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Codi ng Encodferepo inigiuesynuitiplying the auend valyie by twoKdr santecrioiver af folg brigg the value of
Pennebaker , AtGAPoYSAWUY. A oteckherejgaelaws the it iedor Ariyypisalivnplyeddn varigyamultiply operations. Dur-
above- r efer { @éﬂ’d'ﬁ fth progerty, pregcebed Himits: those pperations it ke grealy simglifiad. dnihia reoged, it ine
di scussi on 8P %‘*“QF'FQ B9 for tha iR hisaryicoringscheqie friay b Tup¥natiaed as follows

i nvieption may b&® 5 eferring to the P/Q binary arithnetic coding
schenme by way of ex )g‘code point Cis specified to 20 point at the
bottom of, a curLgrp d il n%& Dependi ng on whet her the next event is an LPS
or MPS event Iagqg,g@ or P segnent, respectively, is selected as the

current Inter [n S n
T A e . 4Rl SRSl

poi nt C iden- HyinfajhtaithgAWRAIR BB iiMits 615t eatthdvehematas bb BfpFoRARRE ad 110.MiSRénTioRE -
The val us othattheabove dofpiitationd sy tod S represented as an augend value A To

facilitate conpiteMP®isendobsi--augend 25 value is maintained within
prescribed limts. GesCeRanple, A can be held between 0.5 and 1, or between
0.75 and 1.5, or beAwde®,1.0 and 2.0. The advantages achi eved by these

choi ces are not ¥enkR§ieensodedd in a co- pendi ng European patent application
EP- A- 0269 461 fil edA®erfeeven date herewith, invented by researchers at the

| BM cor por at i dmthaaeentihat Ar<|0g§ aftere;degigigaievent @GGFM@ there is@aenopmalizatience Aend G\By reem
At this poi ntrmr"tzins s el 35 e £ ppiptyplue tema'm*nﬂtsﬁ ;ﬁp?gnomm interyel Hepess the)| s
range bet vveéﬂ'?m'ﬁ'a n pllows finite pregisiop, tie,angide Gt the cpdind Pragess PISEBIPM
whi ch ex eeds "ﬁ%‘g‘ gggg%tfnﬁzﬂ F"a' g'%'pgq °§"tﬂé’ﬁ°éa1‘q%’?ml“§§‘ﬂlz?‘%
in no a ver o 2,98 919 thep/ase B8 hRjolpiegcrsttions are per-
renor mal i za n t he augend val ue AfaI | s below the lower Iimt AMN,

t he augend vaI u I he renornmalization

i nvolves nultip y'}llftsgi;stg e&{;tdrﬁémeﬁ1 o v{;@g&ﬁ@}%ﬂ%& ?{)"r‘adéone power of two) to
bring the value of Ato above AM N. As noted hereinbel ow, the value forAis
typically involved in various multiply operations. Dur- 35 ing encoding
wWith properly prescribed limts, these operations can be greatly
sinplified. In this regard, it is observed that the coding process for the
typical P/ Q binary coding schene may.be summari zed as follows: If an MPS is
encoded- [err] [err] 40 If an LPS Is encoded-- A - AXx Q



'I'n these and the following formulas the sign [err] neans thatthe leftterm
(newalue, e.g. [err]) results froppbiedaseght term (previous val ue, e.g.
[err]. By maintaini ng Awithin the linmts“0.75"to 1.5, the value of A may be
approxi mated as 1.0 tQ| s then noted 45 that the above conputations
sinplify to: If arA I's encoded- [err] [err] If an LIPS is encoded-- 50

[err] In the qmMgddbol ﬁduti%nﬁo&n&fholﬁfén%bs%d@@o‘ééosdnen event is encoded, there
is a renormalizatiaQnaef A and C. By re- normalizing C as well as A, the

code poj Nt VaghekimplifiétPenosdel @nd dbBoder) dBsciie@ BBYVE ki dealdér hafd@arb IHhphiméntation IBE:GS

t he renor nmé largelsultiactivh (don) anditheoly shéans hdafioR@GubiraEnsh)ican R YAndin paraliBOHowever,
adver sel y sdoftaart inipletentatibn B@plpyinatidSamégéoneintidn® for defifingdhd ClisrgiiytRe sbidé $trebft & not
present i nasafficiettbecdubetwo alittveetio lopéghtionssaraifequirat ertithe most frequantlyAdkan pth. Jheefore, a

r enor mal i zeate effi§ent softwafedmplehantation 1y thi lsacoder isrekdickdby peintie the cedestiet Coatdlieriap t 0
t he P/ @ scdithewsyrentinterfvel rdtienthagthe peltopt iFap seftwarecthg encodifgaravess is asffoll@ve> [ err] an
MPS i's decodedftheriisamMPsevenbwi ng conput ations are made: 5 EP 0 260 460
Bl [err] [err] |f A+©&-8pove condition does not hold, an LPS is decoded and

[err] 5 W%Pﬁbl—'???"éﬂ"encoder (and decoder) described above are ideal
for har dware sl é’r(eﬁt because the range subtraction (addition) and
the cod® stre m s;ébtractron) can be done in parallel. However, a
softvvare i mpl g' ying the sane conventions for defining and
changi ng the code 'ot as efficient because two arithnetic

Operations apged, &f‘r’n ’EQFf m.f ih 69 La{.oﬁe% tQ&a‘ir&uonT Qﬁn 3 nﬁlmaﬁc
nare effic ng&gn enc 'S rea

pointing t veﬁt‘ion& r‘i‘sd‘oﬁ&’thl an% a@@noﬁh%ﬁrie%ﬂ’?eabﬂn%&%ntm&&‘er
t han the bp;begnand-‘@ BgecnNcodi ng process Is as follows: If there

is an MPS evqrﬁumannérﬁrrwﬂ.cnld. .stubsaaed éo‘éor&ﬂ? to k3 IRV RIBA Is nov &dskrlbed. S o
[err] In either case, if [err] renor I ze Aand C, update Q. A description

