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[ er r] ( ripaliintercib Aol ori %Htowodpmrsaqn@0§ efr YN ¢uiputs) whivh coinespanel|tel the A¢querice*of YNQ) |
t hat2si dnpuis(e the @peodar-102.0be )YNGlecjsians entfhe mpeal pijd pretiability igenetatpe 11Q, WhiBiDdatclRe
0. 0111)the medeland @rppabiligageratoy 1P, apd A(qw}iesr the ersealw'rmr ateplica theyeof &% SPATHNOUT
decoderP"®¥n decode C(n) + A(n) or er r] (n) to retrieve the sane set of
i nput decPé'i'aB H'ee%?weé of Fih 3 ad FIG; E’H""éf’ [ P H°|'?b[§‘9"°!’l9“ta°"d@1cb?§e?"°('ts@é

g,\%oder"“’jl %?q% ! °ha‘?fE“’ ?Ivﬁempggﬁgﬁégm%ﬂ Qp%%j? F'@F a‘Eqr‘# $Fece of

the co °°‘fa il aé’gﬁrag’d n 8§°’5?"E Pus the

final in (cra 50£ nla%r b Q %n%inus Siueiad BAGN G Rodf %N Q4R {fam ' ch

Corr st ‘i‘ i“p N 9&&&. s iy Jod% %%

decigi Qo ma,ramamm rbér i :L Ggt he

nmodel  JRA o @eHRL) dyimboIRdaRAE ﬁE’ode}Q Bo2 éi‘l@ Qoé)érﬁ&i §or<§| Ql{e' Iﬂ arulQr a

r:epl i Canat A6 e&B poRbmeveS bn b lPPslbitUihe fofribr bl mbl@r%erﬁ&ihﬁlﬂ% bbild erlr% @Rd FIG
I OV ittibalatioPbeirgMélSlorfsmea it QIFE(HRSNed)@PmBdN oldBiag €VENt , the number of cycles

requi r ed Acoérdifg foltNeEin@niivh O 6ddlb Bigoam$ g&ﬁmedlw\me eﬁéuasre 200\Ehd 0P E4S RS the

i Nt esad@améd @or [2e 1639 compétiblepindf D¢ repabséntaar £ G NAROiRE Bt the inléNtior!, HeScotid BRaamis t

shoul d gbweratesit byl teosncadersp Pet emic 866 tdnabe enadd rheesaine doe AiC Iake rcomptibil) analt areri zes

har dwareprdsgntédnases- tZ and Ct dae beH€livert e eagh offbr@ aordanca witinthe exdressipl: &t =d - Z,

accor diwhigh caiculafien is perfermeday. an imeftes208. (€gda girefm G is Birectly degpdable bipjaalecoderf210 he

i nvent "Hish issbased ensentisaldgrdwerg ponsideratinne (9. 2epellel mbwmlnnszwdaﬁ@a@%mmﬂmoder S

200 ﬁnd‘e%%!"ee%odem@m@éﬁ Whietyis toased |9e opfjsial seftvarp sengiderptions- (i) iv oysamied hifeithesde

poi nt §BRPEY ‘ﬁF"s‘"é\?@‘ﬁ’t"g atq%e ‘f‘@?’ﬂﬂ?“eﬁéﬂdrhy Vrﬁi 'é?r@H‘t ¥godgrs 30 p/ Q
synbol “B?;HEF‘?%? Pams beB%P'ﬁ &gpiadp &g dgg he inverigy 208 e ) synbol
orderi éel"gss? ? "81tﬁ th3 c?o?/ﬁ il wﬁ"?"‘?"ﬂ% 3ng 3| P/Q saftvare

il tﬁggg i 5 SIS0 1 FOvRRRA PO oo TRy e

B ety M &%ﬁéﬁs%o&%%gw ) H o B PR ETERLER
st rearr%,(g rQ ag @%g%ﬂ@%ﬁ E}ﬁ%&& ﬂe (0

at | eagle l‘?@rﬁ%Mr eﬁ‘aodarr na,seea §£Hf~‘ﬁ€r s{%»sar;rp afn%nr‘o dr% ’Rj;t ! On

t he O0dfh Holiaal sE6 AR BLIRF sdd%qlan® laﬁl@)ﬁﬁiti) SroP w@@csve’rﬁ)ﬁhecﬁ/o BfwdiF Bkodere Sane
(or at (dyRBSked 8y§)ahaintdind theddbe BAit pbSROR, G e aitlorat sido befag 3BiCto ANCIHM-QEFSIGR I ved
from eap$ e@hi) @ /G hadety ehasdeemuihtbiis thé Codd)ppiEsuSitisN Whefeas thd PrQ sbitwald) bricBder

