillingnessofstatementa(ITTF)ForceTaskTechnologyInformationthewithfiledhasholder

applicationtoconditionandtermsnon-discriminatoryandreasonableonrightstheseunderlicensea
license.asuchobtaintodesiring

are:AnnexthisinpatentsincludingforcriteriaThe

thistorelevantfieldstechnicalthewithfamiliariswhosomeonebyidentifiedbeenhaspatentThe1.
forrequiredispatentthebycoveredinventiontheofusebelieveswhoandSpecification,

specified.processescodingtheofmoreoroneofimplementation

antolicenseagranttowillingnessstatingITTFthewithletterafiledhasholderpatentThe2.
thatconditionsandtermsreasonableunderworldthethroughoutapplicantsofnumberunlimited

discrimination.unfairanyoffreedemonstrablyare

DuringSpecification.thisofmaintenanceandpreparationduringupdatedbeshallpatentsoflistThis
andrevisions,subsequentanyandDIStheofpublicationuponupdatedbeshalllistthepreparation,
anyuponnecessary,ifupdated,beshalllistthemaintenance,DuringIS.theofpublicationupon

IS.thetorevisions

foreigncasesmanyInlisted.arecorporationspatent-holdingtheofcountrieshometheinpatentsOnly
made.beenhavefilings

IBM,1. " combinedpairwiseorderlowtohightheofdecodingpipelineformeansandmethodA
strings,ofnumberfiniteshiftedrelativelyofsetdecodableaofdigits " 13,Oct.4295125,US

1981.

IBM,2. " ofcombiningorderlowtoorderhighaincontrolcarry-overformeansandmethodA
strings,numberfiniteshiftedrelativelyofsetdecodableaofdigits " 1984.31,July4463342,US

IBM,3. " updating,valueconcurrentusingcompressionarithmeticHigh-speed " August4467317,US
1984.21,

IBM,4. " operations,ofnumberreducedausingcodingarithmeticformeansandMethod " US
1981.25,August4286256,

IBM,5. " code,arithmeticmulti-alphabetmultiplication-freeA " 1986.4,Feb.4652856,US

IBM,6. " system,compression/decompressiondataadaptiveSymmetrical " 30,Dec.4633490,US
1986.

IBM,7. " diverseemployed,selectivelybycompression/de-compressiondatacodingArithmetic
decoders,andencodersarithmetic " 1990.2,January4891643,US

IBM,8. " data,bi-levelcompressionforSystem " 1990.13,February4901363,US

IBM,9. " system,decoderandencodercodingArithmetic " 1990.27,February4905297,US

IBM,10. " coders,arithmeticforadaptationProbability " 1990.19,June4935882,US

70



11544ISO/IEC

IBM,11. " history,decisiononbasedestimationProbability " US.inpending

IBM,12. " image,anofsignalspelprocessingforapparatusandMethod " 1,January4982292,US
1991.

AT&T,13. " images,facsimiletwo-toneresolutionhighoftransmissionProgressive " 4870497,US
1989.26,September

AT&T,14. " images,facsimileresolutionhighoftransmissionthefordecompositionEdge " US
1989.10,October4873577,

AT&T,15. " encoder/decoder,entropyforestimatorprobabilityAdaptive " 1991.18,June5025258,US

AT&T,16. " resolutionhighaofrecompositionanddecompositiontheinencoding/decodingEfficient
replica,resolutionlowitsutilizingimage " 1990.18,December4979049,US

AT&T,17. " resolutionhighaofrecompositionanddecompositiontheinencoding/decodingEfficient
clusters,pixelutilizingimage " 1991.9,July5031053,US

AT&T,18. " extractor,contextaincludingencoder/decoderEntropy " 1991.11,June5023611,US

AT&T,19. " coding,entropyarithmeticincontrolcarry-overforapparatusandMethod " 4973961,US
1990.27,November

KDD,20. " imagesreduced-sizedforMethods " Japan.inpending63-212432,No.ApplicationJapan,

KDD,21. " systemreductionImage " inpendingCanon,withjoint1-167033,No.ApplicationJapan,
Japan.

Mitsubishi,22. " system,communicationencodingFacsimile " 1984.6,July1251403,Japan

Mitsubishi,23. " method,Encoding " Japan.inpending

Canon,24. " systemreductionImage " inpendingKDD,withjoint1-167033,No.ApplicationJapan,
Japan.
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