of invest esl Upaidiing thei Fiobability EQidater | N t he af orementi oned patent application
relating to aritthnmetic 20 encoding with selectively enployed encoders and
decoders. 1.dp-eatingQuiithEathrageid Resonodizatiemt i ons, it is noted that A and C are
renormal i zed in each enbodi mrent when A< 0.75, and [err] is correspondingly
up- dat ed. ThEignkililystrates the widating @an estimalsd dubabilityelve Qd asm giccesdingrevents eededoded | s
nev deder i and enopmlizations ppsuriaFigrgthe prdingte teprepsnts valiiesrof the aygenst A and theabepisss fe
[err] wit heepigalipwad yiegofiQe ﬁ%‘l‘?‘HﬂP‘F in 8 (2 gble {disgussad hereinbalow). Stasting @t {he alipwad L valkp o
an esti mat¥8 46%%3%'?% vatvér‘??ée fa"FTG g 8n augendyalus 9{Q4@13¢h e lzf'rsé"%c‘,"ﬂﬁ’eﬁ“’ﬁ)
and renorntﬂf?“fé’fdit'b E’g a" Fr" tsi"a"t'-ﬁ@ea?'ﬂ?'ﬁﬁ"f%(‘f' ﬁ W!)s‘” "?fé'&s"b?"the
§ é%f" i
e

augend A a'ﬁ?ﬂa%ﬁ'ﬁé“g i éwo I‘?l? gﬁf? W§8°t g\‘? ded
o, m el .;rﬁgf L‘

in a [err] !
\?ﬁ“"s e ves ess 'P'ﬂ%\

val ue of P4
norrralrzatron (or ' LPS renorm) whrch results I'n an

I'
j s

04421875. .
results i n:rrgkﬁ" p
I ncremgpt | Ng TRk st e [err] val ue to OA6875 and a renormalization of Ato a

val ue of O. 84375s It I's noted tahalo s47s 30.46 Ewjd7gi ng Aand C in the

present enmbogbdabesiaid 1686 @lal 6.35, Gn MPE fehdiaiSatioh @F*MPE rénbifh") taks slace 2 taRés of thelicver
notonly sivilue pf 0421878 laifA 9 SR brimaIREBCko Whie df 075 (A fudher RErMEIREtIOR Rinbirequipsitbedthused
makes it ensyaleof Adealongenss thah 0.78)0nhe e MPSevent A decreases to 0.328125 which is less than
45  0.75. Alower Q, value is chosen at 0.328125. The value of A is doubled to equal 0.65625 which is still less
than 0.75. The value of A is doubled again so that A becomes 1.3125. A subsequent MPS event reduces the
augend to 0.984375 which exceeds 0.75 so that no renormalization occurs. Another MPS event causes Ato
drop to 0.65625 which resuits in an MPS renorm. A lower value of Q, is chosen, namely 0.3046875, and the
augend A is muitiplied by two fo become 1.3125. On the second MPS event thereafter, an MPS renorm is re-
50  quired.

2. The Q,Table(s)

In accordance with the invention, Q, values such as those shown in FIG.1 are stored in table form. In Table

55 1, aplurality of allowed Q, values are shown in hexadecimal notation in the left column. Each Q, value in the
table is preferably a 12-bit value and is defined to occupy two bytes. The Q, values are divided by 5461 (hex-
adecimal 1555) to convert to N-decimal fractional representation. A 5 bit index is sufficient to uniquely identify

the Q, value. To move to an adjacent entry in the table, a shift of two bytes is required. In Table 1, the second



normel i zati ons performed. A subsequent MPS event results in A taking on the
val ue 0. 375 according to the sinpl gpoasbgapiession: [err] 40 That is,
A = (0.84375 - 0QA6875) = 0.375 Because Ati sl ess than 0.75, an MPS

renor mal i zg§ W@ swésfzwm Lea%ﬁ..sdd%;oub.. JRIE R anep RAGH.
val ue of 0 ohg Q'es%ltéli ﬁli&e &é Wone
renor mal i zs'wolgﬂ,,éesmdgpi,osft,g@“ hednb ecause t he va IS no onger ess
than 0.75.) lexatifRing Fable 1VIcR oBYeRR: thaéd%s%&ﬁ.sco&& %@ﬁaaévaMsssafdrﬁ il 8§

than 455 Ovrabis, 46BRYR Bediridl bde¥idhdéfo {he 05800 e RIdechhal ValAS Tabie. 1. TREAhE& bitResGibted® | S
doubl ed t OthGraaFedk--famak b, 00bY, & oFoD--Sdniebgond re&pectivélHG the 0.421878 b.826128, bk 03046878 S
doubl ed agwias 6/Fig. Narhe feghie 6NEds ubedidbs MPB iStlbsequent MPS event reduces the
augend t o 0. A8 4Berfativdtb Thbleciis sieks indlablé 2.STablé B aliows Gi0 values faralawad Q) alue©wkich zBe
Anot her NPSsaniateitwitts ERSxemornialitation Msid termOn TbI6 2 & reférred kv as qiips(iQ) inditatingthatiifeBrdex
renor mwA baotains inforhatien wfatigse thp néxt Qgvaiue €a9) fonbotieMRS ¢ 0334 6SkEe Qasnd MPSef huigend
A is nulti pdgative Qognd:thedndey (i) cherefns whichBapplg whedran LR regero@ncirsh i Jahie/2; heth the next Q,

t her eaf t er valugiandfs3ssasiated {ivalue grefourgiGt the previu index. InTiphle 1, beweyer perioktdrdey is fift de-
accor danc eferined apdisen the esrt Quyalue i determinge thersfiom Tehle 2 preyides Bﬁ@ﬂﬂ" lpak-up pracedurgy o
stored | n tapgtiedissimjiar foyabie eaeptthat i is intendad for a?eie‘%? MpP '%PW\AEW‘["E'F’ thegyant, e 5

ndin e @rm?aneaﬁmw gt pEEDYf 0 Hogable;
the tabl 6 pdal s s e o e egﬂ egvaa' 3‘**&&%%55&9?'1%"&9?%3
The [err] \73] nk? fi%'lft
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listed pr obﬁggthégy,nyasuﬁh;@d@mgcm &.PS renorm | t | s observed t hat,

sone instancage semt.dnlasaumémmm@sw&ém.héu HaE@oﬂ@QGﬂtﬁ&bﬂfichélﬁidﬂ@eﬂaﬂﬁﬁﬂ%l ng
by one, 25t Wacoghized dasza" vamdem pRfiGUIdr,itivas vahuds Wiiéh damiebuitin "trBppy&thé Q) valle dré Adt@erl ,

b h h h
Forth in Frlse lobamHha b oo Vel SEANR Avinda, et e B

hexadeci naintegert- g opw-dmb I‘bad“lfalu%et sutivvelyes a tycleaf (1) [ PStrenprmdization {2) mpvemantricd y
0a00, 0900first hyalas () MPE mnwwymmbélml?& witlya garrespheding mppar@ngo @ s@p@ti(R®er) and
0\3046875 Qavams('*bﬁnolherd-"s pnd PRERANA (&) aggturmto the firgkQuyalyp equid trp thej egtimatiom

al ternati vefo&ees Xeda.tdﬁ.gw thevalBEONG, dré'br&&b&lﬁe%cte@ﬁb*c@eﬂm %pr@ﬂc@e&?élﬂé@ssoftﬁi