cal cul abdrevenisshepenié pointealudlyy A1) Foedn L28Bvenf botR PKI snedistsGol the thiwligteridl y
decodabl e by a decoder 210 which is based on optinmal hardware
considerations (e.g., parallel calcq%ations). Code stream Z is directly 45
decodabl e by a decoder 216 which is based on optinal software
considerations. It is observed that either decoder 210 or 216 may be used

i n decoding a code stream generated by any of the four encoders 200 through
206 _sone of t he code streans belng processed en route to the decoder by

o NN s



decoder 212, can also be inplenented according to the invention. A P/ Q
software decoder is, in fact, SOEF%: ﬂl é}eﬁll briefly hereinbelowin Section
11(B). The interrel ationship betweenh e four encoders 200 through 206 of
FIG 5 is shown in FIG 6. In the left porfion 6f FIG 6, a hardware
encoder §igs gual teA@aAp@r 200) and a software encoder (e.g., encoder 202)

havi ng P/ Qusynaliight suitide rof IFE. 8 & QO Rakbiwak 61200 lihowi® dedreridtingadtbodd) pbit @y ent ,

r espect i wspopse foGh MRS VR vathaid mtemenzs’/oa}adﬁafldmmemlwdqﬁu-&wbm mesevelty H)

i ncr ementhe aofteard encotiar eralitaing khe @od@ypomnposit@ibnt sé¢ the Injoxval siZao Mndt jx(1td)SFor an

i nt er val LRS awntAthe /b kerdvgresatodeqmaihtaihitsAfode fdint (pisitgh whéreds teenQ/RFGHvevecsncodet he

P/ Q sof t ineremeditoehde peiatyputitidni Z byl Aoyl )xB)yQ)nEar ihbihi G endaders; treenep ditertal siees fot aron,
Wi t h t heliP$heventysset equaldo Aeilix@ set to A(n-1)x(1-Q. For an LPS event, the P/Q
har dwar e erR@srdeon th?eﬂomewon%l"w@ted:mf@ Bchmencering of & eet olfecisiomeventhis SFWVQ i BBt war e

,encoder & dox eacheanpader. @ peifeliewing parjes efyevenisis pceded: MPS, MBS, MAS, LIRSS MRgent

bot h ﬁc'ﬂ"cﬁn“’?ss'e‘{s Mﬁ%— Hﬁ'ﬁw"’%f@r wpstfstes the 'Grdz'e@( @nd goftwarp £%) cedapgint t o
A(n- 1) xd“° %“ ?ﬂ’ sh&?dﬁ\ﬁa'ﬂte’“‘é’ﬁ@ﬁiﬂ%w ?hS SS'PR)vm
decr errenf:?" |°t" %ﬁ"d ?] "L‘ 1% e] %’

i nterval g | gb:é%fg?ﬁ'ﬁh g 3 BreSee °'" °” urrel fW?DS'"@V@'rﬁ(") 'f he
QI P Sq t{Nar Eﬁrﬁ?ﬁjda fiﬁl gi: t?ﬁo :Z’@Z% h ng[(gplzra W e%\?e&t?\g:g)gnbol

i nt erval '

encoder (r)rrg%rﬁ' ai ns |ts coé);Lth o)fprrlt p05| tion wher eas the Q P software encoder

i;ncrenengs jt-g) @d@enqj nt p05|t|on Z by A(n-1)x(1-Q. For both QP
\ncoders, the new I nterval size for an LPS event is set equal to A(n-1)xQ
Based wnwﬁd?@e Fepro¥atd 4 PevSibl |pre-tsolrbvd bOthé B rdptdsentda ddciifon @8 &PRhetar ME fifal iftdrvaP |
deci si onmestesat factoréd 0 WVie-botrolv! iS5 not/ rebived &AE eCiBOMRIval hddd BT bd fdlol .in, Lthe

f ol | owi nexpresisnesimpifiesay B § - CSvhivh G @lleraidSxpreddion. for kidDperktid of iMB%er 208 (of MBS,
MPS, MPS5). loRfBnerdiieperatiohShvettdP208 applias tife inbrk dethifed tapirodch @hibl GgchumtsChagossitiidfinaB nd
sof t war einfeS3l apd pre-bpmawfactorovenents. FIG 8 illustrates the Q P hardware (H)
and sétware (S) code point novenents for the sane series of events as in
FIG 7. EENGOPING AND RE(DONGSUGCESSIVEEVENERWIHFINIG PREGI®IONa parti cul ar synbol
ordering, the hardware code ﬁOI nt and the software code point differ by the
val ue of t He fasilitatedhp deparipiion|in this gectien, e fq&evmg definitiong arg Pro¥jdesk Yasiebie nemes der thehe
two code™pRBPHt B HRBNYESHIVh successi ve decision events. 15 Conpari ng
FIG #Pwth FIG 8, it is observed that two code points generated with
mverteMl ordering are readlly rel ated by the expression: [err] 20