?Ielr(r)nwleﬁ Te |§y aéq:’}t§|>§zire asfsfoacle ed wi no 3 yi [ |zat
cont a| ns | re uﬁr‘ﬁ’ urgf‘f' %‘5 ‘f an g mfafm?w
mter

rﬁér{et af: Ifﬁi Q)
t heref or c '%tlo 's

ov! \‘a
anall geﬂz
of eElt%d
[ écy] val ue ngmﬁ.l,ﬁ Ssl oﬁ QUhEnéHicidnBFin .s% |sd

Tabl e 1, ﬂWﬁ?ﬁmm &dﬂﬁiﬁﬁfﬂh E‘edcﬁie A Bv%f'th faingeloPAIIBWIRE] valtls. R f“i)ﬁ ph
[err] vgl Ug chding Rt RieRBy O£ the hBgHitEde'ofRR8 logh A6 ﬁa&).@dﬁ&‘éingﬁﬁdﬁ@dlﬂphﬁhrélé&%re%t
procedur e. expatheRtaBreiuls SridThd sdlid lin6 repabentd thaoretideh RBlits fdR @ binglé conexticBdiRUHBEIHEH
use W th Msée sectivn3)IBodidg IndfiitichéyGs daRllated fionk Ihe diffsrenth bdtweendtie rambdridfrediciridization
Tabl e 3 shshives dehsymbelahd the entrajiyi. Priefesably,dutlhot ratlsearity, thembst urifdrkcutve)--figesn tabledfan--

[ err] val udartyaridhadthineticlapprodimatidshised i2the bedipige Isvdasitees ar e chosen whereas in
Tabl e 3s| oweThixdabystes respensiybressina codsideratioh;aamelin dow loggiktakds somgach therpropet Q. vplue s
of 4 for tttrhevelue farfrdm theimadaln Sustherarde atthis éndi largeriinsrements D dagrements age selactedher 1 v .
It shoul d teen adiasen Qg walues.pravidedhibatisugl large dffrentialade aptjadvprsely Impeof sigtionany estilfse
range fronPigtiangryaesults ang gepersted baged o5 datgpyovidedacrording ip a Sxadipronepilityrcfon eeammpife Bvdre s
t he MPS anBF° ydopandayp pumber gpperater REdpcing autolts based an; @f?&ng%P“'EYe pnstationaey resgits are
changes® FbAsed 'é’at‘a‘l"‘l"‘e in 9 Fitate puerima-nt 5 an LPS event ,

&y mayfly Ler
| :gesw-twm popsiafona et
hovever eﬁfwgﬁ" iy i s 9850t ool (.00 "wg:@\d gﬂ}f",@ W
now become en?ifﬁ' I’ S IS n O)f(l i E Q%IIL n lf % on
d ﬁghg‘?
\(IPgV\En N nge e EC'[ciﬁO aﬁs OV\BC?%SEI’ ﬁtl va UES | S eterm I'IEd

based on a n ll'rﬁh@&bo@ defsé‘nﬁﬁoﬁ lacomprbihisd betuFe%ﬁ EQIn effiBbridi Snddpfi eStinatib Al AR HoLAS

"bad" val Ugshitied Bndid. inlfiihbrafice of thea8 Bvo\bBjediRss, 1B prodbntimVantioR firthér stglests drRithdide
the Q value are not per- mtted. Probabi I|ty val ues that are at or near

the values AMN 2, AMN4,... [err] -where n is sone positive integer- are
consi dered "bad" val ues. At such val ues, a cycle of (1) LPS
renormal i zation, (2) novenent to a first [err] value, (3) MPS renorm after
a single likely MPS, with a correspondi ng novenent to a second (|l ower) 30
[err] wvalue, (4) another LPS and LPS renorm and (5) a return to the first
Q value could trap the estimation process. Accordingly, the val ues of




“the probability of an MPS renorm after an LPS renormis not excessively
hi gh. One net hod of accorrpl I shing gPlossoa¢pB1 S to space all snmaller [err]
vaI ues after renormalization far enough avvay from hexadeci mal val- 35 ue

- 1000° 'to n{ 9 fo?mB'Lé&ng ecX ron t§ I.E¥r ieﬁ %kﬁts %abieeeqm' » SiX
fol Iowingy, PesH % e&& ey %ed
For very § rent rzhtﬂi s&rrsr;t.o g t.. o falBlafib Anﬁ be
| ar ge enomﬁ tha el\/PSrenormp Ity is o esame order o

magni t yde as t he LPS probability. A second consideration in selecting table
val ues | n\soéiw&ﬁiﬁgﬁﬁhlfmédnm%ﬁohn this regard, it is desirable that

m ni mum codi ng rneffrcrency be achieved over the range of allowed Q

val ues. Ref erefénting td Kig. 3] dicontéxt tabley shipm. thparticilar,alres doatexts1ed, IC1 Qin@ O yre Visted. Edvh
magni t ude cordtéxhenbspgitis€q a diffarert $ettinh érwhich dedisivesare belrigunthelel Fomrexdraid, the Hifferlrigeon-

ci rcl e® r dextsoud tepresgpidifferentérads in ebane of optioal dati ©nsg alea of thel fraene map beredoiminately

t heor et i c&lack, enothiet mayfbe predonajiratelyl vhite; et axthird aseadtiay be feinip exeniyesntesenied by easttypaef 3) .
Codi ng i nevent. Aceerdingly; far eaeh contexit thete isiagenpedtive MPS identifiercthatiiseanvindicator pictowhethesr  of
r enor mal i 2hethilagk (08 WES)decisinaris the MBP pr whvienthrowhitn (or N} decipiproi the MiSy/In biseny netation
necessarr It  Is peppesepindin the Fig- oy tplehythadMPSolran "’t"ﬂ'ﬂﬂhé" ?ﬂ“"ﬂ'leéﬁ"FsttSP Mipjevent for
arit hn#t ﬂ)?? (enilg e 4 eyent v ’H‘%”E‘B e Third,

tab'e & e ategpl r oy Barosgne g

fzzzﬁ"tm mgg I “”"*’é d%e“ -

of e e rnr; |ésP§o'i %‘%Ygt%ﬁ? #’ean e
onr

adverselybbI msédaﬁdt resu s are enera r(qf)tased

on data pr OVIh rd@tﬁ:ﬁ@ﬁ nggmﬁdam@ntfo\‘t)ﬁgavdﬂﬁ&bé@dg‘e'ah end vdfdlis s@o’féﬁr&m@ssdgxa@ess
pseudor angpanishbahet sGBNS Echbiadred) AOEULEIoRTard Lttt 1A oRh S6fexPahdas fdndRidlizations are

pr obabi | i tpwv.dmmé}tdoﬂta,araycoﬁ,ﬁ,sm‘;g&dag@ooégged based on actual data wherein the
probabkd ity syAyay biekdmpledd @rind'6R ant § B are EidWnfeabh bMG astodiRédWith 8 GonleshoRdingbrilex C €