\é\gglrgl E)ﬁr% {gp\rlﬁztegtéd Q tenp e-CO rFrmon gglggwfegt'@tsvaé Irﬁprlesents a
pre-bgyrow’is not rg Jaﬁ%ftﬁé" f&rnln tﬂ vjﬂ{i%g\én‘é%tsﬂ% o’JPt be factored in,
anL

the expresgjon si rrpl.| tinfaRod bbb ,,, hd fth Shoétichdelnat e expressi on
fior the opsgation of egtmég\egtp%a the lith sfhJdFdofiég. OPETr at i on,

i Yeerter appl i es abided an@,\,g,,afoa,msggb@ppr oach whi ch accounts for possible
final integval and phirsfbor ow factors. 25 1. ENCODI NG AND DECCDI NG
SUCCESS! VIGEVENTS W Etinidtid rborktite4tbSbduid ubQo ha bdinglopdyenbbilg description in
this sectiRfn, the folrdnonvaligtiaasctonfot ittosymbelr € provi ded. Vari abl e names, for

t he nost pPéotditioav e= etuivaleairnt Kestker dejta fB0tidDe( iifebriditiomBue if false) = code
st reany tlhe poi nt er= @nalest changelpospible frr Jhetcarenbra@lugaf€ ent interval . Cd
= decodefivensbreabsyer definiions. the fellqwing telaticashingjapdly:ed. 35 X = the

part & the code streamin the register and not shipped out. Qi) =
esti mat etfPFbEAN 1 A Y@ an LPS event for the ith synbol coded. P()

estima f}{r abllltrgfor an MPS event for the ith synbol coded. A(i)
augend '('cﬂ(' EIG G BOHEN- § th synbol . Si = ith synbol 40 n(i)

curul aj iveuLenor | izat] Qn_gcount up to the coding of synmbol Si. R(i)
rendr m—%ﬁﬁ%@m h synbol. [err](conditi on) = equi val ent of
Kronecker ggl ﬁ,ést%rhagg ﬁnta. aﬁwet 4rShet bt to e dopdrt e L[,g t'htorval and

= smal | eg &b ven ove
deflnltlong e foia | owm ng re atloar?shl ps apply 45 A1) xP(i) A(|) - (A(I)

X Qi e R(l) = [ERR] e = R(QZJ? i)A?i)Ql(Zi)ldol(st =1E)iremsmn
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50 A P/ Q Hardware Encoder and Decoder For P/ Q synbol ordering, an opti nal

hardware encoder points to the p t%a the current interval and the code
'stream C i s represented by the equa I on:
[err] EP 0260462 Bl In words, the value'of C'is determ ned by exam ning

each sucwessitveval@cit T 1 oMt bE/%lS(in} RIRY el Blt@bssive bidcisfon Svéhk Sdr s%ﬂﬂ*)oif a
COr 1 es objets synthobaorrbdptnds ¥ MPS BentAKEAXGAVAIR abithe tif@ of th®ibjedt sirmsdl & hﬁlﬁa’&l
synbol bys rengmaligtioreficttyy Tre rerenoatization 2ébri relites 18 @eGiict thdt the inBRAIIsER ksl dahitdined
f act or betweert presctitypd timits, fomexampledX5 anth¢.0i Thiais, \tiad interival Bizé i3 repedsertal byad "agbmeen
pr esér i(tsterred forep 'A7) whioh is egteatagl ievalie 5o mmein bot@een Preadefined limitd Whbmihe augahd wiuge i s
r epr eséhgdh 5?""‘%9'1 i.6-a4yf) dallg velow Obe ftds deutiled @s aften &' jecessang fto bring didbagk fingad thie n
val ue tRPspAdfimitshRaferenen tagndntered Arpe Al) fakes info acogveythe leeormaligalinalfactat ue at an ith
symbol | . each tim r?sv'r'%ﬂ' Ss,e"eéipm renogmalization i pesibls} Eejbeare Pechrfimedhe rayeintenaly t o
br | n % |slz° ﬁ(e’? ¥iap Is) Ipsgithag or equaldp AN and: hengerjess riag oy gqualdo or
‘5’ ° é "f‘ﬂ'éedr(@H'H?"ﬁ?aW 8 Jgast 2htorong ibyithinghedipite ne a synbol i s
encoded r?sg ;L e &g% "° t‘ﬁ@' éﬁ iy, initiglly 96t gquahdo t“f‘ré)"é
ren ﬁtgrv