W th the FhostngDITUBIrspesserits i5KS T the1CH-CBOI-C6-C bohteRts TESPRILGHN. FOmINR-tatie/ 6 £18. 3, it is

si npl i ci t pbsended thatthe bit eyuBge repessnts anMPS ForfGD), ac BIES (farad1), @ LPS (or §0), arsMRS {fort S
whi ch i nclCoXendoaneMRS (for £2)r Lett the inftiahalae off A liefoee thé tBstbit isentodadibe 1.0 focpuioses of this t he
i ndex to tekampjecinrgspanaé teche bitrsring 61180 then,diuediolloying biferatipreake placer givien A BIR dnicoding,
StAt i offar pEheme as destribedherginabiovgood per f or mance on nultipl e context data

obt ai ned fronffaafrefisthitnt data conm- 55 pressi on nodel s (for exanpl e, a
facsim |l e codprieSiG@h hduk$=8Ad a continuous tone i ressi on nod-
el). In the BQBSEH?EA('fé'gE ?‘?%9175 ﬁ's %ﬂ%é‘ﬂ“‘%ﬁgﬁ? premertedie 0ddn g
rapi d esti ”E"{- fapecn Pfgeg‘gg § in capjext C4, |°é‘§'“9 E"el’fﬂ‘ﬂ’e?ﬂt“eF’Ppef'MPH’é‘Péﬁ@E”"Sf
these o o ‘on Eyhich is equlte (37 - P} T i N%'W@fd%’?f’? ZaHon1of By HRst i ve

t7‘h£« sgﬁeonﬁ ff. Thec t \%4 kEQ E:lu:oﬂ%%or?ﬂingq %Eé ﬁqor%))hﬁecor r cpan%%t for rg%éz OP 9 a

plurality Offoﬂ romiehted 5% thﬂgxa e fﬁ a&%)ﬁ Qaég

probabig i ty g M 9&8 %eﬁt . RE@S inbgﬁggﬁshﬁfa t%k'a@&‘co% %value
mul tiple rat&.nsn@m to b SinglRfub W ARV alwly. AlfdrnatibelyOfh

Si ngl e Cont ayhpiaskin k&uum}&mmttmvmm@ {o@Bhd3a A6 biisBral &tranex {0, vélues
cont ext t abl gpérding BONGN far the OAalub Gppledrs to HeltfoR@hetdRbIP¥IbEDIfftl Thassteranﬂto&i?og%e

| i st ed. Eachdissossbdbereinbolbw esmitife rate embddinidner ent setting i n whi ch deci sions
are bewng naeat the tourtie ki thateds ari MRS fdi dohtext ICO.OA is @ifered 16)(0.98 € R55= G.48 \vitkchirenireant
di f f erent arMRSrenoimarhe valwecforgis doobledta .92 aidQ,(CONdropatee®480f t he frame may be
pr edom nat el v The fithibjt comespiohdsito arePSiie cqniestREnThextled of thalaugead A betomes (0.92 +Q(CR))ea
may be fair|%0.83-410¢ = 0812 whichis ardaténthan §TH. Noyenermdizationdaltes plaesc or di ngl y, f or
each cont extAfter thefie bits, the tahleshes the follewingrestripg) Eencpitext €0, MPH=Q. the Q.(CAindex igi1candor
as to fMhetheci(GOhwalug|isQ48. FencontxtC1. il data ramging unchanged, Bes coptexsGa e deta famainai-t e
(or NO dé‘fE”?"Q?doﬁh"i %rnfﬁelam@ f°‘1 "PP '!9?‘??3?%?341%‘5'?“ ﬁ'ﬁ"tt'srﬂ %19F°§3’F'6fﬁ°é§'e Aenisptt of fhet he

Fig. 3 ta P"és' ftm resents theofNP X
cvent Lor j‘ i P{eﬁgﬁp i ﬂrgiz:s iy fﬁ? o 50 gw o
\é\’g'ntch't n d c %dnm nts where addltIOﬁ rteu ﬁb:'és t:snéed 0, Es{rgat?r L ﬁ::‘l; en aﬁg | v e

cont ext, etbé?' ng p0| nt ed' ; %ﬁ &%ﬂtsc nte Of Jﬁ'ﬁsngQt h

entry is belng p0|nted to The respective current Q val ues are shomm in
the last colum to be 0.5, 0.10, and 08001, respectively. The MPS
identifier and Q index are 20 preferably represented by 6 bits, the Q

I ndex preferably being represented by 5 bits in this enbodinent --it being
recogni zed that the nunber of bits may vary. In accordance with one

enbodi ment of the invention, a single augend value is stored and used
regardless of mhlch context |s belng consldered As decrslons are entered




" The string 01100 represents bits in the CO Cl-CO CO C2 contexts,
respectively. Fromthe table of Figg.0280460®81i S observed that the bit

sequence represents an MPS (for CO, an™wPS (for Cl), an LPS (for CO, an
MPS (for g éf!or C2). Let the Initial value of A before the
first bi t?@}n 'eq@ge A MMP$ for purposes of this exanple. In response to
the bit string Hp&lmg v:dbi—;g fg:lﬁ.gﬂm Qyafdl) Bert i iy onb SPsBineY dGter iveWhicR P/ Q
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(Fig.26, FY. f°‘|"1d 29) and then renornmli zation |s necessary

The cont ext H’ b'e ‘Ee‘t?ﬁ 'ég'fpérp BRPT“PRI@? y FP s‘-ﬁ' 3? ep hellfiess
except % HW' b Thgew vy thI % of
t he probatﬁ 5? 0 d %Qe o ?'?F'ftﬂ ®% ate
(k’SL) and PSO- e?:re eni;é laeglogt\a/ee%fl'on the
preferred tﬁ .jtgpi‘fr