i nter VE‘ﬂIPSSJTIé EL%?"" an 0 |"P 'i?rfeq“ o in the eyqpt¢f a

&the I i r |s d t ;
equal > '79: l? Va1 qare °53\(| ) is
renoj g é:?f in \EM Iﬁ? g ahoéy s | the mteSij e|?ul'h f: ofC r;[ In

respon t; |
it wf;ﬁsrﬁfwaif&%g 'r;.'.i; % f°’ffsr %E'J@fé‘ SlAh e oA o

|
t;hus renormema Raidwa ebousr Mbodd @b MB&e phi2 esrseasarorns e Jaﬁonevent of an MPS. The
tloyal nunber of tinmes the current interval is renorrral I zed by doubling, is

tal loed and represented n(i ot e R(i) =-e[rr]. The
renormal i zati on factor R?‘r?c) %néurzstﬁég %&éggﬁr'ﬂt’ Cis 15 changed in
value (e.g., is doubled the sane nunber of tines) as is the interval. The
val ue &% isGheoderstogmivallie Sler the efteciché e eventtidvemovencr emrent ed for t he P/ Q har dware
i n t he The/B/Rthargivars dedotk® deapdest an LRA i Galka()Rficr ement i s determ ned by Q val ues
and %#he renor rral | zatron factors for all previous synbols. The P/ Q hardware
decode- (FRIBNATg HC0ge A-Daspder ess - according to the equation: 20

err] _lls t he code streamval ue after the effect of an event is renoved.
,The P/Q h HaP khsoBwaIe ensader Poaiz i dhaston,of easbsuirent fojervala(j ) (i ). 25 B. P/ Q Sof tware
\Eﬁc%ier %L IVER EWR EFe e Isselsruippd R dhepaudien der points to the top of each
current interval. The software code stream C is determ ned by the equation:
30 [err] The eval uati on ©f p&®) |- $tREIDS (WR(H) 8¢5 ALD) val ue from which a sum
is subtracted. Each addend of the sum 3s corresponds to the product of A

tines theefaldboR of SPstR!WAR ah IAE Saidy i t L B, Event.
Subtgg a%rregﬁbn&to 45%% ct'oﬂAﬁraf\ézq eS(IJﬁ' d:'@ VZEETLJSEI#HSI i o B Ffi&% Ligf\: Val ue C

n 5t
derived asubtrdatin ﬁt@ﬁ@@'@ﬂu&ﬂgﬁoﬁw fedlits uAhﬁéa% %ﬁe MZé ;gt L?he LPS

ol:| owstrdam. equatron [err] However, the conparison neede to deco

ol r3\rammrorad»deé&%&duldﬂ@lo&bﬂehmah&e [err] signs, for convenience) 45 Cd
< A(O - A(i) + A(i) x Q(r) O, subtracting A(O) fromboth sides of the
rel aionship 50 Cd- A(0) & B(.r.)z t(ﬁ(Ad I‘((iékk ti ng Cd=0Cd - A0), it
i s observed that: Cd<-A{| 5 Cd and -A(i)x(1 - Qi))
are negative, but are always vvrthrn [err]of 0. Therefore the arithnetic
for thBowRserothe rcomparisqnyregdegr ta dipende theiPStsymbal iiscawkWard: (emittingvdhedildbe’c sigher for S
thus fonvsyente) AxQ 10 EP O 260 462 Bl A [err]A-T

Ca < A(0) - A()) + A(l) x Q)

Or, subtracting A(0) from both sides of the relationship
60 GCg- A(0) < - A()) + A() x Qf) |

Letting C'y = Cq - A(0), it is observed that:

C'a < -A(i) x (1 - Q())

56

Both C'q and -A(i)x(1 - Q(j)) are negative, but are always within [A(i)[ of 0. Therefore, the arithmetic for the
decoder is fixed precision arithmetic. The software decoder is thus:
T« AxQ

10



If Cd < A (LPS decoded) Cd [err] + A5 A-T renornmalize A and Cd el se
(MPS decoded) renornalize A and ng d&% d 10 endif C. QP Software
Decoder A preferred structure for decoding the code stream generated by P/ Q
software is set forth hereinbelow 15 as alternative to decoder 212 of FIG
5. A code sti«+@am[err] is processed by the encoder 202 to form code stream
C. The ctvgdg<Aream Cis inverted by inverter 208 to form Z according to the
foll ow ng dMsrdessledn which, it is noted, is anal ogous to the expressions
previously Gt &4 £ 8r code inverting: 20 The code stream for the decoder 216
is then: [ér[l 25 Zd represents the code stream before an ith synbol was
encoded. THepormatize Asnd Qlecoder subtracts a value froma current code stream
Z to det E'F‘?n ne vvhat the ith synbol was and what the code stream val ue zd
was before ng of the ith synbol. The decoder decodes an MPS if zd
< A®i) g?“fﬁ'(‘j{'?")"%{‘ﬂfgddft’}?@% se decodes the ith synbol as an LPS. 30

St at ed? o? rwi se, the decoding follows the process: T [err] AxQ[err] if Z

A 35 c( E o&led Z[err]Z - A Aler]T renormalize A and Z else 40

(MPS dectt ze A and Z if needed. endlf I't is noted that A(_O) is
initializeg tg .4 gg fo d\épé%tﬁéjgotra t|n Pgrgtg |Pe|lte %%l slgerllov\;
avol d%j anllg §n93§& a:a e enco gﬁ % odel_
1. Oooooostream'c h f ﬂve‘?t a@ |on he

f ef&lo@iﬂ
si gni fi cameeit Rfnofol) II§3IBIB&) Wtﬁepéy ﬂe&ucfn? %@ﬁﬁied
Suppose the A(0) value 1s 1. 8 i nary) in ma |ng tghe subtractl on
AD)-CitHdmonmged that the Iength of Cis not fixed. If the length of C
exceeds the fixed length of A(0), the subtraction will entail subtracting C
from a r twicetecstrearh fod thbidedér2ae ia tHemr r ow vvoul d propagate that would not reach
albit. Converting 1.000... to .111... + [err] precludes the problem
In addition, the pre- borro VLS R/ f re code streamby [err]
into the current interval :‘Iidpp fP/ Eﬁ%?é@e?ﬁ’giﬁ@eaa The [ERR] in effect
accoufts for the fact that in the P/Q hardware encoder intervals extend
f r om t heZd "8R{esents Hierepde pireamebeforn &y ifzymbl wed esodednBitat isrihe detioday sutitrectsip paive
bound of "%%le"ﬁt“ép%ﬁffemér“é%erm%whq* fhe itipsymbsbyras\aad whatthe eetlestreammnalup F3 wasy al
is defi n'?é?%@e T’Sﬁﬁ r und_but not the | ower bound. For an 55
kot erval o g’ o 0o g }e*@ﬁ%b@epthﬁfmseﬁeﬁa#es\xmuihavrmw ¥P8om 0
to 1[&r] «Kx grwsﬁ’éhﬁq?f%ql FoYPe PR®SE of t war e encoder woul d be 0+ to 1.
The P/ Q hapdwgr'@ encoder points to O and the P/ Q software encoder points to
1. To br*ng the two points into the sane interval sone val ue nust be
subtractedzfy omthe software code stream or added to the hardware code
streag (or p8lyBdodedy" this instance, [err] is subtracted fromthe 11 EP O
260 462 Blzsottware results. It is noted that the code inversion nay be
i ewed as @idher part of the encoding process or part of the decoding
process or reacmalizédad at € i ntermedi ate step. As shovvn in FIG 7, the
sof t war esl@ncodi ng may
40 (MPS decoded)
renormalize A and Z if needed.
endif
it is noted that A(0) is initialized to 1.00000...
When subtracting from 1, infinite precision is avoided by changing the 0 bits to 1 bits plus an addend:
45 binary 1.000000... = 0.111111...
In effect, a pre-borrow is applied. The significance of this pre-borrow is recognized in the following example.
Suppose the A(0) value is 1.00000...(binary). In making the subtraction A(0)-C it is noted that the length of C
is not fixed. If the length of C exceeds the fixed length of A(0), the subtraction will entail subtracting C from

a register of 0 bits and a borrow would propagate that would not reach a 1 bit. Converting 1.000... to .111..
s0 + e precludes the problem.

In addition, the pre-borrow moves the P/Q software code stream by ¢ into the current interval for a P/Q
hardware encoder. The ¢ in effect accounts for the fact that in the P/Q hardware encoder intervals extend
from the lower bound of the interval up to but not including the upper bound of the interval whereas, for the
P/Q software encoder, the interval is defined to include the upper bound but not the lower bound. For an

s5 interval of 0 to 1, the P/Q hardware encoder interval would extend from 0 to 1- whereas the interval for the
software encoder would be 0* to 1. The P/Q hardware encoder points to 0 and the P/Q software encoder
points to 1. To bring the two points into the same interval some value must be subtracted from the software
code stream or added to the hardware code stream (or both). in this instance, ¢ is subtracted from the