Cingle gati g 'les @ rﬁ ) .9 rvseé aﬂaeis i a. b

| ogi cal VQEéﬂéa%ﬁi . Fhé fadidBtdréd dn n&&d@lﬂo yuglale even t 0U9 for
a given [errnd b emre cmaJ %%ibn&%ﬂthb@.P§ Bhth WRerORNRDL A@ﬁﬁlﬁ'ELF(dU@#né S¥dnd UPBAQ. |
entri es arrELPSEKF FidB3)ayd exadtly thblsgmd sltheatsivgs bdN=¢. defines these table limts
for the 5 anBENORMR-U[(R4.34) reherinbizes thellhiverdal Wahits 6hB bit R & tilnbLA ishivied urltieit i o Ioysr
used t @5 gdesstimh AMINGEheRENORMP-SI(FiD.85) Smisdii when A i$ Bevedtas\aduingficn 0f domkext tA0Es shifted dviIS=1

t abl e st argreateythads AMINX 80 so that the nosts significant bit in the byte wll
be set. Thi sTwEabpleifibwabartsouaybeé prepatad onvanviis software lahduagesinoiuding tiee Rrogrdm Davelopment

ver si on ( 6System Languade whichl usks the ifarward Pelish eotatioresnd may Peoun orhany t0vatidus conpatesssiish t he

B versi on a#an IBM¥F@systas: an MPS = 0, the value table entries are fromIM NO

to | MARD incI usive. The MPS =1 table will be fromIMNL to | MAX1 i ncl usi ve.
[err]' 5 bil eigisggxenceforesmalldataset 6 bit Q so

B NO 0
0 | MAXO A%%ample of use tg Kne present probaEhty %ptor inan arithytgtl nment is nmg @picted.
tfile was gen random nu generator su att e probablhty of 0 the binary

2P 0 28 ﬁ: 1%‘75 T’\: oref ‘Ir f"Frg’tgs ﬁc‘eﬂﬁi&"‘fgw 'H%:’ﬁ\?ﬁe(;‘
pat h for ! YHe o&\ rlr,gtls
cal cul at eqmﬁ,yac.ﬂ w d, ;elg gyte | s save
tenporary variable T. s not less t an Il\/AXl t hen |t s set to Il\/AXl

T ls stored at 10B(S) and the new QO | $ked up in the NEWQO table. 5

The multi-rate process UPDATEMPS1-M. (Fig.19) is slightly nore conplex. The
I ncrenment added to the old OB is a function of the rate ROB. If the result
is less than I MAX1, the rate is updated through the RWPS



‘table. O herwise, the new | OB is reset to I MAXI and the rate is not
changed. After storing the new | Opeeedasg 80 i S | ooked up and saved. The
single rate finite state nmachine I nplenentati‘on of the probability update
on the MP NN= UPDATEMPS1- SF (Fig.20) finds the new | OB in
the I MPS 5‘3%?&@%\'{'%(?1 'm%égrgtB | ocation. Then a new QO Is found at the new
| OB | ocat 'E%Br#A'&E ﬁﬁo&@%ﬁoﬁ@tﬁmﬁﬁéﬁ ﬁ#ﬂs#&?ﬁas%ﬁ%ﬂb&ﬁﬁﬁ e been used
because ROB p HENS cllied biPEouhtiE208L4 élddrnb%%v héddSrivzh e Find ASR1 TRE a&EF Som-
UPDATElgPSlpnggedq,ghgt,.e%m,sémxﬁgg,hg.gml, must be used to find the new I'Q(S)
in the | MPS takda%aoﬁbm@b&mﬂ&ma&mémmsmdobe NEWQO t abl e usi ng
just the | owdpiéultinsite @mbdditaent Having a twdilébit Atk The fIRWRG Tabfes & bnd S WRmbtratd Bleh
updat e f orencAiingland d8EXThE MR Préblabifity- aghpatign. B8 GotiPiRAThe\iRfhGrdeMytd dfl0yeptdsent ROBE
si m | ar t andthe loWdribr liydt rapreseataqE. "et'tisithe bVdADdOutS10taa QO Naich adetbér fdriniiS refarred a
| ogi cake cdevipseinabone, lepresvaitkn indas taptabhing fenammatizatidnivonediation ipfogmatich. DN repressatm the The
finite st dnpetdatadhbineey forey: Thedestdatantarty WitiJEB. LWiigh, in PP SCH BIF10( F-t)e fivdd eightI(IN de-
UPDATEMPSGislotreyent inputsDay is thecurrdntiaugerid yaltie. {x) istthecvalyg\nf thegupstrecentenended nortion MRS

di s- ti ncartbmeticsodedgedaisirean.i n 108. 20 Updating the esti mated

probabi | ity B %@YEF’S‘%‘P thefagfual coraprasped g 'ésﬁ"ﬁ'lé" !"?5 egippl notation; Taple 5 shows en-

( UPDATF_*'L PS&""SF"IH leShplow shows the dpqoging Rmefsn the /P ﬁ'éet'"p fdrverigdoiethaqdolpgyde-| | pS
t abl e. lating.to thaanpading and ds E’&lsls f?’@é’b‘“??P&YP‘ “g@ E‘?‘P"é?d'“ﬂ pelicatinn feigting o af
in the tatS etie SR}F%“’%X( '?’af?eeéﬁf’éia"f

subt ract i rﬁgwf yoln ) tgl ue and then adding it to
INWNO. ,The S5+ S Iooked up in the NEV\QO

table. 25 i eﬁn Iﬁfléb% m}irg)rﬁ‘leuﬁ feQ{m )%‘}u
Fig.27) alﬁ&d%ﬁ afﬂgﬁry d veils. He ﬁl ?fhet'&nt;o t mg ‘3
extra decrgisRid wihb frérﬁa Mfgﬂo ecPaHEa'ErG&‘fsuéhaJn%r
The new atsg, 15 ﬂéethé WoH & mm ABOE"or bilClt“Q?;uﬁcﬁJ)er’l ﬁﬁ'@&l\vemence the de-
i ndext @D @is@h &l johclidh J7 1s% slnspil mwdéc.él&&%tﬁeb.aﬁm lpbdsile evehtsnew i ndex wh
account s for|nt|£u9uMB$a&uahaag&bn@fcfreamdveandmbdnnbtm:whls@:hnﬁ&taesprobm.ty&ﬂhse of
t he renor rsethe twozkeéntis lessSthan thedppebabifit ofl tichtiepéventand Wl Sestimated iitg. cal cul at ed
I ndex i S st oksthe jumctidnCB israathédanurmber of fithels (tindeshective probaBilities bitse t¥Vgnisinamp vy, The

inite st &oeexampéithecs,walnsngri® 000 where Q5 indigdtes taemlobability bf-theaward TDRICK! foliowving the

DAT BiL PS®DrdSFHES| the pigbabiiitylof thiewordDIrG" P@rehfrbefrg 6.2 §,for the oéxt ane hundeed times thejighstion

ei t her as J4 isgraversag; "DUGK" eopure onga and TDOG" pegurs iniety-nipGstimesthe priT legtimatetné Qa2 10 i s

i ndex is cal cul ated by

found in tshe teda Fhecadjustment of{Qisanade inacenrdpaes with thesensian-n pr ocess

UPDATEL PSO- Jiifsk-pryaugend A isdatiaed gt an ipjtlal r@w ?ﬁrd’é% EP?t\ éhqltwnsls trygssed. aqeter-t he
new | ndex "P“?t'? ‘{eﬁ‘gﬁh?’ Kﬂelwsg?"’"é“ 's & thed P ovaatdn thisipsta

val ue it t'i" %" ¢ If

Hﬁ'ﬂ"éﬁ[‘te% °f?96'|’ﬂ4'R/F?{I53“2”PH\§
?&ihe ”sﬁ’ékl'ﬂ? HY&A¥ e cal cul at ed

t enpor ar y ' ?J?' |p er
ah.gastoredl " L |nthe N%V\Qg't‘oable
mul ti-rat mt, A E;r
| ndex %bt% ‘15 '\5% n?reQJYt a5| t ﬁemﬁbov
function @feif s6|§ F‘efera %yB&WrJétﬁoéoﬁh udJ?A e unt do bl

the cal culreet,eﬂntmutsmahm CAG? the 1P eveld ahﬁerbf ednﬁgha% neW
i ndex i's Gy GalietbrishteaBda kiden E.hamtéihtay,lasdéserbsﬂtrémb@ae ahtﬁ.ﬁsmc@? I's
st ored anahent, fmovelitoladsgkardallglisted M & ltablel € st at e nmachi ne versions for the
LPS path wheror iNWES évdtAd blgbitdalbk is rddgced 2codriihg tdthexprbfsidiSO- M- Fi g. 33) are
exactly tme—daAaeQas the versions for YN=1. RENORMP-U (Fig.34) renornalizes
t he uni vemdighsidplifsbtee one bit at a tine. Ais shifted until it is no |onger
45 |ess tAvaA-@M N. The RENORMP-C (Fig.35) is used when A is saved as a
functi on ohercdigmaintainedymar & vaidsiof enedf Ajiauiepterthanr equalith AMINAILE palueTérdd, sdoaine un-

f | owch&r t shanged. b@em@ptaatédmpwewﬁmwe walerofifip iacrpasadfaagdanbipdiuntiitiexagpds AN

Pr ogr am Déf@ihg vaeref Qg edused- angua e whi ch uses the forward PoI i sh not atlon
and may be rifRichjpt UFY '%ta‘F P‘?S‘B%"' h?%?cg"rsﬂvr%aﬂueaﬁw i wheng

Test Sequéﬁ‘?f‘ °F‘5’Ft° Fﬁgﬁ" S@yeqt)rfg OOthh

probabksl [

The test Pr ] s't‘

pr gbaglsl i t| tj:% g:" Had‘%E gl ‘l’;é‘ heQ%mgh radacen ?ﬁg %}5\% égigi?% valg?bnger
f

ﬁexzerOg\gO an t e |n| I\?\/tgsﬁggt 3{[3%:- den a nulti-rat ewﬁmﬁ

cont ext W|th only one state was used. ¥n the fol | ow ng encoder tests, the
"codebytes" are listed as they are output. Two bytes In that colum Ilst
both a changed preceding byte along with the new byte. 12



‘EP 0'260 460 Bl Test data (in hexadecimal form:

EBB7FAFEBFEFD6C7 F7 FFFDFE7 FFBDFF3FDEF 56 a9 F 7/ FEB97BDF- 76 EDD7E7FF For thi s
file the coded bit count is 208, including the overhead to flush the final
data. The ual con- 5 pressed data streamis (in hexadeci mal forrr)

459BB8049 mthe a%%% %f(lagn\?plll_gf evenqﬁg D2 9 B 561Bl COO For -1 at e

gnbodi ment EVLHA ' \fJ”Q:de nized, § I:??::f wou‘d b:::
enonstr at
not ed t;'at t i inQ m%% Lseong §'ﬁﬁ£r Qﬁongg % asla%%o% extbyt e

repr esent |%dltloﬁﬂjunbtﬁnJ\nﬁld%}ﬁﬁEﬁyrGﬁ?&@ﬁtfesp : tOQe‘t er form
qi 0 ref err edaAd A theldithheticoMRIUAVIRNMENE REATEMExt a&y Ha(?é’it%wﬁ Q:f:’ﬁeﬁd J&lu@ @r, alternatively, a
renor mal i ZekmmdRruBififg daeit imaybe appliod RN 6fEd contefsNn the REEARRRGeSthE &t@eﬂdm&mw&a in
bi nary f orjonctidniue foll@aitheCiDO@* path vbiilGthev He Bp &Y to jundibr J2/ The hugeld résartivg frontheldbdiSionl 011
- -t he f1br smadsiatjimctidiN2c@uld thes beCappliad @rthe dedigiori 8 be méde ak andtitreJ 30 J4 2Abpréprige N d
val ue. "x" | #istting notad that tiol tedchingswbibé prespainventian e dpplicgblaitd a wide aifietp of applicstionet | C
coded code-mimelg wherevetreprobabitilp bsfimetol’is foheladapteébasétonabision] of eliepdesisiomsovhith effect
stream | n therakpbiitynral notation. Table 5 shows en- 15 coding and Table 6
bel ow shows ftiséurtherobesrved theithahingey dpdisianp diectissethkeralyapove meyinyolyg dgcisions iy whichangre
Met hoddf o a"r o °Fta‘t“?°ﬁ gy psyitfer %G?@BGF?FQ’"M Hidtrirdenigionsdeing fe-forpiated pa seief
above- nent M spendl ng ap | i catl on reI at| ng to ar- ithnetic codi n
sel ecti veI ? beepd P@lizption by goublipg of dywd @({P@%
Recogni t | @N Aﬁﬁ? EJﬁ'PWY?"?‘E)m?YIB" 1Pt Suciasspiing f fo 5, fxqds
applic MAMBE Wwhich a estimat ed probability [err] is to
be adap ed based on a hi story of decision events. One exanple of such a
further enbodi ment rel ates | ecting an ap- propriate word path froma
plurality of word paths arr'mBﬁ f}n a tree.. Such an arrangerrent is shown in
Fig. 36. In Fig. 36, the word "THE" ma%be f ol | prgsh "DOG' or DUCK" at
junctigg J1. For conveni ence, the de ci sion at junctl on J1 is a sinple
bi nary deci sion between two possi bl ehexegaso Inizially there is a relative
probabi lityfor each event-"DOG' and hékx(dec® such that the probability of
one of the two events is less than thexpdad@bili2y of the other event and
't hus estimated by [err] As the juncthew 0900s rediched a nunber of tines,
respective probabilities of the ke® @U®Wts nhy vary. For exanple, t he
[err] val ue may be 0.10 where Q mdh%’at% 80he pfobability of the word
"DUCK" following the 30 word "THE", Ne%e0899babiityof the word " DOG'
t hereby being 0.90. If, forthe nextaf8®n ed tTnmes the junction J1 is