1"



proceed along a decrenenting path with the final code stream val ue being

I nverted and then decoded by SO%;Q 60%§éfoftwar e) decoder. O,

*equi val ently, the software encodi g oceed al ong the incrementing path
in FIG 8 and may thereafter be decoded by the ‘Q P software decoder. These
al t er ngdsiwir rgaalishs are suggested in FIG 5. The interrel ati onship between

t he code nsé h@ihgtalie’ dod) ARsich RS BaYiebd BEdithé? datt BNRO BREAIRSPréREY &R bele | N
FI G 7déwdding PRcssodE as krsepdiatd iermhoditie Qbd. 6 shéwnPin e Ol @ 3fbwars BRcB&R gyl 1 N
FI G 8piossed Bdng e idedrerndnirigepalhewith] thedial cbié Strela valud béingliVeFisd \aridhihen ie€daBy BY t S
1. 000. the Q/® (sofiviste) .dscodsr. De retdivaimnity, thb esviévafecsnicddingntldyCiidodsd bt the incremertieg t he
final paimipeFlBUS andomay thabatleebb devodediDythd Q/P EsbiSERERcAND These@brhatiiREpatHS TddRS | N
FI G 9suggestaddd EBr®d encoder nenory regl ster 300 for storing code stream
i nf or mat iToe interrelgtipnship. betreen the godat sinear@ 08 denrrétertlieyseitBér RAQ ercodsn ias repmsentsdlil ocat ed
as fol F'@«\Eandshw)deitrezm ZF'eaf eithoe P egooiprepg raprasentedtihBGaAist bit 20 representing
a s!?gn bit. Byts 23 and 22 are unassigned. Bit 21 is a receiver for a
carry & e 9 pﬁﬁfb’élba‘c e. Bits 20 thr ough 13 (identified as bbbbbbbb)
represept the m) t re ent r Vi ous 8-Dbjt te of code stream data. Every 8
shl ftsy Ber?n g ?B‘?Bht’ °°a° b'}9t Hhdt e #¢ weEdtindqdtep ahethar Shed t o
g; f e? Pr%rrayge He act&gg,nt ilon 12 is a spacer bit which is provided for
carry r | gh O represent the nost recent portion of
code sm A pidota hko EiQélh 0 are referred to as the "fractional 25
POI L1 ON" DGl DG (£ 6lfoa ShocaE TateR 1bibisr 8 1o dé'gtrrg idrGrRRRA 56 dhBwd. ICH‘r‘e
kh,m eJRGistBO5d0! iRilided 82 biREVHAGR SbERAs 1Bk, BRISR3Elp é fag! itb.Ghe St biP @S
€ 20 @bl a "agi HOBRALNEnd BE alb AERIgndOBR B1 ROB LbBRerObr & RENCRARG: @by €am
CS. Bepropagat. Bits Potthrodgh 13HRenkfiddesl SbbBELbYYEEReBMARS Rbst rédBMUFeVdHS 8Bk bitb b MRY
have pede isteaasl databBvery Eshrs sl 20 thRRGe1 38 grbdeftra tytelthat RRYAA tolHaIsAPISHA 1 & Buffer
fract i mombry.plortiti positienf 12 Bea Ypare Qitswiich ik Providédfr icartyesieFag#lion. t Bite N 1 GhrodgA €0
r egi st epreseahitie nostiedshicpoetion ot @da stteainfdata. BIEND rtyrouyh i0Cke BteAéE® al fhet"@adtiordfal Ni t €
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XNEW = hex' FFOO - SLL B 8 (SLL denotes "shift left single" instruction)
XFLAG = 1 The above speC|f|cat|o§ WEWresul ts in a subtracting of the
‘new byte B from'FF bits. Wen EL ;g the | ow order byte, becones zero, a
new conpressed data byte is needed. 5 D. CARRY and BORROW I n the above
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borrovved the only byte val ue which cannot be borrowed fromis zero. In
general , the need fHrregigkariow from the present byte is detected by setting
a high order " preborrow' bi gobdooodSrdtResod eg&g‘,&;‘xa’s txge start of a new
byte. For conveni en& It is set in a bit posit ’15 WAt ch wil | becone
the sgn bit when th&kdieMyte is ready to be vvrltten For exanple, with a
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X regi-'*ster: 5 POO0O0O0O0O0 NnNNNNnN, XXXXXXXXXXXXXXXX
A register: 00Oaaaaa, aaaaaaaadé{,) % ode register is positive (P = 0),
‘t he preborrow has been used an or r ow | s needed fromthe present byte.
The borrow is therefore taken fromthe present byte before the new byte,
NNNNNNYWhen $h8 nbst BY6 fsRbmpiete fiicdbhbitebseal@ regi ster to the buffer. Wen the
preborrow is used, the value in the code register is always larger than the
A register and fugure borrovvs can be taken fromthe code regi ster contents.
If the i 5 code reyi'S€&P 9% negative (P = 1), no borrow i s needed fromthe
current byte and the unus @aoquoeb phrinavhnil), xkEhHREPWEShobhe code (X) register
is conmpared to thg ggaister. If the code register is smaller, two things
have been det ect ed I§| rst t he next byte to be shipped (nnnnnnnn) is zero.
Second, a borrow fromthe current byte m (0Qadaeajemdasgaa A borrow i s
therefore taken fromthe current byte and propagat ed through t he zero 20
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t han t lsign Bit,raed) the lother, in tHaccatry'r biteposition dor ttientest byfe. THue, itCtbel code eqiskk &rsmalied thaar ge
enough theA sgistersf y any borrow requirenents. The current byte is checked, and
if it is "'"FF, bit stuffing is triggered. In this case, since no preborrow
was Pequired, the st uf.f ed carry bit is always clear. The sequence above
satisfies aII requr neStEE %: it creates a code stream which bl ocks borrow
propagation, and which i s 0000900, B0GD0B0O [O0PA] U, Rxnbdkxl | zero bytes were
si nply convert ed Aoreglj—'. .a 50 hardware decoder coul d decode the resulting
\code stream However, tfte | ook-ahead to see if a borrow m ght be needed
wherf’t he byte to be sh| pped is zero nmaked00heaaagsaiddaagacode stream
identical to the hardware code stream |In effect, this | ook-ahead detects

t he exi n the hardware code stream If it were desired,
an entrir?c}e%ﬁ?c?ﬁ‘re{‘/ttg g's‘!:ﬁ'ﬁl\‘/a{grse bit stuffing follow ng zero bytes could be
effeggted, with 55 hardvvare doi ng the | ook-ahead for the 'FF pattern to see
if an overflow to X 388isfieght be possible. Such an operation woul d provide
t%;row bl ocki ng in a NMannepocuIabeIRMandd , kRkdkxR] Q& kg, descri bed

h¥®f ei nabove. EP 0 260 462 Bl |V. DESCRI PTI ON'OF FLOACHARTS In the °
fol l owing fl owchar‘lt g€ E}Pﬁ *$Tfefined, for convenience, as a fixed point
frackion with 12 significant bits. Oher defdaahhjsasasyypl i cable to the
flowmcharts are supplied below. 5 "A" is a 16 bit integer, but can be'
considered a binary fraction with the binary point positioned to provide 12
fract i dhehep[FFsinghel buffer ftriggeye it [siuffing, spHihe pisbastow| hitaigliwitien intocthee stuth ibit <cany e
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start of i pRers QBMEE 28 ShtirdhAbivRIbHt §rfSérse bit stuffing following zero bytes could be effected, with

55 hardware doing the look-ahead for the 'FF" pattern to see if an overflow to '00" might be possible. Such an
operation would provide borrow blocking in a manner analogous to carry blocking described hereinabove.
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15 " BE points to the first byte beyond the conpressed data buffer. BP is
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For t hedkytecheforsdBRETnthe aftuah sidrt 6 the buffbi te dd sgnt.dbe pointer i Updaed Befdrbs talbyleehiten;i t S
beyond theacesn ekse) oksbis mecessafyt Ere hiykecB (addiresspd byc BIR)iioinitializdtito radS 1l guarbrgeet that B@at ed
to 12 bi%peciahrasps efH <] @B 5 willoi e tridagied fos efiitst bytadn thememiveSer diatin streaineThe

har dwir d3RgaAJs wﬁa'qu T "10AE pachAMINYS igijalized:ip balfteat valued8808") [ Fpe Tifferditves brtween thewo 55
ver si ons °W°P‘f apB?ﬁ *H%@&a'tzawer 8tX- M versipnshaverthg 8h gsk (mesesigntficant bibtsetde d daflag t he
new NPS(‘i'g1 % biis 'i‘?acbfot'?? 't‘ﬁﬁewwarras £ Ree-bpow ip dherP0th/mostsignifieant bikat i on

of A an mv 2\l rs ”s' ‘“‘ﬁéﬁ%é’?affa? aB‘ha'F‘h%p"KPSt‘b@? tpshithe if A
is |egs | 1%0‘{0 ‘H‘:gf e°t§ Oﬁglv he am)unt of t he
M:?e{ ag ﬁM i%s & cEiS-% cf gr{det sa q%i %%iﬁmﬁ and Q are flxedI ons