traversed, "DUCK" occurs once and " rs nfnety-nine tinmes, the prior
esti mat® of [err] = 0.10; should be . Thg adjustnment of [err] is
made i n accordance with the inventi Fbié angaugend A |s defined at an

i Rig4ial value, e.q. one. Each tine t @xjy@gélon 1 is traversed, a deter-
mnation i s made whet her the MPS evenéx(opgdhi s 4nstance, the word "DOG' or
the LPg,event (in this instance, 35 hébkeoswod "DICK" has occurred. If there
Is an LPS event, the initial value ohekxh@ilg@gend4 A is set equal to the
initial value set for the estinated hpexb@b20ity 4ultiplied by the previous
value for A or Ax [err] Wen A is haex 0Qe® a vélue of one, Ais set equal
to simply Q If the value of A fallshe®l 8@& predlet ermi ned threshold AM N,
it is isacreased by one or nore presc’t‘?%e@jo'é%unt% until the increased, or

renornalized, Avalue Is at |east equdf*t oL ye vajue of AMN. Preferabl Y,
AMN 40 is greater than 0.5 so that¥&c S event results in a

renormal i zati on of the A value. As 0%‘ ei napove, the increase Is
preferably by powers of two so that Jeise ofgAis successively doubled

until t%he doubled result is not |ess N. %or the LPS event, the
value of [err] Is also changed to a gégh§6oyalue5 The val ue may be
incremented by a known anmount or naypemsSoggscri bgd herei nabove for the
arithnetic codi ng enbodi - nent, be npagdog@ia higher value listed in a
[err] %9b|e. 45 For an MPS evenkextto@ohugengl val ue I's reduced
according to the expression: [err] which sinplifies to [err] when Als

mai nt ai ned near a value of one.. If Ais greater than or equal to AMN, the
value for [err] remains un- 50 changed. In the event thatAdrops bel owAM N,
the value of Als Increased (e.g., doubled) until it exceeds AMN and the
value of [err] is reduced. Inplicit iMthis strategy is the notion that if
an LPS occurs, the [err] value is too | ow, whereas if enough MPS events
occur to cause an MPS augend renormnalization (before there is an LPS
event), the [err] value is too high. By way of exanple, suppose that Ais
set at one, that AMN is 0.75, that [err] which estimates the |ikelihood 55
of the word "DUCK" occurrlng at ]UnCtIOH J1 is valued at 0 35, and that

T T T e 1 . [T L ) o T T 7 a I T Y I Y N N - o



«1f junction J1 is traversed and the recognized word Is deternmined to be
"DUCK", the value of A drops to OgBgaedMsogh i s doubled to 0.70 and
re-doubled to 1.4 in order to exceed AM*N. AAd the value of [err]
increnents to 13 EP 0 260 460 B1 0.376. If in the above exanple, an MPS
event (the word "DOG') was maengn Rzed, the value of A would have been
reduced to .eq (1.0 - 0.35) 0. 65; mhlch I's less than AM N. Awoul d be
doubled to a value of 1.3 mhlch exceeds 4MN. And [err] would be
decrengnted In response to the MPS~aogend-renormatrzation. 5 Junction
J1 may be viewed as one context. Slnﬂ arly JuhBtion J2 may be viewed as a
second context. Additional juncti ﬂpd Pﬁ]PQ?ﬁy represent respective
contexts. As in the arithnetic co |r ﬁﬁe gooeach context may have
its own augend val ue or, alternat lga nni ng augend nmay be
applieg to all of the contexts. I{g 9 tt xI g nce, the augend
resulting after junction J1 follo tg 900 Pghfgwoul d then be applied
tojunction J2. The augend resultlﬁgx beeot hBedegpgaon 10 nmde at junction
J2 would then be applied to the drexsoesot ohbg gpgde at junction J3 or J4 as
appropriate. It is thus noted thahekhe6teacheggeo®8 the present invention
are applicable to a w de vari ety hexappb0caherng0lenanel y wherever a
probability estimator is to be adhpke@4B@setern082Bi story of earlier
deci si ons which affect the probathkt 440t hekxuPQRé&robserved thatthe binary
deci si ons di scussed her ei nabove 380vehe®cP828ns in which nore 15

tthan two out comes may result for g HodeEF§|Bﬂzcsuch nul tipl e decisions
being Pe-fornul ated as a set of bf*f CI Pﬁ he preferred enbodi nent
has been described In terns of re § n oubling of Awhen Ais

| ess than a prescribed limt AM ation conventions may be
oVa QE

used, such as setting Ato a fixe e 5 Ais less than AMN. 20

TABLE J; [err] I (dQ 25h§§x00 880hex 00442 hex QacO 2 hex
GaCO 2 hex 0900 2 B8x 00a0 hex 0048
hex 0700 2 hex 0680 hex200¢8 RERO004c 2 hex 0500 4
hex 0480 4 35 hex 0060 hex 0050 hex 0440
4 hex 0380 4 hex 0300 hex 085Wexhef20054 4 hex 0280
4 A0 so hex 0054 h&ex006240 4 hex 0180
4 hex 0120 4 hex 00O hex 081Bexhe(adbc 4 45 _
hex 0070 4 hex 0060 hex/00d8 Dbeg4005c 4 hex 0028 4
hex 0018 4 so hex 000a hex 0064 hex 0014
6 hex 000a hex 0064