r enor malibzag 6fgn,c,; 4 &rygp o ﬁer ‘“°AR>1 °af!8‘—_‘rﬁzf\‘7§"f g ruested 8

one bést vandsions will Gty neQd tSdeSahdet i) ¥ bdictd the $helrfe ded o

nMost  si @BihfthePs andithe LIPS paMI A rehdrmaiRatioh BIEA £ dondlin IHENBRME (FIG T8 u?ﬁ oh! @

bi t and te MRS path enipif AL lesharBAMINOME 1€ S vBrsions bt mbveX by the @Ridurlr bine
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as Ais less than AM N. BYTEQUT (FIG 19, FIG 20 and FIG 21): The decoder
expects every 'FF' byte to be followed inrediately by two |eading stuffed
bits in the next byte. The leading bit will always be zero for conpressed
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conpri ses rfB@¥Redigy & poimadich s1maved enly whet thadese Riebabiseat Iheitwaipgseible binarh evests of onl y
when the m?r"éc' ?'UE&’W%eddf'GtWé”ﬂ?/kﬁnﬂosm ble binary events of a decision is
encoded. 7. '%§"‘i°ﬁefé¥°au°ﬁ?‘€> fiprisas mean(518, Fé’a 542htopmeying the gpepifiad paiat e
encoder and"f Wﬁd’eé'??ceo‘dﬁab'gﬁf the two pegsibleibinary exentsgff p fegisiondsRngefled-: sai d

sof t war e erécgg’g I’as(n% 012 m § r‘frem 4&13 Slpé%?god%ﬁg%%r&(aﬁr%oc}ehgm r]_g) stegcglﬂs ?%i?f | ed

poi nt
f tream value with the encodi ng of each
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65 (FIG. 17).

8. System as set forth in one of the claims 1 to 7,
with means for generating for a given sequence of decisions events, a code stream having a current
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decodes  apiditing TRARE {306 588 torioddfifg! o 1688 dRY Bt ISss Tt g Ghe'A1% B G o%lsy' a5al d
decoder nwidhsa dairg Wolild preba@e mdre (A 4 pRiscribbdifumberlof bés. T Or detecting st uffed
bits. 13 Systemas in claim1l1l wherein at |east the one of said hardware
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t he ond2ofysteny & ﬂaﬁ'aﬂv\dgé“rﬁﬂdc%\ﬂfi%iﬂﬂaf’@m@ﬁﬁdmw (5P £0Q) forvistipvingoanninput ket of ode
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means for pre-borrowing from the byte preceding a subject byte when the subject byte contains all 0

bits and may be.a minuend subject to decrementing in which a borrow might propagate beyond a
prescribed number of bytes.

rval valu

55 14. System as in claim 11 wherein at Ieast the one of said hardware and software encoder means which
forms the code stream thereof as a sequence of bytes includes: '

means for pre-carrying when a byte containing all 1 bits may be an addend subject to incrementing in
which a carry might propagate beyond a prescribed number of bytes.
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65 20. Une méthode pour traiter les données dans un systdme de codage des données, telle que dans I'une
des revendications 1 & 17, dans laquelle un codeur de codage arithmétique géndre un code
d'encodage 2 la valeur associée C qui indique des intervalles successifs de plus en plus petits sur une
ligne de probabilité en réponse aux décisions encodées successives, en commengant par un intervalle
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positif A{0), caractérisé par les phases suivantes :
initialiser I'intervalle de la ligne de probabilité du décodeur & A(0) ; initialiser & une valeur de -A{0) et 2
la partie xc d'un registre de flux de code, ladite partie xc comprenant les bits de plus fort poids dudit
registre, et étant aligné avec la méme précision que I'intervalle du la ligne de probabilité du décodeur:
5 ajouter au moins un octet du fluux de code encodé au registre du flux de code ;
faire contenir une valeur négative correspondant & un des intervalles d'événement dans un second
registre en alignement avec la partie xc dudit registre de flux de code ;
comparer le contenu de la partie xc et la valeur négative dudit intervalle d'événement ; ot
décoder I'évdnement suivant comme un type d'événement binaire ou un autre, selon le résultat de la
10 comparaison.

21. La méthode de la revendication 20, comprenant en outre les phase suivantes :
un premier type d'événement est décodé en renormalisant A(i) et le contenu du registre de flux de
code du décodeur, seulement si A(j) est supérieur ou égal & une valeur prescrite de AMIN, ol AMIN
15 est une constante négative qui détermine quand la renormalisation entre en jeu ; et un premier type
d'événement est décodé, (a) en ajustant la valeur de xc & une valeur plus positive, (b) en ajustant la
valeur de l'intervalle & une valeur plus positive, et (c) en renormalisant A(j) et le contenu du registre de
flux de code du décodeur seulement si A(i) est supérieur ou égal 2 ladite valeur négative prescrite

U AMIN,
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