35 hex 0005 hex 006c

hex Oac0 ‘'hex 0000

L hex £540 hex 0078
Serd . hex £580 hex 007c
hex £600 hex 0080

P hex £700 hex 0084

hex £900 hex 0088

hex £980 hex 008c

hex £980 hex 008c

hex fa00 hex 0090

45 hex fb00 hex 0094

hex £b80 hex 0098
hex fbc0 hex 009c
hex f£fc80 hex 00a0
hex £400 hex 0Ga4
hex £440 hex 00a8
hex £4d80 hex 00ac
hex £fdc0 hex 00b0

&5

15



*hex
hex
qoO

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

* O00a 4
0001 4

hex
14

i 0 hex f540
Ga0OO hex 0008 10

0010 hex 0680
0500 hex Odc
0300 hex 002c
0034 hex 0240
OCeO hex 0044
0054 hex 0054

005¢c hex 0018

0005 hex 006¢c
f66€ hex 0080
0088 hex f980

fbOO hex 0094

15

20

hex
hex
20

hex
hex
30

hex
hex
40

hex
hex

0007

6 hex 0005

4

EP 0 260 gb@2d0kedBLE 2 qi O 5
hex 0078 hex OGacO hex 0000 hex a80 hex 0004 hex

Q0Cc hex 0700

0014 hex O
0480 hex

0038 hex 0

hex 0900 hex

O % L

600
0024
2cO
0120

O0aO hex OB $1¥90 Ok dm@q 004c

hex f£fa0 hex lo@es0

054

005c hex ‘OQbex fiac 008k HdccOO0a
OacO hex 0090 ffiac f Bux Osc 0078

008c hex f
f b80O hex

hex ffe8 hex O 4

hex ££fb hex 00e4

16

700
a00
0090

hex

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

0003

0018
0380
0030
0040
0060
0054
0064
f 580
0084
0090

15

hex 0028
hex 0280
25

hex 0050
hex 0018
35

hex 007c
hex f 900
45



* hex TC80 hex 00O hex fdOO hex 00a4 hex fd40 hex Ca8 hex fd80O hex OCac

hex fdcO hex OO 55 15

hex Ob8 hex ff20 hex
hex OOc8 hex ffac hex
hex O0d4 hex fff6 hex
30 35 40 45 50 56 16
goO i O hex Ga80
0700 hex 0010 10

hex 0018 hex 0500 hex
hex 0380 hex 0028 hex
hex 0240 hex 0038

170

15

20
25
N\ 30
35
40
45
50

55

Obc hex f
00cc hex f

f 60
fac

OQdc IABLE {3 6

EP 0 260
hex 0004

Olc hex 04
0300 hex

460
hex

EP 0 Zp280@s0di4 hex fe80O hex Oh4 hex feeO

héx OOcO hex ff90 hex OOc4 hex ffaO
hex 00cc hex ffe8 hex O0d4 hex ffe8
hex OOdc hex fffb hex O0e4 15 20 25

Bl TABLE 3

gi O

5

caO9ithex 0008 hex 0900 hex OOOc hex

Bor g o2 el

-hex

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

"hex

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

0900
0700
0680
0600
0500
0480
0440
0380
0300
02c0O
0280
0240
0180
0120
00e0
00a0
0070
0ge0
0054
0028
0018
0014
000a
0007
0005
0003
0001
0001
£580
£600
£700
£900
£980
£a00
£b00
£fb80
fbcl
fc80
£4o00
£a40
£480
£dc0
fe80
feed
££20

17

Hex. U680 hex 0014 hex 0600

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

“hex

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

‘hex

hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

000c
0010
0014
0018

001c

0020
0024
0028
002¢c
0030
0034
0038
003c¢
0040
0044
0048
004c¢
0050
0054
0058
005c
0060
0064
0068
006¢c
0070
0074
0074
007¢
0080
0084
0088
008c
0090
0094
0098
009c
00adl
00a4d
00a8
00ac
00b0
00b4
00b8
00bc

40 hex 0024 15
0030 hex 0280 hex 0034



+20
hex
hex
hex
hex
hex
hex
hex
hex
hex
hex

hex
hex

B

0044 hex O0OaO hex
0060 hex 0050 hex
0014 hex 0060 30
0068 hex 0005 hex
0001 hex 0074 hex
f900 hex 0088 40
009Q hex fbOO hex
fc80 hex OOa0O hex
fdcO hex OO 50
Qb8 hex ff20 hex

fff9 hex OO0 10
0O0e8 hex ffff hex

15

hex 0180 hex 003c hex 0120 hex 0040 hex

0048 hex O00ER g2B66a60BA4C 25
0054 hex 0054 hex 0028 hex 0058 hex 0018 hex

£ ex O00a hex 0064 hex
006¢c hex2eHELed 0001 hex 0074 35
£580 e3P e%: ex 0080 hex f700 hex
h 00 x 980 hex 008c hex
0094 hexhzj‘gaﬁdgmemex Qﬁ)gnax fbcO hex 009c 45

fdOO hegeddPfedcndl4Dasex O0a8 hex fd8O hex
hex ffec hex 00dghex fe80O hex Ob4 hex

0CeO

005c
0007

0084
f a0O
O0ac
f eel

Ohc 55 hex £££F (h@60X® Bl hex ff60 hex OOcO hex
ff90 hex OOc4 hex ffaO hex O&€xhEREIf chex HOe®Occ 5
hex ffd® hex O0dO hex ffe8 hekexwCHifhexhex Q0edex 00d8 hex fff6 hex OOdc
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| ess’ probabl hﬁf‘ﬁﬂﬁ% kg dnﬁi;‘fﬂgﬁ s tre 0 i o0 e Clor o
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met hod 3bf C 4 nespbnsahies lessrprababiclddciaioh evestbaing Bxtersd axihd negt inpdesd theehsipepalue bf
assi gni ng Q Adeingless thagrAMilehdosibg 2latger-ic-pamecd, yalug from théableceindial probability of
t he | ess pr olirab$penseeainora prdbablejdpcision event being entered as the next input and the changed value of

A being less than AMIN, choosing a lower-in-value Q, value from the table.

55 6. The methad of Claim 5 wherein said table storing step includas the steps of:
assigning Q, values for the table to converge (i) the actual probability of the less probable event and (if)
the estimated value Q, .
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in response to a more probable decision event being entered as the next input and the changed value of
A being less than AMIN, choosing a lower-in-value Q, value from the table.

55 6. The method of Claim 5 wherein said table storing step includes the steps of:
assigning Q, values for the table to ¢onverge (i} the actual probability of the less probable event and (ii)
the estimated value Q, .
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55 and
in response to a more probable decision event input which results in the changed value of A being less
than AMIN, choosing a lower-in-value Q, value from the table.
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